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ABSTRACT 

A su rvey   o f   wa te r   qua l i t y  and b i o l o g i c a l   c o n d i t i o n s   i n   t h e  

streams on t h e   I o n a   S i l v e r  ?dine L td .   p roper ty  was c a r r i e d   o u t   i n   J u l y  

1981. The purpose  of   the  study was t o   o b t a i n  base1 ine   da ta  on water, 
sed iment   and  b io log ica l   cond i t ions   fo r  use  as  comparison  standards when 

e v a l   u a t i  ng future  mining  development i n   t h e   a r e a .  The water and sedi- 
nent   chemis t ry   in   the   lower   reaches   o f  Cache Creek r e f l e c t   t h e  

c h a r a c t e r i s t i c s   o f  and  appear t o  be i n f l uenced  by groundwater  drainage 
from  mineral  ized  areas. The qual i ty c r i t e r i a   o f   t h e   w a t e r  downstream 

f rotn the   m ix ing  zone o f  Cache Creek on the   Ketza   R iver  shows  no impact 
on  the  environment. 



Une analyse de l a   q u a l i  te' e t  des cond i t i ons   b io log iques  des 

cours  d 'eau de l a   p r o p r i G t 6  de l a  I o n a   S i l v e r  Mine  Ltd., a 6 t6  
e f f e c t u i e  au mois de j u i l l e t  1981. Le   bu t  de c e t t e   k u d e   f u t   d ' o b t e n i r  

des  donnges de base   su r   l ' eau ,   l es   s6d imen ts   e t   l es   cond i t i ons  
b io log iques  comme r6f;rence pour  comparer avec l ' i v a l u a t i o n  des f u t u r s  

d&eloppements  miniers dans l a   r 6 g i o n .  La ch imie  de l ' e a u   e t  des 

sehiments de l a   p a r t i e  en aval du ru isseau Cache r6fl;te l e s  
c a r a c t b i   s t i q u e s   e t  1 ' i n f l  uence des sources  souterra i  nnes d r a i   n a n t   l a  

rgg ion   min6ra l i sge .  Les c r i t 6 r e s  de qua l i t ;  des eaux en a v a l  de l a  
zone de brassage des  eaux de l a   r i v i e r e   K e t z a   e t  du ruisseau Cache, 

i ndiquent  aucun  impact  sur 1 'envi  ronnement. 
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1 INTRODUCTION 

w 

I 

Y 

A survey  of   water  qual  i ty, sediment  composit ion and 
b i o l o g i c a l   c o n d i t i o n s  was conducted  Ju ly  29-31,  1981 i n   t h e   K e t z a   R i v e r  
watershed a t  I o n a   S i l v e r  Mines  L td.   c la ims  southeast   o f   the town o f  
Ross R ive r   (F igu res  1 and 2) .  The purpose o f   t he   su rvey  was t o   o b t a i n  

base1 i ne i n f o r m a t i o n  on the   env i ronmenta l   qua l i t y   o f   s t reams  d ra in ing  
an  area known to   con ta in   s i1   ver -1   ead  o re   depos i ts .  

1.1 Background 

The f i r s t  recorded  observat ions  o f  si1 ve r - l ead   m ine ra l i za t i on  
i n   t h e   a r e a  was  made i n  1946 by   p rospec tors   work ing   fo r   the  Hudson Bay 

M in ing  and Smelt ing Company. I n  1955 f u r t h e r  work was c a r r i e d   o u t   i n  
the  area by  Conwest E x p l o r a t i o n   L t d .  Between  1965  and  1969 S i1   ve r  Key 

Fli nes  and Stump Mines c a r r i e d   o u t  geochemical  surveys and undertook 

f u r t h e r  undergound  development. 
Since 1972 Iona S i  1 v e r   M i n e s   o r   i t s   p r i n c i p a l  s have acquired 

t h e   r i g h t s   t o  a1 1 o f   t h e  known impor tan t   s i l ve r - l ead   ve ins  and o the r  

mineral   occurrences i n   t h e  a r e a .   I o n a   i n i t i a t e d ,   i n  1977,  an 
e x p l o r a t i o n  program t h a t   i n c l u d e d   g e o l o g i c a l  mapping,  geochemical 

sampling and t renching.   Th is   explorat ion  program  cont inued  through  to  
1980  and included  further  geochemical  sampling, diamond d r i l l  i ng  and 

underground  development.  During  the  period  since i n i  ti a1 observat ions 
o f  s i  1 ver -1   ead  minera l i za t ion  were made, seven  adi t s  have  been 

devel  oped  on  the  90  mineral  claims  which  Iona  Si1  ver  Mines  Ltd. 

c o n t r o l   l e d   i n  1981  (Figure 2 ) .  The  more recent  development work  has 

concentrated on the  K18B and A 1  a d i t s   i n  which  reserves  are  est imated 
f o r  each a t  55,000 tons  grading 17 ounces pe r   t on   s i1   ve r  and  12% 1 ead 

(Hicks,  1979, Sadlier-Brown and Nevin,  1978, DIAND, 1981). 

Dur ing  1979  and  1980 Iona  S i l ver   M ines   L td .   consu l tan ts  met 

w i t h   v a r i o u s  government o f f i c i a l s  t o  e x p l a i n   t h e   p r o j e c t  and i n d i c a t e  
the p o t e n t i  a1 f o r  m i  ne  development. The proposed  mine/mi  11  complex 

would  operate on  a year - round  bas is   a t  a nominal   ra te of 100 tons  per  

day. O f  the  ore  processed, it i s  expec ted   tha t  90% would be from A 1  
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B E A U F O R T  S E A  B 
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Scale in K i l o m e t r e s  

FIGURE I LOCATION OF IONA SILVER STUDY A R E A  



FIGURE 2 IONA  SILVER  STUDY  AREA  SHOWING  DRAINAGESy  MINERAL  CLAIMS, 
ADITS  AND  SAMPLE  STATIONS 
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and 10% from K18B and poss ib le   fu tu re   deve lopment   o f   o ther   depos i ts   a t  

Lap 10, F3. The  K18B and A 1  a d i t s   a r e   l o c a t e d   a t   e l e v a t i o n s   o f  3700 

ft. and 5300 ft. r e s p e c t i v e l y  and e x h i b i t   w a t e r   d i s c h a r g e   a t   c e r t a i n  

t imes  o f   the   year .  
P r e l i m i n a r y   i n v e s t i g a t i o n s  have iden t i f i ed   a reas   nea r   t he  

conf luence  o f  Cache Creek w i th   t he   Ke tza   R ive r  as the   p re fe r red  mil 1 

and t a i l i n g s  pond l o c a t i o n s  a1 though no de ta i led   geotechn ica l  work  has 
been  completed to   date.  

