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" INTRODUCTION 

On December 12,  1972, the  Department o f   I n d i a n   A f f a i r s  and 

Northern Development received an a p p l i c a t i o n   f o r  a  Water  Licence 
from  Anvi l   Mir 'ng  Corporat ion  L imited  of   Faro,  Yukon T e r r i t o r y .  
The mine Fdns t o  expand product ion  f rom i t ' s   p r e s e n t   c a p a c i t y   o f  

8,000 tpi t o  10,000 tpd,  and u l t i m a t e l y   t o  15,000 tpd. 
/' 

The  Yukon Water  Board, which  hears a l l  such app l i ca t i ons ,  
,.' determined  that  a p re l im ina ry   su rvey   o f   t he  Rose Creek  watershed 

,,,' should be undertaken t o  document ex is t ing  env i ronmenta l   condi t ions 
/ 

// p r i o r   t o   i d e n t i f y i n g   t h e  terms  and c o n d i t i o n s   f o r   A n v i l ' s  Water 

/' immediate  needs o f   t h e  Water  Board, the  Environmental  Protection 
i Service (Yukon D i s t r i c t )   o f f e r e d  on behal f   o f   Env i ronment  Canada 

*,I' Use Licence  under  the  Northern  Inland  Waters  Act. To s a t i s f y   t h e  
/' 

t o  conduct   the   p re l im inary   f ie ld   survey  and i d e n t i f i e d   t h e  scope 
o f   the   s tudy  needed t o  be as fo l l ows :  

1. To de termine  the   rece iv ing   water   qua l i t y   cond i t ions  a t  severa l  

L 

key s i t e s   i n  Rose and A n v i l  Creeks  and the Pelly River: 

2. To assess  the  benthos  comnunity  characterist ics; 

3 .  To determine  the  physical  and chemica l   cons t i tuents   o f   the  . 
sediments; and, 

4.  To determine f ish  spec ies  composi t ion and t race  heavy  metal 
l e v e l s   i n   f i s h .  

Th is   repor t   p resents   da ta   ob ta ined  in  a s h o r t   f i e l d   s u r v e y  
c a r r i e d   o u t   i n  mid-September,  1973. 

ANVIL MINING CORPORATION LIMITED. 

The Anvi l   mine and mill complex, located  approx imate ly  
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150 a i r   m i les   Nor theas t   o f   Whi tehorse   in   the  Yukon T e r r i t o r y  

( F i g .   l ) ,  has  been i n  operat ion  s ince September,  1969.  The 
p r o p e r t y   i s  mined  by  conventional open p i t  methods  (Bench min ing 
wi th   shovels  and t rucks )  with a present  average  production o f  
8,000 tons o f  l e a d -   z i n c - s i l v e r   o r e   p e r  day. With the  planned 

product ion  ra te  increases,  i t  i s  es t ima ted   t ha t   t he   ex i s t i ng  

open p i t  area and t h e  500,000 gal/day  of  natural  groundwater 
ga in ing  access t o   t h e  mine  workings i s  discharged  f rom  the p i t  
through an o l d   d r a i n a g e   d i t c h   i n t o   t h e   t a i l i n g s  pond. 

A t  present   product ion  ra tes (8,000 tpd ) ,   t he   Anv i l  mill uses 
4,320,000 ~ l / d a y  o f  water   to   produce  approx imate ly  250 t p d   o f  
b u l k  concentrate, 700 t p d   o f   l e a d ,  350 t p d  o f  z inc,   p lus 6,780 - 
13,000 s tandard   d ry   t ons   o f   t a i l s /ddy .  All " l i q u i d "  wastes  leaving 
the mill a r e   d i r e c t e d   t o  an e x i s t i n g   t a i l i n g s  impoundment cover ing 
approximately 57 acres,   wi th  a present   decant   over f low  o f  3-4,000,000 
gal   /day  in to  Rose Creek. The expected  average  volume o f  decant 
overf low when t h e   p r o p e r t y   i s   r u n n i n g   f u l l   c a p a c i t y  will be 

5 - 7,000,000 ga l /day ,   p rov ided   t ha t   rec i r cu la t i on  will n o t  be 
pract iced.   Dur ing  the  s tudy  per iod  there was no s i g n i f i c a n t   d e c a n t  
ove r f l ow   f rom  the   t a i l i ngs  pond ( i e <  5 gpm o r  7,200 gpd). 

DESCRIPTION OF STUDY AREA. 

Rose Creek i s  one o f  severa l   smal l   s t reams  dra in ing  the  Anvi l  
Mountain  range, an area   typ i f ied   by   mica   sch is t   mass i fs   covered  a t  
the   lower   leve ls   w i th   con i fe rous  and mixed  northern  forest .   Faro Creek 
and the  Nor th  Fork  o f  Rose Creek a r e  two  smal l   t r ibu tar ies   wh ich ,   in  
a d d i t i o n   t o   t h e  main  stem o f  Rose Creek d i r e c t l y  below  the  confluence 
wi th  i t s  North  Fork,   drain  the  Anvi  1 Mine  Property  (Fig.  2).  Rose Creek 
j o i n s   w i t h   A n v i l  Creek a t  a distance  of  approximately 14 m i les  
downstream  from  the  mine  before  discharging  into  the  Pel ly  River 11 m i les  

f u r t h e r  down. 
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FIGURE I. ANVIL  MINING  CORPORATiON  LIMITED 
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Several  strcarn a1 t e r a t i o n s  have  been made and  more are  proposed 

by  Anvi l   Min ing  Corporat ion.  All are  o f   cons iderable  impor tance 

t o   t h e  Rose Creek  system  and  should  therefore  be  described.  Figure 

3 presents a more deta i led  layout   o f   the  immediate  mine  area.  

Impor tan t   fea tures   o f   the  map a r e :   t h e   l o c a t i o n   o f   t h e   p r e s e n t  

and u7 t imate   min ing   a reas ,   the   p resent   d ivers ion   o f   Faro  Creek 

a,:.hnd t h e   p i t  a rea ,   the   fu tu re   d ivers ion   o f   Faro   Creek   as   min ing  
, /' 

,,' / 'progresses,  the  course o f  m inewa te r   i n to   t he   t a i l i ngs   a rea ,   t he  

,/' d i v e r s i o n   o f   t h e   N o r t h   F o r k   o f  Rose Creek, t h e   l o c a t i o n   o f   t h e  

. /  
, /' 

/- course  o f   the  Nor th  Fork and main  stem o f  Rose Creek,  the  winter 
/" ,' 

/' 
freshwater pumphouse, t h e   p r e s e n t   t a i l i n g s  pond a rea ,   t he   l oca t i on  

o f  t h e   p o t e n t i a l   t a i l i n g s  pond area,  and  the 1973 EPS r e c e i v i n g  
water  sampl ing  stat ions i n   t h e   v i c i n i t y  o f  the  mine. 

P la tes  I t o  IX i 1 lustrate  the  general   topography of  the  study  area 
and h i g h l i g h t  some o f   t h e  key   s ta t ions  sampled. 

METHODS AND MATERIALS. 

The  1973 pre l im inary   env i ronmenta l   qua l i t y   survey  o f  t h e  Rose 

Creek  system was c a r r i e d   o u t   d u r i n g   t h e   p e r i o d  September  17-21. 

1 .  Satnpl i ng S t a t i o n s  

A t o t a l   o f   1 0   s a m p l i n g   s t a t i o n s  were es tab l i shed.  The s i t e s  

s e l e c t e d   a r e   i l l u s t r a t e d   i n   F i g u r e s  2 and 3 and  described i n  
Table I .  All s t a t i o n s  were i d e n t i f i e d  by  embedding a 3 f o o t   i r o n  
peg i n t o   t h e  permanent  stream  bank  and  by  marking  nearby  trees 

above the  maximum w i n t e r  snow l e v e l   w i t h   f l u o r e s c e n t   r e d   s u r v e y  

tape and spray  pa int .  

With  the  except ion o f  t h e   P e l l y   R i v e r   s t a t i o n s ,   a l l   s i t e s  

were charac ter ized  by fas t   f low ing   water   over   sha l low,   we l l -  

g r a v e l l e d   r i f f l e   a r e a s .  The F e l l y   R i v z r   s t a t i o n s  were a l s o  

sha l low and g r a v e l l e d ,   b u t   i n   s l o w   m o v i n g   w a t e r   a t   t h i s   t i m e   o f  

t he   yea r .  
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P l a t e  1. Anvil  Mine - V i e w  N .  W .  R e s e r v o i r   i n   f o r e g r o u n d  

P l a t e  2 .  Anvi l  Mine - V i e w  N .  

