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EXECUTIVE SUMMARY

Studies w e r e  u n d e r t a k e n  d u r i n g  1984 t o  eva lua te  aqua t i c  r esou rces  i n  t h e
Te lkwa  P r o j e c t  s t u d y  a r e a  i n  w e s t -cent ra l  B r i t i s h  C o l u m b i a .  S t r e a m
pe r i phy ton ,  i n v e r t e b r a t e s  a n d  f i s h  p o p u l a t i o n s  w e r e  assessed i n  G o a t h o r n
and Te n a s  c r e e k s  a n d  t h e  l o w e r  Te l k w a  R i v e r .  A s  w e l l  p o t e n t i a l  impac ts
associated w i t h  t h e  p r o p o s e d  c o a l  m i n e  a n d  r a i l  a c c e s s ,  a n d  m e a n s  o f
mi t igat ing impacts o r  enhancing f i s h  populat ions i n  t he  area were evaluated.

Stream p e r i p h y t o n  a c c u m u l a t i o n  r a t e s  a n d  c o m m u n i t y  c o m p o s i t i o n  w e r e
measured o v e r  a  6 -week p e r i o d  a b o v e  a n d  b e l o w  t h e  p r o p o s e d  m i n i n g
operat ions o n  G o a t h o r n  C r e e k .  T h e  p e r i p h y t o n  commun i t y  w a s  compr i sed
en t i re l y  o f  d ia toms  a t  b o t h  s i t e s .  T h e  s t u d i e s  s u g g e s t  t h a t  p e r i p h y t o n
growth  i n  G o a t h o r n  C r e e k  i s  p r e s e n t l y  l i m i t e d  b y  t h e  l o w  a v a i l a b i l i t y  o f •
n i t rogen ,  a n d  t h a t  t h e  r a t e s  o f  accumulat ion  a r e  n e a r  t h e  l owes t  v a l u e s
repor ted f o r  extreme n u t r i e n t  def ic ient  st reams i n  B r i t i s h  Columbia.  -

A s e c o n d  y e a r  o f  in fo rmat ion  d e s c r i b i n g  t h e  composit ion a n d  abundance  o f
benth ic  i n v e r t e b r a t e s  i n  t h e  s t u d y  a rea  was  co l lected i n  1984. N u m b e r s  o f
inver tebra tes  w e r e  m o r e  t h a n  30% l o w e r  t h a n  i n  1 9 8 3 .  A s  w e l l ,  t h e i r
development r a t e  was  s l o w e r  t h r o u g h o u t  t h e  s t u d y  areas  compared t o  1983.
As i n  t h e  p r e v i o u s  y e a r ,  t h e  ben th i c  communi ty  was t y p i c a l l y  dominated b y
mayfl ies a n d  s tonef l ies ,  a l t h o u g h  t h e r e  were  some d i f fe rences  between yea rs ,
pa r t i cu la r l y  i n  lower  Goathorn Creek .

Studies o f  s t r eam  d r i f t  a n d  f i s h  s tomach  con ten ts  w e r e  a l so  u n d e r t a k e n  o n
Goathorn C r e e k  i n  1984 .  T h e  d r i f t ,  c o m p r i s e d  p redominan t l y  o f  a q u a t i c
inver tebra tes  (83%), was  t h ree  t imes more abundant  above the  proposed min ing
operat ion t h a n  b e l o w.  S t e e t h e a d  t r o u t  a n d  D o l l y  Va r d e n  c h a r  i n  Goa thorn
Creek feed  p r imar i l y  on aquat ic  inver tebra tes ,  p a r t i c u l a r l y  mayf l ies.

The  t o l e r a n c e  t o  changes  i n  w a t e r  q u a l i t y  o f  t h e  v a r i o u s  t a x a  o f  aqua t i c
inver tebra tes  f o u n d  w i t h i n  t h e  s t u d y  a r e a  w e r e  desc r i bed  a n d  a  Bio log ica l
Condit ion I n d e x  w a s --calculated f o r  t h e  b e n t h i c  i n v e r t e b r a t e  sample  s i t e s .
Th is  i n d e x  p r o v i d e s  a  means o f  comparing stream cond i t ion  f rom y e a r  to  y e a r
based on t h e  composit ion and  abundance o f  inver tebra tes  a t  each s i t e .

A de ta i l ed  eva luat ion o f  f i s h  h a b i t a t  w i t h i n  t h e  s t u d y  a rea  ( i n c l u d i n g  H u b e r t
Creek) w a s  u n d e r t a k e n  i n  t h e  1984 s tud ies .  I n  a d d i t i o n ,  a  second y e a r  o f
juveni le  f i s h  s a m p l i n g  a t  i n d e x  s i t es  i n  Goathorn  a n d  Te n a s  c r e e k s  a n d  t h e
lower Te l k w a  R i v e r  was conduc ted .  T h e  resu l t s  o f  t h i s  p rog ram con f i rm t h e
importance o f  t h e  s t u d y  s t reams as  r e a r i n g  areas f o r  s tee lhead t r o u t .  F i s h
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d is t r i bu t i on ,  b iomass a n d  dens i t y  estimates f o r  o l d e r  age classes o f  f i sh  w e r e
general ly  s im i la r  t o  t h e  1983 resu l t s .  H o w e v e r ,  b o t h  steelhead t r o u t  and Dol ly
Varden  c h a r  f r y  numbers  w e r e  sha rp l y  l ower  i n  1984 t h r o u g h o u t  t h e  Te l k w a
system. A s  w e l l ,  f i s h  w e r e  s m a l l e r  i n  1 9 8 4  s u g g e s t i n g  t h a t  g r o w i n g
condit ions i n  t h e  s t u d y  streams were poor compared t o  1983.

Addi t ional  f i s h  s t u d i e s  u n d e r t a k e n  d u r i n g  t h e  1 9 8 4  p r o g r a m  i n c l u d e d
measuring meta l  concen t ra t ion  i n  t h e  muscle t i s s u e  o f  30  f i s h  f r o m  Goathorn
and Tenas  c r e e k s ,  sampl ing  wet land areas adjacent to  t he  lower  Te lkwa  R i v e r,
and conduc t ing  aer ial  counts  o f  coho salmon spawners i n  t h e  Te l kwa  R i v e r.

Potential impac ts  t o  t h e  aquat ic  resources i n  t h e  s t u d y  area cou ld  r e s u l t  f rom
acid mine dra inage and stream sedimentation. B a s e d  on in format ion  f rom o the r
s tudy  components ,  t h e s e  potent ia l  prob lems can  b e  managed. T h e r e  may b e
some d isp lacement  o f  c u t t h r o a t  t r o u t  hab i ta t  i n  u p p e r  He lps  Creeks  r e s u l t i n g
from t h e  east  waste  dump  s i t e  and  se t t l i ng  pond  locat ion.  T h e  proposed ra i l
access t o  t h e  m ine  s i t e  poses some minor  prob lems t o  t h e  aquat ic  resources
along H u b e r t  C reek .

Mit igat ion a n d  enhancement opt ions f o r  t h e  var ious  s t u d y  streams a re  feasible
and i n c l u d e  s tee lhead  t r o u t  f r y  p l a n t i n g s  a n d  s t r e a m  f e r t i l i z a t i o n  i n  t h e
t r i b u t a r y  s t reams a n d  coho salmon and  steelhead t r o u t  f r y  p lan t ings  and  s ide
channel development  i n  the  Te lkwa  R i ve r.
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1. I N T R O D U C T I O N

Aquat ic  s t ud ies  w e r e  unde r taken  f r om  A u g u s t  t o  l a te  November .1984
to supplement  i n fo rmat ion  col lected f o r  C rows  Nest  Resources L imi ted
(CNRL) s i n c e  1 9 8 2 .  T h e s e  s t u d i e s  w e r e  u n d e r t a k e n  a s  p a r t  o f
CNRL's S t a g e  I I  a s s e s s m e n t  o f  t h e  Te l k w a  P r o j e c t  l o c a t e d  i n
west-cen t ra l  B r i t i s h  Columbia  ( F i g u r e  1 . 1 ) .  S e v e r a l  aspec ts  o f  t h e
studies w e r e  d e s i g n e d  i n  r e s p o n s e  t o  comments f r o m  g o v e r n m e n t
resource agenc ies  t o  t h e  S t a g e  1  subm iss ion  ( C N R L  1 9 8 3 ) .  T h e
s t u d i e s  f o c u s s e d  o n  a r e a s  p o t e n t i a l l y  a f f e c t e d  b y  t h e  c o a l
deve lopmen t  p r o p o s e d  p r i m a r i l y  w i t h i n  t h e  G o a t h o r n  C r e e k
watershed, b u t  t h e y  i n c l u d e d  w o r k  i n  t h e  l o w e r  Te l k w a  R i v e r
(F igure 1 . 2 ) .  A s  we l l ,  w o r k  was under taken i n  H u b e r t  Creek  a n d  i n
several s e c t i o n s  o f  t h e  B u l k l e y  R i v e r  i n  t h e  v i c i n i t y  o f  p r o p o s e d
t ranspor ta t ion  r o u t e  opt ions.

The a q u a t i c  s t u d i e s ,  w h i l e  emphas iz ing  t h e  f i s h  r e s o u r c e s  o f  t h e
s tudy  a r e a ,  a l s o  i n c l u d e  s t u d i e s  o f  t h e  s t r e a m  p e r i p h y t o n  a n d
inver tebra te  commun i t i es .  T h e  p r o g r a m  f o c u s s e d  o n  d e v e l o p i n g
biological d a t a  o f  s u f f i c i e n t  d e t a i l  t o  s e r v e  a s  b a c k g r o u n d  i n
evaluat ing y e a r - t o - y e a r  v a r i a b i l i t y  w i t h i n  t h e  s y s t e m  p r i o r  t o  t h e
mine s t a r t - u p  a n d  t o  d e t e c t  p o s s i b l e  c h a n g e s  r e s u l t i n g  f r o m  t h e
mine's ope ra t i on .  A s  we l l ,  t h e  s tud ies  have  been des igned such t h a t
sites a b o v e  t h e  p r o p o s e d  m i n e  p r o p e r t y  i n  G o a t h o r n  a n d  Te n a s
creeks c a n  s e r v e  as  con t ro l s  f o r  moni tor ing changes t h a t  m igh t  occur
in d o w n s t r e a m  l o c a t i o n s  o v e r  t i m e .  T h e  s t u d i e s  a l s o  p r o v i d e  t h e
information b a s e  r e q u i r e d  f o r  assess ing  p o t e n t i a l  i m p a c t s  o f  t h e
proposed m i n e  a n d  associated t ranspor ta t i on  r o u t e s  a n d  t o  develop a
s t ra tegy f o r  m i t i g a t i o n  o r  enhancement o f  t h e  a q u a t i c  resources  i n
the s t u d y  area shou ld  such  a  s t ra tegy  be  requ i red .

40
3

Per iphyton r e f e r s  t o  t h e  assemblage o f  a q u a t i c  m ic ro f lo ra  i n c l u d i n g
algae, b a c t e r i a  a n d  f u n g i  t h a t  g r o w  o n  t h e  s t ream s u b s t r a t a .  I t  i s
an impor tan t  f o o d  source  f o r  a  wide v a r i e t y  o f  stream insects  t ha t  a re
adapted f o r  e i t h e r  g r a z i n g  a t t a c h e d  p e r i p h y t o n  o r  co l l ec t i ng  d r i f t
par t ic les,  o f t e n  f r o m  s l o u g h e d  p e r i p h y t o n .  T h e  charac ter iza t ion  o f
per iphy ton  i n  G o a t h o r n  C r e e k  s e r v e s  a s  a n  a i d  i n  e v a l u a t i n g  wa te r
qua l i t y  a n d  n u t r i e n t  de f i c ienc ies .  A s  we l l ,  p e r i p h y t o n  accumulat ion
on s u b s t r a t a  i s  s e n s i t i v e  t o  chemica l  c h a n g e  a n d  i s  i d e a l  f o r
experimental d e t e c t i o n  o f  chemica l  i m p a c t s .  I n  t h i s  s t u d y ,  t h e
per iphy ton  a lgae  o f  Goathorn  C reek  have  been desc r ibed  i n  te rms  o f
community s t r u c t u r e  a n d  accumulat ion r a t e s  o n  a r t i f i c i a l  s u b s t r a t a ,
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and f i n d i n g s  a r e  d i s c u s s e d  r e l a t i v e  t o  t h e  a m b i e n t  c h e m i c a l
character ist ics o f  Goathorn Creek .

Stream inve r teb ra tes  a r e  impor tant  intermediar ies i n  t h e  u t i l i za t ion  o f
plant mater ia l  s u c h  a s  a lgae,  leaves  a n d  wood,  a n d  a r e  a  ma jor  food
source f o r  f i s h .  T h e i r  l im i ted  mobi l i ty  and sho r t  l i f e  span make them
useful f o r  d e t e c t i n g  a l t e r e d  s t r eam c o n d i t i o n s .  T h e  1984 s t u d i e s
provide a  second  y e a r  o f  deta i led evaluat ion o f  b e n t h i c  i n v e r t e b r a t e
numbers a n d  composi t ion a t  s i t es  i n  Goathorn  a n d  Te n a s  c reeks  a n d
in t h e  l o w e r  T e l k w a  R i v e r .  T h e  i n v e r t e b r a t e  s t u d i e s  w e r e
supplemented b y  a n  eva luat ion  o f  st ream d r i f t  and  f i s h  u t i l i z a t i o n  o f
i n v e r t e b r a t e  p o p u l a t i o n s  b a s e d  o n  a n a l y s e s  o f  t h e i r  s t o m a c h
contents.

Fish populat ions occu r  i n  a l l  o f  the  l a rge r  streams associated w i t h  t h e
Telkwa Coa l  P r o j e c t .  S u m m e r  steethead t r o u t  a r e  t h e  ma in  spec ies
ut i l i z ing G o a t h o r n  a n d  Te n a s  c r e e k s  a n d  t h e  l o w e r  Te l k w a  R i v e r .
Tributaries s u c h  a s  t h e s e  con t r i bu te  t o  t h e  va luab le  summer
steethead t r o u t  s p o r t  f i s h e r y  t h a t  e x i s t s  o n  t h e  B u l k l e y  R i v e r .
Coho, c h i n o o k  a n d  p i n k  sa lmon,  c u t t h r o a t  t r o u t ,  a n d  D o l l y  Va r d e n
char a r e  a l s o  p r e s e n t  w i t h i n  t h e  s t u d y  a r e a .  T h e  common a n d
scient i f ic names o f  a l l  f i s h  spec ies  mentioned i n  t h e  t e x t  a r e  l i s ted  i n
Appendix 1 .

Studies u n d e r t a k e n  d u r i n g  1984 p r o v i d e  a  second y e a r  o f  de ta i l ed
juveni le f i s h  p o p u l a t i o n  est imates i n  t h e  s t u d y  s t reams.  A d d i t i o n a l
sample s i tes w e r e  added t o  the  program t o  p rov ide  be t t e r  d i s t r i b u t i o n
and p r o d u c t i o n  i n f o r m a t i o n .  S a m p l e s  o f  f i s h  m u s c l e  t i s s u e  w e r e
analyzed t o  p r o v i d e  b a c k g r o u n d  me ta l  concen t ra t i ons  o c c u r r i n g  i n
f ish w i t h i n  t h e  ma in  s t u d y  s t reams.  A  s e c o n d  eva lua t ion  o f  coho
salmon s p a w n i n g  d i s t r i b u t i o n  w i t h i n  t h e  T e l k w a  s y s t e m  w a s
conducted d u r i n g  1 9 8 4  a n d  m o r e  d e t a i l e d  assessments o f  a q u a t i c
habitat i n  t h e  s t u d y  a rea  w e r e  under taken  t o  a i d  i n  i d e n t i f y i n g  f i s h
product ion l imi tat ions and  areas o f  potential enhancement.
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The f i n a l  s e c t i o n s  o f  t h i s  r e p o r t  ou t l i ne  t h e  po ten t ia l  impac ts  o f  t h e
proposed c o a l  m i n e  a n d  i t s  a n c i l l a r y  deve lopments  o n  t h e  a r e a ' s
aquatic resources ,  a n d  p resen t  opt ions f o r  mi t igat ion  o r  enhancement
of f i sh  s tocks  w i t h i n  t h e  systems.
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2. M E T  HODS

Field s t u d i e s  w e r e  c o n d u c t e d  p r i m a r i l y  d u r i n g  S e p t e m b e r  a n d
October 1 9 8 4 ,  a l t h o u g h  s o m e  w e t l a n d  samp l ing  w a s  u n d e r t a k e n  i n
August  a n d  a d u l t  f i s h  s u r v e y s  con t inued  u n t i l  t h e  e n d  o f  November.
The m a i n  j u v e n i l e  f i s h  a n d  i n v e r t e b r a t e  s a m p l i n g  p r o g r a m  w a s
conducted b y  a  c rew o f  t h r e e  d u r i n g  t h e  l a t t e r  h a l f  o f  September t o
correspond w i t h  t h e  t im ing  o f  t h e  1983 sampl ing p rog ram.  A c c e s s  t o
all s i tes  was  b y  veh ic le  excep t  t o  t h e  t h r e e  u p p e r  Te n a s  Creek  s i tes
and t o  a  s i t e  a t  t h e  conf luence o f  Goathorn and  Tenas  c reeks .  T h e s e
sites were  reached b y  he l i cop ter.

2.1 P E R I P H Y T O N  STUDIES

Per iphyton w e r e  charac ter ized  a t  s i t es  G2 and  G5 i n  Goathorn  Creek
(F igure  2 .1 )  u s i n g  measurements o f  community taxonomy,  c h l o r o p h y l l
a accumu la t i on  r a t e s  o n  a r t i f i c i a l  s u b s t r a t a  a n d  t i s s u e  n i t r o g e n :
phosphorus ( N : P )  r a t i o s .  A l l  samples  f o r  t h e s e  a n a l y s e s  w e r e
collected f r o m  f o u r  r e p l i c a t e  i n  s i t u  s t y r o f o a m  s u b s t r a t a  w h i c h
consisted o f  0 .6  cm x  30.5  cm x  30.5 cm sheet  o f  s tyrofoam DB (Snow
Foam Produc ts  I n c . ,  E l  Monte,  Ca l i fo rn ia)  a t tached  t o  a  r i g i d  p la te  o f
similar p r o p o r t i o n s .  T h i s ,  i n  t u r n ,  w a s  bo l t ed  t o  a  3 0 . 5  x  30 .5  x
5 c m  conc re te  b lock  p laced  i n  t h e  stream w i t h  t h e  s tyro foam su r face
raised severa l  cent imeters  above the  stream bot tom.  T h e  b locks  we re
placed i n  s i t es  w i t h  s im i la r  wa te r  dep th ,  v e l o c i t y  a n d  l i g h t  exposure .
Incubations s t a r t e d  o n  September 5 ,  1984 a n d  w e r e  l e f t  i n  p lace f o r
six weeks ( F i g u r e  2 . 2 ) .

tt

Samples f o r  c h l o r o p h y l l  a  ana lys is  w e r e  co l lec ted  w e e k l y  f r o m  each
plate ( F i g u r e  2 . 3 ) .  S t y r o f o a m  cores  w e r e  ex t rac ted  u s i n g  t h e  open
end o f  a  12 dram p las t i c  v ia l ,  w r a p p e d  i n  l abo ra to ry  para f i lm,  p a c k e d
on i c e  i n  a  l i g h t —tight coo ler,  a n d  sh ipped b y  a i r  f r e i g h t  t o  Can Te s t
L td .  i n  Va n c o u v e r  f o r  ana l ys i s .  C h l o r o p h y l l  a  w a s  de termined  b y
t h e  f l u o r o m e t r i c  m e t h o d s  o u t l i n e d  i n  A P  HA ( 1 9 8 0 )  a f t e r
homogenization o f  t h e  cores i n  a  h i g h  speed t i ssue  g r i n d e r .  A c e t o n e
added d i r e c t l y  t o  t h e  homogenized mater ia l  f o r  p i g m e n t  e x t r a c t i o n
completely d isso lved a l l  s tyrofoam res idues .  B l a n k  t e s t s  showed t h a t
styrofoam d i d  no t  i n t e r f e re  w i th  the  f luorometr ic  assay.

B A c c u m u l a t i o n  r a t e s  o f  t h e  a lga l  p e r i p h y t o n  we re  calculated b y  f i t t i n g
In t r a n s f o r m  c h l o r o p h y l l  a  d a t a  f o r  a l l  s a m p l i n g  d a y s  t o  t h e
exponential g r o w t h  equat ion f o r  each s i te :

1
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Figure 2 .2

Figure 2 .3

Periphyton accumulation ra tes  and community taxonomy
were measured on f o u r  r e p l i c a t e  styrofoam substrata
located above and below t h e  proposed mine property
on Goathorn Creek.