Iona  has   ind ica ted   tha t  an environmental   evaluat ion of the 
p r o j e c t  and add i t iona l   geotechn ica l  work will be under taken   p r i o r   t o  

f u r t h e r  development. No progress on fur ther   env i ronmenta l  , geotechni-  
c a l  work o r  mil 1 /mine  development  occurred  during 1981. 

as f o l  1 ows : 
The geology  of  the  area  has  been  summarized by Hicks ( 1979) 

"The p r o p e r t y   l i e s   w i t h i n  an area  of  deformed and sedimentary 

r o c k s   r a n g i n g   i n  age f rom  Pro terozo ic   to   M iss i   ss ip ian  and compri s- 

i n g   e s s e n t i a l l y  a complex deposi t ional   bas in  which has  been 

seve re l y   mod i f i ed  by tec ton ic   p rocesses   inc lud ing   in t rus ion ,  
vo l can ism,   f au l t i ng ,   f o ld ing  and hydro thermal   ac t i v i t y .  Dominant 

s t ruc tu ra l   f ea tu res   a re   f ou r   ma jo r   f au l t s   wh ich  shape the  area 

geo log ica l  l y  . 

Probab ly   subs id ia ry  t o  these   ma in   f au l t s   a re   f au l t i ng  and f r a c t u r -  

i ng on a local   scale  which,   combined  wi th  hydrothermal  act iv i ty,  
have  produced  sulphide  bearing  veins o f  economic i n t e r e s t . .  . . . . 
They appear t o   c u t   v i r t u a l l y  a1 1 rock  types, a1 though by analogy 
w i th   s im i la r   depos i ts   e lsewhere ,  i t  my be a n t i c i p a t e d   t h a t  

c e r t a i n   h o s t   r o c k s  will be more favourable  than  o thers.  The 

gangue i s   e s s e n t i a l l y   s i d e r i t e ,  accompanied by quar tz  and c a l c i t e .  

The ve ins  conta in   shoots  o f  massive t o  near-massive 
a rgen t i f e rous   ga lena ,   assoc ia ted   w i th   f re i   be rg i te  and minor 

p y r i t e . .  . . . . I n   a d d i t i o n   t o   t h e  normal mode of  occurrence, 

v 
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massive galena may form veins i n  the wall rock w i t h o u t  
s ider i te  gangue and i n  other  cases disseminated galena and 
f rei bergi t e  occur w i  t h i n  si  deri  te . 
I n  a d d i t i o n  t o  the  veins there  is evidence of a t  least  one 
occurence which may represent a bedded sulphide  deposit 
carrying  significant  silver and lead." 
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STUDY AREA 
Y 

The study area i s  centred  at  approximately 132" 12'W 
longitude and 61" 32'N Lati tude near the junction of the Ketza River 
and Cache Creek on the  north  slopes  of the Pel ly  Mountains. I t  i s  48 
km, by a i r ,  south of the community  of Ross River and is  accessible  via 
the Campbell Highway and a 40 km access  road w h i c h  borders  the  Ketza 
River (Figure 1).  

The area   l i es  w i t h i n  the  Pelly Mountains  Ecoregion (Oswald 
and Senyk, 1977) which i s  characterized by elevations of up  t o  2400 
metres and a typical   re l ief  o f  up  to 1500 metres. The climate of the 
ecoregion i s  characterized by a mean annual precipi ta t ion of 625mm, 
more a t  higher  elevations, and a mean annual  temperature of -4°C to 
- 6 O C .  The major Val ley bottoms are  generally deeply mantled w i t h  

glaciof luvial  and morainal  materials and local ly  ponded fine-textured 
1 acustrine  sediments. Bedrock outcrops  are  abundant on the  ridges b u t  
generally  obscured by ta lus  on the lower slopes. The vegetation is  
characterized by open growing black and white  spruce i n  valleys  or on 
1 ower slopes. Lodgepol e pine is common i n  areas tha t  have been burned 
over and bal Sam pop1 a r  and aspen are  present on warmer flood  plains i n  
the  Val ley bottom. The tree l ine occurs between 1350m to 1500m above 
sea  level . A1 though the  general  area 1 ies i n  the di sconti nuous 
permafrost zone (Oswald and Senyk, 1977) permafrost was routinely 
encountered dur ing  exploration  trenching  (Hicks, 1979).  

Samples were taken a t  eight locations i n  the Ketza  River and 
Cache Creek drainages a t   e leva t ions  between 1075111 and 1675111.  The 
location of  the sample s ta t ions  is shown i n  Figure 2 and described i n  
Table 1. Photographs of Stat ions 1 to  8 a r e   i l l u s t r a t e d  i n  Figures 3 
t o  10. 

YL 
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F I G U R E  3 S T A T I O h  #1. ON EAST FORK OF KETZA R I V E R  UPSTREAM OF 
A L L   I O N A   S I L V E R   A C T I V I T Y .  
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F I G U R E  5 S T A T I O N  #3, LOWER K 1 8   A D I T  (K18b) 50m BELOW K18,. 
L.OC,ATECI l k m  UPSTREAM  FROM THE KETZA  RIVER  ACCESS 
[3RI I ICE.   ADIT WATER DRAINS TO THE  EAST  INTO  KETZA  RIVER 
V I A  A 5HORT UNNAMED CREEK. 
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FIGIJRC b ST4TIOid i;.4 LOCATED Otl  THE  KETZA R I V E R  0.7km UPSTREAM 
F U N  -rt-{E: K E T Z A  RIVEK ACCESS BRIDGE. NOTE T H E  BEAVER 
U A Y  I!IPi-~iI!I\1G NATEK FLOW. 
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FIGURE 7 STATION # 5 .  LOCATED ON CACHE  CREEK  AT  THE  WESTERN 
BOUNDARY OF THE  IONA  SILVER  CLAIMS  UPSTREAM OF ALL  IONA 
S I L V E R   A C T I V I T Y .  
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F IGURE 10 STAT11311 8. ON KETZA  R IVER LOOKING UPSTREAM  AT CAMP 
CLA:[i/I 8 1 ,  DOWNSTKEAM OF A~LL I O N A   S I L V E R   A C T I V I T Y .  
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3 METHODS 

Sampling was  done once a t  each  sample l o c a t i o n   d u r i n g   t h e  

p e r i o d   o f   J u l y  29-30,  1981. A1 1 sample s i t e s  had road  access a1 though 

a t   t h e   t i m e   o f   s a m p l i n g   S t a t i o n  2  was no t   access ib le  by veh ic le .  