P l a t e  3 .  Anvil Mine - Faro   Creek   D ive r s ion .  
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P l a t e  4 .  Anvi l  Mine - V i e w  N .  w i t h   T a i l i n g s  Pond i n  
fo reg round .  

Plate 5 .  Rose  Creek ,, S t n .  # 5 .  V i e w  N .  

P l a t e  6 .  Rose  Creek/Anvil   Creek V i e w  S .W.  
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P l a t e  7 .  A n v i l  Creek .   S tn .  1 6 .  V i e w  E .  

P l a t e  8. Anv i l   Creek IPe l ly  River,  S t n s  { la ,  iD,  # l o ,  
V i e w  E.  

P l a t e  9 .  P e l l y   R i v e - r  - V i e w  N, W. f rom  Faro.  
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TABLE I 

1973 Anvil  Mine  Sampling  Stations 

1. Rose Creek below pumphouse 10 yards above confluence 
with North  Fork o f  Rose Creek. 

2. North  Fork o f  Rose Creek 30 yards above t a i l i n g s  pond 
decant. 

3. Rose Creek 20 yards  below  confluence  with  North  Fork o f  
Rose Creek. 

4.  Rose Creek approximately 2 miles  below t a i  1 i n g  pond decant. 

5.  Rose Creek approximately 8 miles  below t a i  1   i ng  pond decant. 

6. Anvi l  Creek 30 yards above conf luence  w i th   un ident i f ied  
creek  approximately  14 m i les  below t a i l i n g s  pond decant. 

7. Unident i f ied  creek 30 yards above conf luence  wi th  Anvi l  Creek. 

8. Anvi 1 Creek 30 yards above confluence  with  Pel l y  River. 

9. Pel ly   R iver  50 yards above conf luence  wi th  Anvi l  Creek. 

10. Pe l l y  R iver  50 yards  below  confluence  with  Anvil Creek. 
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S ta t ions  1-4 were  accessible by veh ic le .  The  remainder 

could be  sampled o n l y   b y   h e l i c o p t e r  because o f   t i m e   l i m i t a t i o n s  

and the   low  water   cond i t ions   p reva i l ing .  

-2. Water Qual i ty Sampl i ng. 

Water temperature and pH were  determined i n   t h e   f i e l d   w i t h  
a thermometer and a  Hach pH k i t .  

Samples f o r   d i s s o l v e d  oxygen  were c o l l e c t e d  i n  300 ml BOD 
b o t t l e s ,   f i e l d - f i x e d   w i t h  manganese s u l f a t e  and az ide   so l tu ion ,  

and r e t u r n e d   t o   t h e  Department o f  Environment  Cypress  Creek 

l a b o r a t o r i e s   i n  West Vancouver f o r   t i t r a t i o n   w i t h  Sodium 
Th iosu l fa te .  

A f i v e   g a l l o n   w a t e r  sample was c o l l e c t e d   a t  each s t a t i o n   p l u s  

t h e   t a i l i n g s  pond with a p las t i c   bucke t .  The buckets  were  sealed, 
and r e t u r n e d   t o   t h e   b i o a s s a y   l a b o r a t o r y   f o r   s t a t i c   t o x i c i t y  
evaluat ions.  

Three  one 1 i t e r  samples of   water   were col1 ected and placed i n  
p l a s t i c   b o t t l e s   a t  each s t a t i o n   p l u s   t h e   t a i l i n g s  pond. B o t t l e  ,1 

was f i e l d - f i x e d   w i t h   n i t r i c   a c i d   f o r   t o t a l  heavy  metal  analysis. 
B o t t l e  2 was r e t u r n e d   t o   t h e   f i e l d   h o t e l  where 250 m l  were removed, 
f i  1 tered  through 0.45 membrane f i 1 te rs ,  and t h e  fi 1 t ra te   p rese rved  
w i t h   n i t r i c   a c i d   f o r   d i s s o l v e d  heavy   meta l   ana lys is .   Bo t t le  3 
remained  un t rea ted   fo r   co lo r ,   tu rb id i ty ,  pH, a l k a l i n i t y ,   c o n d u c t i v i t y ,  
hardness,  and so l i ds   ana lys i s .  A l l  samples  were r e t u r n e d   t o   t h e  
Cypress  Creek  laborator ies  for   analys is   by  the  methods  out l ined 
i n  Davidson e t  a1 (1972). 

3.  Sediment  Sampling 

Three  shal low  core samples  were c o l l e c t e d  from  sand/gravel  bars 
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a t  each s t a t i o n   w i t h  a  hand corer,   p laced i n  separate  "Whirl-Pack" 
bags, and r e t u r n e d   t o   t h e  West Vancouver l a b o r a t o r i e s   f o r  sediment 

s i z e  and t o t a l  heavy metal   analysis.  

4. B i o l o g i c a l  Sampling. 

Three q u a n t i t a t i v e  samples o f   aqua t i c   i nve r teb ra tes  were 

o b t a i n e d   f r o m   r i f f l e   a r e a s   a t  each s t a t i o n   u s i n g  a lft2 c i r c u l a r  

sampler. The samples  were preserved with formaldehyde  and 
r e t u r n e d   t o   t h e  Department of   Environment 's  North Vancouver 
l a b o r a t o r i e s   f o r   s o r t i n g ,   i d e n t i f i c a t i o n ,  and enumeration o f   t h e  
macro-organisms  present. The data  obtained were  analyzed 
s t a t i s t i c a l l y   u s i n g   t h e  Shannon-Wiener " d i v e r s i t y "   i n d e x  (HI) 
and t h e  "Evenness" index (J), as descr ibed  by  P ie lou (1966,  1967). 
These funct ions  are  represented  by  the  fo l lowing  formulae:  

Species D i v e r s i t y  (HI ) = C pi l o g  pi 
where pi = ni/N 

nl = t h e  number o f  i n d i v i d u a l s   i n   t h e  i t h  

N = t h e   t o t a l  number o f  i n d i v i d u a l s  sampled. 
species 

Evenness (J) = -C pi log pi 

where s = t h e   t o t a l  number o f  species  sampled;  and 

Jmax = 1. 

Two q u a l i t a t i v e  samples o f   a t tached  a lgae were co l l ec ted   f rom 
bou lders   a t  each s t a t i o n   u s i n g  a  sampler  developed  by  Stockner  and 
Armstrong  (1971 ). The samples  were preserved  wi th  Lugol  I s  s o l u t i o n  
and re tu rned   t o   t he   Nor th  Vancouver l a b o r a t o r i e s   f o r   s o r t i n g  and 
i d e n t i f i c a t i o n   o f   t h e   f l o r a   p r e s e n t .  
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T e s t  f i sh ing   us ing   g i l l   ne t ,   se ine   ne t ,  and angling  techniques 
was attempted a t  each o f   s t a t i o n  1,  2, 4 and i n  t h e   v i c i n i t y   o f  5 .  
No f i s h  were caught a t  any of these  si tes  using  these methods. 
It i s  recommended t h a t   i n   t h e   f u t u r e  an e lect ro- f ish ing  technique 
be attempted as it may prove more Successful. 

However,  one sample o f   f i sh ,   Arc t i c   Gray l ing   (Thymal lus   a rc t i cus)  
was obtained  by  angling from the  Anvil  Mine pumphouse pond. This 
sample was frozen  imnediately  "in  the  round" and returned  to  
Cypress  Creek f o r   t o t a l  heavy metal  analysis. 

. 
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RESULTS 

1 .  Wd t e r  Qual i ty Sampl i ng 

Figure 4 summarizes t h e  mean monthly  f low  data  obtained by 
the Water  Survey o f  Canada f o r  Rose Creek  below  Faro  Creek i n  

1968  and  1969. Un fo r tuna te l y   t he   da ta   i s   ne i the r   comp le te   no r  
u p - t o - d a t e   s i n c e   m o n i t o r i n g   a t   t h i s   s i t e  was d iscont inued i n   t h e  
summer o f  1969.  However, i t  does i n d i c a t e   t h a t   t h e  peak f l o w  

fo r   the   year   can  be  expected to   occur   dur ing   spr ing   b reak-up 
(Apr i  1 -June), w i t h  secondary  peaks occu r r i ng  any time  (depending 

on wea the r   cond i t i ons )   p r i o r   t o   f reeze -up  (October-November). 