Samples f o r
(chlorophyll
sheets o n  a
plates a f t e r
period.

measurements o f  accumulat ion  r a t e
a) were  ex t rac ted  f r o m  t h e  styrofoam
Tweekly bas i s .  T h i s  photo  shows t h e
removal a t  t h e  end o f  t h e  incubat ion
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y = aekt

where y  is  t h e  cholorphyll a  concentration ( m g  chla/m2) a t  day  t ;  a
is t h e  ordinate in tercept  ( m g  chla/rn2); a n d  k  i s  t h e  specific n e t
accumulation r a t e  ( d - 1 )  ( G u i l l a r d  1 9 7 3 ) .  T h e  i n  t r a n s f o r m
equi l ibrated u n e q u a l  v a r i a n c e s  i n  t h e  r a w  d a t a  t o  s a t i s f y
requirements of  least squares analysis. T h e  influence of  rapid initial
settlement w a s  l imi ted  b y  beginning calculations o f  k  o n .  day 7 .
Significant dif ferences between k  va lues  a t  s i tes  G 2  a n d  G 5  w e r e
evaluated using t h e  t - test  statistic f o r  comparison o f  two regression
slopes in  a n  analysis o f  covariance. T h e  period of  accumulation from
day 0  t o  d a y  7  i s  assumed t o  represent t h e  init ial  colonization a n d
relatively l i t t l e  g r o w t h .  T h e  differences i n  standing crop between
the t w o  s i tes  a t  d a y  7  m a y  t h e n  b e  in terpre ted  a s  a n  i n d e x  o f
differences i n  t h e  a f f in i ty  o f  algae cells t o  sett le  on t h e  styrofoam
substrata. T h i s  dif ference i n  settlement may also be evaluated from
the regress ion  i n t e r c e p t s .  T h e o r e t i c a l l y ,  t h e  i n t e r c e p t  v a l u e
represents a n  init ial  standing crop ( m g  chla/m2) o r  inoculum f o r  t h e
observed accumulation r a t e .  C o m p a r i s o n s  o f  t h e s e  regress ion
intercepts can b e  used as an index of  the settlement aff inity o f  algal
cells.

At t h e  e n d  o f  t h e  s i x  w e e k  incubat ion p e r i o d  (Oc tober  1 7 )  a n
additional c o r e  w a s  co l lec ted  f r o m  e a c h  p l a t e  f o r  a  taxonomic
evaluation a n d  t h e  remainder o f  t h e  styrofoam was  collected f o r  a
tissue nitrogen a n d  phosphorus assay.  T h e  taxonomic samples were
preserved i n  t h e  f i e l d  w i t h  Lugol 's solution a n d  analyzed b y  t h e
qualitative m e t h o d  o f  N o r t h c o t e  e t .  a l .  ( 1 9 7 5 ) .  S a m p l e s  w e r e
prepared b y  scraping cells f r e e  o f  t h e  styrofoam with a  s t i f f -bristle
toothbrush followed b y  sett l ing i n  Utermahl chambers. T h e  relat ive
abundance o f  each  a lga l  p h y l a  w a s  determined u s i n g  a n  i n v e r t e d
phase, contrast microscope at 500x magnification.
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Analyses for_ tissue organic n i t rogen a n d  organic phosphorus w e r e
made f r o m  a  homogenized m i x t u r e  o f  styrofoam a n d  accumulated
biomass. A  c o n c u r r e n t  r u n  o f  styrofoam b l a n k s  showed  t h a t
interference a n d  contamination b y  t h e  "styrofoam was undetectable.
Organic n i t rogen w a s  determined b y  t h e  Kjeldahl method o f  A P H A
(1980) a n d  organ ic  phosphorus w a s  t h e  d i f ference  between t o t a l
phosphorus a n d  inorganic  phosphorus,  b o t h  determined f r o m  t h e
boiling extraction procedures (BEP)  o f  EPA -  U . S .  Corps.  Engineers
(1981).



2.2 B E N T H I C  INVERTEBRATE STUDIES

Benthic i n v e r t e b r a t e s  w e r e  samp led  a t  1 1  s i t e s  i n  G o a t h o r n  a n d
Tenas c r e e k s  a n d  i n  t w o  s i de  channels o f  t h e  Te l k w a  R i v e r  ( F i g u r e
2 .1 ) .  T h e  s i t e s  w e r e  i den t i ca l  t o  t h o s e  samples i n  1983 ( B u s t a r d
1984a) e x c e p t  t w o  add i t iona l  s i t e s ,  G 3 A a n d  G 5 A ,  w e r e  es tab l i shed
just  downst ream o f  s i t es  G3 a n d  G5 respec t i ve l y.  M e t a l  benchmarks
establ ished d u r i n g  t h e  p rev i ous  year 's  sampl ing s e r v e d  a s  r e f e r e n c e
po in ts ,  a n d  s i x  r e p l i c a t e  samples w e r e  t a k e n  a t  t h e  same d i s t a n c e
from t h e  b e n c h m a r k  a s  r e c o r d e d  d u r i n g  t h e  p r e v i o u s  s a m p l i n g
program.

Samples w e r e  co l l ec ted  u s i n g  a  Waters -Knapp  s a m p l e r  ( Wa t e r s  a n d
Knapp 1961)  w i t h  a  250  p m -mesh s i z e .  T h e  s u b s t r a t a  i n s i d e  t h e
cy l i nde r  was ag i ta ted  t o  approx imate ly  10 cm d e p t h  a n d  l a r g e r  s tones
were b r u s h e d  b y  h a n d  t o  loosen a d h e r i n g  o rgan isms.  A l l  samples
were p r e s e r v e d  i n  f o r m a l i n  s o l u t i o n  a n d  subsequen t l y  i d e n t i f i e d  t o
fami ly,  a n d  u s u a l l y  g e n u s  l eve l  f o r  t h e  dominan t  a n d  s u b -dominant
o rde rs .  I n f o r m a t i o n  d e s c r i b i n g  w a t e r  t e m p e r a t u r e ,  d e p t h  a n d
ve loc i t y,  a s  w e l l  a s  s u b s t r a t e  charac te r i s t i cs  w a s  r e c o r d e d  a t  t h e
collection s i tes .

2.3 D R I F T  STUDIES

Inver tebra te  d r i f t  w a s  sampled a t  s i t e s  G5  a n d  G 2  ( F i g u r e  2 . 1 )  o n
September 20  a n d  21 r e s p e c t i v e l y.  T h e  d r i f t  samplers  h a d  open ing
dimensions o f  1 5  c m .  (he igh t )  b y  10 c m  ( w i d t h )  a n d  cons is ted  o f  a
250 p m -mesh n i t e x  s o c k  1 5  c m  i n  l e n g t h  a t t a c h e d  t o  a  p l a s t i c
col lect ing b o t t l e .  T h e  samplers were he ld  i n  p lace b y  r e b a r  and were
posit ioned s o  t h a t  t h e  s u r f a c e  w a t e r  w a s  sampled .  D r i f t  samp le rs
were l o c a t e d  o n  each  s i d e  o f  a  g l i d e  sect ion o f  s t r eam,  downs t ream
from a  r i f f l e .  S a m p l e s ,  co l lec ted  o v e r  a  24- h o u r  p e r i o d ,  w e r e  s p l i t
into d a y  a n d  n i g h t  subsamples. T h e  d r i f t  samples were  p rese rved  i n
formal in s o l u t i o n  a n d  subsequen t l y  i d e n t i f i e d  t o  f a m i l y  a n d  i n  m o s t
cases genus leve l  f o r  t h e  dominant orders  o f  aquat ic  inver teba tes .

No e f f o r t  h a s  b e e n  m a d e  t o  es t imate  t o t a l  a m o u n t  o f  d r i f t  i n  t h e
system. R a t h e r  t h e  compos i t ion  o f  t h e  d r i f t  a n d  h o w  t h i s  w a s

0 r e f l e c t e d  i n  t h e  f i s h  d i e t  s tud ies  and  i n  t h e  composit ion o f  t h e  st ream
8 b e n t h i c  communi ty  was emphasized.
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2.4 F I S H  STOMACH CONTENT STUDIES

Stomachs w e r e  removed  f r o m  2 5  s tee lhead t r o u t  p a r r  a n d  25  D o l l y
Varden c h a r  sampled a t  s i t e s  G 2  a n d  G5 r e s p e c t i v e l y.  T h e s e  f i s h ,
collected i n  con junc t i on  w i t h  t h e  j u v e n i l e  samp l i ng  p r o g r a m s ,  w e r e
measured t o  t h e  nearest  mi l l imeter  and  weighed t o  t h e  nearest  0 .1  g .
The i r  stomachs w e r e  removed a n d  p rese rved  i n  10% formal in  so lu t ion
fo r  subsequent  iden t i f i ca t ion  o f  con ten ts .  O r g a n i s m s  p resen t  i n  t h e
f ish s tomachs  w e r e  i den t i f i ed  t o  f a m i l y,  a n d  i n  mos t  cases t o  g e n u s
level f o r  dominant o rders  o f  aquat ic inver teb ra tes .

The i n i t i a l  s t u d y  d e s i g n  w a s  t o  a n a l y z e  s t o m a c h  c o n t e n t s  f r o m
samples o f  b o t h  f i s h  s p e c i e s  a t  e a c h  s i t e .  H o w e v e r ,  i n s u f f i c i e n t
numbers o f  s tee lhead p a r r  a n d  D o l l y  Va r d e n  c h a r  we re  c a p t u r e d  a t  -
sites G5 and  G2 respect ive ly  t o  comprise adequate samples.

2.5 F I S H  H A B I TAT  STUDIES

All s t r e a m  s y s t e m s  i n  t h e  s t u d y  a r e a  e x c e p t  H u b e r t  C r e e k  h a v e
prev ious ly  h a d  A q u a t i c  B iophys i ca l  M a p s  p r e p a r e d  a t  a  s c a l e  o f
1 :50 ,000 .  A  s u m m a r y  o f  t h e s e  m a p s  w a s  p r e s e n t e d  i n  t h e
Environmental O v e r v i e w  s u b m i s s i o n  ( E n v i r o n m e n t a l  a n d  P l a n n i n g
Assoc. 1982) .  F i s h  hab i t a t  s t ud ies  unde r t aken  i n  1984 con t inued  t o
use t h e  r e a c h  sepa ra t i ons  i d e n t i f i e d  o n  t h e s e  m a p s  b u t  e x p a n d e d
upon t h e s e  e a r l i e r  b i ophys i ca l  d a t a .  A  comb ina t i on  o f  a i r  p h o t o
analyses a n d  d e s c r i p t i v e  i n fo rmat ion  co l l ec ted  d u r i n g  f i e l d  s t u d i e s
have b e e n  i n c o r p o r a t e d  i n t o  d e v e l o p i n g  t h e  h a b i t a t  assessments .
The e a r l y  fo rmat ion  o f  i c e  i n  t h e  systems d u r i n g  1984 r e s u l t e d  i n  a
g r e a t e r  e m p h a s i s  o n  a i r  p h o t o  i n t e r p r e t a t i o n  a n d  l e s s  f i e l d
measurements t h a n  i n i t i a l l y  i n tended .  A s s e s s m e n t  methods have been
separated i n t o  t h o s e  u n d e r t a k e n  o n  t r i b u t a r y  s t r e a m s  i n c l u d i n g
Goathorn, Te n a s  a n d  H u b e r t  c r e e k s ,  a n d  t h o s e  u n d e r t a k e n  o n  t h e
lower Te l kwa  R i v e r.

2.5.1 T r i b u t a r i e s  -  Habi ta t  Assessment

Gradient p r o f i l e s  f o r  t h e  m a i n  t r i b u t a r y  s t r e a m s  w e r e  deve loped
us ing a n  H P  9225 A  d i g i t i z i n g  s y s t e m .  T h i s  s y s t e m  automat ica l ly
calculates l e n g t h  a n d  a v e r a g e  s l o p e  o f  s t r e a m  segmen ts  b e t w e e n
contour  i n t e r v a l s  a n d  r e a c h  b r e a k s .  T h e  s lopes w e r e  d e r i v e d  f r o m
1:50,000 s c a l e  t o p o g r a p h i c  m a p s  f o r  t h e  Te l k w a  w a t e r s h e d  a n d  a
1:20,000 sca le  map  f o r  H u b e r t  C r e e k .  S i g n i f i c a n t  f e a t u r e s  s u c h  as



10

reach b r e a k s ,  f i s h  s a m p l e  s i t e s ,  a n d  f i s h  d i s t r i b u t i o n  ( i n c l u d i n g
potent ial)  w e r e  p l o t t e d  o n  t h e s e  p r o f i l e s .  A s s e s s m e n t  o f  po ten t i a l
f i sh  h a b i t a t  w a s  d e r i v e d  f r o m  t h e  k n o w n  p r e s e n c e  o f  f i s h  i n  t h e
reach, l oca t i on  o f  potent ia l  b a r r i e r s  and t he  s lope measurements.  A s
soon a s  t h e  s t r e a m  s l o p e  s teepened  a b o v e  5-6%,  t h e  s e c t i o n  w a s
omitted as hav ing  potent ia l  f o r  steelhead t r o u t  r e a r i n g .

Channel w i d t h  measurements ( i n c l u d i n g  ponded  a reas )  w e r e  d e r i v e d
from 1 :  15,000 s c a l e  a i r  p h o t o s  u s i n g  a  1 0 -power  o c u l a r  l e n s
c o n t a i n i n g  a  s c a l e  g r a d u a t e d  i n  0 . 5  m m  i n t e r v a l s .  T h e s e
measurements w e r e  u s e d  i n  ca lcu la t ing  we t ted  a rea  o f  h a b i t a t  i n  t h e
main f i s h - p r o d u c i n g  s t ream sect ions f o r  t h e  l a t e  summer  p e r i o d  ( t h e
air photos were  taken i n  mid -Augus t  1983).

Subst ra te  measurements co l lec ted  d u r i n g  t h e  f i s h  s a m p l i n g  p r o g r a m
over t h e  p a s t  t w o  yea rs  we re  summarized f o r  t h e  s t ream reaches and
included i n  t h e  h a b i t a t  summaries.  S u b s t r a t e  cha rac te r i s t i cs  w e r e
recorded as  D50 a n d  D90 estimates ( i . e . ,  t h e  d iameter  o f  bed material
tha t  i s  l a r g e r  t h a n  50% a n d  90% r e s p e c t i v e l y  o f  t h e  r e m a i n i n g  b e d
material a s  d e f i n e d  i n  Chamber l i n  ( 1 9 8 0 ) ) .  S i t e  s p e c i f i c  g r o u n d
check ing f o r  po ten t ia l  s p a w n i n g  g r a v e l s  i n  l o w e r  H u b e r t  C r e e k  w a s
under taken i n  O c t o b e r,  w h i l e  p rev ious  f i e l d  s u r v e y s  ( B u s t a r d  1983)
had e x a m i n e d  p o t e n t i a l  s p a w n i n g  s i t e s  i n  G o a t h o r n  a n d  Te n a s
creeks.

2.5.2 T e l k w a  R i v e r  -  Habi ta t  Assessment

3

The Te l k w a  R i v e r  downstream o f  Goathorn C reek  was  de l ineated  i n t o
main a n d  s i d e  channe ls  a n d  we t l and  h a b i t a t s  o n  1 :15 ,000  s c a l e  a i r
photos. S i d e  channe l s  w e r e  f u r t h e r  ca tegor i zed  i n t o  a c t i v e ,  f l o o d
and r e l i c  channe l s  b a s e d  o n  t h e i r  sou rce  a n d  d u r a t i o n  o f  f l o w  a n d
channel s t a b i l i t y .  T h e s e  channe l  t y p e s  w i l l  b e  d e s c r i b e d  i n  m o r e
detail i n  S e c t i o n  3 . 6 . 3 .  M a i n  c h a n n e l  l e n g t h  w a s  d e r i v e d  f r o m
dig i t ized measurements  o n  a  1 :50,000 sca le  t o p o g r a p h i c  m a p .  S i d e
channels a n d  w e t l a n d  l e n g t h s  w e r e  measured  u s i n g  a  m a p  w h e e l .
Widths o f  a l l  channe ls  w e r e  d e r i v e d  f rom a i r  p h o t o s  u s i n g  a n  o c u l a r
lens a s  d e s c r i b e d  f o r  t r i b u t a r y  s t r e a m s .  W e t t e d  a r e a s  w e r e
calculated f o r  t h e  main channel  a n d  each o f  t h e  79 s i d e  channels  a n d
4 w e t l a n d s  i d e n t i f i e d  o n  t h e  a i r  p h o t o s .  A  m a p  w a s  p r e p a r e d
iden t i f y i ng  each  c h a n n e l  w i t h  a  re fe rence  n u m b e r  c o r r e s p o n d i n g  t o
the hab i ta t  desc r i p t i on .

—11
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Substrate descr ip t ions  o f  main a n d  s ide  channel  a reas  w e r e  based o n
f ie ld  measurements t a k e n  a t  f i s h  s a m p l e  s i t e s  d u r i n g  t h e  p a s t  t w o
years as descr ibed i n  the  p rev ious  sect ion on t r i bu ta r i es .

2.6 J U V E N I L E  FISH POPULATION ESTIMATES

Twenty -one  d e t a i l e d  j u v e n i l e  f i s h  s a m p l e  s i t e s  w e r e  e v a l u a t e d  i n
Goathorn a n d  Te n a s  c r e e k s  a n d  i n  t h e  l o w e r  Te l k w a  R i v e r  ( F i g u r e
2 .1 ) .  T h i s  t o t a l  inc ludes  18 s i t e s  sampled d u r i n g  p rev ious  s u r v e y s
in 1983,  t w o  new s i tes  i n  u p p e r  Goathorn  C reek  a n d  one  addi t iona l
site i n  Te n a s  Creek .  A s  we l l  s i x  wet land  areas i n  t h e  l ower  Te l k w a
River  and on the  Bu lk ley  R ive r  were sampled.

Fish s a m p l e  s i t e s  w e r e  s e l e c t e d  a s  r e p r e s e n t a t i v e  o f  t h e  r e a c h
character ist ics o u t l i n e d  o n  t h e  A q u a t i c  B iophys i ca l  M a p s  f o r  t h e
Te lkwa Watershed (93  L 11 ) .  T h e  1984 f i s h  sample s i tes  w e r e  located
in t h e  same locat ion as t h e  p rev ious  year 's  s i tes ,  w h i l e  t h e  t h ree  new
sites w e r e  added  t o  p r o v i d e  b e t t e r  est imates o f  f i s h  p r o d u c t i o n  f o r
the u p p e r  sect ions o f  Goathorn a n d  Tenas  c reeks .  A t  t r i b u t a r y  a n d
side channel  s i t es  sampled p r e v i o u s l y,  t h e  lower  s top  ne t  was  located
at a  po in t  p r e -determined b y  l as t  year 's  benchmark  a n d  t h e  leng th  o f
the s i t e  w a s  measured ups t ream t o  co inc ide  w i t h  t h e  same channel
length a s  sampled  i n  1983 .  S a m p l e  s i t e  a r e a  v a r i e d  be tween  t h e
years d e p e n d i n g  o n  t h e  d i s c h a r g e  o n  t h e  p a r t i c u l a r  sample  d a t e .
Mainstem Te l k w a  R i v e r  s i t e s  w e r e  n o t  a s  c lose ly  dup l i ca ted  between
the t w o  y e a r s  s i nce  o n l y  a  p o r t i o n  o f  t h e  t o t a l  channe l  w i d t h  w a s
sampled.

Tr i b u t a r y  samp le  s i t e s  r a n g i n g  f r o m  2 5  t o  9 5  m  i n  l e n g t h ,  w e r e
blocked w i t h  s topne ts  a t  t h e i r  ups t ream a n d  downstream e n d s ,  a n d
sampled u s i n g  a n  e l e c t r o s h o c k e r .  T h e  m o d  if led P e t e r  son
mark- a n d - recap tu re  m e t h o d  ( R i c k e r  1 9 7 5 )  w a s  u s e d  t o  e s t i m a t e
populat ions f o r  t h e  sample s i t es .  A  cauda l  f i n  c l i p  was used t o  mark
f ish  a n d  t h e  recap tu re  was conducted severa l  h o u r s  a f t e r  t h e  marked
f i sh  w e r e  re leased.  S i d e  channe l  s i t e s  i n  t h e  Te l k w a  R i v e r  w e r e
simi lar ly sampled.

Main channe l  s i t e s  i n  t h e  Te l k w a  R i v e r  w e r e  enc losed w i t h  a  30  m
seine n e t  h e l d  i n  p l a c e  b y  r e b a r  p o s i t i o n e d  t w o  h o u r s  p r i o r  t o
sampling. A  t w o - s t e p  remova l  method  ( S e b e r  a n d  LeCren  1967) w a s
used t o  e s t i m a t e  p o p u l a t i o n s ,  s i n c e  f i s h  n u m b e r s  i n  t h e  s m a l l
enclosed a r e a  w e r e  t o o  l o w  t o  u s e  t h e  m a r k - a n d - recap tu re  method .
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Main c h a n n e l  s i t e s  e x t e n d e d  t o  t h e  e d g e  o f  t h e  f a s t  w a t e r
encompassing t h e  hab i t a t  est imated t o  b e  u s e d  b y  j uven i l e  f i s h .  A
crew sampled u p  a n d  b a c k  t h r o u g h  each  s i t e  t o  cons t i t u t e  a  s i n g l e
pass. T h e  t w o - s t e p  remova l  me thod  w a s  a l s o  u s e d  a t  f o u r  u p p e r
t r i b u t a r y  s i t es  ( G 6 ,  G 7 ,  T 3  a n d  T 4 )  d u e  t o  t i m e  l imi ta t ions imposed
b y  he l i cop te r  access a n d  i n  o n e  s i d e  channe l  s i t e  (SC3)  d u e  t o  t h e
small s a m p l e  a r e a  i n v o l v e d .  F o r m u l a s  u s e d  i n  c a l c u l a t i n g  t h e
populat ion est imates a n d  s t a n d a r d  e r r o r  a r e  p resen ted  i n  A p p e n d i x
2.

