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ABSTRACT 

I 

A base1 ine study of the watershed  near the proposed  Marbaco 
Mine i n  northwestern British Columbia and proposed  Marbaco Mil 1 i n  
south-central Yukon was conducted by the Environmental Protection 
Service from  June 24 t o  June 26, 1981. The water qual i t y ,  bottom fauna 
characteristics and sediment qua l i ty  o f  nine sampling stations were 
documented and eval uated. 

Generally, the water chemistry parameters i n  the Tootsee- 
Rancheria  watersheds showed no unusual levels. The bottom fauna 
results were representative of generally clear, unpolluted mountain 
streams. The h igh  silver ( A g ) ,  lead (Pb)  and zinc ( Z n )  concentrations 
i n  the a d i t  sediments ref1 ected the presence of the mine ore body. The 
h i g h  arsenic  (As), cadmium (Cd) and iron (Fe)  concentrations i n  the 
a d i t  sediments reflect the presence of gangue minerals associated w i t h  
the mine ore body. When the proposed  mine and mill go i n t o  operation, 
concentrations of arsenic and cadmium are o f  possible concern and 
treatment of effluents may be required t o  prevent environmental damaqe 
downstream. 



Du 2 4  au 26 j u i n  1981, l e   S e r v i c e   d e   l a   p r o t e c t i o n   d e  

l 'environnement a f a i t  une e t u d e   p o r t a n t   s u r   l e s   s e c t e u r s   d u   b a s s i n  

hydrographique  avois inant l a  mine  proposee de Marbaco, s i t u e e   d a n s   l e  

nord-ouest  de l a   C o l o m b i e - B r i t a n n i q u e ,   e t   d e   l a   s c i e r i e   p r o p o s e e  de 

Marbaco, s i t u i i e  dans l e   c e n t r e  sud  du Yukon. On a c h o i s i   n e u f   p o i n t s  
d ' k h a n t i l l o n n a g e   a f i n   d ' i i t a b l i r   e t   d ' e v a l u e r   l e s  pararngtres  de l ' e a u ,  

l e s   c a r a c t e r i s t i q u e s   d e   l a   f a u n e   a q u a t i q u e   d e s   p r o f o n d e u r s   e t   l a  
qual i t e  des siidiments . 

En genera l ,   les   paramstres  ch imiques  de  l 'eau  du  bass in  de 

Tootsee-Rancheria  n'ont  revel6 aucun n iveau  inhabi tue l  . Les r e s u l   t a t s  

de l a   f a u n e   a q u a t i q u e   d e s   p r o f o n d e u r s   G t a i e n t   r e p r g s e n t a t i f s   d e  
ruisseaux de  montagne c l a i r s  e t  non p o l l u i k .  Les fo r tes   concen t ra t i ons  
d ' a r g e n t   ( A g ) ,   d e  plornb  (Pb) e t  de z i n c   ( Z n )   d a n s   l e s   s e d i m e n t s  

d ' a d d u c t i o n   r e f l e t a i e n t   l a   p r e s e n c e   d u   c o r p s   m i n i i r a l i s i i   d e   l a   m i n e .  

Les  concentrat ions  g lev i ies  d 'arsenic   (As) ,   de  cadmium  (Cd)   e t   de  fer  

( F e )   d a n s   l e s   s i i d i m e n t s   d ' a d d u c t i o n   r e f l g t a i e n t   l a   p r e s e n c e   d e s  

minera is  de  gangue  du corps m i  n e r a l  i s 6 .  A l a   m i s e  e n   s e r v i c e   d e   l a  

mine e t  de l a   s c i e r i e ,   l e s   c o n c e n t r a t i o n s   d ' a r s e n i c   e t  de  cadmium 

pourra ient   poser  un probl  &ne e t   l e   t r a i t e m e n t  des e f f luen ts   pour ra   Gt re  

n i i cessa i re   pour   & i te r  de l a   p o l l u t i o n  en aval  . 
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1 INTRODUCTION 

I n  February 1981 , Marbaco Resources L t d .  submitted an 
application t o  the Yukon Territorv Water  Board for the construction of 
a mil 1 and further development of a camp s i t e  i n  the Rancheri a area, 
Yukon Territory. The ore i s  t o  he produced from a m i  ne located i n  
British Col umbia , 16 kln south of the proposed m i  11  and camo. 

The drainage systems t h a t  could  be potentially  affected by 
the mine and mill activit.y  are pa r t  of the Tootsee-Rancheria-Liard 
River system. The study area i s  located 100 km upstream of the 
community of Watson  Lake (see Figure 1 ) .  The Rancheria and Tootsee 
Rivers support  resident  fish such as Dolly Varden, whitefish and Arctic 
arayl i n g .  The Rancheria and Tootsee Rivers are used for  recreational 
fishinq only. 