Dur ing  the  winter ,   the  f low i n  Rose Creek,  as  expected, i s  minimal. 

Table I 1  p r e s e n t s   t h e   w a t e r   a n a l y s i s   r e s u l t s   f o r   t o t a l  and 
dissolved  metals i n   t h e  samples co l l ec ted   f rom  s ta t i ons  1-10, and 

t h e   t a i l i n g s  pond decant. From  a t o x i c i t y   p o i n t   o f   v i e w ,   t h e  
t a i l i n g s  pond decan t   con ta ined   s l i gh t l y   e leva ted   l eve l s  o f  t o t a l  

(1.8 m g / l )  and d isso lved (0.12 mg/ l )   copper  but  no o t h e r   t o x i c  
metals i n   s i g n i f i c a n t   c o n c e n t r a t i o n s .  A t  the   rece iv ing   s t ream 
s t a t i o n s   o n l y   t h e   t o t a l   i r o n   l e v e l s  appeared t o  be unusual ly  h igh.  
The Faro  Creek  d ivers ion  would  be  the  most   l ike ly   source  o f   the ' 

excess i r o n  as i t  i s  an open d i t c h  around t h e  p i t  area,and a e r i a l  

reconnaissance had 'shown it t o  be d ischarg ing  h igh ly   co loured  water  
t o  Rose Creek a sho r t   d i s tance  above s t a t i o n  2 where the   h ighes t  

c o n c e n t r a t i o n   o f   i r o n  was recorded  (10.6  mg/ l ) .   I ron  levels  remained 
above 3 mg/ l   to  a p o i n t  below s t a t i o n  4 ,  approximately 2 m i l e s  
below t h e   t a i l i n g s  pond decant. 

The non-metal   water  analysis  resul ts  (Table 111) i n d i c a t e   t h a t  
d u r i n g   t h e   s t u d y   p e r i o d   t h e   m a j o r   e f f e c t s   o f   t h e   m i n i n g   a c t i v i t y  

were increases i n  n o n - f i l t e r a b l e   r e s i d u e  (NFR) and t u r b i d i t y   l e v e l s  
i n  Rose and A n v i l  Creeks. The greatest   concentrat ions of both NFR 
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(427 mg/ l )  and t u r b i d i t y  (28 F.T. U n i t s )  were  recorded a t   s t a t i o n  

2 ,  again  suggest ing  that   the  Faro Creek d i v e r s i o n  was the  source  of  
the  problem. NFR and t u r b i d i t y   l e v e l s  remained  excessive  throughout 

t h e  length  of Rose Creek  (Figure 5 and P l a t e  VT) and  were maintained 
above  "background" ( S t a t i o n  1 and 7 )  i n  A n v i l  Creek down t o   t h e  
Pe l ly   R iver ,   wh ich   a lso   car r ies  a high  sediment  load. 

The other  chemical  parameters  measured  did  not  appear  to be 

. ~ f f t l c t e d  b y  t he   m in ing   dc t i v i t i es   a t   t h i s   t ime .   D isso lved   oxygen  

l e v e l s  were a t  o r   nea r   sa tu ra t i on  (>IO mg/I);  water  temperatures  were 
low,   but   norm1 (1.8-6.5OC);  pH's  were s l i g h t l y   a l k a l i n e  ( ~ 8 . 0 ) ~  

but  apparently  normal; and the   rece iv ing  water:  were r e l a t i v e l y   h a r d  

(88- 127  mg/'l ) . 

The resu l ts   o f   the   b ioassays   (Tab le  IV) conf i rmed  the  water 

q u a l i t y   s t a t i s t i c s .  A t  the   t ime  o f   sampl ing ,   on ly   the   ta i l ings  pond 
decant was t o x i c  (LTS0 = 0.42 hr) .   Previous  unpubl ished  data had 

i n d i c a t e d   t h a t   t h e   h i g h  pH o f  the  decant was the  major  cause o f  t h e  
t o x i c i t y  observed,  as  neutral ized samples  proved t o  be   cons i s ten t l y  

non - tox i c .   S ince   t he   t a i l i ngs  pond decant  f low was n e g l i g i b l e  (3gpm). 
i t  i s  n o t   p o s s i b l e   t o   e x t r a p o l a t e   p o s s i b l e   t o x i c  or o the rw ise   de le te r i ous  

e f f e c t s   o f   t h e   e f f l u e n t   o n  Rose Creek  below  the pond. However i t  

would  be  reasonable t o  assume t h a t  a pH e f f e c t   w o u l d   e x i s t   f o r  some 
d is tance downstream i f  t h e  normal daily discharge (4,000,000 gpd) 
wd s re1  eased. 

3 
L. Sediment  Sampling. 

Since the  p r i n c i p a l   o b j e c t i v e  of t h e   p r o j e c t  was t o  assess  possible 

e f fec ts  o f  the  mine  on  the  receiv ing  environment and  because min ing  
opera t ions   normal ly   d ischarge  on ly   the   smal le r   par t i c le   f rac t ions ,  
sampling was l i m i t e d   t o  sandbars ra the r   t han   t he   ma in ,   cons i s ten t l y  
rocky, r i f f l e  areas.  Figure 6 i l l u s t r a t e s   t h e   p a r t i c l e   s i z e   d i s t r i b u t i o n s  
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t o r .  the  sedill1ent.s c o l l e c t e d   a t   s t a t i o n s  1-9. The rnost p e r t i n e n t  
obscrvat . ion  to  be mdde i s   t h a t   s t a t i o n s  4, 5, and 6 had the   h ighes t  

percentages o f  s i l t - c l a y   o f   a l l   s t a t i o n s  sampled. This  would be 
predic tab le  s ince  aer ia l   reconnaissance had shown t h i s   p o r t i o n  o f  

the  creek  channel   to be the  widest  and  most  meandering  and  there- 

fore  probably   the  s lowest  i n  terms o f   v e l o c i t y .  The  reduced v e l o c i t i e s  
would r e s u l t   i n   p r e c i p i t a t i o n   o f   t h e   f i n e r  suspended  sediment f r a c t i o n s  
i n  Rose Creek ,   be   they   f rom  mine   ac t i v i t ies   o r  due to   na tu ra l   e ros ion .  

I t  was hoped t h a t   t h e  heavy  metal  analyses o f  the  sediments  would 
shed some l i g h t  o n   t h e   o r i g f n  o f  t h e   f i n e r   f r a c t i o n s .  The r e s u l t s  
(Table V )  reveal   very   few  consis tent   t rends.  The da ta   pe r ta in ing  

t o  t o t a l   v o l a t i l e   r e s i d u e ,  copper, cadmium, and manganese d i d   n o t  
i n d i c a t e   b u i l d - u p s   d i r e c t l y   a t t r i b u t a b l e   t o   t h e   m i n e   o p e r a t i o n .   T o t a l  

i ron ,   lead ,  and z inc  were  most  concentrated i n  the  sediment   co l lected 
a t  s t a t i o n  2 (71,000, 830, and 2,000 pg/gm, respec t ive ly ) .  The nex t  
h ighes t   concen t ra t i on   f o r   a l l   t h ree   pa ramete rs  was recorded a t   s t a t i o n  

6,approximately  fourteen  miles downstream  on A n v i l  Creek. From the  data 
obtained, i t  would  appear t h a t  more  comprehensive  sampling i s  requ i red  
t o   d e l i n e a t e   p o s s i b l e   b u i l d - u p s   o f  heavy metals i n   t h e  sediments o f  
the  Rose-Anvil  system,  although  such a survey  would  not seem t o  be 

warranted a t  t h i s   t i m e .  

3 .  B i o l o g i c a l  ” Sampling. 