Sample s i t e  areas w e r e  calculated f r om measurements o f  l e n g t h  a n d  a
series o f  w i d t h  measurements made a t  5  t o  10  m  i n t e r v a l s  a l o n g  t h e
sample s i t e .  A s  w e l l ,  w a t e r  d e p t h s  (maximum a n d  mean) ,  s u b t r a t e
and c o v e r  c h a r a c t e r i s t i c s  w e r e  r e c o r d e d  a t  e a c h  c r o s s  s e c t i o n .
Substrate cha rac te r i s t i cs  w e r e  r e c o r d e d  a s  D 5 0  a n d  D90  es t imates .
A l l  f i s h  c a p t u r e d  w e r e  - a n a e s t h e t i z e d  w i t h  2 - p h e n o x y e t h a n o l ,
measured t o  t h e  nearest  mi l l imeter  a n d  r e t u r n e d  t o  t h e  st ream a t  t h e
end o f  t h e  samp l i ng .  W e i g h t s  w e r e  d e t e r m i n e d  f o r  1 4 2  s tee lhead
t r o u t ,  4 7  D o l l y  Va r d e n  c h a r  a n d  1 4  m o u n t a i n  w h i t e f i s h ,  a n d  t h e
resul ts w e r e  used  t o  determine biomass est imates f o r  each s i t e  u s i n g
regression ana lyses .  L e n g t h -age cha rac te r i s t i cs  d e r i v e d  f r o m  1983
scale da ta  w e r e  used  i n  t h e  separat ion o f  age 1+ a n d  o l d e r  steelhead
t r o u t  p a r r .

Wetland a r e a s  w e r e  sampled f o r  f i s h  p r e s e n c e  u s i n g  m innow  t r a p s
baited w i t h  r o e  a n d  s e t  o v e r  a  24- h o u r  p e r i o d .  A  t o t a l  o f  45 t r a p s
were s e t  i n  t h e  s i x  a r e a s .  A l l  f i s h  c a p t u r e d  w e r e  i d e n t i f i e d  t o
species m e a s u r e d  t o  t h e  n e a r e s t  m i l l i m e t e r  a n d  r e t u r n e d  t o  t h e
system.

2.7 A D U L T  FISH SURVEYS

_ 0
8

1

Two h e l i c o p t e r  examina t ions  o f  a d u l t  c o h o  sa lmon  s p a w n i n g  w e r e
conducted i n  t h e  Te l kwa  R i v e r  d u r i n g  November.  A  complete s u r v e y
between t h e  Te l k w a - B u l k l e y  con f luence  a n d  t h e  Te l k w a  headwaters
was u n d e r t a k e n  o n  N o v e m b e r  1 4 ,  w h i l e  t h e  s e c o n d  s u r v e y
concentrated o n  t h e  main  spawn ing  a reas  ups t r eam  o f  Jonas C r e e k .
The he l i cop te r  f l ew  a t  l ow speeds approx imate ly  50 m above t h e  r i v e r
and t w o  o b s e r v e r s  r e c o r d e d  n u m b e r s  a n d  l oca t i on  o f  c o h o  sa lmon
spawners a n d  r e d d s .  T h e s e  o b s e r v a t i o n s  w e r e  l o c a t e d  o n  a
1:100,000 s c a l e  t o p o g r a p h i c  m a p  s i m i l a r  t o  1 9 8 2  o b s e r v a t i o n s
(Bus tard  1983).

23
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2.8 M E T A L  CONCENTRATIONS IN FISH TISSUE

Ten 2 0 - g  samples o f  steelhead t r o u t  a n d  Dol ly  Va r d e n  c h a r  w e r e
retained for  tissue analysis of  metals a t  sites G2 and G5 respectively.
Each f i s h  sample  w a s  measured,  we ighed  a n d  p laced i n  separate
plastic b a g s .  T h e  samples w e r e  f rozen a n d  shipped a i r  f r e igh t  t o
ASL Laboratories for analyses.

Samples o f  muscle t issue were digested in  n i t r ic  and  perchioric acid.
Cadmium a n d  l e a d  c o n c e n t r a t i o n s  w e r e  a n a l y z e d  u s i n g  a t o m i c
absorption spectrophotometry ( A A S )  e q u i p p e d  w i t h  a  g r a p h i t e
furnace atomizer. A r s e n i c  was determined using AAS equipped with
a hydr ide generator.  Z i n c ,  copper,  i ron ,  aluminum and an additional
17 elements w e r e  determined simultaneously u s i n g  a n  Induc t ive ly  -
Coupled Argon Plasma Spectrograph.
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3. R E S U L T S  AND DISCUSSION

3.1 P E R I P H Y T O N  STUDIES

3.1.1 T a x o n o m y

Diatoms compr ised  100% o f  t o ta l  sample  v o l u m e  a t  b o t h  s i t e s  ( Ta b l e
3 . 1 ) .  T h e  same genera  w e r e  p resen t  a t  each s i t e  a n d  t h e i r  r e l a t i v e
propor t ions w e r e  v e r y  s im i la r.  T h e  mean pe rcen tage  composit ion b y
volume o f  F rag i la r ia  s p p . ,  S y n e d r a  s p p .  a n d  Gomfphonema s p p .  w a s
20, 2 0  a n d  10% respec t i ve l y.  S i n c e  these diatoms a r e  o f t e n  f o u n d  i n
s l igh t l y  e n r i c h e d  c o n d i t i o n s  t h e y  a r e  c o n s i d e r e d  i n d i c a t i v e  o f
stream n u t r i e n t  d e f i c i e n c y.  H o w e v e r ,  t h e i r  c h l o r o p l a s t  s t r u c t u r e
was d e g r a d i n g ,  s u g g e s t i n g  t h a t  c o n d i t i o n s  w e r e  b e c o m i n g  l e s s
favourable a t  t h e  t ime o f  sampl ing ( O c t o b e r  17)  a n d  t h a t  t h e y  w e r e
t h e  e a r l y  s u b s t r a t u m  c o l o n i z e r s .  T h e  p r e s e n c e  o f  t h e  t w o
la rger -cel led s p e c i e s ,  H a h n a e a  a r c u s  a n d  D ia toma  t e n u e  s u g g e s t
temperatures w e r e  s h i f t i n g  l o w e r  a n d / o r  n u t r i e n t  d e f i c i e n c y  w a s
increasing.  T h e s e  spec ies  a r e  a l s o  b e t t e r  a d a p t e d  t o  c o o l  w a t e r
(<5°C) w i t h  h i g h  c u r r e n t  ve loc i t i es .  A c h n a n t h e s  s p p .  c o m p r i s e d
6-8% o f  sample volume. T h i s  w ide  rang ing  species i s  n o t  ind ica t i ve  o f
specif ic phys ica l  o r  chemical stream cond i t ions .

3.1.2 M a c r o n u t r i e n t  Chemist ry

Small d i f f e rences  i n  macronut r ien t  concent ra t ions  w e r e  f ound  between
s tudy  s i t e s  ( Ta b l e  3 . 2 ) .  C o n d u c t i v i t y  a n d  t o t a l  d i s s o l v e d  s o l i d s
(TDS) w e r e  s l i g h t l y  g r e a t e r  a t  G 2  t h a n  a t  G 5  b u t  t h e  b u f f e r i n g
capac i ty,  a s  i n f e r r e d  f r om  a l k a l i n i t y  measurements,  w a s  moderate  a t
both s i t es .  C o n c e n t r a t i o n s  o f  each o f  these parameters  increased b y
5-10% f r o m  t h e  Sep tember  t o  O c t o b e r  s a m p l i n g  d a t e s .  D i s s o l v e d
phosphorous l e v e l s  w e r e  h i g h e r  a t  s i t e  G 5  t h a n  a t  G 2 .  S o l u b l e
react ive phosphate (SRP)  a n d  to ta l  d isso lved  phosphorus  ( T D P )  w e r e
undetectable -a t  G 2  a l t h o u g h  T D P  d i d  i n c r e a s e  t o  0 . 0 0 6  m g / L  i n
October.  A t  G 5 ,  S R P  ( t h e  b e s t  ava i lab le  measu re  o f  b io log ica l l y
available p h o s p h o r u s )  i n c r e a s e d  f r o m  0 . 0 0 3  m g / L  i n  Sep tember  t o
0.008 m g / L  i n  O c t o b e r ,  w h i l e  T D P  i n c r e a s e d  t o  0 . 0 2 5  m g / L .
A l though t h e  SRP leve ls  a t  G2 a r e  c lea r l y  i n  t h e  r a n g e  o f  po ten t ia l l y
P- l im i ted  su r face  wa te rs ,  t hose  a t  GS may  r e f l e c t  b io log ica l l y  s u r p l u s
phosphorus.  F o r  example,  SRP leve ls  o f  0 .002 t o  0 .005 m g / L  i n  t h e
lower Thompson  R i v e r  h a v e  c o n t r i b u t e d  t o  p r o b l e m  a l g a l  g r o w t h s .
Levels o f  0.005 -  0.010 m g / L  i n  a  coastal s t ream wou ld  b e  considered



Table 3.1 Ta x o n o m y  o f  Goathorn Creek Per iphy ton  Col lected on October  17, 1984, at .  Sites G2 and G5

% COMPOSITION B Y  SAMPLE VOLUME

Site G2 S i t e  G5

Replicate 1  2  3  4  1 2  2  3  4

Composition'

Hannaea arcus 2 0  1 5  2 0  2 0  2 5  1 5

Fragi lar ia spp .  2 5  2 0  2 0  1 5  2 0  2 0  2 0

Diatoma tenue 3 0  2 5  2 5  2 5  2 5  2 5  2 5

Diatoma hiemale T r a c e  —  T r a c e  T r a c e

Synedra spp .  1 5  2 5  2 0  2 5  2 0  1 5  2 5

Achnanthes s p p .  1 0  1 0  5  1 0  1 0  5

Gomphonema spp .  2 0  1 5  1 5  5  5  1 0

1

2

The en t i re  community a t  each s i te  was comprised o f  diatoms (Class Baci l lar iophyceae).

Since repl icate 1 was damaged d u r i n g  t he  s t u d y,  n o  community taxonomy was possible tha t  t h i s  s i te .



1 — 1

September/84 G5 105 3.00 79 44.6 <0.01 <0.010 0.003 0.003 <6.7

G2 119 3.05 85 49.1 <0.01 0.011 <0.001 <0.001 U4

0ctober/84 G5 110 3.50 87 53.0 <0.01 0.011 0.008 0.025 <2.6

G2 113 3.42 94 54.3 <0.01 0.022 <0.001 0.006 <5.3

--I I_ ' '  .1 I f  i  1  i.......1 1
7771

3
1

51

Table 3.2 C h e m i c a l  Character is t ics  o f  Goathorn Creek d u r i n g  Per iphyton Studies a t  Si tes G2 and G51

Date Sample C o n d u c t i v i t y  B i c a r b o n a t e
Site ( u m h o s / c m )  S i 0 2  T D S  A l k a l i n i t y  N O 3 -  N N H 3 -  N S R P  T D P  N : P 3

1

2

3

14

All u n i t s  i n  m g / L unless otherwise speci f ied.

Water q u a l i t y  da ta  i s  f r om  CNRL sample s ta t ions TH-04  and  TH-10 .  T h e s e  stat ions cor respond to  s i tes G2 and
G5 respec t i ve ly.

Ratio based on  N  a n d  NO3 +  NH3 a n d  P a s  SRP.  S i n c e  SRP was undetectable a t  G2 i n  October  TDP data  was
subst i tu ted.

Undefined: i . e . ,  da ta  inadequate to  determine ra t io .

C7)
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an enr i chment  l eve l  based  o n  s t r eam fe r t i l i za t i on  s t u d i e s  ( P e r r i n  e t
al. 1984) .

Ni t rate,  u s u a l l y  t h e  dominan t  d i sso l ved  i n o r g a n i c  n i t r o g e n  f o r m  i n
tu rbu len t  st reams, was  below detect ion leve ls  a t  bo th  s i t e s .  A m m o n i a
concentrat ions w e r e  d e t e c t a b l e .  T h e s e  i n o r g a n i c  f o r m s  w e r e
combined ( NO3 +  NH3 -  N )  f o r  N : P  est imates a n d  show va lues  less
than 6 .7  i n  a l l  cases.  S u c h  low va lues  f o r  s u p p l y  N : P  a re  known t o
resul t  i n  po ten t ia l l y  N - l imi ted a lgal  g r o w t h  cond i t ions  (Goldman e t  a l .
1979). S i O 2  concen t ra t ions  measured a t  each  s i t e  s h o u l d  n o t  l i m i t
growth ra tes o f  diatoms (K i lham 1975).

3.1.3 P e r i p h y t o n  Nitrogen and Phosphorus Composition

An optimum N : P  has been defined as  t h e  rat io a t  which one nutr ient
limitation switches to  the other and has experimentally been shown to
be 17 f o r  several algal species (Rhee and Gotham 1980) .  I n  Goathorn
Creek, repl icate  N : P  values w e r e  substantially less  than  1 7  ( Ta b l e
3.3) suggesting extreme nitrogen deficiency a t  both sites.

Bothwell (1985)  h a s  f i t t e d  N : P  r a t i o  data  collected from t h e  f ield t o
curves determined b y  Goldman e t  a l .  ( 1 9 7 9 )  t h a t  descr ibe  t h e
relation o f  cellular constituent N : P  t o  relat ive specific growth ra tes .
Growth r a t e  (1.1) expressed as  a  proportion o f  maximum growth r a t e
attained u n d e r  n u t r i e n t  s u f f i c i e n t  c o n d i t i o n s  ( u  max) r e d u c e s
the inf luence o f  physical  var ia t ion  ( i . e . ,  l i g h t  a n d  temperature)
when comparisons a r e  made between measurement s i tes  o r  d a t e s .
Thus, b y  comparing N : P  data  t o  the  Goldman e t  a l .  (1979)  curves ,
spec i f ic  g r o w t h  r a t e s  a s  a  p r o p o r t i o n  o f  u  max  c a n  b e
determined. Va l u e s  near  1 suggest the algal community is growing at
a rate near the maximum set by temperature and l ight  conditions.

8

.16

In Goathorn  C r e e k  1J :  11 max v a l u e s  r a n g e d  f r o m  a b o u t  0 . 4 0  t o
0.75 a n d  between s i t e  differences were  n o t  apparent  (F igure  3 . 1 ) .
The pooled mean us ing  a l l  N : P  d a t a  was about  0 . 6 0 .  T h i s  analysis
suggests t h a t  periphyton growth was 40% less t h a n  the  maximum set
by temperature a n d  l i g h t .  S i n c e  t h e  Goldman e t  a l .  (1979)  da ta  i n
Figure 3 . 1  w a s  determined f rom N -limited cu l tu res ,  t h i s  conclusion
also implies t h a t  periphyton growth i n  Goathorn Creek was controlled
by the  availability of  nitrogen.



Table 3.3 Ni t rogen and Phosphorus Composition o f  Per iphyton a t  Goathorn Creek Si tes G2 and G5 Collected on
October 17, 1984

Site
Organic
Nitrogen

(mg Nim2)

Organic
Phosphorus
(mg P/m2)

N:P
(w t /w t )

N:P
Atomic

G2 1,319 395 3.34 7.39

G2 936 220 4.25 9.42

G5 891 179 4.98 11.02

G5 658 236 2.79 6.17
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3.1.4 P e r i p h y t o n  Accumulation

The per iphyton accumulation ra tes  ( k )  measured i n  t h i s  s t u d y  a r e
the n e t  e f fect  o f  passive settlement, g rowth ,  sloughing,  a n d  insect
graz ing.  A f f i n i t y  v a l u e s  i n  Ta b l e  3 . 4  s u g g e s t  t h a t  p a s s i v e
settlement contributed 14 and 52% of maximum biomass a t  sites G2 and
G5 respect ively.  T h e s e  estimates assume t h a t  t h e  f i r s t  7  d a y s  o f
incubation were  primarily a  colonization phase. T h e  results indicate
that passive settlement contributed significantly t o  accumulation a n d
that t h e  af f ini ty  a t  G5 was more than four  times greater  than that  a t
G2. A l t h o u g h  h igher  SRP values a t  G 5  may have  contributed t o  a
s l ight ly  g r e a t e r  p r i m a r y  p r o d u c t i o n  a n d  t h e r e f o r e  a  h i g h e r
concentration o f  cel ls  i n  suspension, Ta b l e s  3 . 2  a n d  3 . 3  suggest
nitrogen i s  pr imari ly  l imit ing.  S i n c e  t h e  taxonomy was v e r y  similar
between t h e  sites t h e  community a t  G5 was not  morphologically more
suited t o  a d h e r e  t o  t h e  substratum t h a n  a t  G 2 .  S i t e  physical
characteristics such as water velocity could not be  controlled and the
affinity di f ferences m a y  re f lec t  small  differences i n  s i t e  conditions
changing t h e  ab i l i t y  o f  t h e  styrofoam sur face  t o  capture  d r i f t i n g
particles.

Although passive settlement was  lower  a t  G 2 ,  specif ic  accumulation
rates ( k )  w e r e  t h r e e  times g rea te r  a t  G 2  t h a n  a t  G 5  ( Ta b l e  3 . 4 ) .
Again, comparisons be tween  t h e s e  s i t e s  s h o u l d  b e  v i e w e d  w i t h
caution. D i f f e r e n t  rates  o f  sloughing (detachment o f  algal biomass)
may h a v e  occurred ,  par t icu la r ly  d u r i n g  r i s i n g  streamflows i n  t h e
second week o f  incubation. S i m i l a r l y,  insect  graz ing  o n  t h e  plates
may have  been d i f ferent  a t  t h e  two sites, al though few insects were
observed. F o r  t h e s e  reasons,  d i f ferences i n  biomass cannot  h e
attributed t o  a  single factor regulating periphyton accumulation, a n d
site var iabi l i ty  as  well  as  nitrogen deficiency a r e  probably important
factors regulating periphyton biomass in Goathorn Creek.

4
0
8

1
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The accumulation ra tes  measured i n  Goathorn Creek  a r e  some o f  t h e
lowest v a l u e s  r e p o r t e d  f o r  n u t r i e n t -deficient s t r e a m s  i n  B r i t i s h
Columbia. E s t i m a t e s  o f  k  determined i n  t h e  Thompson R i v e r  ( n o r t h
and south  reaches)  a n d  t h e  Keogh R i v e r ,  Vancouver  I s land ,  b o t h
phosphorus deficient systems, range  from 0 .03  t o  0.21 c r 1 .  B iomass
levels i n  Goathorn C r e e k  a r e  approximately 5  m g  chla/m2 g r e a t e r
than levels measured i n  t h e  r i f f les o f  t h e  Keogh R i v e r  f o r  a  30-day
September i n c u b a t i o n .  U n f o r t u n a t e l y  f u r t h e r  comparisons a r e
difficult s ince  d i f f e ren t  sampling techniques a n d  s i t e  conditions i n
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DATA F R O M  G O L D M A N  ET AL (1979) TO DESCRIBE T H E  RELATION BETWEEN
MACRONUTRIENT RATIOS AND RELATIVE SPECIFIC GROWTH R AT E  F O R  T H E
DIATOM, THALASSIOSIRA PSEUDONANA GROWN UNDER NITROGEN LIMITATION
AT 19°C. L I N E S  A R E  DRAWN B Y EYE. HATCHED AREA INDICATES T H E  RANGE
OF NUTRIENT RATIOS OBSERVED F O R  PERIPHYTON COMMUNITIES I N  G O AT-
HORN CREEK. HORIZONTAL STIPLED LINE AT  N:P =17 INDICATES T H E
CELLULAR CONSTITUENT RATIO A T  WHICH NITROGEN LIMITATION CHANGES
TO PHOSPHORUS LIMITATION.

FIGURE 3.1 -  CELLULAR CONSTITUENT N : P  RATIOS
VERSUS RELATIVE SPECIFIC GROWTH RATE
FOR N-LIMITED THALASSIOSIRA PSEUDONANA

X V I I  I t • • • • • • • •  1.0mItede
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Goathorn Creek Tenas Creek Telkwa River Mean
(G2,G3,G4,G5) (T1,T2) (SC1, SC2)

4
0 1983 1,542 2,586 1,705 1,944
8 1984 1,102 1,406 1,340 1,283

other r i v e r s  con found  interpretat ions o f  biomass di f ferences o r
nutrient-limited accrual. F o r  example, styrofoam has only been used
consistently a s  a n  art i f icial  substratum i n  t h e  Thompson a n d  Keogh
Rivers. A l t h o u g h  t h e  Keogh R i v e r  measurements a r e  comparable,
the Thompson R iver  studies were conducted in  f low-through troughs
that maintained lower cur ren t  velocities a n d  h igher  l ight  conditions
than a t  the  Goathorn s i te ,  leading to  higher  estimates than would b e
expected on in situ substrata as used in the Goathorn Creek s tudy.

3.2 B E N T H I C  INVERTEBRATE STUDIES

The results out l in ing t h e  numbers o f  benthic invertebrates sampled
at 1 1  s i t e s  d u r i n g  1984  a r e  presented i n  Ta b l e  3 . 5 .  A d d i t i o n a l
detailed information f o r  each s i t e  i s  presented i n  Appendix 4 .  A s
well, some o f  t h e  1983 results a r e  included i n  th is  section t o  enable
easier c o m p a r i s o n s  b e t w e e n  y e a r s  w h i l e  m o r e  d e t a i l e d  1 9 8 3
information is provided in Bustard (1984a).