The Environmental Protection  Service undertook a base1 i ne 
study of the watershed i n  the vicinity of the proposed mine and mill.  
The purpose of this study was to  qather  baseline information i n  order 
t o  document and assess the existing q u a l i t y  of the streaw and rivers. 
I n  order t o  o b t a i n  this  baseline informat ion ,  water q u a l i t y ,  sediments 
and bottom fauna samples  were collected on June 24-26,  1981. 

1.1 Backaround 

The location of the Marhaco project i s  i n  the v i c i n i t y  of the 
Klondike Si1 ver and Logjam properties. The proposed mill and unoccu- 
Pied camp site  are near the Tootsee River a t  latitude 60'04'N, l ong i -  
tude 13Oo18'W, approximate1 y 16 km nor th  of the mine  devel oment i n  
Rritish Columbia which i s  a t  latitude 59 '55 'N and longitude 130'25'W. 

The access road i n  connection w i t h  the mine,  proposed mill and cam0 has 
been i n  existence  for a number of years. The  company  has intentions of 
upqrad ing  the road. and constructing proper  stream crossing i n  order t o  
accommodate vehicles and mining equipment. 

Y 
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B E A U F O R T  S E A  b 
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FIGURE I MAP OF YUKON TERRITORY SHOWING THE 
LOCATION OF THE M A R B A C O  STUDY A R E A  
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There  are two m i n e   a d i t s ;   t h e   u p p e r   a d i t   i s  1 ocated a t  an 
e l e v a t i o n   o f  1370 m and t h e   l o w e r   a d i t   i s   a t  an e l e v a t i o n   o f  1290 m. 

The upper a d i t   i s   d r y   b u t   t h e   l o w e r   a d i t   p r e s e n t 1  v d i  scharges  approxi - 
mate ly  0.1 m3/s of   water.  The s i l ve r - l ead -z inc   o re  body belonging  to  
Marbaco  Resources  Ltd. has est imated  reserves  o f  73,000 tonnes, with a 

g rade  o f  333 qm/t  (10.7 o z / t o n )   s i l v e r ,  2.8% l e a d  and 6.03% z inc.  The 

count ry   rock   cons is ts  pr imar i ly  of   l imestone  in t ruded  bv  the  Cass iar  

ba tho l  i t e .  The  gangue mineral s associated  wi th   the  ore body c o n s i s t  

mainly  of  sul  phides  (Marbaco  Resources , 1981). 
Once Marbaco  Resources  hegi  ns  conventional  underground  mininq 

operat ions,   the  est imated  ore  Product ion will be 90  tonne  per day w i t h  

a 20 m3/day water  requirement. Water f o r   t h e  mine will be obtained 
from  the  mine i t s e l f  and excess mi  ne water will be discharged  through 

t h e  1290 m a d i t .  It i s   n o t  known what  progress was  made i n  developing 
t h e  mine i n  1981. 

Water for   the  proposed mil 1 will be obtained by damming o f f  a 
smal 1 creek (unnamed creek  1) a t   i t s   o u t f l o w  from a pond and r e d i r e c t -  
i nq a l  1 f l o w   t o   t h e  mil 1 . Approximate1 y 200 m3/day  of water will be 

r e q u i r e d   f o r  use i n   t h e  proposed mill. Decant from the  proposed 

t a i l i n g s  pond would  enter unnamed creek 2. Unnamed creek 2 f l ows  
through  the  proposed mil 1 and unoccupied camp s i te   t o   t he   Too tsee  

R ive r .  
No progress was  made i n   c o n s t r u c t i n g   t h e  proposed mill o r  

improvements on the camp s i t e   i n  1981. When the  mine and mil 1 90 i n t o  
operat ion,   product ion will l a s t   f i v e   t o   e i g h t   y e a r s .  
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STUDY AREA 

The stud,y area o f  the  proposed  Marhaco  mine and mil 1 s i t e   i s  

i n  the  Tootsee-Rancheria  Rivers  watershed.  This  area i s   l o c a t e d  
approximately 100 km h.v road  nor th  o f  Watson Lake and 370 km by road 

south o f  Whitehorse  (Figure 1). The claims and proposed  mirle  are 

s i t u a t e d   i n   B r i t i s h  Columbia and the  proposed mil 1 s i t e   i s   l o c a t e d  16 
krn n o r t h  o f  the  mine  but i n   t h e  Yukon T e r r i t o r y .  They are a1 1 i n   t h e  
Tootsee and Rancher ia  River  watersheds  which  subsequent ly  drain  into 
t h e   L i a r d   R i v e r  system. 