Appendix I summarizes a l l  o f  t h e  raw  data  from  samples  col lected 

f o r  i nver tebra te   ana lys is   dur ing   the   p re l im inary   Anv i l   M ine   survey .  A 
t o t a l  o f  38 species of   macro- inver tebrates  represent ing 5 phyla  were 
Ci)und. They a r e   l i s t e d   i n   T a b l e  V I  c o m p l e t e   w i t h   t h e i r   h i g h e r   c l a s s -  
i f i c a t i o n  and where ava i l ab le ,  common names. As would  be  expected, 
i n s e c t s  dominated  the  populations i n  terms  of  both numbers o f  species 
and t o t a l  numbers a t   a l l   s t a t i o n s .   I n   f a c t ,   o f   t h e  30 species o f  
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Inver tebra te   Spec ies   L is t .  

Phylum Arthropoda 

Class  Arachnida 

Order  Acari na  (mi t es  ) 

Superfami ly  Hydracar inae  (water  mites) 

m i t e  sp. #1 

m i t e  sp. #2 

Class  Crustacea 

Subclass  Ostracoda  (seed  shrimps) 

SP - 
Subclass Copepoda 

Order  Harpact icoida 

SP * 

Order  Cyclopoi da 

SP 

Order Cal anoi da 

SP 

Class  Insecta 

Order  Plecoptera (stoneflies) 

Family  Perlodidae 

Subfami ly  Isoper l   inae 

I soper l  a sp. 

Fami l y  Nemouridae 

Subfami l y  Capni i nae 

Capni a (prob.   nearct ica)  

Paracapnia sp. 
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Order Ephemeroptera  (Mayflies) 

Fami l y  Heptageni  idae 

Subfami l y  Heptageni i nae 

Ci nygmul a sp. 

Ci nygma sp. 

Epeorus ( = I r o n )  sp. 

Ri throgena  sp. 

Fami ly   Tr icory thodidae 

prob. - Tricorythodes sp. 

Family  Ephemerell idae 

prob.  Ephemerella - sp. 

Order Hornoptera ( a p h i d s ,  leafhoppers) 

S P .  

Order  Diptera  ( t rue  f l ies,   mosqui toes,  midges) 

Fanli l y  Tendipedidae  (Midges) 

Subfamily  Hydrobaeni nae 

Spaniotoma  sp. 

Coryoneura sp. 

Tendi  ped spp.  pupae 

Family T ipu l   idae   (Crane  f l ies )  

Subfamily  Limoni  inae 

. " ". . " 
Dicranota sp. 

adul  t sp. 

Fami ly   S in lu l i idae  (B lackf l ies)  

Simulium "_ - .. . - sp. 

Fami 1 y Musi dae 

s p .  

F , r n : t  l y  ! jsyct)odidae ( M o t h f l i e s )  

sp.  (prob. __" Pericoma  sp. 
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Family Ceratopogonidae  (Bit ing  midges) 

prob.  Probezzia sp. 

adu l t   D ip te ran  sp. 

Order   T r ichoptera   (cadd is f l ies )  

Family Hydropt i l idae   ( "mic ro" -cadd is f l ies )  

prob.  Ochotr ichia sp. 

Neo t r i ch ia  sp. o r   M a y a t r i c h i a  sp. 

Family  Calamoceratidae  (triangular  tube-case  makers) 

prob.  Notiomyia sp. 

Family Psychomi idae  ( tunnel -dwel   lers)  

prob.  Polycentropus sp. 

Family  Brachycentr idae  (square  or  cy1  indr ical   tube-case  makers) 

Brachycentrus sp. 

Family  Hydropsychidae  (net-dwellers) 

D ip lec t rona sp. 

Order  Coleoptera  (beetles) 

Family Dryopidae 

Family Psephenidae ( r i f f l e   b e e t l e s )  

Phyl um Cni dar i   a  

C1 ass Hydrozoa 

Order  Hydroi da 

Family  Hydridae 

Hydra  sp . 
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Phyl um Nematoda (round worms) 

SPP 

Phylum Platyhelminthes  (flatworms) 

Class  Turbel lar fa   ( f ree- l iv ing  f la tworms)  

Order Tricl ad1 da 

Phylum Anne1 f da  (segmented worms) 

C 1  ass 01 i gochaeta 

(prob.  Family  Naldidae) 

Chaetogaster  (prob.  diastrophus) 

Tota l  # spp. = 38 
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insects recorded,   on ly   the   s tonef l   ies   (Jsoper la ,  - Capnia  and 

P a r a c a e i a ) ,  -. - " " - the midges  (Spaniotoma, and CorynoneuE), and t h e  
b lackf ly   (S imul ium) -~ c o n t r i b u t e d   s i g n i f i c a n t l y   t o   t h e   p o p u l a t i o n  
det1sit.ies  found. The remaining  organisms, when present,  were 
qt?nerally represented  by  fewer   than  f ive  ind iv iduals .  

Table VI1 presen ts   t he   resu l t s  O f  t h e   s p e c i e s   d i v e r s i t y  and 
evenness calculat ions  obtained  f rom  the  raw  data.   Figures 7a, b, 
and c ,  a raph ic? l ! y   dep ic t   t he   t o ta l  number o f  species  found  per 
sqllc7t-e foot ,  t h e   t o t a l  number o f  organisms  per  square  foot, and 

+.he d i ve rs i t y -evenness   wsu l t s ,   respec t i ve l y ,  as d e t e r m i n e d   f o r   a l l  
: - , tat ions sampled. The general  trends  observed  were  as  follows: 
S ta t ions  1, 6, and 7 had the   g rea tcs t   va r ie t y   o f   spec ies   rep resen ted ,  
t h e  h ighes t   t o ta l   dens i t i es   o f   mac ro - inve r teb ra tes ,  and among t h e  
h i g h e s t   d i v e r s i t i e s .   S t a t i o n s  2, 3, 4,  and 5 on the   o the r  hand, had 
the  fewest  species,   the  lowest  populat ion  densi t ies,  and genera l l y  
lower   d ivers i ty   va lueq.  The d i v e r s i t y   f i g u r e   f o r   s t a t i o n  3 was 
a r t i f i c a l l y   i n f l a t e d ,  b u t  t h i s  was p r i m a r i l y   a t t r i b u t a b l e   t o   t h e  
very even d i s t r i b u t i o n   ( a s   i n d i c a t e d   b y   t h e   h i g h  evenness v a l u e )   o f  

the number o f   i nd i v idua ls   rep resen t ing   t he   spec ies .  The r e s u l t s  
tor s t a t i o n s  8, 9, and 10 were genera l l y   in te rmed ia te  between  those 
o t  t h e  two prev ious ly   d iscussed  d iv is ions.   Th is   would  probably  be 

dlie t o  t h e   f a c t   t h a t  they are   loca ted  on, o r   i n   t h e  case o f   s t a t i o n  8, 
directly a d j a c e n t  t o ,  t h e  Pelly R i v e r ,  which would e x e r t  a totally 

d i f f e r e n t  set  o f  ph.ysica1 and chemical   stresses  on  the  populat ions  present.  

A p p e n d i x  I 1  summarizes a l l   o f   t h e   a l g a e   d a t a   c o l l e c t e d   d u r i n g   t h e  
.;tudy Deriod. and F igure  8 i l l u s t r a t e s   t h e   d i s t r i b u t i o n   o f   a l g a l  
s p e c i e s  between L1.e rrline  and P e l l y   R i v e r .   S t a t i o n s  1 and 9 d isp layed 
:!le q r : ' a t e s t  d i v e r s i t y  o f  spec ies   wh i l e   s ta t i on  2 showed t h e   l e a s t .  
! , ' q f o r t u q a t e i y  not  much i s  known o f   t h e   e f f e c t s  of mine a c t i v i t i e s  on 
c ) p ? (  i f ~ c  algal species,  but one t h i n g  appears c e r t a i n  .- discharges f rom 
F o r s  Creek wev'p a f f e c t  inn  t h e  a l g a l   p o p u l a t i o n   a t   s t a t i o n  2. 
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Table VII. Summary o f  D i v e r s i t y  ( H I )  and Evenness (J)  Results. 