The number o f  benthic invertebrates p e r  m2 ranged  from jus t  o v e r
300 a t  several sites in  the  mid-section of  Goathorn Creek and in SC1,
a s ide channel s i te  on  t h e  Telkwa R i v e r,  t o  over  11,000 i n  a  sample
in lower  Goathorn C r e e k  ( Ta b l e  3 . 5 ) .  T h e ' g r e a t e s t  abundance o f
benthic invertebrates occurred a t  s i te  G1 w i t h  a n  average o f  near ly
7,000 organisms p e r  m2 f rom t h e  s ix  samples a t  th is  s i t e .  S a m p l e
sites i n  u p p e r  Goathorn and .  Tenas creeks  tended  t o  h a v e  h igher
benthic invertebrate numbers than downstream sites (excluding G 1 ) ,
and s i t e  S C 2  o f  t h e  Te lkwa  R i v e r  h a d  h igher  numbers o f  benthic
invertebrate than site SC1.

Overall numbers o f  benthic invertebrates sampled in  1984 were  lower
than obtained from t h e  same sites in 1983 as shown in Figure 3 .2  and
in Table  3 .6 .  S i t e  G I  on Goathorn Creek has been excluded from the
summary table for  reasons that  will be discussed.

Table 3.6 Summary  of Mean Number of Invertebrates/m2

28
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Table 3.4 Periphyton Accumulation Rates and Settlement affinity Values at  Goathorn. Creek Sites G2 and G51

Site Settlement Affinity2
(mg chla m-2)

Specific Net
Accumulation
Rate ( k )  +  SE

(d-1)
Biomass

(mg chla/m2) +  SE

G2

G5

2.97

12.97

0.06 + 0.010

0.02 + 0.004

20.7 + 1.61

24.9 + 4.28

2

3

Values are based on semi- In  transformed linear regression models. S e e  Appendix 3  for raw data.

Affinity data are In values transformed back to  original units.
N.)
IN)



Table 3 .5  Benthic Invertebrates per  m2 and Number of Taxa per  Sample Collected at Eleven Sample sites in
Goathorn and Tenas Creeks and the Telkwa River in September 1984

Replicate) G1 G2
Goathorn Creek

G3 G 3 A 2  G 4 G5 G5A2
Tenas Creek
T1 T 2

Telkwa River
SC1 S C 2

1 7,165 458 656 375 740 1,896 271 2,615 2,260 625 2,250
2 9,063 792 1,688 552 1,083 1,344 1,448 990 729 614 1,969
3 11,052 802 2,886 760 1,354 1,021 1,135 427 802 333 1,854
4 5,584 1,073 542 625 1,313 1,542 1,656 729 1,781 479 2,115
5 1,438 771 427 323 1,354 1,792 1,594 1,188 3,177 448 2,708
6 7,240 438 313 427 552 1,635 1,750 813 1,354 573 2,115

Mean 6,922 722 1,085 510 1,066 1,538 1,309 1,127 1,684 512 2,169

SD3 1,337 98 413 68 141 130 225 315 382 46 121

TOTAL TA X A

1 11 11 14 9 18 20 10 19 14 11 18
4 12 17 16 19 22 18 19 18 14 11 19
3 13 13 19 17 17 14 15 14 16 12 17
4 11 20 14 16 20 19 15 17 16 15 19
5 11 15 13 12 15 20 16 21 16 12 16
6 14 14 9 15 16 21 15 15 17 16 19

Mean 12.0 15.0 14.2 14.7 18.0 18.7 15.0 17.3 15.5 12.8 18.0

SD 0.5 1.3 1.4 1.5 1.1 1.0 1.2 1.1 0.5 0.9 0.5

TOTAL NUMBER

1 T h e  numbers collected fo r  each sample (Appendix 4 )  have  been corrected by  a  factor (10.417) t o  allow them to
be expressed on a  m2 basis.

;4 2  T h e s e  sites were not sampled in 1983.
3 S D  refers to the standard deviation of the mean.
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July August
3.47 1.89
3.46 1.26
3.15 1.73

The l o w e r  n u m b e r s  i n  1984 m a y  r e f l e c t  t h i s  y e a r ' s  c o o l  a n d  r a i n y
summer. A  comb ina t ion  o f  coo le r  w a t e r  t e m p e r a t u r e s  a n d  h i g h e r
streamflows t h a n  d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  1983 summer may have
resul ted i n  a  s l o w e r  d e v e l o p m e n t  r a t e  o f  b e n t h i c  i n v e r t e b r a t e
popula t ions.  T h e  1 9 8 4  s a m p l e s  c o n t a i n e d  m o r e  i n v e r t e b r a t e s
approaching t h e  ha t ch ing  s tage,  w h i l e  i n  1983, m a n y  o f  these insects
had h a t c h e d  a n d  t h e  ea r l y  i n s t a r  s tages o f  t h e  n e x t  genera t ion  w e r e
already p r e s e n t .  T h i s  r e s u l t e d  i n  h i g h e r  n u m b e r s  o f  s m a l l e r
ind iv idua ls  i n  t h e  1983  samp le  a n d  c o u l d  a c c o u n t  f o r  t h e  l o w e r
numbers p r e s e n t  i n  t h i s  year 's  samples.  A s  shown i n  Ta b l e  3 . 7 ,  t h e
1984 Goa tho rn  C r e e k  s t reamf lows a r e  mo re  t y p i c a l  o f  t h e  l o n g - t e r m
mean t h a n  t h e  1983 f l ows .

Table 3 .7  M e a n  Month ly  Flows (m3/sec)  Goathorn  Creek

1

'1 4
0
8

: 1

1960-841
1983
19841

September O c t o b e r
1.28 1 . 5 3
0.88 0 . 5 9
0.91 1 . 5 7

Source: E n v i r o n m e n t  Canada (1983)
1Prel iminary Data

A l though s i t e  G1 h a d  b y  f a r  t h e  g rea tes t  i n v e r t e b r a t e  numbe rs ,  t h i s
was a l m o s t  e n t i r e l y  t h e  r e s u l t  o f  t h e  p resence  o f  l a r g e  numbe rs  o f
chironomid l a r v a e  ( n e a r l y  6 ,600 /m2 compa red  t o  700 /m2  i n  1 9 8 3 ) .
Mayfl ies w e r e  v i r t u a l l y  a b s e n t  f r o m  t h i s  s i t e  i n  1984 ,  a n d  a l t h o u g h
some s t o n e f l i e s  w e r e  p r e s e n t ,  t h e y  w e r e  m a i n l y  f r o m  t h e  g e n u s
Capnia w h i c h  p r e y  u p o n  ch i ronomid l a r v a e .  I t  i s  p robab le  t h a t  t h i s
s h i f t  i n  n u m b e r s  a n d  composit ion re f lec ts  a  l a r g e  beave r  dam located
150 m  u p s t r e a m  t h a t  d i v e r t s  w a t e r  i n t o  o t h e r  channe ls  ( p a r t i c u l a r l y
d u r i n g  h i g h  f l o w s ) .  A s  a  r e s u l t ,  sediments h a v e  accumulated i n  t h e
subs t ra te  a t  G1 l e a d i n g  t o  cond i t ions  m o r e  s u i t e d  f o r  ch i ronomids .
Hynes (1972 )  - r epo r t s  a  s im i l a r  s h i f t  i n  t h e  commun i ty  s t r u c t u r e  o f
inver tebra tes  due  to  beaver  ac t i v i t y  i n  an On ta r io  s t ream.

Sites G 3 A a n d  G 5 A w e r e  added  t o  t h e  samp l ing  p r o g r a m  i n  1984 t o
in tens i f y  t h e  sampl ing  i n  t h e  a rea  downst ream o f  t h e  e x i s t i n g  m ine
site o n  G o a t h o r n  C r e e k  w h e r e  n u m b e r s  w e r e  l o w  i n  1 9 8 3 ,  a n d
u p s t r e a m  o f  t h i s  s i t e  w h e r e  n u m b e r s  w e r e  h i g h .  B e n t h i c
inve r teb ra te  n u m b e r s  w e r e  l o w  a t  t h e  n e w  s i t e  G 3 A b u t  r e l a t i v e l y
h igher  a t  G3 i n  1984 compared t o  1983 ( F i g u r e  3 : 2 ) .  S a m p l e s  w i t h i n

29
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1983 15.6 18.2 12.0 15.3

4 1984 15.6 16.4 15.4 15.8
0

this lat ter  site were more variable than any site other than G1 ( Ta b l e
3 . 5 ) .  T h i s  may b e  a t  least partial ly a  resul t  o f  locating two o f  the
samples in a  side channel o f  Goathorn Creek a t  this location. Resu l ts
at s i t e  G5A were  qu i te  similar t o  s i te  G5  and  r e -affirms t h e  t rends
for h i g h e r  numbers  o f  benth ic  invertebrates i n  u p p e r  Goathorn
Creek than a t  sites lower in the system (excluding G 1 ) .

Numbers o f  invertebrates a t  si te SC2 have  been a t  least twice those
at SC1 dur ing  both years  o f  sampling (F igure  3 . 2 ) .  S C 1  i s  located
in a  short flood channel o f  the  Telkwa River  tha t  is more exposed to
the d i r e c t  i n f l u e n c e  o f  f l o w  f l u c t u a t i o n s  ( i n c l u d i n g  p o s s i b l e
dewatering d u r i n g  t h e  l a t e  w i n t e r  l o w -flow p e r i o d )  a n d  h i g h e r
turbidity than S C 2 .  T h i s  la t ter  site is located a t  the  lower end o f  a
side channel  b u f f e r e d  f r o m  t h e  mainstem r i v e r  f l o w s  b y  d e b r i s
accumulations a t  i ts  u p p e r  e n d .  W a r d  e t  a l .  (1979)  found tha t  side
channels buffered from high turbidi ty  and flow extremes such as SC2
tend t o  have more productive invertebrate communities than exposed
sites such as SC1.

Taxa numbers p e r  sample ranged from a  low of  9 a t  intermediate sites
in Goathorn Creek t o  a  high o f  22 in a  sample taken just  upstream of
the existing mine site in  Goathorn Creek (Tab le  3 . 5 ) .  T h e  means for
the sample s i t es  r a n g e d  f r o m  1 2  t o  1 9  a t  a l l  s i t e s .  S i t e  G I  o n
Goathorn C r e e k  a n d  S C 1  o f  t h e  Te l k w a  R i v e r  h a d  t h e  l o w e s t
diversity o f  taxa while sites i n  upper  Goathorn Creek and  i n  SC2 o f
the Telkwa River had the  highest diversi ty.

The mean number  o f  t axa  p e r  sample was general ly similar i n  1984
compared t o  1983 although taxa  numbers were slightly lower in  Tenas
Creek a n d  h i g h e r  i n  t h e  Te l k w a  R i v e r  s ide  channels a s  shown i n
Table 3 . 8 .

Table 3.8 Summary o f  Mean Number of Invertebrate Taxa/Sample

Goathorn Creek T e n a s  Creek T e l k w a  River  M e a n

Taxa numbers a t  s i te  G1 decreased from approximately 18 t o  12 a n d
taxa numbers a t  SC2 increased from 12 t o  18 .  S C 2  was the  only site
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that demons t ra ted  a  marked  increase i n  numbers  (34% increase)  a n d
species d i v e r s i t y  f rom 1983 to  1984.

Table 3 . 9  summar izes  t h e  composi t ion o f  t h e  b e n t h i c  i n v e r t e b r a t e
communities a t  t h e  11  samp le  s i t e s .  M o s t  samples w e r e  compr ised
largely o f  i nd i v i dua l s  f r o m  t h e  o r d e r s  Ephemeroptera (mayf l ies)  a n d
Plecoptera ( s t o n e f l i e s ) .  T h e s e  two  o r d e r s  compr ised 80% o r  more o f
the b e n t h i c  f a u n a  a t  t h e  Goathorn  C r e e k  s i t e s  ups t ream o f  G I  a n d
the u p p e r  Te n a s  C r e e k  s i t e .  I n  a d d i t i o n  t o  t h e  h i g h  n u m b e r s  o f
Diptera f o u n d  a t  s i t e  G1 o n  l ower  Goathorn  C r e e k ,  s i t e  T1  o n  l ower
Tenas C r e e k  a n d  s i t e  S C 1  o n  t h e  l o w e r  Te l k w a  R i v e r  h a d  h i g h
propor t ions o f  D i p t e r a  (45% a n d  28% r e s p e c t i v e l y ) .  A t  most  o f  t h e
o t h e r  s i t e s  D i p t e r a  c o m p r i s e d  l e s s  t h a n  10% o f  t h e  s a m p l e s .
Simi lar ly,  T r i c h o p t e r a  ( c a d d i s - f l ies )  w e r e  gene ra l l y  less  t h a n  10% o f
the s a m p l e s ,  w h i l e  o t h e r  i n v e r t e b r a t e s  ( H i r u d i n e a ,  O l i g o c h a e t a ,
Acar ina,  Col lembola,  Hymenoptera ,  Homoptera,  a n d  Coleoptera) w e r e
of m i n o r  impor tance  t o  t h e  o v e r a l l  b e n t h i c  commun i ty,  a n d  u s u a l l y
comprised less than  6% o f  the total  numbers col lected ( Ta b l e  3 . 9 ) .

The dominance o f  mayf l ies a n d  stonef l ies i n  most  samples was  s imi la r
to t h a t  f o u n d  i n  1983 w i t h  severa l  except ions ( F i g u r e  3 . 2 ) .  S i t e  G2
had a  h i g h e r  p r o p o r t i o n  o f  s tone f l i es  a n d  m a y f l i e s ,  r e f l e c t i n g  a
decline i n  t h e  number  o f  chironomid l a rvae  f rom 1983. S i t e  T1 h a d  a
decline i n  s tone f l i es ,  l a r g e l y  a  r e s u l t  o f  f e w e r  o rgan isms f r o m  t h e
genera A r c y n o p t e r y x  a n d  Nemoura  ( A p p e n d i x  4 ) .  C a d d i s - f l i es  o f
the g e n u s  Ser icostoma,  p r e s e n t  a t  f o u r  s i t es  i n  l o w e r  Goathorn  a n d
Tenas c reeks  i n  1983, w e r e  completely absent  f r o m  a l l  sample sites- in
1984.

The co l l ec t i on  o f  a d u l t  specimens i n  d r i f t  samples r e s u l t e d  i n  t h e
ident i f icat ion o f  t w o  g e n e r a  o f  s t o n e f i i e s  w h i c h  h a d  b e e n  m i s -
ident i f ied i n  t h e  1983 ben thos  samples ( B u s t a r d  1984a).  K a t h r o p e r l a
from 1983 h a s  b e e n  i d e n t i f i e d  a s  Capn ia  a n d  Ch io rope r l a  h a s  b e e n
ident i f ied as  Hastoper la i n  the  1984 samples.

4
0
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The n u m b e r  o f  i nve r teb ra tes /m2  d e r i v e d  i n  t h i s  s t u d y  ( Ta b l e  3 . 5 )
a r e  s i m i l a r  t o  e s t i m a t e s  t y p i c a l l y  r a n g i n g  f r o m  7 0 0  -
1500 i n v e r t e b r a t e s / m 2  made  i n  F o x y  a n d  B u c k  c r e e k s ,  t w o  n e a r b y
t r ibu ta r ies  o f  t h e  B u l k l e y  R i v e r  ( B u s t a r d  1984b; Ha l lam a n d  Kussa t
1974). H o w e v e r ,  t h e y  a r e  cons iderab ly  lower  t h a n  those  obta ined i n
a s t u d y  o f  25  coasta l  s t reams (Wasserman e t  a l .  1984)  w h e r e  va lues
r a n g e d  f r o m  a  l o w  o f  5 , 0 0 0  i n v e r t e b r a t e s / m 2  t o  o v e r
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Creeks and Telkwa River,  September 1984

Sitel N
% Composition (Number)

Ephemeroptera Plecoptera Trichoptera Diptera Other

Goathorn Creek

G1 3,987 , 0.4 ( 15) 2.4 ( 94) 0.2 ( 8 ) 96.8 (3,861) 0.2 ( 9 )
G2 416 46.9 (195) 32.7 (136) 8.4 (35) 6.2 (26) 5.8 (24)
G3 625 30.7 (192) 55.1 (344) 4.8 (30) 5.1 (32) 4.3 (27)
G3A 294 52.0 (153) 27.2 ( 80) 10.9 (32) 5.8 (17) 4.1 (12)
G4 614 44.5 (273) 40.7 (250) 6.0 (37) 5.4 (33) 3.4 (21)
G5 886 50.2 (445) 34.7 (307) 3.4 (30) 5.5 (49) 6.2 (55)
G5A 754 36.7 (277) 46.7 (352) 5.6 (42) 7.3 (55) 3.7 (28)

Tenas Creek

T1 649 28.4 (184) 16.9 (110) 6.5 (42) 45.1 (923) 3.1 (20) CO

T2 970 53.8 (522) 32.9 (319) 8.5 (82) 3.1 (30) 1.7 (17)

Telkwa River

SC1 295 31.2 ( 92) 33.2 ( 98) 2.0 ( 6 ) 27.8 (82) 5.8 (17)
SC2 1,249 27.2 (340) 45.3 (565) 9.5 (119) 17.5 (219) 0.5 ( 6)

Table 3.9  Summary of  Composition of  Benthic Invertebrate Communities at  Eleven Sample Sites in Goathorn and Tenas

1

5

Refer to Figure 2.1 fo r  specific site locations.
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30,000 i n v e r t e b r a t e s / m 2  i n  t h e  m o r e  p r o d u c t i v e  s t r e a m s .
Inver tebra te  n u m b e r s  w e r e  a l s o  l o w e r  t h a n  t h e  1 5 0 0  t o  o v e r
4000 i n v e r t e b r a t e s / m 2  s a m p l e d  d u r i n g  Sep tember  i n  t h e  F l a t h e a d
River,  a n d  t r i b u t a r i e s  i n  s o u t h e a s t  B . C .  u s i n g  s i m i l a r  m e t h o d s
(Sheehan e t  a l .  1980).

3.3 D R I F T  STUDIES

The r e s u l t s  o f  t h e  i n v e r t e b r a t e  d r i f t  sampl ing i n  Goathorn Creek  a r e
summarized i n  Ta b l e  3 .10.  A  more detai led breakdown o f  the  samples
is presented i n  Append ix  5 .

D r i f t  a t  s i t e  G5 w a s  approx imate ly  3  t imes as  abundant  as  a t  s i t e  G2
(Table  3 . 1 0 ) .  T h e  samp les  a t  G 5  w e r e  t a k e n  o n e  d a y  e a r l i e r
(September 20)  t h a n  a t  s i t e  G2. A  s ign i f i can t  h a t c h  o f  adu l t  mayf l ies
and s tone f l i es  w a s  i n  p r o g r e s s .  T h e s e  emerg ing  a d u l t s  h a v e  been
omitted f r o m  t h e  d a t a  p r e s e n t e d  i n  Ta b l e  3 . 1 0  t o  a l low f o r  a  l e s s
biased compar ison .  T h e  g r e a t e r  abundance o f  a q u a t i c  d r i f t  a t  G 5
compared t o  G2 i s  i n  agreement  w i t h  t h e  h i g h e r  ben th i c  i nve r t eb ra te
numbers f ound  at  t h i s  u p p e r  s i te  (Tab le  3 . 5 ) .

The d r i f t  a t  t h e  t w o  s i t e s  w a s  compr ised  o f  83% a q u a t i c  a n d  17%
ter res t r ia l  i n ve r t eb ra tes  ( Ta b l e  3 . 1 0 ) .  T h e  d a y  d r i f t ,  wh i ch  i s  more
available t o  f e e d i n g  f i s h ,  w a s  compr ised o f  a  h i g h e r  p r o p o r t i o n  o f
te r res t r ia l  i n v e r t e b r a t e s  (27%) t h a n  t h e  n i g h t  d r i f t  (10%).  T h e s e
samples w e r e  c o n d u c t e d  d u r i n g  a  p e r i o d  w h e n  l a r g e  n u m b e r s  o f
leaves f r o m  s t reamside vege ta t ion  w e r e  f a l l i n g  i n t o  t h e  s t ream,  a n d
this m a y  h a v e  increased t h e  t e r r e s t r i a l  i n p u t  above  leve ls  o c c u r r i n g
du r ing  o the r  t ime per iods .

A t o t a l  o f  29 t a x a  o f  aqua t i c  inver tebra tes  were  p resen t  i n  t h e  d r i f t
(Appendix  5 ) .  T h e  d o m i n a n t  o r d e r  w a s  Ephemerop te ra  ( 3 1 % ) ,
followed b y  D i p t e r a  (22%),  P lecoptera  (16%) a n d  Tr i c h o p t e r a  (11%) .
The t e r r e s t r i a l  d r i f t  w a s  compr i sed  o f  1 8  t a x a ,  m a i n l y  f r o m  t h e
orders D ip tera  (45%) a n d  Hymenoptera (31%).