Sampling a t  S t a t i o n  4 was l i m i t e d   t o   c o l l e c t i o n   o f   f i s h   f o r   t i s s u e  
meta l   analys is .  

3.1  Water Q u a l i t y  

The methods o f   c o l l e c t i o n  and preserva t ion   fo r   water  samples 
a r e  summarized i n  Appendix I ,  Table 1. , F ie1  d measurements inc luded 

temperature, pH , c o n d u c t i v i t y  and fl ow est imates.  
Samples  were co l l ec ted   f o r   Tabora to ry   ana lys i s  o f  d i sso l ved  

oxygen,  conducti v i  ty , ammoni a, col o u r ,   t u r b i   d i  t y  , non-f i 1 t e r a b l e  
res idue (NFR) , f i l t e r a b l e   r e s i d u e  (FR) , t o t a l   a l k a l i n i t y ,   t o t a l  

phosphate, n i t r i t e ,   n i t r a t e ,   s u l p h a t e ,   c h l o r i d e ,   c y a n i d e ,   t o t a l   s i l i c a ,  

to ta l   mercury ,   to ta l   hardness  and the   fo l low ing   ex t rac tab le   meta ls :  

A1 umi num (A1 ) 

Antimony  (Sb) 

Arsenic ( A s  

Barium ( B a )  
Bery l  1 i um ( Be) 

Cadmi um (Cd) 
Calcium  (Ca) 

Chrollli urn (C r )  

Cobal t (Co) 

Copper (Cu 1 
I ron   (Fe )  

Lead  (Pb) 

Magnesium (Flg) 

Manganese ( Mn) 

Molybdenum 
N icke l   (N i  ) 

Potassium (K) 

Sel  eni  um ( Se) 

S i l ve r   (Ag )  

Sodi urn ( Na ) 

S t ron t ium  (Sr )  
Tin  (Sn) 

T i tan ium  (T i  ) 

Vanadium ( V )  

Zinc (zn)  

The labora tory   ana lyses ,   w i th   the   except ion  o f  d i sso l ved  

oxygen leve ls   wh ich  were done in   t he   Wh i teho rse   l abo ra to ry ,  were sent 

to   the  Envi ronmenta l   Protect ion  Serv ice  Regional   Laboratory  i n  West 

Vancouver. 
The pe rcen t   d i sso l ved  oxygen s a t u r a t i o n  was ca lcu la ted   by  

f i r s t  determin ing  the  d isso lved  oxygen  saturat ion from the  formula: 

L 

k* 
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S '  = S - (APHA e t  a1 1980) P 
760 

where S '  = d i sso l ved  oxygen ( D O )  s a t u r a t i o n   c o n c e n t r a t i o n   a t  

t h e   i n   s i t u   t e m p e r a t u r e  and atmospheric  pressure 

S = d i sso l ved  oxygen (DO)  s a t u r a t i o n   c o n c e n t r a t i o n   a t  
sea l e v e l   f o r   i n   s i   t u   t e m p e r a t u r e  

P = atmospheric  pressure i n  mm of   mercury (mm Hg) a t  
s i   t e   e l e v a t i o n  

The pe rcen t   d i sso l ved  oxygen s a t u r a t i o n  was ob ta ined by u s i n g   t h e   r a t i o  
o f   f i e l d   d i s s o l v e d  oxygen  and S '  i n  t he   f o l l ow ing   f o rmu la :  

Do x 100 = % DO Sa tu ra t i on  
S '  

where  Fie1 d DO = D isso lved Oxygen concen t ra t i on  measured i n  
t h e   f i e l d  

A1 1 the  data of  water  qual i ty a re   g i ven   i n   Append ix  I I 

3.2 Sediments 

Sediment  samples  were  taken i n   t r i p l i c a t e   a t  each s t a t i o n .  
The  samples  were  shipped to   the  Envi ronmenta l   Protect ion  Serv ice,  

Labora to ry  Service, 4195 Marine  Dr ive,  West Vancouver, B.C. f o r  

leachable  meta ls  and p a r t i c l e   s i z e   a n a l y s i s .  
A desc r ip t i on   o f   t he   sed imen t   co l l ec t i on ,   p repara t i on  and 

a n a l y s i s  methods i s  given i n  Appendix I Table 2 w h i l e   t h e   r e s u l t s  of 

t h e   a n a l y s i s   a r e   g i v e n   i n  Appendix I 1 1  Table 1 and 2. 

3.3 Bottom Fauna 
The bottom  fauna  samples  were c o l l e c t e d   i n   t r i p l i c a t e   w i t h  a 

Surber  sampler. The c o l l e c t i o n ,   p r e s e r v a t i o n  and i d e n t i f i c a t i o n  

methods are  g iven i n  Appendix I Table 3.  
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To s t a t i s t i c a l l y   e v a l u a t e   t h e   i n v e r t e b r a t e   d a t a   c o l l e c t e d ,  

i nd ices   o f   d i ve rs i t y  and  evenness Mere ca lcu la ted   us ing   the   fo rmulae  
described  by  Pie1 ou ( 1975). 

n 
Spec ies   D ive rs i t y  (HI ) = -C ( P i   l o g l o   P i )  

i =1 
where: P i  = n i /N  

n i  = t o t a l  number o f   i n d i v i d u a l s   i n   t h e  
i t h  genus i n  one sample 

N = t o t a l  number o f   i n d i v i d u a l  s i d e n t i f i e d  
t o  genus and/or  species  taxonomic 

l e v e l   a t  one s t a t i o n  

n = t o t a l  number o f  genera c o l l e c t e d   a t  
one s t a t i o n  

Evenness ( J ' )  = H ' / l og  n 

A descr ip t ion  o f   the  taxonomic  groups i s  g iven i n   t h e  Appendix IV 

Tables 1 and 2. 