S ta t i on  Sample Spec i es 
Number D i v e r s i t y  (HI) Evenness ( J )  

1 A 
B 
C 

1.7526 
1.63 
1 .5003 

0.6833 
0.5639 
0.6257 

A 
B 
C 

1 .3864 
1.0986 

0 

1 .o 
1 .o 
0 

A 
B 
C 

1.3662 
1.2697 
1.4681 

0.961 7 
0.7889 
0.9122 

A 
B 
C 

0 
0 

0.6365 

0 
0 

0.9183 

5 A 
B 
C 

1.551 
1,0867 
0.961 2 

0.7059 
0.6065 
0.5972 

1 .9847 
2.0263 
1.5285 

6 A 
B 
C 

0.7987 
0.6555 
0.5959 

7 A 
B 
C 

1.9971 
2.338 
1 .go12 

0.7375 
0.7940 
0.6457 

A 1 .3024 
1 .0431 
1 .4852 

0.5928 
0.6481 
0.7632 

8 

9 

10 

B 
C 

A 
B 
C 

0.5403 
0.7522 
0.8562 

0.3357 
0.41 98 
0.4118 

A 
B 
C 

0.3938 
0.6868 
0.80 71 

0.2024 
0.31  26 
0.41  48 
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The spec ies   recorded  there ,   par t i cu la r ly  Gomphonema parvulum, 

Synedra u lna and F rag i l a r i a   c ro tonens is ,  must  be r e l a t i v e l y  
to lerant  of   h igh  sediment  loads, as they  were  present i n  
cons i derabl  e  numbers ( Appendi x I I ) . 

As s t a t e d   e a r l i e r  i n  t h e   r e p o r t ,   f i s h  were  caught  only i n  t h e  
pumphouse pond  above s t a t i o n  1. The f i s h   a r e   t o  be  analyzed f o r  
heavy me ta l   con ten t   bu t   t h i s  has n o t   y e t  been  completed. The a e r i a l  
survey showed t h a t  Rose and A n v i l  Creeks  below the  mine  were  general ly 
swif t ,   shal low  streams  wi th  very  few deep pools; a c r i t e r i o n   p r e f e r r e d  
by f i s h  such as A rc t i c   Gray l i ng   f o r   f eed ing ,   res t i ng ,  and overwinter ing.  

It i s ,   t h e r e f o r e ,   e n t i r e l y   p o s s i b l e   t h a t  no f i s h  were  present i n   t h e  
s t ream  be low  the   m ine ,   pa r t i cu la r l y   a t   t h i s   t ime   o f   yea r .  However 

before a d e f i n i t i v e   s t a t e m e n t  on f i s h   p o p u l a t i o n s  can  be made, a 
more i n t e n s i v e   s u r v e y   u t i l i z i n g   e l e c t r o - f i s h i n g   i s   r e q u i r e d .  Our 
h e l i c o p t e r   p i l o t   r e p o r t e d  good Gray l i ng   ang l i ng   i n   t he   l akes   f eed ing  
the   Nor th   Fork   o f  Rose Creek  as w e l l  as t h e   A n v i l  Lakes. Thus, they 
do e x i s t   w e l l  up the  system  and  they may migrate down t o   t h e   P e l l y  
R ive r   a t   ce r ta in   t imes .  

I n   a d d i t i o n   t o   G r a y l i n g  , the  Northern  Operations  Branch o f  

t he   F i she r ies  and Marine  Service have reported  Chinook  salmon t o  
be present  i n  the  P e l l y  River  and i n  a few o f  t he  small t r i b u t a r i e s  

upstream o f   A n v i l  Creek i n  ce r ta in   yea rs .  None were  observed i n  

Anvi 1 Creek i n  1973, but  there  would  appear t o  be a  good p o s s i b i l i t y  
tha t   they  do use the  system  for  spawning some years. 
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DISCUSSION 

The resu l t s   o f   t he   p re l im ina ry   su rvey   demons t ra te   c lea r l y  

the   de t r imen ta l   e f fec ts   o f   t he   Fa ro  Creek d i v e r s i o n  on Rose and 
A n v i l  Creeks. These e f f e c t s  were  manifested  by  high suspended 

s o l i d s  and t h e r e f o r e   h i g h   t u r b i d i t y   l e v e l s ,   c r e a t e d  by  erosion  along 
the  banks o f   the   d ivers ion   channe l .   H igh  suspended s o l i d s   l o a d i n g  
o f  streams and r i v e r s   a r e  a natural   occurrence i n  t h i s   p a r t   o f  

the Yukon du r ing   pe r iods   o f   h igh   run -o f f  (W. Waugh, personal 
communication).  This phenomenon a l a n e   p r o b a b l y   r e s u l t s   i n  a 
c e r t a i n   r e d u c t i o n   o f   t h e   f l o r a  and fauna  standing  crops a t  these 
t imes o f   t h e   y e a r .  However, i n   t h e  case o f   t h e  Rose-Anvi 1 system 
where h igh  suspended so l ids   load ing   wou ld  appear t o  have  been a 
cont inu ing   fea ture   th roughout  a t  l e a s t   t h e  summer, t h e   d e l e t e r i o u s  

ef fects  would be compounded. 

The inf luences  of   sediment upon f ish,  bottom  organisms, and 

algae have  been we1 1 documented tly numerous reseachers.   For  adul t  

f i s h  i t  seems t o  be  a genera l l y   accep ted   f ac t   t ha t   f o r  suspended 
s o l i d s   t o  have a d i rec t   l e tha l   e f fec t ,   t he   concen t ra t i ons   mus t  

be exceed ing ly   h igh   (Gr i f f i n ,  1938; Wallen, 1951; and Herber t  and 
Merkens, 1961).  Where l e t h a l   e f f e c t s  have  been  observed, the  agent 
was usua l ly   de termined  to  be phys ica l   c logging  and/or  damage t o   t h e  
g i l l s .  O f  course,  the f i s h  do n o t  have t o  be k i l l e d   t o  be d i r e c t l y  
in f luenced.  Sumner and Smith  (1939) and Smith  (1940)  reported  that  
King salmon  avoided  the muddy water o f   t h e  Yuba R i v e r ,   C a l i f o r n i a  
i n  p re fe rence   f o r   t he   c lea r   wa te r   o f  a r e l a t i v e l y   s m a l l   t r i b u t i r r y .  
Cooper (1956) no ted   tha t  Sockeye  salmon migrated  through  the  Fraser 
R i v e r   d u r i n g   h i g h   t u r b i d i t i e s   b u t  spawn i n  t r i b u t a r i e s  where 
t u r b i d i t i e s   a r e  low. 

McPhail & Lindsay  (1970)  report t h a t  " A r c t i c   g r a y l i n g   a r E  

c h a r a c t e r i s t i c a l l y  found i n  schools i n   c lea r   wa te r   t h roughou t  
most lakes and streams i n   t h e   N o r t h .  They may a lso   be   taken  a t  
several   points  a long  the MacKenzie and  Yukon r i v e r s ,   b u t   u s u a l l y  
where c l e a r   t r i b u t a r i e s   e n t e r . "  
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This  should  not  be  taken t o  mean tha t   g ray l ing   cannot   res ide  i n  
s t reams  which  are  cont inual ly   laden  wi th  s i l t   o r  which  carry  
a h igh  silt load  dur ing   f reshet   cond i t ions ,   bu t  i t  does  suggest 

t ha t   c lea r   wa te rs   a re   p re fe r red .  The main  stems o f  Rose and 

A n v i l  Creeks  which  receive  run-of f   f rom  Faro Creek  would n o t  be 

a b l e   t o   s a t i s f y   t h i s   c r i t e r i o n   a t   t h e  moment. 