Approx imate ly  1 0  t i m e s  a s  m a n y  a d u l t  mayf l ies  a n d  s tone f l ies  w e r e
captured a t  G5  compared t o  G2,  o n e  d a y  l a t e r.  M o s t  (76%) o f  these
adults w e r e  cap tu red  i n  t h e  dayt ime d r i f t ,  s o  many o f  these emerging
insects w e r e  ava i lab le  t o  feed ing  f i s h .  M o s t  o f  t h e  emerg ing insec ts
were m a y f l i e s ,  p r e d o m i n a n t l y  B a e t i s ,  Ephemere l la ,  R i t h r o g e n a  a n d
Iron a n d  t h e  s t o n e f l y  Hastaper la  (Append ix  5 ) .  A l l  o f  these insects
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Table 3.10 S u m m a r y  of Composition of Invertebrate Dr i f t  Samples Collected in Goathorn Creek,  September 19841

Number of Organisms
TotalG22 G 5 2

Ephemeroptera Day 12 88 100 31.0
Night 19 145 164

Plecoptera Day 2 45 47 16.0
Night 23 66 89

T richoptera Day 8 21 29 10.6
Night 6 55 61

Diptera Day 30 58 88 22.0
(Aquatic) Night 46 53 99

Other Aquatic Day 2 2 3.1
invertebrates Night 15 24

Total Aquatic Day 54 212 266 82.7
I nVertebrates Night 109 328 437

Terrestrial Day 22 78 100 17.3
Invertebrates Night 10 37 47

Total 195 655 850 100.0

Adult Ephemeroptera and Plecoptera have been excluded from the  sample since a  hatch occurting at G5 dur ing
the sample period strongly influenced the dr i f t  results. S e e  Appendix 5 for  a detailed breakdown of  results.

2 R e p r e s e n t s  combined results. from dr i f t  samplers located on each side of the stream.
;6
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were common i n  t h e  b e n t h o s  e x c e p t  Ephemere l la  s p i n i f e r a  w h i c h
occurred i n f r e q u e n t l y  i n  t h e  ben thos  samples t a k e n  a t  G 2  a n d  G 5 .
Mayf ly a n d  s t o n e f l y  n y m p h  a n d  c a d d i s - f l y  l a r v a  d r i f t  w a s  m o r e
common a t  n i g h t .

3.4 F I S H  STOMACH CONTENT STUDIES

3.4.1 S t e e l h e a d  T r o u t

Stomachs f r om  a  sample o f  25 steelhead t r o u t  p a r r  were  t aken  a t  s i t e
G2 on  Goathorn  C r e e k .  T h e  p a r r  ranged i n  s ize  f rom 67-125 mm f o r k
length (mean  f o r k  l e n g t h  o f  93 mm) w i t h  a n  average w e i g h t  o f  12 g
(Appendix  6 . 1 ) .  A l l  s tomachs conta ined a t  least  one organism,  w i t h
an a v e r a g e  o f  4 . 5  o r g a n i s m s  p e r  s tomach .  A  s u m m a r y  o f  t h e
composition o f  t h e  steelhead p a r r  stomachs is  p resented  i n  Ta b l e  3 .11
while the  detai led resu l t s  f o r  each f i sh  a r e  i n  Append ix  6 .2 .

Approximately  79% o f  t h e  organisms were  aquat ic  a n d  21% t e r r e s t r i a l
inver tebrates ( Ta b l e  3 . 11 ) .  T h i s  compares t o  t h e  day t ime  d r i f t  a t
t h i s  s i t e  w h i c h  w a s  c o m p r i s e d  o f  29% t e r r e s t r i a l  o r g a n i s m s .
Ephemeroptera a n d  Tr i c h o p t e r a  w e r e  t h e  most  common insec ts  i n  t h e
steelhead t r o u t  p a r r  stomachs.

Caddis- f l y  l a r v a e  o f  t h e  g e n u s  Glossosoma w e r e  p resen t  i n  10 o f  t h e
25 stomachs examined.  T h i s  l a r v a  was no t  common i n  e i t h e r  t h e  d r i f t
or t h e  ben thos  samples t a k e n  a t  t h i s  s i t e ,  sugges t i ng  t h a t  s teelhead
t r o u t  p a r r  w e r e  s p e c i f i c a l l y  s e l e c t i n g  i t  o v e r  o t h e r  o r g a n i s m s .
Mayfl ies w e r e  a l s o  p r e s e n t  i n  1 0  o f  t h e  2 5  s tomachs  e x a m i n e d .
I m p o r t a n t  g e n e r a  o f  m a y f l i e s  i n c l u d e d  B a e t i s ,  E p h e m e r e l l a ,
Ri throgena a n d  I r o n  i n  b o t h  t h e  n y m p h  a n d  a d u l t  s t ages .  A d u l t s
from t h e  f a m i l y  C o r i x i d a e  ( H e t e r o p t e r a ) ,  common i n  t h e  s tee lhead
t r o u t  p a r r  s tomachs,  w e r e  p r e s e n t  i n  t h e  d r i f t  samples co l lec ted a t
n igh t  ( A p p e n d i x  6 .2 )

0
8

Diptera c o m p r i s e d  a p p r o x i m a t e l y  5 %  o f  t h e  n u m b e r  o f  o r g a n i s m s
present  i n  t h e  s t e e l h e a d  t r o u t  p a r r  s tomachs  d e s p i t e  c o m p r i s i n g
near ly  40% o f  t h e  day t ime  d r i f t  a t  s i t e  G2 .  C h i r o n o m i d  l a r v a e  m a y
prov ide  an  adequate meal f o r  f r y  b u t  a re  genera l ly  t oo  small t o  se rve
as a  su i tab le  food i tem f o r  steelhead t r o u t  p a r r .

33



rr!

% Composition (Number).
Steelhead Trout  (G2) Dolly Varden Char (G5)

Ephemeroptera1 36.6 (41) 65.1 (136)

Plecoptera 6.2 ( 7 ) 12.0 ( 25)

T richoptera 21.4 (24) 4.3 ( 9 )

D iptera 5.4 ( 6 ) 3.8 ( 8 )

H eteroptera 8.1 ( 0 ) 0.0 ( 0 )

Others 0.9 ( 1 ) 0.0 ( 0 )

Total Aquatic Invertebrates 78.6 (88) 85.2 (178)
1 mmature 63.6 (56) ' 41.0 ( 73)
Adults 36.4 (32) 59.0 (105)

Terrestrial Invertebrates 21.4 (24) 14.8 ( 31)

Total Number of Invertebrates 112 209
4
0 Number of  Fish Examined 25 25
8
2
3 1 S e e  Appendix 6 .2  for  more detailed information.

1

67

Table 3.11 P e r c e n t a g e  Composition, Based on Number of Specimens in the  Guts, o f  Food of Steethead Trout  Parr
and Dolly Varden Char in Goathorn Creek,  September 1984
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3.4.2 D o l l y  Varden  Cha r

Stomachs f rom a  sample o f  25 Do l l y  Va rden  c h a r  were  taken a t  s i te  G5
on Goa tho rn  C r e e k .  T h e  D o l l y  Va r d e n  c h a r  w e r e  l a r g e r  t h a n  t h e
steelhead t r o u t  sampled,  r a n g i n g  i n  l e n g t h  f r o m  67  -  180 mm (mean
fo rk  l e n g t h  o f  11 6  mm)  w i t h  a n  a v e r a g e  w e i g h t  o f  approx imate ly
24 g rams ( A p p e n d i x  6 . 1 ) .  A l l  o f  the  stomachs contained a t  least  one
food i t e m ,  w i t h  a n  a v e r a g e  o f  8 . 4  o r g a n i s m s  p e r  s t o m a c h .  A
maximum n u m b e r  o f  3 7  i n v e r t e b r a t e s  w a s  f o u n d  i n  F i s h  1 0 .  A
summary o f  t h e  compos i t i on  o f  t h e  D o l l y  Va r d e n  c h a r  s t o m a c h
contents i s  p r e s e n t e d  i n  Ta b l e  3 .11  w h i l e  t h e  mo re  de ta i led  r e s u l t s
for each f i sh  a r e  i n  Append ix  6 .2 .

Approximately 85% o f  t h e  organisms w e r e  aqua t i c  a n d  15% t e r r e s t r i a l
invertebrates ( Ta b l e  3 . 11 ) .  T h e  day t ime  d r i f t  a t  s i t e  G5  w a s  27%
ter res t r ia l  ( Ta b l e  3 .10 ) ,  sugges t ing  t h a t  Do l l y  Va rden  c h a r  may have
been s e l e c t i n g  f o r  aqua t i c  organ isms.  E p h e m e r o p t e r a  w e r e  b y  f a r
the dominant  o r d e r  o f  inver tebra tes  and  comprised 65% o f  t he  number
of organisms f o u n d  i n  t h e  stomachs. P l e c o p t e r a  (12%),  Tr i c h o p t e r a
(4%) a n d  D i p t e r a  (4%) a l l  cons t i t u ted  a  much  sma l le r  percentage o f
the s tomach c o n t e n t s .  A d u l t  may f l i es ,  p a r t i c u l a r l y  o f  t h e  gene ra
Baetis and  R i th roqena  were  f ound  i n  12 o f  t he  25 stomachs examined,
indicat ing t h a t  t h e  D o l l y  Va r d e n  c h a r  we re  t a k i n g  advantage o f  t h e
hatch o c c u r r i n g  a t  t h i s  s i t e  d u r i n g  t h e  samp le  p e r i o d .  T h e s e
genera w e r e  a l s o  v e r y  common i n  t h e  day t ime  d r i f t  samples a t  t h i s
s i te  ( A p p e n d i x  5 ) .  T h r e e  g e n e r a  o f  s t o n e f l i e s ,  N e m o u r a ,
A rcynop te ryx  a n d  Hastaper la ,  common i n  t h e  d r i f t  samples, w e r e  also
present t o  a l imi ted ex tent  i n  t he  stomach contents .

Al though D i p t e r a  w e r e  common i n  t h e  d a y t i m e  d r i f t  ( 24%) ,  t h e y
comprised a  m i n o r  p o r t i o n  (4%) o f  t h e  stomach con ten ts  o f  t h e  D o l l y
Varden cha r  sampled a t  G5.

3.5 P O L L U T I O N  TOLERANCE OF AQUATIC  INVERTEBRATES
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Table 3 .12  p resen t s  a n  i n d e x  o f  t h e  to lerance o f  t h e  va r ious  aqua t i c
inver tebra te  t a x a  f o u n d  i n  t h e  b e n t h o s  a n d  d r i f t  samples i n  t h i s
s tudy.  T h e  to lerance va lues  a r e  d e r i v e d  f r om  t h e  taxon 's  to lerance
to s e d i m e n t ,  a l k a l i n i t y  a n d  s u l p h a t e  a n d  p r o v i d e s  a  measu re  o f
species t o l e rance  t o  changes  i n  w a t e r  q u a l i t y  (W inge t  a n d  Mangum
1979). V a l u e s  r a n g e  f r o m  2  t o  g r e a t e r  t h a n  100  w i t h  t h e  l a r g e r
values i n d i c a t i n g  g r e a t e r  t o l e rance .  I n  g e n e r a l ,  m e m b e r s  o f  t h e
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Table 3 .12  To l e r a n c e  Q u o t i e n t s  o f  A q u a t i c  I n v e r t e b r a t e s  P r e s e n t  i n  t h e
Study A r e a  B a s e d  U p o n  To l e r a n c e  t o  A l k a l i n i t y ,  S u l p h a t e  a n d
Sedimentation

0
3

3

68

I NSECTA Tolerance Quot ients

Ephemeroptera Bae t idae :
Siph lonur idae.
Ephemerell idae:

Plecoptera

Heptageniidae:

Leptophlebi idae:
Perlodidae:

Chloroper l idae:
Nemouridae:

Capniidae:
Tr i chop te ra  P s y c h o m y i i d a e :

Diptera

Hydropsych idae:
Leptocer idae:
Brachycent r idae :
Rhycacophi l idae:
Glossosomatidae:
Chironomidae l a r va
Chironomidae pupa
Chironomidae a d u l t
Simuliidae la rva
Simuliidae pupa
Simuliidae adu l t
Empididae l a r v a
Empididae pupa

Baetis s p .
Ameletus s p .
Ephemerella doddsi
E. sp in i fe ra
Rithrogena sp .
Iron s p .
Cinygmula sp .
Paraleptophiebia s p .
Diura s p .
Isogenus s p .
Arcynop te ryx  s p .
Hastaperla sp .
Nemoura s p .  1
Nemoura s p .  2
Capnia s p .
Tinodes s p .  l a r v a
Tinodes s p .  pupa
Parapsyche sp .
Leptocella s p .
Brachycentrus s p .
Rhyacophila s p .
Glossosoma sp .

72
48
4

24
21
21
21
24
24
48
48
24
24
24
32

108
108

6
54
24
18
24

108
108
108
108
108
108
108
108

Source: W i n g e t  and Mangum (1979)
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Deuterophlebiidae: Deuterophlebia sp . 4
Coleoptera H y d r o p h i l i d a e 72

Psephenidae 72
Dytiscidae 72

Heteroptera C o r i x i d a e 108
Collembola S m i n t h u r i d a e 108

Poduridae 108
HIRUDINEA 108
OUGOCHAETA 108
ACARINA 108
PELECYPODA Sphaeridae 108

Table 3 .12 To l e r a n c e  Quotients o f  A q u a t i c  Inver tebra tes  P r e s e n t  i n  t h e
Study A r e a  Based Upon Tolerance t o  A lka l in i t y,  Sulphate  a n d
Sedimentation (Cont'd)

I NSECTA Tolerance Quotients

Ephydridae:

B lephariceridae:
Ceratopogonidae:
Tipulidae:

Rhagionidae:

Ephydra sp.  larva
Ephydra sp.  pupa
Philorus sp .
Culicoides sp.
Tipula sp.
Antocha sp.
Atherix sp .

108
108

2
108
36
24
24

Source: W i n g e t  and Mangum (1979)

1

3

59
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orders Ephemeroptera  a n d  Plecoptera  a r e  less  t o l e r a n t  t h a n  D i p t e r a
although t h e r e  a r e  except ions.  F o r  example t h e  genera  Ph i lo rus  a n d
Deuterophlebia a r e  v e r y  i n to l e ran t  D i p t e r a  t h a t  genera l l y  d o  n o t  l i v e
in d e g r a d e d  w a t e r  cond i t i ons ,  w h i l e  t h e  m a y f l y  B a e t i s  i s  g e n e r a l l y
quite to le ran t .

Organisms o f  t h e  g e n u s  D e u t e r o p h l e b i a ,  a l o n g  w i t h  t h e  m a y f l y
Ephemerella d o d d s i ,  a n o t h e r  v e r y  i n t o l e r a n t  i n v e r t e b r a t e ,  a r e
present w i t h i n  most  o f  t h e  sample s i tes  i n  Goathorn  Creek  a n d  shou ld
serve as good  ind ica to rs  o f  w a t e r  q u a l i t y  cond i t ions  i n  t h i s  s t ream i n
fu tu re  y e a r s .  T h e  c h a n g e  i n  c o n d i t i o n s  a t  s i t e  G 1  d u r i n g  1984
( largely  d u e  t o  a n  i n c r e a s e  i n  f i n e  sed imen ts )  w a s  r e f l e c t e d  i n  a
decline i n  mayf l ies  (Ephemerel la  dodds i   were n o t  p resen t  i n  1984) a n d
the more sens i t i ve  s tonef l ies  a n d  caddis- f l i es  w i t h  a n  increase i n  t h e
ve ry  to le ran t  chi ronomid la rvae.

The B i o t i c  Cond i t i on  I n d e x  ( W i n g e t  a n d  Mangum 1979) i n c o r p o r a t e s
the s t r e a m  h a b i t a t  ( g r a d i e n t  a n d  s u b s t r a t e  c o m p o s i t i o n ) ,  w a t e r
qua l i t y  ( a l k a l i n i t y  a n d  s u l p h a t e ) ,  a n d  env i ronmen ta l  t o l e r a n c e s  o f
aquatic i nve r teb ra tes  ( Ta b l e  3 . 1 2 ) .  I t  i s  a  f u n c t i o n  o f  t he  Pred ic ted
Community To l e r a n c e  Q u o t i e n t  { C T Q p )  d i v i d e d  b y  t h e  A c t u a l
Community To lerance Quot ient  (CTQa)  ca lcu la ted as fo l lows:

BCI =  CTQp x  100
CTQa

The C T Q p  i s  a  f u n c t i o n  o f  s t r e a m  h a b i t a t  a n d  w a t e r  q u a l i t y
parameters w h i l e  C T Q a  i s  c a l c u l a t e d  b y  m u l t i p l y i n g  t h e  a s s i g n e d
value f o r  each t a x o n  b y  t h e  number  o f  i nd iv idua ls  o f  t h a t  t axon  t h a t
were f o u n d .  T h e  p r o d u c t s  a r e  summed a n d  d i v i d e d  b y  t h e  t o t a l
number o f  ind iv idua ls  col lected.

This i n d e x  p rov i des  a  means o f  compar ing st ream cond i t ion  f r om  y e a r
to y e a r  based on t h e  composit ion and  abundance o f  i nve r teb ra tes .  I t
evaluates communi ty  s t r u c t u r e  a n d  makes use  o f  t h e  ind ica to r  species
concept w i t h o u t  p l a c i n g  u n d u e  emphas is  o n  s p e c i e s  t h a t  d o  n o t
appear i n  s i g n i f i c a n t  n u m b e r s .  V a l u e s  c l o s e  t o  o r  a b o v e  1 0 0

4 g e n e r a l l y  r e f l e c t  a  h e a l t h y  s t ream env i r onmen t  w i t h  a n  i n v e r t e b r a t e
0 p o p u l a t i o n  c o m p r i s e d  o f  a  l a r g e  p r o p o r t i o n  o f  t h e  l e s s  t o l e r a n t

organisms ( Ta b l e  3 . 1 3 ) .  I n  s i tua t ions  such  as  a t  s i t e  G1 w h e r e  much
of t h e  commun i ty  i s  compr i sed  o f  t o l e r a n t  ch i ronomids ,  t h e  B  CI i s
lower. I n  1984, t h e  ca lcu la ted B C I  f o r  s i t e  G1 w a s  47  ( 7 3  i n  1983)

1
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compared t o  a l l  o t h e r  Goathorn  C r e e k  s i t es  w h i c h  exceed  100 ( Ta b l e
3.13) .  T h e  B io t i c  Condi t ion  I n d e x  can s e r v e  as a  means o f  de tec t ing
shi f ts  i n  t h e  aqua t i c  i n v e r t e b r a t e  communi ty  t o w a r d s  m o r e  t o l e r a n t
species, a  s i t ua t i on  t h a t  w o u l d  t e n d  t o  o c c u r  i f  w a t e r  q u a l i t y  w a s
degraded i n  G o a t h o r n  C r e e k  a s  a  r e s u l t  o f  t h e  p r o p o s e d  m i n e
development.

3.6 F I S H  H A B I TAT  STUDIES

Low n u t r i e n t  l eve ls  r e s u l t i n g  i n  l im i ta t ions  t o  f i s h  f o o d  p r o d u c t i o n ,
and c o l d  w a t e r  tempera tu res  r e s t r i c t i n g  f i s h  g r o w t h  t o  a  r e l a t i v e l y
shor t  p e r i o d  e a c h  y e a r  b o t h  h a v e  a n  i m p o r t a n t  i n f l u e n c e  o n  f i s h
product ion i n  s t reams w i t h i n  t h e  s t u d y  a rea .  A s  we l l ,  t h e  phys ica l
character ist ics o f  t h e  v a r i o u s  s t u d y  s t r e a m s  p l a y  a  m a j o r  r o l e  i n
determining t h e  e v e n t u a l  f i s h  p r o d u c t i o n  i n  t h e s e  s y s t e m s .  T h i s
section descr ibes t h e  aquat ic  hab i ta ts  o f  Goathorn,  Te n a s  and  Hube r t
creeks, a n d  t h e  Te l k w a  R i v e r  downst ream o f  G o a t h o r n  C r e e k  a n d
suggests h o w  t h e s e  h a b i t a t s  m a y  i n f l u e n c e  f i s h  d i s t r i b u t i o n  a n d
product ion.

The h a b i t a t  i n f o rma t i on  d e r i v e d  i n  t h i s  s t u d y ,  i n  con junc t i on  w i t h
experience g a i n e d  f r o m  o t h e r  ad jacen t  s y s t e m s  i s  u s e d  t o  i d e n t i f y
probable l i m i t a t i o n s  w i t h i n  t h e  s y s t e m s  t o  f i s h  p r o d u c t i o n ,  a n d
provides t h e  b a c k g r o u n d  f o r  i d e n t i f y i n g  methods o f  i nc reas ing  f i s h
product ion w i t h i n  t h e s e  sys tems  t o  b e  d i scussed  i n  a  subsequen t
section.

3.6.1 G o a t h o r n  Creek Hab i ta t  Assessment
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Goathorn C r e e k ,  approx ima te l y  15 k m  i n  l e n g t h ,  h a s  been separa ted
into f i v e  reaches  ( F i g u r e  3 . 3 ) .  F i s h  a r e  p r e s e n t  i n  t h e  l o w e r  t w o
reaches ( 1 0  k m )  a n d  a r e  suspec ted  t o  o c c u r  i n  R e a c h  3  ( 2  k m ) .
Waterfalls located i n  a  canyon area approx imate ly  13 k m  upst ream a r e
the p robab le  u p p e r  e x t e n t  o f  f i s h  u s e .  I n  add i t ion  Cabinet  C r e e k ,  a
major t r i b u t a r y  o f  G o a t h o r n  C r e e k ,  p r o v i d e s  a n o t h e r  9 . 5  k m  o f
habitat su i tab le  f o r  f i s h  u s e  ( F i g u r e  3 . 3 ) .  P r e s e n t l y ,  a t  leas t  l ower
Cabinet C r e e k  i s  u t i l i z e d  b y  D o l l y  Va r d e n  c h a r .  S i t e s  ups t ream o f
Reach 3  i n  Goa thorn  C r e e k  a n d  above  T r i b u t a r y  1  o n  Cab inet  C reek
are genera l l y  h i g h  g r a d i e n t  a n d  p r o v i d e  poor  q u a l i t y  f i s h  h a b i t a t .  A
summary o f  ex is t ing  f i sh  u s e  i n  t he  system i s  out l ined i n  F igure  3 . 3 .
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Table 3.13 B i o t i c  Condition Indices (BC1) fo r  Benthic Invertebrate Sample Sites in Goathorn and Tenas Creeks and
Teikwa River Side Channels

Site CTQp1 CTQa2 CTQa BCI BCI
1984 (1983 (1984) (1983)

G1 50 105.4 68.5 47 73

G2 so 40.7 71.1 123 70

G3 50 34.5 45.4 145 110

G3A 50 39.5 NE3 127 NE3

GLI 50 36.2 42.6 138 117

G5 50 42.3 43.6 118 115

G5A 50 44.3 NE3 113 NE3

T1 50 69.4 54.5 72 92

T2 50 41.5 52.5 120 95

SC1 53 54.4 45.1 97 118

SC2 53 42.0 40.2 126 132

0

1

2

3

CTQp -  Predicted Community Tolerance Quotient.