3.4 F i s h  

F i s h   c o l l e c t i o n  was be means o f  a Smi th-Root Type - VI I I 
E l e c t r o f i s h e r   i n   w h i c h   e l e c t r o s h o c k i n g  was done f o r  a d i s tance   o f  150- 

200 m a t   s u i t a b l e   s t a t i o n s .  Some s t a t i o n s  were not   cons idered as 
p o t e n t i a l   f i s h   h a b i t a t  because of   s teep  gradients   or   inadequate  f low 

and  therefore  not  sampled. 
Dorsal   muscle  t issue was removed f r o m   t h e   f i s h   c o l l e c t e d ,  

k e p t   f r o z e n   i n   p l a s t i c  bags  and sent   to   the  Envi ronmenta l   Protect ion 

Serv i ce   Reg iona l   l abo ra to ry   i n  West Vancouver f o r   a n a l y s i s   o f   f i s h   t i s -  

sue metals. The p repara t i on   i nvo l ves   t he   f reeze   d ry ing  and gr ind ing   o f  

t h e   t i s s u e   t o   o b t a i n  a homogeneous mixture,  which was then  sub jec ted   to  

low  temperature  ashing and d i l u t e   a c i d  t o  d iges t   the   o rgan ic   mater ia l .  

The ana lys i s  was then  performed  using  the  Inductively  Coupled  Argon 

Plasma  (ICAP)  combined wi th   opt ica l   Emiss ion  Spect rometer .  

The f i s h  used f o r   t h e   a n a l y s i s  were a r c t i c   g r a y l i n g  

(Thymal l u s   a r c t i c u s )  and  s l imy  scu lp in   (Cot tus  cognatus) .  The r e s u l t s  
a re  shown i n  Appendix V .  
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4 RESULTS AND DISCUSSION 

4.1 Water Oual i t v  
The area  sampled i s   d r a i n e d  by Cache Creek and the  Ketza 

R ive r   i n to   wh ich  many sma l l   i n te rm i t ten t   s t reams   d ra in .  A t  l e a s t  a 
s m a l l   p o r t i o n   o f   t h e   f l o w   i n   K e t z a   R i v e r  and  Cache Creek i s   c o n t r i b u t e d  

by  groundwater  f low  from mine a d i t s .   S t a t i o n s  2, 3 and 6 are   l oca ted  

a t   a d i t s  and  had  groundwater  f lows  of  approximately 0.0026  m3/s, 

0.0013 m3/s  and  0.008  m3/s respec t i ve l y .  The Ketza  River i s  
s h a l l o w   a t   S t a t i o n  8  and  has an es t ima ted   f l ow   o f  2.51  m3/s.  There 

i s  no d a t a   t o  show r e l a t i v e   c o n t r i b u t i o n   t o   t h e   f l o w   f r o m   s u r f a c e   o r  
groundwater  drainage  however  because o f   the   mounta inous   te r ra in  and 

h i g h  snow pack it i s   t h o u g h t   t h a t   s u r f a c e   r u n o f f   i s   t h e   g r e a t e s t  
c o n t r i b u t o r   d u r i n g   t h e  open water  per iod.  

The tempera ture   o f   the   water   c lear ly   ind ica tes   wh ich   water  
comes f rom  sur face   loca t ions  and which comes from  underground  sources. 

S t a t i o n s  2, 3 and 6 have  temperatures  of 2" and 4" C a t   t h e  end o f   J u l y  
w h i l e   t h e   o t h e r   s t a t i o n s  have  temperatures  between  9"  and 11" C a t   t h e  

same t ime  which  ind icates  the warming e f f e c t   d u r i n g   s u r f a c e   r u n o f f .  
The percent  d issolved  oxygen  saturat ion  ranges  f rom 87% t o  

91% e x c e p t   a t   S t a t i o n  3 where  the  saturat ion i s  78%. All the  d isso lved 
oxygen leve ls   a re   g rea te r   t han  8.0 mg/l . The pH i s   r a t h e r   b a s i c ,  
rang ing  f rom 8.2 t o  8.4 as measured i n  the   labora tgry .  The co lou r  i s  5 
c o l o u r   u n i t s   o r   l e s s  and t h e   t u r b i d i t y   i s   l e s s   t h a n  one except for 
S t a t i o n  2 where i t  was 1.9 FTU. T h i s   l e v e l  of 1.9 i s   n o t   c o n s i d e r e d  
h i g h  and may have  been c rea ted  by bot tom  d is turbance  dur ing  sampl ing.  

Conduct iv i t y   va lues   a re  seen t o  be h i g h e s t   a t   s t a t i o n s  where 
groundwater  discharge a t  an a d i t  was sampled. S ta t i ons  2, 3  and  6 had 

f i e l d   c o n d u c t i v i t y   v a l u e s   o f  550,  438 and 340 umhos/cm r e s p e c t i v e l y  

wh ich   a re   cons i s ten t l y   g rea te r   t han   a t   o the r   s ta t i ons .  The conduc- 
t i v i t y  v a l u e s   r e f l e c t   t h e  amount o f   d i s s o l v e d   s o l i d s   ( f i l t e r a b l e   r e s i -  

due) i n  water and t h e   v a l u e s   f o r   f i l t e r a b l e   r e s i d u e s   f o u n d   i n   t h i s  

s tudy   f o l l ow  a s i m i l a r   p a t t e r n .  The values f o r  f i l t e r a b l e   r e s i d u e   a r e  

712, 542  arid 438 mg/l a t   s t a t i o n s  2, 3  and  6 respec t i ve l y .  A t  these 
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same stat ions  the  hardness  o f   water  i s  very  high,  ranging  between  324 

and  551  mg/l as CaC03. A t  s t a t i o n s  1, 5, 7 and 8 values were much 
lower  for   f i l terable  residues  (213-251  mg/ l )   and  hardness  (174-202  mg/ l  

as CaC03).  These va lues  for   hardness  are  cons idered above the  
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   w a t e r   ( H e a l t h  and Welfare,  1978).  High 
hardness  values  have been shown t o   r e d u c e   t h e   t o x i c i t y   o f  heavy metals 

t o   f i s h ,  (EPA, 1972)  and  Berube and G i lbe r t   (1971)   have   repo r ted   t ha t  
f i s h  develop  more  slowly i n  hard  water.   Total  a1 k a l  i n i  ty va lues   fo l low 

t h e  same genera l   pat tern as hardness, f i l t e r a b l e   r e s i d u e  and  conduc- 

t i v i  t y  w i t h   t h e   s t a t i o n s   a t   f l o w i n g  mine a d i t s  showing  highest  values 

w i t h   g e n e r a l l y   l o w e r   v a l u e s   a t   s t a t i o n s  on Cache Creek and Ketza  River.  

Values a t  t h e s e   s t a t i o n s   ( s t a t i o n s  1, 5, 7 and 8)  ranged  from 124-187 
mg/l  which i s  we1 1 above the  minimum leve l   (20   mg/ l )   cons idered 
adequate f o r   a q u a t i c   l i f e   ( T h u r s t o n ,   e t   a l ,   1 9 7 9 ) .  