McPhai 1 & L indsey  (1970)  a lso  state  that  Gray1 i n g   u s u a l l y  
spawn i n  small  streams  over a gravel   or   rocky  bottom.  Extensive 
i n v e s t i g a t i o n s  have  been c a r r i e d  ou t  on t h e   d e l e t e r i o u s   e f f e c t s   o f  
sediment  upon  salmonid eggs  and a lev ins.  Some o f   t h e  more a p p l i c a b l e  
observat ions made are  those  contained i n  the  statements o f  Cooper's 
(1956)  work on the  probable damage t o  Sockeye  salmon runs i n   t h e  
H o r s e f l y   R i v e r ,   B r i t i s h  Columbia,  from  proposed  placer  mining 

operat ions:  

" I n   t h e  normal  course o f  events   the  pr inc ipa l   source 
o f  sediment i n  streams i n   B r i t i s h  Columbia i s  t he   sp r ing  
f reshet   pass ing down the  stream,  with  consequent bank wash 
and bed scour. As t h e   f r e s h e t  passes, t h e   a v a i l a b i l i t y  
o f  t ransportable  sediment  decreases  rapidly and i n  r i v e r  
reaches where the  scour   act ion i s  great,  the  bed i s  l e f t  
r e l a t i v e l y   f r e e  of f ine  sediments and the  water becomes 
r e l a t i v e l y   c l e a r .   T h i s  annual  cycle i s  cons idered  to  be 
an e s s e n t i a l   c h a r a c t e r i s t i c   o f   r i v e r s   i n   w h i c h   t h e   b e s t  
salmon  spawning  grounds are  located.  However, i f  t h i s  normal 
pattern i s  altered by the artificial   introduction o f  
sediment   dur ing  the  per iod  o f   dec l in ing  d ischarge when such 
sed iments   wou ld   no t   normal ly   be   ava i lab le   to   the   r i ver ,  
some deposi t ion  o f   sediment  will take  p lace i n  t h e   i n t e r s t i c e s  
o f   t h e  bed m a t e r i a l s ,   p a r t i c u l a r l y   n e a r   t h e   r i v e r  banks. 
It i s  n o t  poss ib le   t o   es t ima te   t he  bed mater ia l   composi t ion 
t h a t  will resu l t   f r om a given  discharge and concen t ra t i on   o f  
g i v e n   p a r t i c l e   s i z e s .   I n   r e g i o n s  of large  scour   the amount 
o f   depos i t i on   o f   f i ne   ma te r ia l s   p robab ly   wou ld  be small 
b u t  i t  i s  a f a i r  assumption  that  i n  o rder   to   p reserve   the  
stream bed i n   i t s  normal cond i t i on ,  normal r e l a t i o n s h i p s  
between discharge and  sediment  size and concentrat ions 
should be maintained."  

" I t  may be concluded  f rom  th is   exper iment   that   the  deposi t ion 
o f  sediment  on  gravel  spawning  beds  would  cause  reduction 
i n   s u r v i v a l   r a t e s   o f  eggs and a lev ins  i n  p r o p o r t i o n   t o   t h e  
reduct ion i n   f l o w  o f  water   through  the  gravel . "  



Gray1 i n g  do n o t   b u r y   t h e i r  eggs i n   t h e  streambed  as  do 

salmon b u t   t h e   s m o t h e r i n g   e f f e c t s   o f   e x c e s s i v e   s i l t a t i o n  may 
be s i m i l a r ,  and  where s i l t  wou ld   no t   se t t le   ou t ,   the   abras ive   ac t ion  
o f   s e t t l i n g   p a r t i c l e s   c o u l d  be equa l ly  damaging. 

The d e l e t e r i o u s   e f f e c t   o f   h i g h  suspended so l i ds   l oads  

on macro- invertebrate  populat ions has a l so  been w e l l  documented. 
A more recent  example was tha t   repor ted   by  Gammon (1970)  working 
on the  e f fects   o f   s tonedust   sediment   f rom a crushed  l imestone 
quarry  on the   macro- inver tebra tes   o f  a smal l ,   cen t ra l   Ind iana 
stream. I n   h i s   s t u d y  he found  tha t   l i gh t   inpu ts   wh ich   inc reased 
the suspended so l ids   loads   less   than 40 m g / l   r e s u l t e d   i n  a 25% 
reduct ion  in   macro- inver tebrate  densi ty   be low  the  quarry .  Heavy 
inputs,   causing  increases o f  more than 120 mg/ l   inc lud ing  some 
d e p o s i t i o n   o f  sediment,  resulted i n  a 60% r e d u c t i o n   i n   p o p u l a t i o n  

densi ty .  

The contaminated  f low o f  the  Faro  Creek  diversion,  would 
cause s i m i l a r  e f fects   through  the  inorganic   sediment   d ischarge.  
NFR (suspended sol i d s )   l e v e l s  were greater  than  100  mg/l above 
the  background  values a t  each of s t a t i o n s  2, 3 ,  4, and 5. It 

would,  therefore,  I :e  reasonable  to assume tha t   the   g rea t ly   reduced 
macro- invertebrate p o p u l a t i o n s  found a t  these  s ta t ions  were a t  

l e a s t   p a r t l y  a r e s u l t   o f   t h e   i n c r e a s e d  suspended sediments  levels.  

The e f fec ts   o f   t he   sed imen t   l oad  i n  Rose and Anvi l   Creeks 

on the  a lgae  populat ions  were  less  c lear ly   def ined.   Sediment  
i s  be l ieved t o  dest roy  a lgae by abras ive  act ion,  by s imp ly   cover ing  
the bottom o f  the  s t ream  wi th  a b l a n k e t   o f   s i l t ,   o r  by reducing 
t h e   l i g h t  needed fo r   photosynthes is  (Cordone  and Kel ley,  1961 ). 
The g r e a t   r e d u c t i o n   i n   s p e c i e s   d i v e r s i t y   r e c o r d e d   a t   s t a t o n  2 1 
i s  p r o b a b l y   a t t r i b u t a b l e   t o  a combination o f   t h e s e   t h r e e   c r i t e r i a .  
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Unfor tunate ly ,   the   p re l im inary   s tudy  was n o t   a b l e   t o  

evaluate  the  impact  of   increased pH which  would  probably 

have e x i s t e d   t o  some degree i f  the   mine   ta i l ings   decant  had 
been discharged t o  Rose Creek a t   i t s  normal   operat ing  f low  o f  

4,000,000 gpd i n s t e a d   o f  5 gpm as observed (7,200 gpd). The 
t a i l i n g s   d e c a n t  has an average pH o f  10.0 - 10.5  and i t  would  be 
reasonable  to  assume t h a t  some effect  would  be f e l t  (Brown, 
1957).  Since  decant had  been discharged  throughout  the 
summer p r i o r  t o  the  survey,  the  increased pH o f   t h e   r e c e i v i n g  

s t ream  d i rec t l y   be low  the   decant   po in t   m igh t  have c o n t r i b u t e d  
i n   p a r t   t o   t h e  reduced  macro-invertebrate  populat ions  found 

a t   s t a t i o n s  3, 4 ,  and 5. I f  t h e   t a i l i n g s  pond  decant  flow was 
increased  to  7,000,000 gpd as proposed  and pH  was maintained 
above  10.0, t he  pH e f f e c t ,  i f  i t  exists,   would be magnif ied.  

The other  chemical and phys ica l   cons t i tuents  o f  bo th   t he  
t a i l i n g s  pond decant and o f  the  Faro Creek d i v e r s i o n   d i d   n o t  
appear t o  cause any detr imental  environmental consequences d u r i n g  
the  study  period, and would  not  be expected t o  pose a problem, 
even i f  normal ta i l ings   decant   f lows  ex is ted .  

I n  summary, the  major  problems i n  Rose and A n v i l  Creeks  would 

appear t o  be the   h igh  suspended so l   ids   load ing  and t u r b i d i t y   r e s u l t i n g  
from the Faro Creek d i ve rs ion ,  and the   poss ib le  pH e f f e c t   r e s u l t i n g  
f r o m  the  discharge of t a i l i ngs   decan t   t o   t he   rece iv ing   env i ronmen t .  
I f  the suspended so l ids   f rom  the   d ivers ion   cou ld  be  removed ( e i t h e r  
through  sedimentation i n  a s e t t l i n g  pond o r  t h e   t a i l i n g s  pond  area; 
o r  by   p roper   r i p - rapp ing   o r   o the r   p ro tec t i on  o f  t h e   d i v e r s i o n  
channel  from  continuin!  erosion) and if t h e   t a i l i n g s  pond w a t e r   i t s e l f  
could be recycled, or neutra l ized,   there  would  appear   to  be no  reason 
why the  condit ion  of  the  Rose-Anvi l   system  below  the  mine  could  not 
r e t u r n  t o  a more na tu ra l   eco log i ca l   s ta te .  
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APPENDIX 1 

Numbers of macro-organisms recorded at stations 1 - 10 in September, 1973. 
STATION NUMBER 

mite s p .  #1 
mite sp. 8 2  
ostracod sp. 
harpacticoid 

cyclopoid 

ualanoid 

Isoperla sp. 

copepod sp. 

copepod sp. 

copepod sp. 

Capnia (prob 
nearc tica) 

Paracapnia sp. 
Cinyqmula sp. 
Cinygma sp. 
Epeorus (= I ron )  
SP 

Rithrogena sp. 
Tricorythodes sp 
Ephemerella sp. 