CTQa -  Actual Community Tolerance Quotient.

These sites were not evaluated in 1983.
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Much o f  t h e  l o w e r  1 0  k m  o f  Goa tho rn  C r e e k  i s  cha rac te r i zed  b y
cobble and  small bou lder  bed  mater ial  genera l l y  i n  t h e  10 -  30 cm size
range. T h i s  s u b s t r a t e  i s  c lean  a n d  idea l  f o r  use  b y  l a r g e r  j uven i le
f ish f o r  c o v e r .  T h e  s t r e a m  l a c k s  s h a l l o w,  l o w  v e l o c i t y  h a b i t a t
suitable f o r  new ly -emerged f r y .

Goathorn C r e e k  p a r t i c u l a r l y  Reach  2 ,  a l s o  l a c k s  s u i t a b l e  spawn ing
sites f o r  f i s h .  G r o u n d  reconna issance  i n  1 9 8 2  ( B u s t a r d  1983 )
indicated less  t h a n  1% o f  t he  lowest  reach  i n  Goathorn  C reek  o f f e r e d
suitable spawn ing  g r a v e l s ,  w h i l e  upst ream spawn ing  s i tes  w e r e  even
less common, u s u a l l y  r es t r i c t ed  t o  a  few s i tes  i n  s ide  channels o r  t he
tail e n d  o f  poo l s .  R e a c h  1 ,  w i t h  a  2-3% g r a d i e n t  o f f e r s  marg ina l
spawning oppo r t un i t i e s  f o r  p i n k  sa lmon.  T h i s  spec ies  p r e f e r s  l o w
gradient  s t reams w i t h  small b u t  more stable subs t ra te  than  p resen t  i n
lower Goathorn  C r e e k .  A  l a r g e  beaver  dam located 0 . 6  km  upst ream
on G o a t h o r n  C r e e k  r e s t r i c t s  p i n k  sa lmon access t o  a reas  ups t ream
and would p robab ly  l im i t  coho salmon access d u r i n g  most years .

Goathorn C r e e k  downst ream o f  Cab ine t  C r e e k  i s  o f  s u f f i c i e n t  w i d t h
and e n e r g y  t o  mainta in  a  cont inuous p r o f i l e  ( F i g u r e s  3 . 4  a n d  3 . 5 ) .
Debris i s  g e n e r a l l y  depos i t ed  o n  t h e  s i d e s  o f  t h e  s t r eam i n  sma l l
accumulations t ha t  have l i t t l e  in f luence on  t h e  stream morpho logy.

The f l ow  r e g i m e  o f  Goathorn C reek  s t r o n g l y  in f luences t h e  amount o f
habitat a n d  i t s  s u i t a b i l i t y  f o r  u s e  b y  d i f f e r e n t  f i s h  s p e c i e s .  H i g h
f lows t y p i c a l l y  o c c u r  f r o m  l a t e  A p r i l  t h r o u g h  J u l y  a s  a  r e s u l t  o f
snowmelt. T h e  h i g h  f l o w s  enab le  steelhead t r o u t  t h a t  o v e r w i n t e r  i n
the B u l k l e y  a n d  Te l k w a  r i v e r s  t o  move i n t o  t r i b u t a r i e s  t o  spawn i n
May a n d  J u n e .  T h e s e  f i s h  c a n  p a s s  o v e r  obs tac les  s u c h  a s  t h e
beaver dam a t  0 . 6  k m  t h a t  w o u l d  p r e v e n t  passage a t  l o w e r  f l o w s .
Streamflows r e m a i n  r e l a t i v e l y  h i g h  t h r o u g h  t h e  s u m m e r  u n t i l
steelhead t r o u t  emergence  i n  A u g u s t  a n d  p r o v i d e  g o o d  i ncuba t i on
condit ions f o r  e g g s  a l t h o u g h  t h e r e  i s  p r o b a b l y  some  r i s k  o f  e g g
scour ing d u r i n g  h igh - f l ow y e a r s .
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The m a i n  p e r i o d  f o r  j u v e n i l e  f i s h  a c t i v i t y  a n d  g r o w t h  o c c u r s  f r o m
May t h r o u g h  l a t e  O c t o b e r  w h e n  w a t e r  tempera tu res  a r e  above  5 ° C .
Juveni le f i s h  a r e  g e n e r a l l y  i n a c t i v e  f r o m  e a r l y  N o v e m b e r  t h r o u g h
A p r i l .  A t  t h i s  t ime  t h e y  usua l l y  move i n t o  spaces, in t h e  subs t ra te  o r
wi th in d e b r i s  c o v e r  t o  o v e r w i n t e r.  G o a t h o r n  C r e e k  o f f e r s  exce l lent
substrate f o r  ove rw in te r i ng  f i sh .
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Figure 3.4 M u c h  o f  Goathorn Creek i s  character ized b y  cobble
bed mater ia l .  D e b r i s  tends t o  be  deposited a t  t he
stream edge i n  smal l  accumulations t h a t  have l i t t l e
direct inf luence on the stream p r o f i l e .

Figure 3.5 Large organic debr is  t h a t  f a l l s  i n t o  the stream from
adjacent strearnbank areas creates a  more stepped pro-
f i l e  i n  Tenas Creek than i n  Goathorn Creek.



Figure 3 . 6  A n c h o r  i c e  s t a r t e d  t o  f o r m  i n  Goathorn Creek d u r i n g
a c o l d  p e r i o d  i n  l a t e  October.  T h i s  pho to  was taken
from t h e  lower  b r idge  on October 28 ,  1984.

Figure 3 . 7  W a t e r  l e v e l s  i n  Goathorn Creek had r i s e n  o v e r  3 0  cm
by O c t o b e r  3 1 ,  1984.  A n c h o r  i c e  development a s  i l -
l u s t r a t e d  i n  t h e s e  pho tos  l i m i t s  t h e  st reaids s u i t a -
b i l i t y  f o r  coho salmon spawnthg and may cause s i g n i f -
i can t  j u v e n i l e  f i s h  m o r t a l i t i e s .
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The c reek  usua l l y  f reezes o v e r  i n  November,  a l though  t h i s  can  occur
in l a t e  O c t o b e r  a s  o b s e r v e d  i n  1984 ( F i g u r e s  3 . 6  a n d  3 . 7 ) .  T h e
combination o f  l ow  f a l l  f l o w s  l i m i t i n g  upst ream access a n d  ex tens i ve
subsurface i c e  c o n d i t i o n s  d e v e l o p i n g  d u r i n g  t h e  f r e e z e - u p  p e r i o d
probab ly  l i m i t s  coho  sa lmon u s e  o f  Goa thorn  C r e e k .  A s  w e l l ,  t h e
system possesses f e w  wet lands  a n d  s ide  channel  s i t e s  t y p i c a l l y  used
by juven i le  coho salmon f o r  r e a r i n g .

The l o w e s t  f l o w s  i n  G o a t h o r n  C r e e k  o c c u r  d u r i n g  t h e  l a t e  w i n t e r
(usual ly  March )  w h e n  f l o w s  a r e  norma l l y  less  t h a n  20% o f  t h e  lowest
summer/fal l  f l o w s .  B a s e d  o n  observa t ions  i n  o t h e r  B u l k l e y  R i v e r
t r ibu ta r ies  ( B u s t a r d  i n  p r e p . ) ,  s o m e  j u v e n i l e  f i s h  s t r a n d i n g ,
par t icu lar ly  f r y  i n  s ide channels ,  may occur  d u r i n g  th i s  pe r iod .

3.6.2 T e n a s  Creek Hab i ta t  Assessment

Tenas C r e e k  i s  2 1  k m  i n  l e n g t h  a n d  d r a i n s  a n  a r e a  o f  6 3  k m 2  o r
approximately o n e - t h i r d  o f  t h e  Goathorn Creek  wa te rshed .  M o s t  f i s h
product ion i n  Te n a s  C r e e k  o c c u r s  i n  t h e  l ower  12  k m  o f  t h e  sys tem
(Reaches 1  a n d  2  i n  F i g u r e  3 . 8 )  w h e r e  t h e  s t r e a m  g r a d i e n t  i s
typ ica l l y  2-3%. A d d i t i o n a l  a r e a s  o f  po ten t i a l  p r o d u c t i o n  i n c l u d e  a
3.5 k m  s e c t i o n  o f  R e a c h  3  a n d  t h e  l owes t  1  k m  o f  T r i b u t a r y  1 .
Upstream o f  Reach 3  t h e  stream g rad ien t  increases t o  g rea te r  t han  9%
and i s  unsu i tab le  f o r  f i sh  p r o d u c t i o n .

8
2

1
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The b e d  mater ia l  i n  Te n a s  C r e e k  i s  ma in l y  compr ised o f  cobb le  w i t h
some l a r g e  g r a v e l  a n d  b o u l d e r s  a n d  t e n d s  t o  b e  s m a l l e r  t h a n
Goathorn C r e e k  b e d  ma te r i a l .  L o w e r  s t reamf lows  a n d  a  n a r r o w e r
channel i n  Te n a s  Creek  h a v e  resu l t ed  i n  some s ign i f i can t  d i f f e rences
in s t r e a m  m o r p h o l o g y.  L a r g e  o r g a n i c  d e b r i s  t h a t  f a l l s  i n t o  t h e
streams f r o m  ad jacen t  s t reambank  a reas  h a s  c rea ted  a  more  s tepped
stream p r o f i l e  a n d  m o r e  h a b i t a t  d i v e r s i t y  t h a n  i n  G o a t h o r n  C r e e k
(F igure  3 . 5 ) .  P o o l  a r e a s  h a v e  fo rmed downstream o f  l ogs  a n d  r o o t
wads, a n d  grave l  h a s  been depos i ted a t  t h e  ta i l - o u t s  f rom these  pools
creat ing more  -spawning areas  i n  Te n a s  C reek  compared t o  Goathorn
Creek.  L o w e r  f l o w s  i n  Te n a s  C r e e k  h a v e  a l s o  r e s u l t e d  i n  m o r e
low-ve loc i t y  sha l low  s i t e s  s u i t a b l e  f o r  f r y  r e a r i n g .  T h i s  i nc reased
spawning a n d  f r y  r e a r i n g  hab i t a t  may account f o r  t he  more extens ive
use b y  s tee lhead t r o u t  o f  Te n a s  C reek  compared t o  Goathorn  C reek
as ind icated b y  juven i le  su rveys  d u r i n g  the  past  two  years .
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Similarly t o  Goathorn C r e e k ,  t h e  f l o w  r e g i m e  d i rec t ly  af fects t h e
amount o f  useable stream habi tat  o n  a  seasonal bas is .  T h e  Tenas
Creek f l o w  reg ime  h a s  several  di f ferences t h a t  m a y  inf luence f i s h
production. L o w e r  fal l  flows i n  Tenas Creek make access fo r  salmon
spawners e v e n  more  di f f icul t  t h a n  i n  Goathorn C r e e k .  A s  w e l l
groundwater inputs t o  Tenas Creek may b e  more significant than  i n
Goathorn Creek .  T h i s  groundwater may b e  important i n  moderating
water temperatures a n d  ice  conditions i n  Te n a s  C r e e k  providing a
benefit to  overwintering juveniles.

3.6.3 L o w e r  Telkwa River Habitat Assessment

The Te l k w a  R i v e r  f rom i t s  confluence w i t h  Goathorn C r e e k  t o  t h e
Bulkley R i v e r  has a  slope o f  less than 1% and  is  p a r t  o f  the  lowest
reach o f  the  Telkwa R iver  delineated on t h e  biophysical map for  the
Telkwa Watershed (Environmental a n d  Planning Assoc. 1982 ) .  T h i s
section o f  t h e  Te l k w a  R i v e r  i s  c o m p l e x  a n d  m u l t i -channel led.
Measurements made from a i r  photos indicate the re  a r e  approximately
18 k m  o f  side channels ranging from less than 100 m to  over  2 km in
length i n  t h i s  8 -km section o f  t h e  Te l k w a  R i v e r .  A p p r o x i m a t e l y
two-thirds o f  these s ide channels (based o n  length)  a r e  potentially
productive juvenile salmonid rearing areas.

Side channels h a v e  been s u b -divided i n t o  t h r e e  categories -  re l ic ,
active and  f lood channels. A  description o f  each o f  these channel
types and the i r  relative importance to f ish production is presented in
Table 3 . 1 4  whi le  F igure  3 . 9  outlines t h e  location o f  each channel i n
the lower  Te l k w a  R i v e r .  L e n g t h ,  w i d t h  a n d  a r e a  calculations f o r
each o f  t h e  7 9  s i d e  channels a r e  presented i n  Appendix  7 .  T h e
active a n d  f l o o d  channels a r e  t h e  main  f i s h -producing channels,
while most re l ic  channels a r e  not  presently productive b u t  could b e
developed as spawning and juvenile rearing areas.

In addi t ion,  approximately 2 0  h a  o f  wetland areas  adjacent t o  t h e
lower Telkwa River  have been identified ( F i g u r e  3 . 9 ) .  We t l a n d s  are
located w i t h i n  t h e  f looded a r e a  o f  t h e  main  channel  a n d  m a y  b e
connected d u r i n g  h igh  f low per iods.  T h e s e  areas provide potential

4 r e a r i n g  areas f o r  juvenile coho salmon depending on access from the
' 0  m a i n  channel a n d  source o f  flows d u r i n g  o ther  periods o f  t h e  year

8 ( F i g u r e  3 . 1 0 ) .  I n f l o w s  t o  these  wetlands a r e  o f ten  f rom adjacent
slopes.

1
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Table 3.14 C l a s s i f i c a t i o n  a n d  Fish Habi ta t  Assessment o f  Lower Te l kwa  R i ve r  Side Channels1

Side Channel Ty p e s

Relic Channels -  T h e s e  channels a re  no t  connected to  t he  main channel  except  d u r i n g  peak f lows .
-  R e l i c  channels a re  heavi ly  vegetated,  usua l l y  w i t h  t rees .
-  R e l i c  channels may have* t r i b u t a r y  o r  g roundwater  in f lows.
-  T h e s e  channe ls  a r e  u s u a l l y  n o t  u t i l i z e d  b y  f i s h  b u t  o f f e r  su i tab le  s i t e s  f o r  s i de

channel development.

A =  A c t i v e  Channels -  T h e s e  channels  a r e  connected t o  t h e  main r i v e r  channel  a t  most f l ows  a n d  usua l ly
have some f low t h r o u g h  them yea r - round .

-  T h e  b a n k s  a r e  h e a v i l y  vege ta ted  a n d  d e b r i s  i s  u s u a l l y  p r e s e n t  i n  t h e  channel .
This debr i s  may b u f f e r  the  effects  o f  f loods.

-  A c t i v e  channels p r o v i d e  h i g h  va lue  f i s h  h a b i t a t  f o r  juven i le  steelhead t r o u t  a n d  i n
some loca t ions ,  c o h o  sa lmon.  A c t i v e  s i d e  channe ls  p r o v i d e  t h e  b e s t  po ten t ia l
spawning areas f o r  steelhead t r o u t  and  p ink  and  coho salmon o f  al l  t h e  habi ta t  t ypes
in t h e  lower Te lwa  R i v e r.

Flood Channels -  F l o o d  channels a re  f ound  on ba rs  w i t h i n  t h e  main channel  and  are  subject  to  lateral
migration sh i f t s  and the  fu l l  e f fec ts  o f  f loods.

-  T h e s e  channels usua l l y  have l i t t le  associated debr i s .
-  F l o o d  channe ls  c a n  o f f e r  h i g h  q u a l i t y  h a b i t a t  f o r  s tee lhead t r o u t ,  b u t  t e n d  t o

dewater more  f r e q u e n t l y.  T h e y  o f f e r  p o o r e r  spawn ing  potent ia l  d u e  t o  subs t ra te
sh i f t ing  and dewater ing.

WL =  W e t l a n d s  -  W e t l a n d s  may be connected to  the  main channel d u r i n g  h igh  f lows.
Wetlands can b e  p roduc t i ve  coho salmon r e a r i n g  areas i f  they  a re  at  least seasonally
accessible and have some inf lows f r om adjacent slopes.

1 Refer to  F igu re  3.9 f o r  channel locat ions i n  t h e  lower Te lkwa  R i v e r.
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Table 3.14 Classification and  F ish Habi ta t  Assessment o f  Lower Te lkwa  R ive r  Side Channels1 (Con t ' d )

Side Channel Ty p e s

Addit ional Symbols

g
t
w
•  •  •  •

-  S u s p e c t e d  g roundwate r  source o f  wa te r.
-  T r i b u t a r y  source o f  wa te r.

Flood channels t h a t  a t  the  t ime o f  photography had water  i n  them.
-  C h a n n e l s  where  the  location i s  uncer ta in

1

4
0
8
2
3

1

72

Refer to  F igure  3 .9  f o r  channel locat ions i n  t he  lower  Te lkwa  R i v e r.



NOTE : SEE TABLE 3.14 FOR MORE DETAILED INFORMATIONRE CHANNEL CLASSIFICATION AND APPENDIX 7 FORSPECIFIC INFORMATION DESCRIBING EACH CHANNEL.

LEGEND AND SUMMARY
CODECHANNELTYPECHANNELLENGTH(m)

CHANNELAREA(m2)R -ORANGERELIC57028 722
A -BLUEACTIVE6 565. 5.5 899
F -YELLOWFLOOD6 33053 321

TOTAL18 5971 17. 942
WL WETLANDS1 584 .21 296
MC-- GREENMC- MAIN CHANNEL7 968261 350
G :: GROUNDWATER SOURCE (SUSPECTED)
W :: WETTED FLOOD CHANNEL

SCALE: 1:16 500(CHANNEL WIDTHS NOT TO SCALE )AIR PHOTO INTERPRETATION ONLY
1

FIGURE 3.9LOCATION AND HABITAT SUMMARYOF LOWER TELKWA RIVER CHANNELTYPES
Creur• Neat R0001•11C111 Ling/tea
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Figure 3.10 W e t l a n d s  (WL5) o f f e r  e x c e l l e n t  p o t e n t i a l  r e a r i n g
habitat f o r  j u v e n i l e  coho  salmon. I n  t h e  l owe r
Telkwa R i v e r ,  t h i s  t y p e  o f  h a b i t a t  i s  o f t e n  n o t
presently used due t o  access l i m i t a t i o n s  f r o m  t h e
mainstem r i v e r.

Figure 3 .11  S C 2  i s  a  l a r g e  a c t i v e  s i d e  channe l  o f  t h e  Te l k w a
River.  T h i s  s u b s t r a t e ,  w i t h  l a r g e  i n t e r s t i t i a l
spaces p r o v i d e s  e x c e l l e n t  c o v e r  f o r  j u v e n i l e  f i s h .
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The c o m b i n e d  w e t t e d  a r e a  o f  a c t i v e  a n d  f l o o d  c h a n n e l s  i s
approximately 11  h a  a n d  i s  less  t h a n  one -ha l f  o f  t h e  est imated 26 h a
of main  channe l  w e t t e d  a rea  o f  t h e  l o w e r  Te l k w a  R i v e r .  T h i s  i s  a
maximum e s t i m a t e  s i n c e  t h e  measurements  w e r e  d e r i v e d  f r o m  a i r
photos t a k e n  d u r i n g  h i g h e r  f l ows  i n  e a r l y  A u g u s t ,  1983 .  N o t  a l l  o f
the  w e t t e d  a r e a  i s  u s e a b l e  f o r  j u v e n i l e  s a l m o n i d s  r e a r i n g ,
pa r t i cu la r l y  i n  t h e  ma in  channe l  w h e r e  ve loc i t ies  i n  m i d -stream a r e
typ ica l l y  t o o  h i g h  f o r  su i tab le  juven i le  r e a r i n g .  M e a s u r e m e n t s  taken
at f i s h  sample  s i tes (45  po in ts  d u r i n g  two  years  o f  sampl ing)  sugges t
that  app rox ima te l y  7  m  o n  each  s i d e  o f  t h e  ma in  channe l  p r o v i d e s
useable p a r r  r e a r i n g  hab i ta t  d u r i n g  t h e  la te  summer a n d  f a l l  pe r iod .
This es t imate  w o u l d  b e  l ower  f o r  f r y ,  s i n c e  these  small  f i s h  t e n d  t o
occupy s low,  shal low s i tes o f ten r i g h t  a long t he  marg in.