Samples were taken a t   n i n e   s i t e s  , the   l oca t i ons  o f  which  are 

shown on F igu re  2. A d e s c r i p t i o n   o f   t h e  sample s i t e s   i s   p r o v i d e d   i n  
Table 1. Photographs o f  S ta t i ons  1 t o  9 a re  shown i n  Figures 4 t o  12. 
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FIGURE 3. AERIAL   V IEW 0'' TOOTSEE LAKE.  



- 9 -  

FIGURE 4. S T A T I O N  1 ON THE  TOOTSEE  RIVER.  LOCATED  AT 

A  FORD ON THE MARBACO M I  NE ROAD. 

FIGURE 5. S T A T I O N  2 LOCATED  AT  THE MARBACO 1290 rn MINE 
A D I T .  
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F I G U R E  6. i \ E R i A L .  V1Fl.J OF STA-TION 3. LOCATED NEAR A 

G R A V E L  BAF Or4 THE TOOTSEE R I V E R .  
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F I G U R E  7. S'TATION 4. LOCATED  AT A LAKE  JUST  BEYOND 

THE MARBACO M I L L  AND  CAMP S I T E .  UNNAMED 

CREEK 1 DRAINS  LAKE. 

F IGURE 8. S T A T I O N  5. LOCATED ON UNNAMED CREEK 2, 

300 m UPSTREAM FROM THE  MARBACO M I L L  AND 

CAMP S I T E .  
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F1GUF;:E 1C. A E R I A L  V1E.W OF STATI3N 7 O N  THE TOOTSEE 
RIVEK. 
t iOTE: ' X '  I S  THE L O C A T I O N  WHERE UNNAMED 

C R E E K  2 EPITERS THE T O O T S E E  R I V E R .  
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3 METHODS 

Access t o  sample sites  1, 2 ,  3 ,  and 7 was by he1 icopter and 
t o  sample sites 4, 5, 6 , 8 and 9 by truck. Each s i te  was sampled  once 
i n  the period June  24-25,  1981. 

3.1 Water Qual i t y  
Water  samples'  were col lected and preserved a t  each site as 

described i n  Appendix I Table 1. Water  samples  were collected from 
Stations  1, 2 ,  4 ,  5 ,  6, 8 and 9 on June 24, 1981 and from S t a t i o n  3 and 
7 on June 25, 1981. 

Temperature, flow, pH and  conductivity were  measured i n  the 
field. Dissolved oxyqen was measured i n  the Environmental Protection 
Service  laboratory i n  Whitehorse. A1 1 other water qual i ty  analyses 
were  done by Laboratory Services, Environmental Protection  Service, 
4195 Marine Drive, West  Vancouver, B.C. Analytical methods are 
described i n  Appendix I Table 1. 

Water  samples  were collected and preserved for  analysis o f  

conduct iv i ty ,  dissolved oxygen, pH, colour,  turbidity,  filterable 
residue,  non-'filterable  residue,  total a l k a l i n i t y ,  t o t a l  hardness, 
t o t a l  phosphate, nitrate,  nitrite, ammonia, sulphate, cyanide, chloride 
and the following extractable  metals: 

A1 umi num ( A1 1 
Antimony (Sb)  

Arsenic  (As) 
Barium (Ba) 
Beryl 1 i u m  (Be) 
Cadmium (Cd) 

Cal c i  um (Ca) 
Chromium (Cr) 
Cobal t (Co) 

Copper ( Cu)  
Iron (Fe) 
Lead ( Pb) 
Magnesium (Mg) 

Manganese (Mn) 
Mercury ( Hg ) 
Mol ybdenum ( Mo 
Nickel ( N i  1 
Potassium (K) 

Sel enium ( Se) 
Si1 icon ( S i )  
Silver (Ag) 
Sodium (Na) 
Strontium (Sr 1 
T i n  (Sn) 

T i t a n i u m  ( T i  ) 
Vanadi um (VI 
Zinc ( Z n )  
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The percent dissolved oxygen saturation was calculated by 
f i r s t  determining the dissolved oxygen saturation concentration from 
the formula: 

si = S -!?" ( A P H A  e t  a1 1975) 
7 60 

where S i  = Dissolved Oxyqen (DO)  saturation concentration a t  
the i n  situ temperature and atmospheric pressure. 

S = DO saturation concentration a t  sea level for  
i n s i t u  temperature. 

P = Atmospheric pressure i n  mm of mercury a t  s i t e  
elevation. 