. Homopteran SP - 
Spaniotoma s p .  
Corynoneura sp. 
Tendiped spp.  
Pupa@ 

D icranota sp. 
adult Tipulid 
SP 

Simulium sp. 
Simulium sp. 
Pupae 

Musid sp. 
Pericoma s p .  
Probezzia SD. 
adult  Dipte>an 

SP 
Oehotrichia sp. 
Neotrichia or 
Mayatrichia sp 

Notiomyia s p .  
Polycentropus sp 
Rrachycentrus s p  
Diplectrona s p .  

* Dryopid s p .  
Psephenid sp 
Hydra s p .  

* Nematode spp.  
Triclad sp. 
Chaetoqaster 

" 

(d.i.kgoPhus ) 

1 
A B C  

1 1  

1 2  

1 

5 4  119 

27 36 
5 6  5 4  
2 
1 

1 

1 
31 46 

LOO 204  

2 4  

2 

1 
1 

1 

7 6  
1 1  

3 1  

8C 

36 
57 

7 

37 
208 

6 

1 

1 

1 

1 

2 
A B C  

1 

1 1  

1 

1 

1 1  

3 
A B C  

4 
A B C  

2 2 

1 1  

5 
A B C  

1 

1 

1 

1 

2 

10 

2 

1 

1 

6 

1 

2 

1 

16 

1 

2 

d 

1: 

1 

1 

1 
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- STATION NUMBER 6 
A B C  

mite sp .  #1 
mite s p .  # 2  
ostracod SF. 
harpact icoid 

cyclopoid copepod 

calanoid 

Isoperla   sp.  

copepod s p .  

SP. 

copepod s p .  

Capnia - (prob. 
nearctica) 

ParacaDnia SD. 
L L 

Cinygmula sp. 
Cinygma s p .  
Epeorus 

(= I ron )  s p .  
riithrogena s p .  
Tricorythodes s p .  
Ephemerella sp .  
Homopteran s p .  
Spaniotoma s p .  
Corynoneura s p .  
T c n d i p e d  spp .  

!Picranota s p .  
l i l u l t  T i p u l i d  s p .  
::imulium SD. 
S i m u l  ium s p .  

pupae 
Yusid  s p .  
Per icoma s p .  
Probezzia sp. 
, ? d u l t  Dipteran s p  
Ochotrichia s p .  
Neotrichia o r  

Mayatrichia s p .  
Notiomyia - s p .  
Polycentropus 
Rrachycentrus 
1) iDlectrona SD 

16 

34 

10 

1 

11 

4 

4 

1 

3 
4 

9 

5 

1 
1 

17 

50 
3 

6 
2 

5 
1 

62 
1 

3 

13 

1 
3 

1 
5 
4 

3 

3 
1 

4 

13 

93 

2 

3 
2 

44 

7 

3 
1: 

6 

2 

3 

1 

7 
A B C  

1 

9 

18 

45 
1 

1 

11 

3 
5 

1 

3 

4 

2 

1 

2 

2 

5 

2 
3 

9 
13 

1 
1 

1 
32 

2 

31 

2 

6 

8 

1 
2 

5 
1 

8 

1 

4 
3 

10 
20 

4 
1 

103 

3 

48 

39 
3 

1 

11 

2 
2 

6 
2 

2 

8 
A B C  

9 
A B C  

10 
A B C  

2 

35 
1 

1 

1 
9 
1 

2 

4 

2 

17 

5 

1 

1 

5 

23 

2 

6 

1 

6 

2 

1 

4 0  

4 

58 

1 

2 2  

1 

47  90 

118 137 

1 1  

1 

1 1  

2 

1 

1 

9 2  

285 101 

1 

4 2  

9 8  

1 
1 1  

1 

2 

1 

1 

5 1  

1 
2 

4 

2 

2 
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APPENDIX I I 

Anvf 1  Mine study- phytoplankton  (Algae) 

STATION fl 
ALSAL TYPE CELL COUNT/IO cc  

Bchnanthesflexella 
-minutissima 
Achn.?nt . ' les  s p *  

kbBhQ33 SP. 
Cocconels a* 
cvmbella tu r .o . ib  
m t o m a  tenue v r  w a t u m  
E u n o t i a  SJ. 

Eunotia sp. 
F r a g i l a r i n   c o n s t r u e n g  
F r a ~ i l a r i a   c r o t o n e n g i s  

v a .  o rep,on a 
F r a P i l a r i a   p i n n a t a  
F r a g i l a r i a   v a u c h e r l a e  
m e m a  gl ivaceum 
G o m D a  d.  

(on s t a l k s )  
HAnnaea a r c u s  
Nav icu la   ex i sug  
N a v i c u b  c-f. ~ U D L I ~ ~  

Navicula.  9p. 
Nitzsrnia SP. 
Nitzschia h o l s a t i c a  
p i t z s c h i a  SJ. 
R h o i c o s p h e n i a   c u r v a t a  
Svnedra   u lna  

Chlorgphyceae  (green algae) 
; u K e o  ti a 9. 
UlpthrlX SL. 
Q J i n d r o c a p B  

Cyanophyc cae  (blue-green a1 gae) 

! i sna los iphon  h i b e r n i c u g  
Cscillatoria sz.  

S o i r u l i n a  sp. 

- P r o  to zo a 

539 
46,918 
2696 
270 
270 
29 66 

56,355 
: 11,595 

2157 
10 79 

270 
1348 
8629 
270 

2427 
539 
270 
1618 
270 
1887 

16,179 
270 
1079 
2157 

809 

1887 
1348 

5123 
1348 

5 39 

2 70 

CELL COUNT/litre 

5 3900 
4,691,800 

269,600 
27,000 
27,000 
296,600 

5,6358500 
1,159 , 500 
215,700 
107,900 

27,000 
134, 800 
862,900 
27,000 

242,700 
53,900 
27,000 
161 800 
27,000 
188,700 

1,617,900 
27,000 
107,900 
215,700 

512,300 

134,800 
53 900 

27, ooo 
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STATION #l samDle 2 
Cornphonema smi nz +urn 
C l o s t e r i u m  ~2. 
C y m b e l l a   c i s t t i l s  
Cosnarium 92. 
Cymbel!.a p-rv:! 
S t a u r e s t r v m  SJ. 
N a v i c u l a   l e n c e o l n t a  
T a b e l l . a r i n  f l o c c u l o s a  
Nostoc SJ. i n  c l u s t e r s  
D r a p a r n a l d i a  9. ( a c u t a )  
many f i l a m e n t s  o f :  F r a T i l a r i a  v a u c h e r i a e  

a t   l e a s t   t h r e e   s D e c i e s  of  Mouseo t i a  
s t r a n d s  of  Diatoma t e n u e   v a r .   e l m r a t u r n  

BRYOPHYTA (mosses) 
Class Musci 

Fon t i n a l a c   e a e  
Dichelyma -. f; l ca tum 
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CELL COUNT/lO c c  

2 
5 39 
270 

2 
1887 

8 
270 
18 

1348 

CELL COUNT/litre 

200 

53,900 
27,000 

200 
188 , 700 

800 
27,000 

1800 
134 , 800 

STATION #3 
ALGAL TYPE CELL COUNT/10 cc CELL COUNT/litre 

B a c i l l a r i o o h y c e a e  
Achnanthes  rningtissirna 404 5 404,500 

c i s t u l a .  2 70 27,000 
Cymbel la   tu rEida   7280 72f3 , 000 
Diatom3  tenue v a r .  e lonqatwn  27,504  2 ,750 ,409 
Euno ti a sp. 48 54 48 5,400 
F u n o t i a  SJ. 2157  215,709 
Frar i l :?5a  :snr, trucns 404 5 494,5CO 
F r a z i l n r i a   c r o t o n c n s i s  809 80,900 
F r a c i l a r i s   p i n n n t a   2 7 0   2 7  , 000 
F r a E i l a r i a   v a u c h e r i a e   8 6 2 9  862 , 900 
Gomphonema oliv,qceurn 5 39 53,900 
ComDhoncma c.f. parvulum 

( o n  s t a l k s )  10,246 1 ,024 ,600  
Hannaea 1079 107 , 900 
Navicu la   ex i eua  809 80,900 
N a v i c u l a  cif. l a n c e o l n t a  270 27 , 000 
l~Javic!Jl-  c-f. d i c e p h a l a  809 80,900 
N i t z s c h i a   d i s s i p a t a  2 70 27 , 000 
N i t z s c h i a   h o l s a t i c a  1348 134, e00 
” 809 80 , 900 
N i t z s c h i a  s u b l i n e a r i s  5 39 53,900 
Svn e d r a  a x s  270  27,000 
Svnedra  rnazanaensis  270 27 ,000  
Svn ed ra u l n a  809 80,900 

Chlorophvceae  
Chlamvlornonas w. 
U l o t h r i x  SJ. 
STATTON f J  sample 2 
Uronem SJ. 