The Te l k w a  R i v e r  b e d  m a t e r i a l  i s  p r e d o m i n a n t l y  c o b b l e  i n  t h e
10-30 cm d iameter  r a n g e .  H o w e v e r ,  t h e r e  is  a  lo t  o f  s i te  v a r i a b i l i t y.
For  example,  t h e  sma l l  s i d e  channe l  ( S C 3 )  i s  cha rac te r i zed  b y  s i l t
and s a n d  s u b s t r a t e  w h i l e  o t h e r  s i t e s ,  p a r t i c u l a r l y  i n  ma in  channe l ,
consist l a r g e l y  o f  b o u l d e r  h a b i t a t .  A l t h o u g h  t h e  b e d  mate r ia l  a t
many s i t e s  i s  c o v e r e d  b y  a  f i n e  l a y e r  o f  g lac ia l  s i l t ,  t h e  s u b s t r a t e
tends t o  b e  loose w i t h  l a r g e  i n te r s t i t i a l  spaces p r o v i d i n g  good cover
f o r  f r y  a n d  p a r r -s ized f i s h  ( F i g u r e  3 . 11 ) .  G r a v e l  areas su i tab le  f o r
spawning a r e  i n te rspe rsed  a long the  lower  Te l k w a  R i v e r,  p a r t i c u l a r l y
in t h e  a c t i v e  s i d e  c h a n n e l s .  P i n k  s a l m o n  h a v e  b e e n  o b s e r v e d
spawning i n  C h a n n e l s  1 2 ,  2 4  a n d  5 3  ( F i g u r e  3 . 9 )  d u r i n g  a e r i a l
surveys  i n  1983 ( B u s t a r d  1984c).  A l t h o u g h  f l ood  channe ls  may have
adequate g rave l  t h e y  a r e  less su i tab le  f o r  spawning  f i s h  d u e  t o  t h e i r
h igh suscep t ib i l i t y  t o  subs t ra te  sh i f t i n g  and dewater ing .

j t)
8

1
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A l though t h e  g e n e r a l  s t r eamf l ow  p a t t e r n  o f  t h e  Te l k w a  R i v e r  i s
simi lar t o  t h a t  d i scussed  f o r  Goathorn  C r e e k ,  t h e  l a r g e r  wa te rshed
has h i g h e r  maximum a n d  minimum f l o w s  a n d  i s  m o r e  t u r b i d  t h a n  t h e
t r i b u t a r y  s t reams ( C N R L 1983) .  T h e  complex s ide channel hab i ta t  i n
the l o w e r  Te l k w a  R i v e r  p r o v i d e s  i m p o r t a n t  r e f u g e  a r e a s  f o r  f i s h
subject t o  h i g h  t u r b i d  f l o w s  i n  t h e  mainstem r i v e r  f o r  much  o f  t h e
summer p e r i o d .  L o g  jams a n d  g r a v e l  b a r s  t e n d  t o  b u f f e r  m a n y  o f
these  c h a n n e l s  ( p a r t i c u l a r l y  t h e  a c t i v e  c h a n n e l s )  p r o v i d i n g
moderated cond i t ions  more  su i ted  t o  juven i le  f i s h  r e a r i n g .  H o w e v e r ,
some o f  these  s ide  channels  may b e  sub jec t  t o  dewater ing  d u r i n g  the
low- f low p e r i o d  i n  t h e  l a t e  w i n t e r ,  a n d  s i g n i f i c a n t  f i s h  mo r t a l i t i e s
could o c c u r  i n  t h e  l o w e r  Te l k w a  R i v e r  s i d e  c h a n n e l s .  H i g h
overw in te r  losses  h a v e  been  measured i n  a  m u l t i -channel led sect ion
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of t h e  Mor ice  R i v e r  ( F i g u r e  1 . 1 ) ,  a n  ad jacent  sys tem also sub jec t  t o
low w i n t e r  f l o w s  ( B u s t a r d  i n  p r e p . ) .  A n c h o r  a n d  f r a z i l  i c e
condit ions a r e  common d u r i n g  November  a n d  e a r l y  December i n  t h e
Te lkwa R i v e r .  H o w e v e r ,  i c e  fo rmat ion  i s  p r o b a b l y  less  ex t reme t h a n
in t h e  t r i b u t a r y  streams d u e  t o  h i g h e r  w i n t e r  f lows i n  t h e  main
r iver.

3 .6 .4  H u b e r t  Creek Habitat  Assessment

Hubert C r e e k  dra ins  a  4 4  k m 2  watershed comprised o f  low t o  mid-
elevation areas.  T h i s  stream is  approximately 12 km long and i ts one
major t r i b u t a r y,  H e l p s  C r e e k ,
(Figure 3 .12 ) .

is a n  addit ional 8 . 5  k m  i n  l e n g t h

The lower 2  t o  4  k m  o f  Huber t  C r e e k  i s  ut i l ized pr imari ly  b y  coho
salmon a n d  t o  a  l e s s e r  e x t e n t  b y  steelhead t r o u t .  T h e  s t ream
gradient i s  l e s s  t h a n  0 . 5 %  a n d  t h i s  r e a c h  i s  character ized  b y
extensive ponds  a n d  wet land  a r e a s ,  l a r g e l y  t h e  r e s u l t  o f  b e a v e r
activity.  E s t i m a t e s  d e r i v e d  f r o m  a i r  photos indicated 3 . 4  h a  o f
ponded habitat is present in Reach 1 o f  Hubert Creek.

The mid-reaches o f  Hubert  Creek  and  the  lower two reaches of  Helps
Creek p r o v i d e  a n  addit ional  8 . 5  k m  o f  f i s h  h a b i t a t  f o r  res ident
cutthroat t r o u t  a n d  a  small  number  o f  Do l ly  Va r d e n  c h a r  ( F i g u r e
3 .12) .  T h e  stream gradient  exceeds 9% i n  areas upstream o f  these
reaches and is unsuitable for  fish production.

The ponded si tes o f  H u b e r t  C r e e k  a r e  potentially excellent rear ing
areas f o r  juveni le  coho salmon. H o w e v e r ,  l o w  autumn f lows a n d
extensive beaver  dams u p  t o  2  m  h igh  create access difficulties f o r
adult coho spawners. A s  well ,  spawning habitat in  the  lower system
is rest r ic ted  t o  a  small number o f  s i tes jus t  downstream o f  beaver
dams i n  t h e  stream section 1 - 2  km upstream from the  Bulkley R i v e r.
Approximately 200 m  o f  poor qual i ty  spawning gravel  occurs i n  th is
section. T h e  presence o f  o n l y  y e a r l i n g  coho salmon upst ream o f  the
CN r a i l w a y  b r i d g e  d u r i n g  1983 sampling ( B u s t a r d  1984a) suggests
that a d u l t  coho salmon access t o  much o f  t h e  creek  system can b e
limited d u r i n g  some y e a r s  b y  b e a v e r  dams.  L o w e r  H u b e r t  C r e e k
does n o t  o f f e r  g o o d  q u a l i t y  s tee lhead  t r o u t  h a b i t a t .  T h i s  spec ies
p re fe rs  t h o s e  s h o r t  sec t ions  o f  H u b e r t  C r e e k  t h a t  w e r e  f r e e - f l ow ing
(Bus ta rd  1984a).
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Resident c u t t h r o a t  t r o u t  p r e s e n t  i n  H e l p s  L a k e  a n d  i n  t h e  m i d -
sections o f  H u b e r t  C r e e k  h a v e  m o r e  p o t e n t i a l  a r e a s  s u i t a b l e  f o r
spawning ( F i g u r e  3 . 1 2 ) .  H o w e v e r  m u c h  o f  t h e  g o o d  s p a w n i n g
h a b i t a t  i n  H e l p s  C r e e k  h a s  b e e n  s u b s t a n t i a l l y  m o d i f i e d  b y
agr icu l tu ra l  c l e a r i n g  a n d  d i v e r s i o n s  t h a t  h a v e  exposed  t h e  channe l
creat ing unstable  banks sub jec t  to  eros ion.

Huber t  C r e e k  i s  n o t  s u b j e c t  t o  t h e  same degree  o f  f l o w  f l u c t u a t i o n s
as t h e  o t h e r  sys tems  examined  i n  t h i s  s t u d y .  T h e  combinat ion  o f
extensive p o n d i n g  a n d  l a c k  o f  h i g h  e l e v a t i o n  r u n - o f f  r e s u l t s  i n  a
more moderated f l o w  r e g i m e  a n d  l o w e r  t u r b i d i t y  l e v e l s  t h a n  i n  t h e
other  s t u d y  s t r e a m s .  L a n d -use  a c t i v i t i e s  s u c h  a s  a g r i c u l t u r a l
c lear ing,  l i ves tock  g r a z i n g  a n d  l ogg ing  have  resu l t ed  i n  cons iderab le
habi tat  degradat ion i n  t h i s  system.

3.7 J U V E N I L E  FISH POPULATION ESTIMATES

Results f r o m  t h e  1984 j u v e n i l e  f i s h  s a m p l i n g  p r o g r a m  p r e s e n t e d  i n
the f o l l o w i n g  sec t ions  a r e  a r r a n g e d  b y  s t r e a m  s y s t e m .  A d d i t i o n a l
sample s i t e s  w e r e  a d d e d  t o  t h i s  y e a r ' s  p r o g r a m  ( G 6  a n d  G 7  i n
Goathorn C r e e k ,  T 4  i n  Te n a s  C reek  a n d  f o u r  mainstem B u l k l e y  R i v e r
sites s h o w n  i n  F i g u r e  2 . 1 ) .  T h e  r e s u l t s  h a v e  been  summar ized s o
tha t  compar isons c a n  b e  made between t h e  t w o  yea rs  ( e x c l u d i n g  t h e
new s i t e s ) ,  a n d  some o f  t he  1983 r e s u l t s  a r e  i nc luded  i n  t h i s  sec t ion
to  e n a b l e  e a s i e r  compar i sons .  M o r e  d e t a i l e d  1983  i n f o r m a t i o n  i s
presented i n  Bus ta rd  (1984a).

As w e l l ,  r e v i s e d  s t r eam l e n g t h  ca lcu la t ions  h a v e  b e e n  i n c o r p o r a t e d
in to  t h e  est imates based  on  more accurate  measurements conducted i n
1984. T h e  1983 r e s u l t s  u s e d  i n  t h e  comparisons h a v e  been r e v i s e d
u s i n g  t h e  n e w  s t r e a m  l e n g t h s ,  r e s u l t i n g  i n  d i f f e r e n t  s y s t e m
product ion estimates t han  presented i n  Bus ta rd  (1984a).

3.7.1 G o a t h o r n  Creek

Approx imate ly  3 ,500 m 2  o f  t h e  l o w e r  t w o  reaches o f  Goa thorn  C r e e k
were sampled  d u r i n g  1984.  T h i s  compr ised  351 m  o f  s t ream l e n g t h
and rep resen ts  3.5% o f  t h e  t o ta l  10 .2  km  o f  s t ream i n  t h e  main f i s h -
p roduc ing  sec t i on  o f  G o a t h o r n  C r e e k .  A s  w e l l ,  a n  add i t i ona l  2 9  m
section o f  Cabinet  Creek was sampled.
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Species Age

Goathorn Creek (Sites G1 to  G51)
19831984

Number Number

Steelhead Tr o u t 0+ 383 47.9 470 52.0
1+ 138 17.3 107 11.9

>2+ 48 6.0 58 6.4
(569) (71.2) (635) (70.3)

Dolly Va rden  Char 0+ 78 9.8 123 13.6
>1+ 151 18.9 145 16.0

(229) (28.7) (268) (29.6)

Mountain Whitef ish 1 0.1 1 0.1

TOTAL 799 100 904 100

Area Sampled (m2) 3,323 3,238

77-777!i.

Table 3.15 S u m m a r y  of Fish Species and Age Class Composition for  Two Years of  Sampling in Goathorn Creek

Stream Length  Sampled (m)

1
4
0

2
3

•73

323 3 2 3

G6 and G7 are not included in this comparison since they were not included in the 1983 sampling program.



1 T h i s  mean is calculated for  those sites that were also sampled in 1983.

Table 3.16 Juvenile Salmonid Densities and Biomass Estimates at  Seven Sample Sites in
Goathorn Creek,  September and October 1984

DENSITY ESTIMATES (Fish/m2)

Reach Site Steelhead Trout . Doily Varden Char Mountain Whitefish Total
0+ 1+ >2+ 0+ >1+ >1+

1 GI 0.39 0.11 0.02 0.00 0.01 < 0.01 0.52
2 G2 0.09 0.07 0.01 0.00 <0.01 0.00 0.18
2 G3 0.06 0.02 0.04 0.07 0.07 0.00 0.26
2 G4 0.01 <0.01 0.01 0.07 0.07 0.00 0.07
2 G5 < 0.'01 <0.01 <0.01 0.02 0.08 0.00 0.10

Mean' 0.11 0.04 0.02 0.03 0.05 < 0.01 0.23

2 G6 0.00 0.01 0.00 0.02 0.23 0.00 0.26
3 G7 0.00 0.00 0.00 0.00 0.22 0.00 0.22

BIOMASS ESTIMATES (g /m2)

Reach Site Steelhead Trout Dolly Varden Char Mountain Whitefish Total
0+ 1+ > 2+ 0+ > 1 + >1+

4 1 Cl 0.37 0.81 0.46 0.00 0.05 0.02 1.71
0 2 G2 0.06 0.42 0.30 0.00 0.08 0.00 0.86
8 2 G3 0.06 0.16 1.46 0.10 0.64 0.00 2.42
2 2 G4 < 0.01 0.02 0.29 0.09 0.78 0.00 1.18
3 2 G5 <0.01 <0.01 0.06 0.03 0.99 0.00 1.08

1 Mean 0.10 0.28 0.51 0.04 0.51 < 0.01. 1.45

74 2 G6 0.00 0.05 0.00 0.02 3.11 0.00 3.18
3 G7 0.00 0.00 0.00 0.00 2.18 0.00 2.18
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Table 3 . 1 5  summarizes t h e  f ish species and age class composition o f
the 5  sites i n  Goathorn Creek tha t  were also sampled in  1983. A s  i n
1983, j u s t  o v e r  70% o f  t h e  catch was comprised o f  juvenile steelhead
trout with the  remainder of  the  catch consisting of  Dolly Varden char
except f o r  a  s ingle  juveni le  mountain whitef ish captured  i n  l o w e r
Goathorn C r e e k .  T h e  upper  two  sites ( G 6  a n d  G7) n o t  included i n
this summary,  w e r e  comprised almost ent i re ly  o f  Dolly Varden  char.
Overall f i s h  numbers  w e r e  approximately 13% lower i n  1984,  l a r g e l y
the result  o f  lower numbers o f  f r y  of  both species (Table  3 .15 ) .  T h e
sample a r e a  a n d  st ream leng th  w e r e  almost identical  f o r  t h e  t w o
years.

A summary  o f  f i s h  d e n s i t y  a n d  biomass estimates f o r  t h e  1 9 8 4
program i s  presented  i n  Ta b l e  3 . 1 6 ,  w h i l e  t h e  more detai led f i s h
sampling results a r e  provided i n  Appendix 8 . 2 .  A s  in  1983, overall
fish densities were highest at  si te G1 (Ta b le  3 . 1 6 ) ,  representative o f
the lowest  1  k m  o f  Goathorn C r e e k .  D e n s i t i e s  a t  t h i s  s i t e  w e r e
approximately t h r e e  t imes grea ter  t h a n  a t  sample sites upstream i n
Goathorn C r e e k .  T h e  high density estimates a re  largely a  reflection
of t h e  h i g h e r  steelhead t r o u t  f r y  numbers i n  t h i s  lower  reach o f
Goathorn Creek.

Total f i s h  biomass ( g / m 2 )  ranged from less than 1 g /m2  a t  si te G2 to
over 3  g / m 2  a t  G 6 ,  a  n e w  s i t e  located j u s t  downstream o f  t h e
confluence o f  Goathorn and  Cabinet creeks.  M e a n  biomass estimates
combined f o r  sites C l  t o  G5 were approximately 1 .5  g/m2 in  1983 and
1984.

Steelhead Tr o u t

Although juven i le  steelhead a n d  rainbow t r o u t  cannot  b e  v isual ly
separated, most juveniles captured in  th is  s tudy are  suspected to b e
progeny o f  steelhead t r o u t  ( F i g u r e  3 . 1 3 ) .  E v i d e n c e  i n  support  o f
this is presented in Bustard (1984a).

f**:1

0
8
2
3

1
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Juvenile steelhead t r o u t  densit ies w e r e  h ighest  a t  t h e  lower  s i t e
(Table 3 . 1 6 ) ,  ma in ly  t h e  resu l t  o f  f r y  densities ( 0 . 4  f r y / m 2 ) ,  a t
least f o u r  t i m e s  h i g h e r  t h a n  a t  o t h e r  s i t e s  i n  G o a t h o r n  C r e e k .
Steelhead t r o u t  f r y  a n d  p a r r  densit ies dropped progressively t h e
further  upstream samp led .  A  s i n g l e  s tee lhead t r o u t  y e a r l i n g  w a s
captured a t  t h e  Goathorn-Cabinet  Creek  conf luence i nd i ca t i ng  a  small
number o f  steelhead t r o u t  a r e  p r e s e n t  t o  a t  l eas t  10 k m  upst ream i n



Figure 3.13

Figure 3.14

Juvenile steelhead t rout  were the  predominant f i s h
_ species captured i n  lower Goathorn Creek and Tenas

Creek. Some o f  the larger  individuals may be res i -
dent rainbow trout.

Dolly Varden char dominate f i s h  populat ions i n  upper
Goathorn and Tenas Creeks. T h i s  f i s h  i s  sexual ly
mature a t  20 cm fo rk  length.
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Density ( f i sh /m2) Biomass (g /m2)
0+ 1+ ?.2+ 0+ 1+ >2+

1983 0.14 0.03 0.02 0.12 0.20 0.63
1984 0.11 0.04 0.02 0.10 0.28 0.51

Goathorn C r e e k .  N o  steelhead t r o u t  w e r e  c a p t u r e d  a t  t h e  Cab ine t
Creek s i t e  (G7 ) .

Site G 3 ,  l oca ted  downstream o f  t h e  e x i s t i n g  m ine  s i t e  h a d  a  h i g h e r
steelhead t r o u t  b iomass t h a n  a n y  o f  t h e  o t h e r  s i t e s  ( Ta b l e  3 . 1 6 ) ,
similar t o  t h e  1983 resu l t s .  T h i s  s i t e  i s  more complex than  t h e  o thers
sampled, a n d  h a s  a n  exce l len t  poo l  w i t h  d e b r i s  c o v e r  t h a t  p r o v i d e s
habitat  f o r  l a r g e r  j u v e n i l e s .  T h i s  m a y  a c c o u n t  f o r  t h e  h i g h e r
biomass estimates obtained a t  t h i s  s i te .

A l though o v e r a l l  f r y  dens i t i es  w e r e  s l i g h t l y  l o w e r  i n  1984 t h a n  i n
1983, s tee lhead  t r o u t  y e a r l i n g  ( a g e  1+ )  a n d  o l d e r  p a r r  (  a g e  2+)
densit ies a n d  biomass est imates combined f o r  t h e  5  s i t e s  sampled i n
both years  were v e r y  s imi lar  ( Ta b l e  3 .17) .

Table 3.17 S u m m a r y  o f  Steelhead Tr o u t  Dens i t y  and
Biomass Estimates f o r  Goathorn Creek

Population est imates h a v e  b e e n  d e r i v e d  b y  a p p l y i n g  t h e  c a t c h  p e r
l inear mete r  o f  stream sampled t o  t h e  tota l  s t ream leng th  rep resen ted
b y  each sample ( A p p e n d i x  9 . 1 ) .  T h i s  r e s u l t s  i n  a n  est imated 7,100
steelhead t r o u t  f r y  i n  G o a t h o r n  C r e e k ,  w i t h  70% o f  t h i s  es t ima te
located i n  t h e  lowest  1  k m  o f  s t ream.  A s  we l l ,  a n  est imated 3 ,700
steelhead p a r r  (70% age 1+) w e r e  u t i l i z i ng  Goathorn Creek  d u r i n g  t h e
sample p e r i o d .  T h i s  compares w i t h  a  modi f ied  es t imate ,  ( i . e . ,  1984
revised channel  l e n g t h )  o f  8 ,200 steelhead t r o u t  f r y  a n d  3,300 p a r r
(61% age 1+) f o r  1983.

Dolly Va rden  Char
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The Goa thorn  C r e e k  D o l l y  Va r d e n  c h a r  a r e  a  r es i den t  popu la t ion  o f
f ish m a t u r i n g  a t  a  s m a l l  s i z e  a n d  a r e  t y p i c a l  o f  c o l d  h e a d w a t e r
streams as  descr ibed  i n  Sco t t  and  Crossman (1973) .  R i p e  f i sh  i n  t h e
150-210 mm f o r k  l e n g t h  r ange  have  been f o u n d  d u r i n g  bo th  yea rs  o f
sampling ( F i g u r e  3 . 1 4 ) .  L a r g e r  D o l l y  Va r d e n  ( 4 0  c m  o r  more  f o r k
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length) a r e  known t o  use  lower  Goathorn Creek  on  a t  least  a  seasonal
basis ( B u s t a r d  1984a).