The percent dissolved oxygen saturation was obtained by 

using the ratio o f  field dissolved oxygen and S '  in the 
fo l  1 owing formul a: 

Field DO x = % DO Saturation 
S' 

3 . 2  Sediments 
Sediment  samples  were collected a t  Stations 1, 2, 4 ,  5,  6 ,  8 

and 9 on June 24, 1981 and a t  Stat ions 3 and 7 on June 25, 1981. Four 
sediment  samples  were collected a t  each s i te ,  using an a1 umi num shovel , 
and then  scooped into label  led Whirl Pak bags. A description of 
sediment collection, preparation and analysis methods i s  given i n  
Appendix I ,  Table 2 .  The sediments were shipped t o  Vancouver for 
analysis a t  Laboratory Services, Environmental Protection  Service, 4195 
Mari ne Drive, West  Vancouver. 

One sediment  sample  per station was analyzed for cyanide 
concentration. The other sediment  samples  were  each  analyzed for 
Particle  size and the following metals: 
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Y 

A1 umi num ( A 1  ) 
Antimony (Sb)  

Arsenic ( A s )  
Bari um (Ba 1 
Beryl 1 i um ( Be) 
Cadmium (Cd) 

CaI cium (Ca)  
Chromi um (Cr 
Copper ( C U I  

3 .3  Bottom Fauna 

Iron (Fe) 
Lead ( P b )  

Magnesi um (Mg) 

Manganese (Mn) 
Mercury ( Hg ) 

Molybdenum (Mol 
Nickel (Ni 
Phosphorus ( P )  
Potassium ( IO 

Sel eni um ( Se ) 
Si1 icon (Si  ) 
Silver (Ag) 
Sodi urn (Na ) 
Strontium (Sr 
T i n  (Sn)  
T i t a n i u m  ( T i  1 
Vanadium ( V )  
Zinc ( Z n )  

Bottom fauna was  sampled a t  Stations  1, 2, 4 ,  5, 6 ,  and 9 on 
June 24, 1981 and a t  Stations 3 and 7 on June 25, 1981.  Three  samples 
were  taken a t  each s i te  using a 30 cm x 30 cm Surber sampler ( t o t a l  
area 900 cm2) w i t h  a mesh size of 0.76 mm. Bottom fauna samples  were 
not  obtained a t  S t a t i o n  8 because the river was too deep. 

Bottom fauna co l lec t ion ,  preservation and identification 
methods are given i n  Appendix I ,  Table 3. 

To statistically  calculate  diversity indices from the 
invertebrate d a t a  collected, the formula described by Pie1 ou ( 1975) 
was used: 

9 
Species diversity ( H '  1 = - C ( P i  1 oglo P i )  . .  

1-1 

where: P i  = n i / N  
n i  = t o t a l  number of i n d i v i d u a l  s i n  

the i t h  genus i n  one  sample. 
N = t o t a l  number of individuals 

identified t o  genus level i n  one 
sampl e. 

g = to ta l  number of genera i n  one 
sampl e. 
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The use o f   i n d i v i d u a l s   i d e n t i f i e d   o n l y  t o  the  genus l e v e l  
r a t h e r   t h a n   t o   s p e c i e s   l e v e l   r e s u l t s   i n   s l i g h t l y   l o w e r  H '  values. 

(Hughes 1978). 
The d i v e r s i t y   i n d i c e s   c a l   c u l   a t e d   f o r   t h e  samples are 1 i s t e d   i n  

Appendi x I V .  

3.4 F i s h  - 
The s tudy   ob jec t ive  was t o   c o l l e c t   f i s h  by e l e c t r o f i s h i n g   i n  

o r d e r   t o   o b t a i n   t i s s u e  samples f o r  metal  s analys is .  However, a1 1 

s t a t i o n s   p r e s e n t e d   d i f f i c u l t i e s   t o   e l e c t r o f i s h i n g  and t h i s  method could 

n o t  be  used. An unsuccessful  attempt was  made t o  c o l l e c t   f i s h  a t  
S ta t ions  8 and 9 by  angl ing. 
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4 RESULTS AND DISCUSSION 

4.1 Water Oual i ty 

The water  chemistry  data i s  summarized i n  Appendix 11. A1 1 

water  data was compared t o   t h e  "Water Q u a l i t y   C r i t e r i a "   l i s t e d   i n  

Appendix I , Tab1 e 4. 
The water   chemist ry   data  for  samples from  the  Rancheria and 

Tootsee  River   watersheds  d id   not   exceed  water   qual i ty   cr i ter ia   for  
pub l i c   d r ink ing   water   except   fo r   hardness   wh ich   s l igh t ly  exceeded the  
recommended l e v e l  . Only two parameters, a1 uminum and z inc ,  exceeded 

recommended l e v e l s   f o r   a q u a t i c   l i f e .  
A t  a l l   s t a t i o n s   t h e   d i s s o l v e d  oxygen was h igh  wi th the 

e x c e p t i o n   o f   t h e   a d i t   ( S t a t i o n  2) which had a percent   d isso lved oxygen 

s a t u r a t i o n   o f  69%. Colour, pH and t u r b i d i t y   a l l  demonstrated  levels 

t h a t  were w i t h i n   " a c c e p t a b l e   l i m i t s "   f o r   p u b l i c   d r i n k i n g   w a t e r .  