Microspora s , ~ .  

Clos tcr i t im SD. - 

5- 

270 
3236 

27 ,000  
32 3 , 600 
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STATION #4 
ALGAL TYPE 

B n c i l l a r i o p h v c e a e  
Achnan thes   minu t i s s ima  
Cymbe l l a   t u r - ida  
Diatorna t e n u e  v x .  elonsaturn 
Euno t i a  9. 
Euno t i a  ss. 

F r a s i l a r i n   c o n s t r u e n s  
F r a c i l a r i a   c r o t o n e n s i s  
F r a , q i l a r i - t   v a u c h e r i   a e  
Comphonema o l ivacemn 
Gomphor,emn parvulum 

( o n  s t a l k s )  
Hannaea  arcus  var .   arnphioxvs 
Hannaeg  arcus 
N a v i c u l a  c.f. pupula  
N a v i c u l a  c-f. d i ceDha la  
Nav icu la  SA. 

N a v i c u l a  SJ. 

N i t z s c h i a   p a l e a  
U t z s c h i a  U. s u b l i n e a r i s  
Synedrp u l n a  

Chlorophyceae  
Cosrnarium s l .  
ULothr ix  sp. 

STATTON ?4 s,.rnple 2 

CELL COUNT/10 cc 

809 
6202 
5662 

5 39 
2 70 

701 1 
8 09 

10,246 
1887 

13., 212 
2157 
1618 
1887 
4 314 
2 70 
270 
270 

1348 
1079 

5 39 
4 584 

CELL COUNT/l i tre  

80,900 
620,200 
566,200 

53,900 
27,000 

70 1,100 
80,900 

1,024,600 
1a8.700 

1,321,200 
215,700 
161,800 
188,700 
431,400 

27,000 
27,000 
27,090 

134,800 
107,900 

53,900 
458,400 

P l e u r o d i s c u s  sq. ( u n s u r e   s i n c e  some c e l l s  have  only one d i s c   c h l o r o p l a s t )  
O s c i l l a t o r i a  sp. 
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STATION # 5  
ALGZ L TY FE 

Boci 1 1 a r i 1 ) r ~ h v c ~ a ~  
Actlnanthc:: SJJ. 

Amhipl t>uca  ~ I X  I l u c i d a  
Cocconeis  SJ. 

C y m b e l l a   t u r q i d a  
Diatorna  tenue v: I r .  elonTatum 
E u n o t i a  SJ. 
Fra , : i l a r ia   cons t rueny  
F r a q i l a r i s   c r o t o q c n s i s  
F r a q i l s r i a  v s c h e r i a e  
Gomnhonema f m i n n t u m  
Cornphonem? o I ivaceurn 
Cornphonema psrvu'lum 
Hannaea  -1rc113 
M e l o s i r n   t e n u i s s i m a  
Navicul.3 c.f. pupu la  
N a v i c u l a  cLf. d i c e p h a l a  
N a v i c u l a  s_p. 

N i t z s c h i a   p a l e a  
Svnedra   u lna  

Chlorophyceae  
Mougeot ia  SI. 

STATION #5 samnle 2 

C y l i n d r o c a p s a  SD. filament 
CosmDrium SA. 

CELL COUNT/10 cc 

2 70 
2 

2 70 
21 57 
809 
5 39 
10 79 
270 

2427 
4 
2 

1887 
12 
4 

5 39 
5 39 
809 
2 

10 

5 39 

CELL COUNT/litre 

27,000 
200 

27,000 
215,700 
80,900 
53,900 
107 , 900 
27,000 
242,700 

400 
200 

188,700 
1200 
400 

53,900 
53,900 
80,900 

200 
1000 

53,900 
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CELL C O U N T / 1 0  cc 

6738 
673R 

673e 
13,488 
10,113 

3 375 
6738 
3 375 

20,225 
13,488 
16,850 

67 3 O  

3375 
3375 
3375 
67 38 
3375 

CELL COUNT/10 cc  

16,850 
6738 

26,963 

3 375 
13,488 

3 375 
16,850 
26,963 

3375 
3 375 
3 375 

13,488 
67 38 
3375 

CELL C O U N T / l i  t r e  

67 3,800 
673,800 

673,800 
1,348,800 
1,011,300 

337,500 
673,800 
3 37 , 500 

2,022,500 
1 , 3 4 8 , m l  
1,685,000 

673,800 
337,500 
337,500 
337,500 
673,800 
337,500 

CELL COUN T/li t re 

1,685,000 
673,800 

2,694,300 

337,500 
1,348,800 

337.500 
1,6e5,000 
2,696,300 

3 37 , 500 
337,500 
337 , 500 

l,Y+R,800 
673,800 ' 

337,500 
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S'I'ATION ,# 8 
A I A k L  T'f PE 
H:~ci l lnr joohl . r f . cne  
Cocconri? ". 
Cymbell  a c i  T;tll!a 

__. " - - 

( c n  s t a l k s )  
D e n t i c u l n  rz. 
Dia tcnn  t e n u c  v L r  olonrra 
Eunot i ,?  s_p. 
F r a z i  1::- c o n , ;   t r u e n s  
F r a y i l a r i l  v n u c h g r i a e  
Cornphonena p a r v u l u m  

( on s t a l k s )  

- turn 

CELL COUNT/10 c c  

270 

5 39 
8 

1079 
270 

1079 
809 

5 39 
2 70 
270 
5 39 
270 
809 
5 33 

4 

CELL C O U N T / l i t r e  

53,900 

107,900 
27,000 

107,900 

am 

ao, goo 

53,900 
27 , 000 
27 , 000 
53,900 
27 , 000 
80,900 

5 3  , 9oc 

400 
14,030 
2;00 

STATIO:: 48 sample 2 
L'yrnbell-  t u r F i d a  
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:;TA?'lOV $9 
ALGAL 'I'Y FE 

B a c i l l a r + c , n h v c ~ ! , ~ e  
Achnanthes flexella 
AcAnnnthes   min3t i ss ima 
Ar?.phiDleura " p e l l u c i d a  
, ? o c z o n s i s   c a l c a r  
CvrnSel l3  c i s t u l a  
C p b e l l n  t,br.;idn 

Qtatarng t en r~e  v x .  e lonrq tum 
E u n o t l  A 

Fr3f:ilar-i .;7 cols t r1 . lcns  
F r a . q i l . 2 r i a  vnuc' ,er4 :le 
Cornpr:or;ena parvul.urn 
Hannnea a r c u s  
K e r i d i o n   c i r c u l a r e  
? ! a v i c u l a   e x i m a  
FIavicu3:j l n r l c e o l a t a  
K a v i c c l a  c.f. ouDula 
h v i c c l a  c.f. s u b c a p i t a t a  

- . .  

A" 

"- - 

"- - 

c.f. s a k 1 i . n e a r i s  
SD. - 

CELL COUNT/10 c c  

26,964 
33,705 
1.3,482 
6741 

13,482 
141,562 
53,929 
13,482 
47,187 
337,054 
60,670 
20,223 
13,482 
80,893 
20,223 
33,705 
20,223 
94,375 
674 1 

20e, 973 
94,375 
674 1 
6741 

60,670 
6741 

13,482 
1 3,482 
674 1 
6741 

80,893 

CELL COUN T/1 i t  re 

2,696,400 
3,370,500 
1,348,20Q 
674,190 

1,348,200 
14,156,200 
5,392,990 
1,348,230 
4,718,700 
33,735,400 
6,067,000 
2,022,300 
1,318,230 
9,089,300 
2,022,303 
3,37ci, 500 
2, C22,300 . 9,437,500 
674,130 

20,897,300 
9,437,500 
6%. 100 
674,130 

6,067,000 
674,130 

1,348,200 
1,34t3,200 
674,100 
674,100 

€!,089,30O 

20,223 2,022,300 


	Table of Contents