Phosphorus was below  the  detect ion limit o f  . O M  mg/l i n  

every   s ta t ion .  The amount o f   n i t r i t e  was below  the  detect ion limit i n  
e v e r y   s t a t i o n  (c0.005 m g / l )   e x c e p t   f o r   S t a t i o n  3 where  the amount was 

0.015 mg/l . The amount o f   n i t r a t e  was less   t han  .05 mg/l a t  every 

s t a t i o n .  The low  values  of  phosphorus and n i t r a t e s  may limit 

p r o d u c t i v i t y .  
The  amount o f   s u l f a t e   v a r i e d   a c c o r d i n g   t o   t h e   o r i g i n   o f   t h e  

water  supply.  The sur face  waters   conta ined  su lphates i n  a range of 

30.9 mg/ l   to  68.8 mg/l  which i s  normal i n   n a t u r a l   c o n d i t i o n s .  The 
groundwater a t  mine a d i t s  showed  a h igh   con ten t  o f  sulphate  which 

c o n t r i b u t e d   t o   i n c r e a s e s   i n   t h e   f i l t e r a b l e   r e s i d u e   c o n t e n t .  A t  S t a t i o n  
2 t h e   l e v e l  was 238 mg/l,  162  mg/l a t   S t a t i o n  6 and  115  mg/l a t  S t a t i o n  

3. T h i s   h i g h   s u l f a t e   l e v e l   i s   p r o b a b l y  due t o   o x i d a t i o n   o f   t h e   s u l f i d e  

deposi t   which  conta ins  lead and s i  1 ver .   Min ing and process ing  o f   these 

o r e s   t o   e x t r a c t   t h e   m e t a l s  may r e s u l t   i n   s i g n i f i c a n t   a c i d   g e n e r a t i o n   i n  
the   t a i l i ngs   f rom  ox ida t i on   o f   su lph ides   t o   su lpha tes .  

A t  a l l   s ta t ions ,   the   cyan ides   a re   be low  the   de tec t ion  limit 
o f  0.03 mg/l. The a v e r a g e   c o n c e n t r a t i o n   o f   c h l o r i d e   i n   n a t u r a l   f r e s h  

water i s  8.3 mg/l  (Wetzel,  1975)  and  the  water a t   I o n a   S i l v e r   p r o p e r t y  

doesn ' t   con ta in  more than 1.4 mg/l . 
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The de tec t i on  limit f o r   s i l v e r  (0.03 mg/ l )  i s  much h igher  

than  the  recommended l e v e l   f o r   a q u a t i c   l i f e  (0.0001 m g / l )   ( I n l a n d  

Waters  Di rectorate,   1980)   therefore no accurate  assessment  of   potent ia l  
impacts  can be made except   to   note it was b e l o w   d e t e c t i o n   l i m i t s   a t   a l l  
s t a t i o n s .  The same problem  occurs  wi th cadmium  and selenium. A1 umi num 

l e v e l s  were w i t h i n   t h e  recommended l e v e l s   f o r   a q u a t i c   l i f e   ( O n t a r i o  

Min is t ry   o f   Env i ronment ,   1978)  and it i s   n o t   c o n s i d e r e d  a problem  wi th  
r e s p e c t   t o   d r i   n k i  ng water .   Arsenic   leve l  s are  a1 1 w i t h i n   t h e  recom- 

mended l e v e l  (0.05 m g / l )   f o r   a q u a t i c   l i f e  and dr ink ing   water .  The 

v a l u e s   f o r   c o b a l t ,  chromium, mercury, molybdenum, n i c k e l  , stront ium, 

t i n ,   t i t a n i u m  and  vanadium a r e   a l l   b e l o w   d e t e c t i o n  limit and below 
recommended l e v e l s   f o r   d r i n k i n g   w a t e r  and w i t h i n   a c c e p t a b l e   l e v e l s   f o r  
a q u a t i c   l i f e  where  such l e v e l s  have  been s p e c i f i c a l l y   e s t a b l i s h e d .  A t  

S t a t i o n  6, l e a d   i s   p r e s e n t   a t  0.025 mg/l and z i n c   i s   p r e s e n t   a t  0.059 

mg/l . The  recommended l e v e l s   f o r   a q u a t i c   l i f e   a r e  .01  mg/l f o r   l e a d  
and .03 mg/l f o r   z i n c   ( I n l a n d  Waters  Directorate,   1980).  

4.2 Sediment 

4.2.1 Sediment P a r t i c l e   S i z e   A n a l y s i s .  The p a r t i c l e   s i z e   a n a l y s i s  

r e s u l   t s  shown i n  Appendix I I I Tab1  e  2 a re  based on the  mater i  a1 s sieved 
i n  t h e   l a b .   D u r i n g   f i e l d   c o l l e c t i o n   t h e   l a r g e r   g r a v e l ,   c o b b l e s  and 
boul  ders were removed during sampling. The r e s u l t s  therefore  genera l  ly 
show  a lower   percentage  o f   coarse  mater ia ls  (>500 um) t h a n   a c t u a l l y  

e x i s t s   i n   s i   t u .   T h i s  may  a1 so be t r u e   f o r   t h e   f i n e   m a t e r i a l s   w h i c h  

become suspended i n  water  dur ing  sampl ing and a r e   l o s t  downstream. The 

data  presented i n  Appendix I I I Table 2 i 11 u s t r a t e   t h a t   t h e r e   i s  
c o n s i d e r a b l e   v a r i a t i o n  among t h e   r e p l i c a t e  samples a t   s p e c i f i c   s t a t i o n s  
w h i c h   r e f l e c t s   t h e   v a r i a b i l i t y   e n c o u n t e r e d  and the  problems  associated 
w i t h   o b t a i n i n g   t r u l y   r e p r e s e n t a t i v e   s e d i m e n t  samples. S t a t i o n  6 i s  
seen t o  have a r e l a t i v e l y   h i g h e r   p e r c e n t a g e   o f   f i n e   s i l t s  and c lays  

than  the   o ther   s ta t ions .  The resu l t s   ob ta ined   f o r   me ta l   con ten ts   o f  
the  sediments i s  based on t he   f rac t i on   o f   t he   sed imen t  sample t h a t   i s  

smal l e r   t h a n  150 urn. Cons ider ing   the   tex tu re   compos i t ion   o f   the  

sediment  samples and t a k i n g  an a v e r a g e   o f   t h e   t h r e e   r e p l i c a t e s   a t  each 
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s ta t i on   t he   pe rcen tage   o f   t he   t o ta l   sed imen t  sample analyzed  for   metals 

conten t   f rom  the   s ta t ions ,   var ies   f rom 2.4% a t   S t a t i o n  7 t o  43.9% a t  

S t a t i o n  6. 