To ta l  a1 k a l   i n i  ty, fil t e r a b l  e and non-f il terab le   res idue  were 

w i t h i n   l e v e l s  recommended f o r   d r i n k i n g   w a t e r  and w i th in   acceptab le  

1 i m i t s  recommended f o r   a q u a t i c   l i f e .  

A c c o r d i n g   t o   T a y l o r   e t  a1 (19791, t o t a l  hardness   leve ls   tha t  

exceed 150 mg/l CaC03 cons t i tu te   hard   water .   To ta l   hardness   s l   igh t ly  
exceeded  acceptable l i m i t s   o f  80-100 mg/l CaC03 f o r   d r i n k i n g   w a t e r   a t  

f ou r   s ta t i ons ,   t he   h ighes t   resu l t   be ing  192 mg/l CaC03 a t   S t a t i o n  4.  
A1 1 other  parameters  such as PO4,  NO2, NO3 , SO4, CN 

and C1 were w i t h i n  recommended l e v e l  s f o r   d r i nk ing   wa te r  and aquat ic  
l i f e .  The cyanide  detect ion limit used i n   t h i s  study was greater   than 

t h e  recommended l e v e l  s f o r   a q u a t i c  1 i f e ,  however, a1 1 r e s u l t s  were 

' ' less  than"   the  detect ion limit o f  0.03 mg/l . 
Genera l ly  , the   ex t rac tab le   meta l   concent ra t ions   d id   no t  

exceed   wa te r   qua l i t y   c r i t e r i a .   S i l ve r   concen t ra t i ons  were less  than 

t h e  0.05 mg/ l   leve l   fo r   d r ink ing   water   bu t   the   de tec t ion  limit o f  0.030 

mg/l  used i n   t h i s  study was greater  than  the 0.0001 mg/l  upper recom- 

mended l e v e l   f o r   a q u a t i c   l i f e .  Aluminum met t h e   c r i t e r i a   f o r   d r i n k i n g  
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w a t e r   b u t   s l i g h t l y  exceeded  the 0.1 mg/l limit f o r   a q u a t i c   l i f e   a t  
S t a t i o n  2 w i t h  a l e v e l   o f  0.181  mg/l, and S t a t i o n  8 w i t h  a l e v e l   o f  

0.117 mg/l. Cadmium  was w i t h i n   t h e   a c c e p t a b l e   l i m i t s   f o r   d r i n k i n g  
water ;   but   again  the  detect ion limit o f  0.0010 mg/l exceeded the  recom- 

mended l e v e l   o f  0.0002 mg/l f o r   a q u a t i c   l i f e .  All cadmium r e s u l t s  were 

" less  than"   the  detect ion 1 imi t. Zinc was w i th in   the   acceptab le   leve ls  

f o r   d r i n k i n g   w a t e r ,   b u t   s l i g h t l y  exceeded  the recommended l e v e l s   f o r  

a q u a t i c   l i f e   o f  0.03 mg/l a t   S t a t i o n  1 wi th  a l e v e l   o f  0.0582 mg/l  and 

S t a t i o n  2 w i t h  a l e v e l   o f  0.0306 mg/l . All other  metal   concentrat ions 
were w i th in   acceptab le   va lues   fo r   d r ink ing   water  and recommended l e v e l s  

f o r   a q u a t i c   l i f e .  

4.2 Sediments 
The sediment  data i s  g iven i n  Appendix I I I .  Most  of   the 

metal   concentrat ions i n  the  sediments  appeared  similar t o  sediment 

metal   concentrat ions  found i n  o ther  Yukon streams  (Burns 1980). As 
would be expected, s i l v e r ,  1ea.d and z inc   concen t ra t i ons  were h i g h e r   a t  

t h e   a d i t   ( S t a t i o n  2 )   t han   a t   o the r   s ta t i ons .  Sediment  concentrations 

were 43 t o  80  mg/kg Ag, 3,300 t o  7,150 mg/kg Pb and 5,560 t o  8,080 

mg/kg Zn. These concen t ra t i ons   re f l ec t   t he   p resence   o f   t he   s i l ve r -  
1 ead-zi nc ore body a t   t h e  Marbaco  mine.  Arsenic, cadmium and i r o n  

sediment  concentrat ions  were  a lso  h igher  at   the  adi t .  The sediment 

1 eve1 s were  273-367  mg/kg As,  18.5 t o  26.3 mg/kg Cd and 53,300 t o  

72,300  mg/kg Fe. These h igh   concen t ra t i ons   p robab ly   re f l ec t   t he  

presence  of  these  metal s i n  waste  mineral s c lose ly   assoc ia ted   w i th   t he  

ore.  Since  arsenic and cadmium a r e   v e r y   t o x i c   t o   a q u a t i c   l i f e ,  

concentrat ions  o f   these  meta ls  will have t o  be kept   low i n  mine and 

mil 1 e f f l u e n t s .  
Other  metals i n  sediments t h a t  exceeded  concentrations  found 

i n  o the r  Yukon streams  (Burns  1980)  were  copper,  mercury, molybdenum 

and n i c k e l   a t   S t a t i o n  1, a contro l   c reek above the  mine  ad i t .  

m 

m 

m 
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4.3 Bottom Fauna 
A taxonomic l i s t   o f  bot tom  fauna  col lected i n  the Marbaco 

study i s  given i n  Table 2. A l i s t  o f   d i v e r s i t y   i n d i c e s  and numbers per 

i s  given i n  Table 3 .  The numbers of   ind iv iduals   per   taxonomic 
aroup i n  each  sample  and t h e   d i v e r s i t y   i n d e x   f o r  each sample a r e   l i s t e d  

i n Appendix I V .  

The d i v e r s i t y   i n d e x   i s  a  measure o f  community s t r u c t u r e  and 

r e l a t i v e   s t a b i l i t y .  Communities o f   h igh   d ivers i ty   a re   charac ter ized  by 
1 arge numbers o f  spec ies  wi th  no s i   n g l  e species  overwhelmingly abun- 

dant .   Communi t ies  o f   low  d ivers i ty   conta in  few  species, some of  which 

a re   rep resen ted   i n   d i sp ropor t i ona te l y   h igh  numbers. H i g h   d i v e r s i t y   i s  
cha rac te r i s t i c   o f   re1   a t i ve l y   und is tu rbed ,   unpo l l   u ted   wa te rs .  Low 
d i v e r s i t y   i s   o f t e n   a s s o c i a t e d   w i t h   d i s t u r b e d ,   s t r e s s e d   o r   p o l l u t e d  

waters. 

I n  genera l   t he   d i ve rs i t y   i nd i ces   f ound   i n   t h i s   s tudy  were 

s i m i l a r   t o   t h o s e   r e p o r t e d  by Archibal  d e t  a1 (1981) f o r   o t h e r  
unpo l lu ted   s t reams  in   the  Yukon.  However, z e r o   d i v e r s i t i e s  were  found 

i n  subsamples o f   S ta t i ons  1, 6 and 9.  The l o w   d i v e r s i t y   a t   S t a t i o n  1 
was orobably due t o  a road  crossing  through  the stream. D i v e r s i t y  was 

a f f e c t e d  by  sediment a t   S t a t i o n  6 as a r e s u l t   o f  a r e c e n t l y   i n s t a l   l e d  
c u l v e r t .  It was not known why t h e   d i v e r s i t y  was low a t   S t a t i o n  9. 

Unshaded  sample s i t e s  (2, 3 and 4 )  had l a r g e r  numbers o f  
i ndi   v idual  s per  sample than  the  o ther   s i tes.  These s i t e s  a1 so had the 

most  taxonomic  groups  present.  Cinygmula genus of  order  Ephemeroptera 
and Proc lad ius  genus o f   o rder   D ip te ra  were t h e  two  most common qenera 

represented. The genus Cinyqmul a was represented i n  seven o u t   o f   e i g h t  

s t a t i o n s  and the genus Proc lad ius  was represented i n   s i x   o u t   o f   e i g h t  

s t a t i o n s .  

4.4 F i s h  
Although no f i s h  were co l lec ted ,  a schoo l   o f   Arc t i c   g ray l ing  

was observed  feeding a t  S t a t i o n  8, and good l a k e   t r o u t   f i s h i n g  was 
repo r ted   i n   Too tsee  Lake. The streams i n  the  Tootsee-Rancheria  water- 
shed   a re   t hus   u t i l i zed  by f i s h  a t  the  present  t ime. 
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TABLE 2 BOTTOM FAUNA TAXONOMIC GROUPS  FOUND IN THE MARBACO S T U D Y  
AREA ( N u m b e r s   a r e   c r o s s   r e f e r e n c e d   t o   t h e   g r o u p s  I l s t e d  
I n   A p p e n d l x  I V ) .  