4.2.2 Sediment  Metal  Analysis. The r e s u l t s  o f  ana lys i s   f o r   me ta l s  
and  cyanide  levels i n   t h e  sediments  are  presented i n  Appendix 111 Table 

2. 
Background l e v e l s   f o r   a r s e n i c  have  been repo r ted   f o r  many 

areas by  numerous authors and c o n s i d e r a b l e   v a r i a t i o n   i s  seen i n   n a t u r a l  

background  levels.  A t  I o n a   S i l v e r   t h e   h i g h e s t   l e v e l s   o c c u r   a t   S t a t i o n  

3  (563  mg/kg), S t a t i o n  5 (248.3  mg/kg), S t a t i o n  7 (185.33  mg/kg)  and 

S t a t i o n  8 (121.66  mg/kg).  Frye  (1973)  suggested  that  for  Lake  Michigan 

8 mg/kg can be considered as background. Hamence (1967)  suggested  that 
sediment   leve ls  o f  arsenic  greater  than 75 rng/kg should be considered 
except ional .  The l e v e l s   i d e n t i f i e d   h e r e   w o u l d  be considered  excep- 

t i o n a l  by Hamence however the  sediments  being  sampled  are i n  a   heavi ly  
minera l i zed   a rea   tha t  has some arsenic compounds associated  wi th   ore 
bodies so one would  expect  e levated  level  s t o   e x i s t .  

Frye  (1973)  has  suggested  a  background  level  of 40 ppm i s  

normal f o r  chromium. T h i s   l e v e l   i s  exceeded i n  the   cu r ren t   s tudy   a t  
S t a t i o n  1 (59.6  mg/kg)  and S t a t i o n  3 (49.6  rng/kg). I n  a  study  by 
Mathers e t  a1 (1981)   th ree   o f  seven Yukon streams  studied had chromium 

values  equal   to  or   greater  than  the  h ighest  value  found i n  the  present 
study . 

The background l e v e l s   f o r   c o p p e r   i n  sediments  varies betrJeen 

15.1-143.0  mg/kg. Frye  (1973)  has  indicated  background  levels i n  Lake 

Michigan  are 30 mg/kg  and German (1972)  had  indicated  background  levels 

for   copper   o f  150 mg/kg i n  the  Thunder Bay D i s t r i c t   o f   O n t a r i o .  

Mathers e t  a1 (1981)  found  a  range of  sediment  copper  values  from  11-64 

mg/k g 
The iron  content  ranges  between 21,900 mg/kg  and  68,600 

mg/kg. The abundance o f  such mineral s as f r e i   b e r g i   t e ,   s i d e r i t e  and 

p y r i t e  w h i c h   c o n t a i n   i r o n   i n d i c a t e s   t h a t  such  values  are  not 

unexpected . 
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Lead  occurs a t   concen t ra t i ons   f rom a low of 21.6 mg/kg a t  

S t a t i o n  1 t o  a h i g h   o f  1,199 mg/kg at   Stat ion2.   Frye  (1973)   suggests  

background  leve ls   o f  15-30 mg/kg i n  bottom  sediments as n a t u r a l   i n   L a k e  

Mich igan  wh i le  Shimp e t  a1 ( 1 9 7 1 )   i n d i c a t e   l e v e l s   o f  25-133  mg/kg as 

be ing   na tu ra l   backg round   l eve l s   f o r   t he  same area.  Mathers e t  a1 
( 1 9 8 1 )   i d e n t i f y  a range  o f  11-125  mg/kg f o r   l e a d   i n  sediments  of  seven 

Yukon streams. The h i g h   l e v e l s  such as found a t   S t a t i o n s  2, 3, 6 and 7 
i n  the  present   s tudy i s   n o t  unexpected i n  areas  where  deposits o f  

galena, a l e a d   s u l p h i d e s ,   e x i s t   i n   l a r g e   q u a n t i t i e s .  Because o f   t h e  
h i g h   n a t u r a l   l e a d   l e v e l s   i n   t h e   s e d i m e n t s   o f   l o w e r  Cache Creek any 
a d d i t i o n a l   i n p u t   t h a t   i s   s u b j e c t   t o   o x i d a t i o n  may increase  metal  

con ten t   i n   t he   wa te rs   wh ich   wou ld  be of   concern  f rom a w a t e r   q u a l i t y  

pe rspec t i  ve. 

4.3 

c  ompr 

Bottom Fauna 
A t  t he  seven s t a t i o n s  sampled a t o t a l  o f  227 orgami sms, 

i s i n g  38 taxa,   were  co l lected  f rom a1 1 samples. The d e n s i t i e s  
ca l cua l ted   f rom a mean o f  3 samples f o r  each s t a t i o n  show  a wide  range 

o f  values. The h ighes t   dens i ty   o f   o rgan isms was found a t   s t a t i o n  1 

(269   i nd i v idua ls /m2)   wh i l e   t he   l owes t  was a t   s t a t i o n  2 w i t h  no 
organisms  found and s t a t i o n  3 w i t h  57 i n d i v i d u a l  s/m2. S ta t i ons  2 and 
3 have  groundwater  f lowing  from  the  mine  adit .  The average number o f  

i n d i v i d u a l s   f o r   a l l   s t a t i o n s   i s  116/m2. This   va lue shows a l ow  

number o f  organisms  compared to   o ther   env i ronmenta l   s tud ies   (Mathers   e t  

a1 , 1981,  Godin  1984,  Soroka  1984  unpublished  data). The d i f f e rences  
may be due to   t he   poo r   ben th i c   hab i ta t  where the   s ta t ions   near   the  mine 

a d i t s   d o n ' t   r e c e i v e   o r g a n i c   i m p u t   e i t h e r   b y   t e r r e s t r i a l   o r   i n   s i t u  

product ion.  Some o f   t h e   s t a t i o n s   ( S t a t i o n s  2, 3 and 6 )  where  located 

v e r y   c l o s e   t o   t h e   a d i t   o p e n i n g .  The sampling  procedures may  a1 so 
a f f e c t   t h e   d e n s i t i e s  by i n e f f e c t i v e l y   c a t c h i n g   t h e  organisms. 