1 .  

2. 

3 .  

4 .  

5 .  

P h y l u m :  A n n e l l d a  
C l a s s :  O l l g o c h a e t a  
O r d e r :  P l e s l o p t e r a  
Faml l y :  T u b l f   I c l d a e  

T u b l f e x   s p .  

F a m l l y :   E n c h y t r a e l d a e  

P h y l u m :  A r t h r o p o d a  
C l a s s :  C r u s t a c e a  
O r d e r :  Copepoda  
Faml  l y :  C y c l o p o f d a  

E u c y c l o p s   s p e r a t u s  

C l a s s :  A r a c h n o l d a e  
O r  d e r  : A c a r  l 

C l a s s :   I n s e c t a  
O r  d e r  : P i e c o p t e r a   ( s t o n e f l y )  
F a m l l y :   C h l o r o p e r l l n a e  

A l l o p e r l a   s p .  

F a m l l y :   l s o g e n l n a e  
6. A r c y n o p t e r y x   s p -  

Faml  l y :  N e m o u r l d a e  
7. N e m o u r a   ( Z a p a d a )   s p -  
8. P r o s t o l a   s p .  

Faml  l y :  P e r   l o d l d a e  
9. C u l t u s  s p .  

1 0 .  D l u r a  sp. 
1 1 .  K o g o t u s  s p  

O r  d e r :   E p h e m e r o p t e r a   ( m a y f l y )  
F a m l l y :   B a e t I d a e  

1 2 .  A m e l e t u s   s p .  
1 3 .  B a e t l  s sp. 

F a m l l y :   E p h e m e r e l l l d a e  
1 4 .  E p h e m e r e l   l a   l e v l s  
1 5 .  E p h e m e r e l l a   p r o s e r p l n a  

m 

I 
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TABLE 2 BOTTOM. FAUNA TAXANOMIC GROUPS  FOUND I N  THE  MARBACO  STUDY 
AREA (continued) 

29. 
30. 

31 

19. 

20. 

21. 

22. 

23  

F a m l l y :   H e p t a g e n l l d a e  
16 C 1  nygmu I a sp. 
1 7 .  E p e o r u s   s p .  
18. R f t h r o g e n a  sp. 

F a m l l y :   S l p h l o n u r l d a e  
S l p h l o n u r u s  sp. 

O r  d e r  : H e m l p t e r a  
F a m l l y :  S a l d l d a e  

S a l d o l d a  sp. 

O r  d e r  : H o m o p t e r a  
F a m l l y :  A p h l d l d a e  

O r d e r :   T r l c h o p t e r a   ( c a d d l s f l y )  
Cases ,   empty  

B r a c h y c e n t r u s  sp. 
F a m l l y :   B r a c h y c e n t r l d a e  

F a m l l y :   L l m n e p h l l l d a e ,   j u v e n l l e ,   u n d e t e r m l n e d  
A s y n a r c h u s   s p .  
Desmona  sp. 
D r u s  1 nus   sp .  
H a l e s o c h l   l a   t a y l o r l  

F a m l l y :   R h y a c o p h l l l d a e  
A g a p e t u s   s p .  
R h y a c o p h l l a   t u c u l a  

O r  d e r  : L e p l d o p t e r a ,   l a r v a ,   u n d e t e r m l n e d  

O r  d e r :   C o l e o p t e r a  
F a m l l y :   H a l l p l l d a e  

32 H a l   I p l u s  sp. 

33. O r  d e r  : D l p t e r a ,   a d u l t   ( t r u e f l y )  
3 4 .   F a m l l y :  C h l r o n o m l d a e ,   a d u l t s  
35. Ch 1 r o n o m  1 d a e ,   p u p a e  

37. C r  l c t o p u s  sp. 
36 C a r d l o c l a d l u s  sp. 
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3 8 .  
3 9 .  
4 0  
4 1  
4 2  
4 3 .  

4 4 .  

4 5 .  

4 6  

4 7 .  
4 8 .  

4 9 .  
5 0  
5 1 .  

5 2  
5 3 .  

5 4 .  

5 5 .  

5 6  

5 7 .  

FamI l y :  

F a m l  i y :  

FamI l y :  

Faml l y :  

FamI ly: 

FamI l y :  

Phy I urn: 
Cl ass: 
Or der : 
FamI l y :  

Class: 
Faml l y :  

Class: 

DlcrotendIpes  sp- 
Euklefferlel la sp- 
Heterotrlssocladlus  sp- 
Mlcropsectra sp. 
Polypedl lum spa 
ProcladIus sp. 