The low numbers o f   i n d i v i d u a l s   a f f e c t   t h e   c a l c u l a t i o n   o f   t h e  
d i v e r s i t y  and  evenness i n d i c e s  and t h e   v a l i d i t y   o f   t h e   i n f o r m a t i o n  

given. Hugues 1978 shows how t h e   d i v e r s i t y   i n d e x  can be a f f e c t e d  by 
fac to rs   o the r   t han   po l l u t i on .   Fo r  example, i n   t h e   p r e s e n t   s t u d y   a t  
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T A B L E  2 SUMMARY OF T H E   I O N A   S I L V E R   B O T T O M   F A U N A   I N D I C E S  
AND D E N S  I TY 

S T A T  I ON  NUMBER  CALCULATED 
NUMBER PER F T ~  NUMBER 

(mean o f  3 s a m p l e s )  P E R   M 2  

1 2 5  2 6 9  

2 0 0 

3 5 57 

4 " "- 

5 10  104 

6 9 100 

7 13  140 

8 13 1 4 0  

S T A T  I ON D I V E R S  I T Y  I N D E X   E V E N N E S S  
NUMBER H '  J '  

1 0.69 0.69  

2 0.0  0.0 

3 0.88 0.97 

4 "" "" 

5 0.76  0.84 

6 0 . 2 6  0 . 4 3  

7 0.75 0.78 

8 0.97  0.87 
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s t a t i o n  3 where we see t h e   l o w e s t   d e n s i t y ,   t h e   d i v e r s i t y   i s  0.88 and 

evenness i s  0.97 (Table 2 )  wh ich   a re   bo th   h ighe r   t han   t he   va lues   a t   t he  

c o n t r o l   s t a t i o n   ( s t a t i o n  1) l o c a t e d  above  any mine  in f luence.  

S t a t i o n s  1, 7 and 8, l o c a t e d   i n   r i f f l e s   a r e a   o f  Cache Creek 

and  Ketza  River,  were  dominated  by  Cinygmula sp. (Ephemeroptera)  which 

shared dominance a t  s t a t i o n  5 w i t h  Zapada  sp. and A l l o p e r l a  sp. 

(P lecop te ra ) .   S ta t i on  6, l o c a t e d  on  ground  water  f low  from a mine a d i t  
was  domi nated  by  Pseudodi amesa sp. (Chi  ronomi  dae) . 

4.4 F i s h  
Two d i f f e r e n t   s p e c i e s  have  been c o l l e c t e d   f o r   t h e   m e t a l  

a n a l y s i s   o f   t h e i r  muscle  t issue:   the  s l imy  scu lp in   (Cot tus  cognatus)  

and   t he   a rc t i c   g ray l   i ng   (Thyma l l   us   a rc t i cus ) .  The g r a y l i n g  (4 
i n d i v i d u a l s )  were  caught a t   S t a t i o n  4 on Ke tza   R ive r   wh i l e   t he   scu lp ins  

( 6  i n d i v i d u a l s )  were caught a t   S t a t i o n  7 on Cache  Creek. No weights, 
l eng ths  and age were  taken  f rom  the  f ish.  

The t i ssue  meta l   ana lys is   fo r   g ray l ing   can  be compared w i t h  

r e s u l t s   o b t a i n e d   f r o m   a n o t h e r   p o r t i o n   o f   t h e   P e l  l y  River   dra inage 

(A rch iba ld ,  1981). The present  study shows tha t   t he   f o l l ow ing   me ta l s  

were  present i n   c o n c e n t r a t i o n s   f r o m  2 t o  5 t imes  g rea ter :   ca lc ium (5), 
copper ( Z ) ,  manganese ( 3 ) ,  phosphorus (21 ,  s t r o n t i u m  (51, and z i n c  ( 2 ) .  
There i s   l i t t l e   r e f e r e n c e   m a t e r i  a1 avai  1 a b l e  t o  r e l a t e   t h e s e   r e s u l t s  
t o .  Because t h e   A r c t i c   g r a y l i n g  spends on ly   t he  summer months i n  small 
s t reams'   un less  over-wi   n ter i  ng h a b i t a t   i s   a v a i  1 able, and r e t r e a t s   t o  
ma jo r   r i ve rs   t o   ove r -w in te r ,  it i s   n o t   p o s s i b l e   t o   d e t e r m i n e  a 

r e 1   t a t i o n s h i p  between  metal   levels i n   t i s s u e s  and  those  levels i n  

water  . 
I f  the   t i ssue   me ta l   concen t ra t i on   o f   t he  two  species i s  

compared on a d r y   w e i g h t   b a s i s   t h e   g r a y l i n g   t y p i c a l l y  has a lower   o r  

equa l   concen t ra t i ons   f o r  most  metals.   Except ions  are  that   potassium 
and manganese l e v e l s   a r e   a t   l e a s t   t w i c e  as h i g h   i n   a r c t i c   g r a y l i n g .  

For   most   meta ls   the   s l imy  scu lp in   con ta ins   leve ls   severa l   t imes  h igher  
t h a n   g r a y l   i n g  as fo l l ows :  
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A1 umi num ( 20x1 I r o n  (22x1 
Bar i  um ( 2x 1 Lead ( 7 x 1  
Cadmi um ( 3x1 Flanganese ( 6 x  1 
Copper ( 1 . 5 ~ )  S i l i c a  ( 8 . 5 ~ )  

Sodium ( 1 . 5 ~ )  
Stront ium ( 1 . 5 ~ )  

Ti tan ium ( 4 . 5 ~ )  

Zinc ( 2 x 1  

A t i s s u e   a n a l y s i s  done on the   p r ick ly   scu lp in   (Cot tus   asper )   (Re id ,  

McGreer 19811, l i v i n g   i n  an aquat ic  system  receiv ing  the  waste o f  
t a i l   i n g s  ponds o f  a large  copper-1  ead-zinc  mine, shows a range  of  metal 

concentrat ions  lower  than  what was found i n  our   analys is .  The cadmium 
range  from .05 t o  .09 ug/g,  copper 1.0-3.0 ug/g,   lead 1.0-2.0 ug/g and 

z i n c  40-90 ug/g f o r   f i v e   d i f f e r e n t   s t a t i o n s .  Those values  are 

cons ide red   t o  be i n   t h e  range o f   t i s s u e   l e v e l s   r e p o r t e d   i n   t h e  

1 i tera ture   (Re id ,  McGreer 1981). Compared t o  t h i s  data,  the  metal 
1  eve1 s i n   t h e   p r e s e n t   s t u d y   a r e   h i g h e r   f o r  cadmium (6x1,  copper ( 3 x 1 ,  

1 ead (2x1 and  z inc (2x1. For  copper, i t  has been  found  that  the  small  
f i s h  accumulated more copper   pe r   un i t   o f  body weight  (Anderson and 

Spear 1980). It i s  p r o b a b l e   t h a t   t h i s  may apply  t o  the   o ther  heavy 
metal  s as we1 1 , since  the  metabol  ism o f  a s m a l l   e r   i n d i v i d u a l   i s   g r e a t e r  

thus  the  b ioaccumulat ion i s  favoured. 
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APPENDIX I 

COLLECTION,  PRESERVATION,  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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APPENDIX I I 

WATER QUALITY  DATA 
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A P P E N D I X  I I I T A B L E  1 I O N A   S I L V E R   S E D I M E N T   P A R T I C L E   S I Z E  
A N A L Y S I S  - J U L Y  30, 1 9 8 1  

P E R C E N T   C O M P O S I T I O N  
S T A T  I ON 
NUMBER > 5 0 0   2 5 0 - 5 0 0   1 5 0 - 2 5 0   6 3 -   1 5 0  < 6 3  

urn urn  urn urn urn 

1 - 1   4 6   - 4  27  e4 11.9 6.5  7.8 
1 -2   82  e 6  0 10.1 3.4  3.9 
1-3  37.8 48.9 8.9 2.3  2 .o 

2- 1 6 2  - 0  7e5  5  e 0  8.7 16 - 8  
2- 2 7 2   - 4  8.4  4 - 6  7.7 6.9 
2-  3 6 9  -8 7.9  4.6 6.6 11.1 

3-   1   67  e5 10.9 3.8 4.7 13.1 
3-  2  61 - 9  6.3 4.0  7 e 0  20.8 
3- 3 5 1  - 0  9.9 5.8  12.8 20.5 

5-   1   89 e2 6.7 1.5 0.8 1.8 
5-  2 85.8 8.5 2.3 2.0  1.4 , 
5- 3 88 - 6  7.5 1 e 6  1 .o 1.3 

6- 1  41  e9 6.5 5.5  25 e 0  21.1 
6- 2  35.7 8.8 9.3  21.7 2 4   - 5  
6-  3  39.1 11.5 9.7  21.9 17.8 

7-  1  89.5 6.0 1.8  1.8  0.9 
7- 2 86.1 10.1 2.1  1.1 0.6 
7- 3 83.1 10.0 4 e 0  2.2  0.7 

8-  1 6 4  -6 17.1 9.0 7.0 2 . 3  
8-  2  59.3 29 e 0  8.0 3 . 3  0.4 
8 -3   61  e 8  22 .o 10.0 3.9  2.3 
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APPEND I X I V TABLE 1 BOTTOM FAUNA TAXONOMIC GROUPS  FOUND 
I N  THE I O N A  SILVER WATERSHED (Numbers  1 , 
2, 3 e t c .   a r e   c r o s s   r e f e r e n c e d   t o   d a t a  
i n   T a b l e  2 o f  A p p e n d i x  I V )  

1 .  

2 .  

3 .  

4 .  

5. 

6. 

7 .  
8 .  

9. 

10. 

1 1 .  

12. 

13. 

Phy I um: 
C l a s s :  
O r  d e r  : 
Fami  I y :  

Phy I um: 
C l a s s :  
O r  d e r  : 
F a m i l y :  

F a m i l y :  

Fam 

Fam 

O r  d 
Fam 

Fam 

e 
i 

i 

Fam 

Fam 

I y :  

l y :  

r :  
l y :  

I y :  

i 

l y :  

I y :  

O r d e r  : 
F a m i l y :  

F a m i   l y :  

F a m i l y :  

Anne.1 i da 
O l i g o c h a e t a  
H a p l o t a x i a  
E n c h y t r a e i d a e  

A r t h r o p o d a  
I n s e c t a  
P l e c o p t e r a  
N e m o u r i d a e  
Zapada  sp.  

Capn i i d a e  
Capn i a  sp.  

P e r l o d i d a e  
A r c y n o p t e r y x   s p .  

C h l o r o p e r i l i d a e  
A l l o p e r l a  sp. 

E p h e m e r o p t e r a   a d u l t  
H e p t a g e n i l d a e  
C i n y g m u l a   s p .  
E p e o r u s   s p .  

S i p h l o n u r i d a e  
Ame I e t u s   s p .  

B a e t  i d a e  
B a e t   i s   s p .  

E p h e m e r e l l i d a e  
E p h e m e r e l l a   d o d d s i   ( m o u l t )  

T r i c h o p t e r a  
H y d r o p s y c h i d a e  
A r c t o p s y c h e  sp. 

G l o s s o m a t i d a e  
A g a p e t u s   s p .  

R h y a c o p h i l o i d a e  

* N u m b e r s   c o r r e s p o n d   t o   a c t u a l   i n d i v i d u a l s   i d e n t i f i e d   a n d   l i s t e d   i n  
A p p e n d l x  IV, T a b l e  2 .  
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1YlIlh 

u 

14 

Y 

hm 
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APPEND I X I V TABLE 1 BOTTOM FAUNA TAXONOMIC GROUPS  FOUND 
I N  THE I O N A  SILVER WATERSHED ( c o n t i n u e d )  
(Numbers  1 ,  2 ,  3 e t c .   a r e   c r o s s   r e f e r e n c e d  

t o   d a t a   i n   T a b l e  2 o f   A p p e n d i x  IV) 

1 4 .  

1 5 .  

1 6 .  

1 7 .  
18.  
1 9 .  
2 0 .  
2 1 .  

2 2 .  

23  

24 

25 
26 
27 
28 
29  
3 0  
31 
3 2 .  
3 3 .  

3 4 .  

3 5 .  
36  

3 7 .  

38 
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O r  d e r  : 

O r  d e r  : 
Fami l y :  
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Fami  l y :  
S u b f a m i l y :  

S u b f a m i l y :  
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O r t h o c l a d i i n a e  
B r i l l i a  sp. 
C a r d i o c l a d i u s  sp. 
C r  i c o t o p u s  sp. 
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O r t h o c l a d i u s   s p .  
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T r  i c h o c  I a d  i us   sp .  

C h i r o n o m i n a e  
X e n o c h i r o n o m u s   s p a  

E m p i d i d a e  
C I i n o c e r a   s p .  
Hemerodromia   sp .  

M u s c i d a e   ( u n d e t .   a d u l t )  

H o m o p t e r a  
A p h i d i d a e   ( t e r r )  
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