CeratopogonIdae 
Palpomyla  sp- 

Cullcldae 
Anopheles sp., p u p a  

Emp 1 dl dae 
Weldemannla sp. 

S I m u l  Idae,  larvae,  undetermlned 
Proslmullum  onychodactylum, pupa 

T1 pu I I dae 
D 1 cranota sp 
Hexatoma sp. 
Paradelphomyla  sp- 

TanypodInae,  undetermlned 
Corynoneura sp. 

Mol lusca, empty shel Is 
Gastropoda 
Cytenobranchlata 
LymnaeIdae 
Lymnaea  stagnalls 

Pelecypoda 
SphaerI ldae 
Plsfdlum  sp- 

Turbel larla 
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T A B L E  3 SUMMARY  OF  MARBACO  STUDY  BOTTOM  FAUNA  DIVERSITY  INDICES 
AND NUMBERS 

S T A T I O N  NUMBER D I V E R S I T Y  
( H '  1 

NUMBER  CALCULATED 
PER  NUMBER  PER 
F T ~  M2 

1 - 1  
1 -2  
1-3 

2- 1 
2-2 
2-  3 

3- 1 
3- 2 
3-  3 

4- 1 
4-  2 
4- 3 

5- 1 
5-2 
5 -3  

6-  1 
6- 2 

6 - 3  

7- 1 
7-2 
7 -3  

9 -  1 
9- 2 
9 -3  

0.47 
0 
0.40 

0 .82  
0.82 
0 .74  

0.78 
0 .79  
0.67 

0.78 
0.58 
0.51 

0.57 
0.45 
0 . 3 0  

0.45 
0 
0.49 

0.70 
0.55 
0 .24  

0.60 
0 
0 . 6 9  

21  
3 9  

1 1 4  

3 3  
3 6  , 
1 2  

3 2  
18  
35 

4 2  
27 
3 0  

9 
4 
3 

5 
1 2  

2 0  

17  
7 
4 

4 
4 

19 

2 2 6  
4 2 0  

1227  

3 5 5  
38 8 
1 2 9  

3 4  4 
1 9 4  
37 7 

4 5 2  
29 1 
3 2 3  

9 7  
43 
3 2  

5 4  
1 2 9  

215 

1 8 3  
75 
4 3  

4 3  
4 3  

2 0 5  
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APPENDIX I 

COLLECTION,  PRESERVATION AND ANALYSIS OR 

I D E N T I F I C A T I O N  METHODS AND WATER 

Q U A L I T Y   C R I T E R I A  
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' S T A T  I O N  
NUMBER > 5 0 0  urn 2 5 0 - 5 0 0  urn 1 5 0 - 2 5 0  urn 6 3 - 1 5 0  urn < 6 3  urn 

2- 1 
2-  2 

85.9 
72.1 

7.6 
7.4 

2 e 8  
5.4 

2.6 
8 .0  

1.1 
7.1 

3- 1 
3-  2 
3-  3 

6 1   - 3  
60.9 
57.3 

33.5 
34.5 
3 6  e6 

4 a 0  
3.3 
4 . 6  

1 .o 
1.1 
1.3 

0.2 
0.2 
0.2 

4-  1 
4- 2 
4- 3 

6 8  e3 
4 8 . 4  
62.7 

12.0 
15.1 
13.0 

6.9 
11.5 

8.1 

7.3 
15.7 

9.9 

5.5 
9.3 
6.3 

5-  1 
5 -2  
5 -  3 

78.8 
67 .9  
69.5 

18.7 
2 8  e 9  

26.9 

1.7 
2.3 
2.4 

0.6 
0 e 8  
0.8 

0.2 
0.1 
0.4 

6- 1 
6- 2 
6 - 3  

26 7 
76.0 
71  - 8  

24.2 
14.4 
17.2 

17.8 
4.7 
4.2 

22.5 
3.2 
2.8 

8.8 
1.7 
4 - 0  LIB' 

r 

38.4 
58.5 
42.1 

7-1 
7 -2  
7 -3  

44.3 
24.9 
37.4 

11.7 
12.3 
14.9 

4.6 
3.6 
4.8 

1 .o 
0.7 
0.8 

8- 1 
8 - 2  
8 - 3  

1.2 
1.5 
1.5 

5.9 
5.5 
5 -8 

22.9 
2 5  a5 
22.9 

47.3 
37.7 
47.5 

22.7 
29.8 
22.3 

9- 1 2 e 9  34.2 35.2 24.1  3 - 6  
9- 2  3.1 33.6 37.1 21  e 5  4.7 
9 - 3  3 e 8  3 7  e 0  35.1 20.7  3.4 
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APPENDIX I V 

BOTTOM FAUNA DATA 
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