The  1 9 8 4  s a m p l i n g  p r o g r a m  i n d i c a t e d  D o l l y  V a r d e n  c h a r  w e r e
u t i l i z ing  t h e  u p p e r  sec t i ons  o f  Goathorn  C r e e k  t o  a  g r e a t e r  e x t e n t
than s i t es  l ower  i n  t h e  system ( Ta b l e  3 . 1 6 ) .  D e n s i t i e s  w e r e  h i g h e s t
at n e w  s i t e s  es tab l i shed  a t  t h e  Goa tho rn -Cab ine t  C r e e k  c o n f l u e n c e
and i n  C a b i n e t  C r e e k .  D o l l y  Va r d e n  c h a r  f r y  numbers  w e r e  l o w  a t
all s i t e s  sampled a n d  w e r e  l ower  t h a n  those  obta ined i n  1983. O l d e r
age c lass  dens i t ies  a n d  biomass w e r e  v e r y  s im i l a r  f o r  t h e  t w o  y e a r s
(Table  3 .18 ) .

Table 3.18 S u m m a r y  o f  Dol ly  Va rden  Cha r  Dens i t y  and
Biomass Estimates f o r  Goathorn Creek

Densi ty  ( f i sh /m2)  B i o m a s s  ( 4 / M 2 )
0+ > 1 +  0 +  > 1 +

1983 0 . 0 5  0 . 0 5  0 . 0 7  0 . 5 0
1984 0 . 0 3  0 . 0 5  0 . 0 4  0 . 5 1

Th is  s u m m a r y  o n l y  i n c l u d e s  s i t e s  G1  t o  G 5 ,  s i n c e  t h e s e  s i t e s  w e r e
sampled d u r i n g  b o t h  y e a r s .  D e n s i t y  a n d  b iomass es t imates  a t  t h e
two n e w  u p p e r  s i t e s  w e r e  mo re  t h a n  4  t imes  g r e a t e r  t h a n  t h e -  mean
fo r  t he  lower  s i tes ( Ta b l e  3 .16 ) .

FL -
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Estimates d e r i v e d  f r o m  t h e  1984 data  sugges t  a  popu la t ion  o f  2800 f r y
and 15,000 o l d e r  age`  class f i s h  compared  t o  a  modi f ied  1983 est imate
( i . e . ,  r e v i s e d  1984 channel  l e n g t h )  o f  3,900 f r y  a n d  5,800 o l d e r  age
class D o l l y  V a r d e n  c h a r  ( A p p e n d i x  9 . 1 ) .  T h e  1 9 8 4  e s t i m a t e s
incorporate d a t a  f r o m  t w o  n e w  s i t e s  i n  t h e  u p p e r  c r e e k ,  a n d  i s
probab ly  m o r e  a c c u r a t e .  H o w e v e r ,  t h e s e  n u m b e r s  s h o u l d  b e
considered m i n i m u m s ,  a s  t h e r e  i s  c o n s i d e r a b l e  s t r e a m  l e n g t h ,
particularly i n  C a b i n e t  C r e e k ,  t h a t  o f f e r s  potent ia l  D o l l y  Va r d e n
char  h a b i t a t  ( F i g u r e  3 . 3 ) .  S i n c e  p r e s e n t  u s e  i s  u n k n o w n  i n  t h e s e
areas, t h e y  a re  no t  inc luded i n  t h e  system p roduc t ion  est imate.

3 .7 .2  T e n a s  Creek

Approx imate ly  1 , 3 5 0  m 2  o f  t h e  l o w e r  t w o  reaches  o f  Te n a s  C r e e k
were sampled i n  1984. T h i s  compr ised 207 m o f  s t ream l eng th  o r  j u s t



Table 3.19 S u m m a r y  of Fish Species and Age Class Composition for Two Years of  Sampling in Tenas Creek

Species Age

Tenas Creek (Sites T1 to T31)
19831984

Number Number

Steelhead T r o u t 0+ 232 56.3 701 76.8
1+ 104 25.2 99 10.8

>2+ 35 8.5 45 4.9
(371) (90.0) (845) (92.5)

Doily Varden  Char 0+ 7 1.7 30 3.3
>1+ 32 7.8 38 4.2

( 39) ( 9 .5 ) ( 68) ( 7 .5 )

Mountain Whitef ish > 1+ 2 0.5 0 0

TOTAL 412 100 913 100

Area Sampled (m2) 1,201 1,154

Stream Length  Sampled (m) 182 1 8 9

T4 is not included in this comparison since it  was not included in the  1983 sampling program.
4
0
8
2
3

1
75
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r-;
i s i t e  i n  t h e  l o w e r  s e c t i o n  o f  Reach  2  ( s i t e  T 4 )  t o  p r o v i d e  a  m o r e

representat ive  sample o f  th is  sect ion o f  stream.

under  2% o f  t h e  t o t a l  1 0 . 7  k m  o f  s t ream i n  t h e  main  f i s h - p r o d u c i n g
sections o f  Te n a s  C r e e k .  T h e  1984 sample  i n c l u d e d  a n  add i t i ona l

The f i s h  s p e c i e s  a n d  a g e  c lass  composi t ion o f  t h e  3  s i t e s  i n  Te n a s
Creek t h a t  w e r e  a lso sampled i n  1983 a r e  summarized i n  Ta b l e  3 .19 .
Similar t o  1 9 8 3 ,  j u v e n i l e  s t e e l h e a d  t r o u t  w e r e  t h e  m a i n  s p e c i e s
present  i n  Te n a s  C r e e k  a n d  c o m p r i s e d  90% t h e  e s t i m a t e d  t o t a l
juveni le  f i s h  p o p u l a t i o n  i n  t h e  sample s i t e s .  T h e  r e m a i n d e r  o f  t h e
catch w a s  c o m p r i s e d  o f  D o l l y  Va r d e n  c h a r  e x c e p t  f o r  2  moun ta in
whi te f ish  c a p t u r e d  a t  t h e  l o w e s t  s i t e  i n  Te n a s  C r e e k .  M o u n t a i n
whi te f ish w e r e  n o t  c a p t u r e d  i n  Te n a s  C r e e k  i n  1983 .  T o t a l  f i s h
numbers i n .  Tenas  C r e e k  i n  1984 w e r e  l ess  t h a n  o n e - h a l f  o f  t h o s e
estimated i n  t h e  1983 samp les .  T h i s  w a s  l a r g e l y  t h e  r e s u l t  o f  a
decline i n  t h e  abundance  o f  f r y  o f  b o t h  spec ies .  T h e  sample  a rea
and stream l e n g t h  were s imi lar  f o r  t he  two yea rs .

A s u m m a r y  o f  f i s h  d e n s i t y  a n d  b iomass  e s t i m a t e s  f o r .  t h e  1 9 8 4
sampling p r o g r a m  i s  p r e s e n t e d  i n  Ta b l e  3 .20  w h i l e  t h e  more  deta i led
f i sh  s a m p l i n g  r e s u l t s  a r e  p r o v i d e d  i n  A p p e n d i x  8 . 2 .  T e n a s  C r e e k
f i sh  d e n s i t i e s  w e r e  h i g h e s t  a t  s i t e  T 1  a n d  d e c l i n e d  a s  s a m p l i n g
proceeded ups t ream i n  a  s im i l a r  p a t t e r n  t o  1983. H o w e v e r ,  o v e r a l l
densit ies w e r e  less  t h a n  o n e - h a l f  o f  t hose  ob ta ined  i n  1983,  l a r g e l y
due t o  a s h a r p  decl ine i n  f r y  numbers a t  bo th  s i tes  T1 a n d  T 2 .

Tota l  f i s h  b iomass (g /m2) ,  ranged  f r om 1 . 4  t o  2 .8  g / m 2  i n  1984 w i t h  a
mean es t ima te  app rox ima te l y  20% l e s s  t h a n  1983 l e v e l s .  T h e  mean
biomass es t ima tes  f o r  s i t e s  T 1  t o  T 3  comb ined  w e r e  2 . 4  g / m 2  a n d
1.9 g / m 2  i n  1983 a n d  1984 r e s p e c t i v e l y.  S i t e  T 2  h a d  t h e  h i g h e s t
biomass l e v e l s ,  l a r g e l y  t h e  r e s u l t  o f  g o o d  s t e e l h e a d  t r o u t  p a r r
populat ions i n  t h i s  sect ion o f  stream.

Steelhead Trou t

Juveni le t r o u t  c a p t u r e d  i n  Te n a s  C r e e k  a r e  a s s u m e d  t o  b e  t h e
progeny  o f  s tee lhead  t r o u t  s p a w n e r s  ( B u s t a r d  19814a). J u v e n i l e
steelhead t r o u t  d e n s i t i e s  w e r e  h i g h e s t  a t  t h e  l o w e s t  s i t e  ( T 1 ) ,
la rge ly  t h e  r e s u l t  o f  f r y  densi t ies o f  approx imate ly  0 . 4  f r y / m 2  ( Ta b l e
3 .20) .  L a s t  y e a r ' s  f r y  d e n s i t i e s  a t  t h i s  s i t e  w e r e  0 . 9  f r y / m 2 „
Steelhead t r o u t  p a r r  dens i t ies ,  p a r t i c u l a r l y  t h e  o l d e r  age c lass p a r r ,
were h i g h e r  a t  T 2  t h a n  a t  T 1  d u r i n g  1984. T h i s  i s  s i m i l a r  t o  1983
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DENSITY ESTIMATES (Fish/m2)

Reach Site Steelhead Trout

>2+

Dolly Varden Char Mountain Whitefish Total

0+ 1+ 0+ >1+ >1+

1 T1 0.37 0.08 <0.01 0.00 0.01 <0.01 0.46
1 T2 0.04 0.13 0.08 0.00 0.02 0.00 0.27
2 T3 0.01 0.03 0.00 0.03 0.10 0.00 0.17

Meant 0.14 0.08 0.03 0.01 0.04 <0.01 0.30

2 T4 0.00 0.04 0.05 0.08 0.07 0.00 0.24

BIOMASS ESTIMATES (g /m2)

Reach Site Steelhead Trout Dolly Varden Char Mountain Whitefish Total
0+ 1+ >2+ 0+ >1+ >1+

1 T1 0.30 0.47 0.09 0.00. 0.22 0.48 1.56
4 1 T2 0.02 0.80 1.72 0.00 0.25 0.00 2.79
a 2 T3 <0.01 0.16 0.00 0.04 1.20 0.00 1.40
8
2 Mean 0.11 0.48 0.60 0.01 0.56 0.16 1.92
3
- 2 T4 0.00 0.24 0.77 0.12 0.51 0.00 1.64
1

Table 3.20 Summary  of Juvenile Salmonid Densities and Biomass Estimates at Four Sample Sites in
Tenas Creek,  September and October 1984

76 1  T h i s  mean is calculated from those sites that were also sampled in 1983.
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1983 0.48 0.07 0.03 0.50 0.46 0.72
1984 0.14 0.08 0.03 0.11 0.48 0.60

,- •
and i s  p r o b a b l y  a  r e s u l t  o f  more  h a b i t a t  c o m p l e x i t y,  'especial ly more
pool h a b i t a t  a t  s i t e  T 2 .  P a r r  d e n s i t i e s  a n d  b i o m a s s  e s t i m a t e s
combined f o r  t h e  t h r e e  s i t e s  sampled  f o r  t h e  t w o  y e a r s  w e r e  v e r y
comparable as shown i n  the  Tab le  3 .21.

Tab le  3.21 S u m m a r y  o f  Steelhead T r o u t  Dens i t y  and
Biomass Estimates f o r  Tenas  Creek

Densi ty  ( f i sh /m2)  B i o m a s s  (g_/m2)

r  4
0

47

0+ 1 +  > 2 + 0+ 1 +  > 2 +

A smal l  n u m b e r  o f  steelhead t r o u t  f r y  we re  aga in  p r e s e n t  a t  s i t e  T 3 ,
over  10 k m  upst ream o n  Te n a s  C r e e k ,  i n d i c a t i n g  t h a t  some steelhead
t r o u t  u t i l i z e  t h e  t o p  sect ion o f  Tenas  C r e e k .  S e v e r a l  s teelhead t r o u t
p a r r  were  also cap tu red  a t  t h i s  s i t e  i n  1984.

Fish p o p u l a t i o n  est imates h a v e  been  d e r i v e d  f o r  Te n a s  C r e e k  b a s e d
on c a t c h  p e r  l i n e a r  m e t e r  a n d  s t r e a m  l e n g t h  r e p r e s e n t e d  b y  e a c h
sample ( A p p e n d i x  9 . 2 ) .  T h e  Te n a s  C r e e k  f r y  popu la t i on  es t imates
were 8,400, f r y  compared t o  33,500 i n  1983.  N e a r l y  a l l  o f  these  f r y
(99%) w e r e  l oca ted  i n  t h e  l owes t  6  k m  o f  Te n a s  C r e e k .  S t e e l h e a d
t r o u t  p a r r  es t imates  w e r e  7 , 7 0 0  a n d  8 , 1 0 0  f i s h  f o r  1984 a n d  1983
respec t i ve ly.  T h e  1983  es t ima tes  h a v e  b e e n  r e v i s e d  f r o m  t h o s e
presented i n  B u s t a r d  (1984a) t o  i nco rpo ra te  b e t t e r  est imates o f  reach
lengths d e r i v e d  i n  1 9 8 4 .  T h e  1 9 8 4  e s t i m a t e s  i n c o r p o r a t e  d a t a
collected a t  a n  add i t i ona l  s i t e  ( T 4 )  a n d  t h e r e f o r e  p r o v i d e  a  b e t t e r
estimate o f  steelhead t r o u t  p roduc t ion .

Dol ly  Va rden  C h a r

Tenas C r e e k  D o l l y  Va r d e n  c h a r  a r e  t y p i c a l l y  s m a l l  r e s i d e n t  f i s h
simi lar t o  t hose  desc r ibed  i n  t h e  Goathorn  C r e e k  sec t i on .  D e n s i t i e s
are h i g h e r  i n  t h e  u p p e r  system (Reach  2 )  t h a n  a t  downstream s i t e s
(Table 3 . 2 0 ) .  F r y  dens i t i es  w e r e  l ess  t h a n  0 . 1  f i s h / m 2  a t  a l l  s i t e s
and mean f r y  a n d  o l d e r  age  c lass  dens i t i es  w e r e  b o t h  l o w e r  t h a n  i n
1983 ( Ta b l e  3 .22 ) .



Table 3.22 S u m m a r y  o f  Dol ly  Va rden  Char  Dens i ty  and
Biomass Estimates f o r  Tenas  Creek

Density ( f i sh /m2)  B i o m a s s  (q /m2)
0+ > 1 +  0 +  > 1 +

1983 0 . 0 5  0 . 0 6  0 . 0 5  0 . 6 9
1984 0 . 0 1  0 . 0 4  0 . 0 1  0 . 5 6

F r y  dens i t ies  a t  t h e  n e w  s i t e  ( T 4 )  w e r e  h i g h e r  t h a n  o t h e r  s i tes  b u t
older a g e  c lass  D o l l y  Va r d e n  c h a r  dens i t ies  w e r e  l ower  t h a n  a t  s i t e
T3 located upstream ( Ta b l e  3 .20 ) .

Estimates d e r i v e d  f o r  1984 ( A p p e n d i x  9 . 2 )  s u g g e s t  a  popu la t ion  o f
approximately 2 ,000  f r y  a n d  3,500 o l d e r  age c lass Do l l y  Va r d e n  c h a r
compared t o  a  mod i f ied  es t imate  ( i . e . ,  r e v i s e d  1984 channel  l e n g t h )
of  3,100 f r y  a n d  3,400 o l d e r  age  c lass f i s h  d e r i v e d  i n  1983. T h e s e
estimates a r e  p r o b a b l y  l o w  s i n c e  a t  l e a s t  3  k m  o f  po ten t i a l  f i s h
habi tat  u p s t r e a m  o f  R e a c h  2  a r e  n o t  i n c l u d e d  i n  t h e  p r o d u c t i o n
f igures .

1.1

3.7.3 T e l k w a  R i v e r

Approximately  2,100 m2 o f  main a n d  s ide  channel  hab i ta t  was sampled
in t h e  Te l k w a  R i v e r  downst ream o f  t h e  Goathorn  C r e e k  con f luence
(F igure  2 . 1 ) .  T h e  s i tes  i nc luded  152 m o f  s ide channel a n d  129 m o f
main channel  ma rg i n .  T h e  sample s i t es  comprised less t han  1% o f  t he
total channe l  l e n g t h  i n  t h i s  sec t ion  o f  t h e  Te l k w a  R i v e r .  I n  t o t a l ,
20% more area  was sampled i n  1984 t h a n  i n  1983, l a r g e l y  t h e  resu l t  o f
increasing the  area sampled a t  SC2.

Steelhead t r o u t  j u v e n i l e s  c o m p r i s e d  79% o f  t h e  6 6 0  j u v e n i l e  f i s h
1. e s t i m a t e d  i n  t h e  sample s i t e  ( Ta b l e  3 . 2 3 ) .  T h e  rema inder  o f  t h e

sample was  compr ised o f  coho salmon (11%),  mounta in  wh i te f i sh  (7%) ,
i c h i n o o k  salmon (2%),  a n d  Do l l y  Va r d e n  c h a r  (1%). A  s ing le  longnose

dace w a s  c a p t u r e d  i n  SC1.  O v e r a l l  f i s h  n u m b e r s  w e r e  18% lower  i n
1984, d e s p i t e  sampl ing  more area.  S t e e l h e a d  t r o u t  f r y  a n d  mountain
whi tef ish n u m b e r s  w e r e  l e s s  t h a n  o n e - h a l f  o f  t h e  1983 t o t a l s  w h i l e

0 s t e e l h e a d  t r o u t  p a r r  ( p a r t i c u l a r l y  a g e  1 +  f i s h )  a n d  j u v e n i l e  c o h o
8 s a l m o n  n u m b e r s  w e r e  m o r e  t h a n  d o u b l e  t h e  1983 t o t a l s .  A s  w e l l ,
2 m o r e  ch inook  sa lmon f r y  w e r e  c a p t u r e d  i n  t h e  Te l k w a  R i v e r  i n  1984

at s i tes u p  t o  4 km upstream o f  the  Bu l k ley  R i v e r  conf luence.3

1

48
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Species A g e
1984 1983

Number Number

Steelhead Trout 0 + 255 38.6 535 66.7
1+ 213 32.3 75 9.4

>2+ 56 8.5 42 5.2
(524) (79.4) (652) (81.2)

Coho Salmon < 1 + 75 11.4 34 4.2

Chinook Salmon 0 + 11 1.7 1 0.1

Mountain Whitefish 0 + 43 6.5 105 13.1
>1+ 2 0.3 3 0.4

( 45) ( 6 .8 ) (108) (14.0)

Dolly Varden Char > 1 + 4 0.6 7 0.9

Longnose Dace 1 0.1 0 0

TOTAL 660 100 802 100

0 Area Sampled (m2) 2,089 1,812
8
2 Stream Length Sampled (m) .281 237
3

•
77

Table 3.23 S u m m a r y  of Fish Species and Age Class Composition for Two Years of Sampling in the Lower Telkwa
River (Combined Side and Main Channel Sites)
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A summary  o f  f i s h  dens i t i es  a n d  biomass estimates f o r  main a n d  s ide
channel s i t e s  i s  p r e s e n t e d  i n  Ta b l e s  3 . 2 4  a n d  3 . 2 5 ,  w h i l e  t h e  more
detailed resu l t s  a r e  p resented  i n  A p p e n d i x  8 . 2 .  O v e r a l l  f i s h  d e n s i t y
estimates i n  s ide  channels  ( 1 . 0  f i s h / m 2 )  w e r e  more t h a n  t h r e e  t imes
the estimates obta ined i n  main channel  locat ions ( 0 . 3  f i s h / m 2 ) .  T h i s
di fference w a s  l a r g e l y  t h e  r e s u l t  o f  v e r y  h i g h  n u m b e r s  o f  f i s h  i n
SC3, a  smal l  s i d e  channe l  w i t h  h i g h  j u v e n i l e  coho salmon dens i t ies .
Biomass es t ima tes  w e r e  a l s o  h i g h e r  i n  s i d e  c h a n n e l s  ( 2 . 4  g / m 2 )
compared t o  main channels  ( 1 . 4  g / m 2 ) .  I f  resul ts  f rom SC3 were  not
included i n  t h e  t o ta l s ,  t h e n  b o t h  t h e  biomass a n d  d e n s i t y  est imates
f o r  t h e  rema in ing  t w o  s i d e  channe ls  w e r e  s i m i l a r  t o  ma in  channe l
resul ts.

The 1 9 8 4  d e n s i t y  a n d  b i o m a s s  es t ima tes  i n  Te l k w a  R i v e r  s i d e
channels w e r e  mo re  t h a n  t w i c e  t h o s e  ob ta ined  i n  1983,  l a r g e l y  t h e
result  o f  SC3 wh ich  h a d  biomass estimates 4  t imes as  h igh  as  i n  1983.
Main c h a n n e l  d e n s i t i e s  w e r e  s l i g h t l y  l o w e r  i n  1 9 8 4  ( 0 . 3  f i s h / m 2
compared t o  0 . 4  f i s h / m 2 )  r e f l e c t i n g  f e w e r  s tee lhead t r o u t  f r y ,  b u t
biomass est imates w e r e  s l i g h t l y  h i g h e r  d u e  t o  more  steelhead t r o u t
par r  ( 1 . 4  g/m2 compared to  1 .2  g /m2 in  1983).

Steelhead Tr o u t

L

4

1

49

Steelhead t r o u t  f r y  compr ised 49% o f  t he  524 steelhead t r o u t  juveni les
sampled i n  t h e  Te l k w a  R i v e r  i n  1984 ( Ta b l e  3 . 2 3 ) .  S t e e l h e a d  t r o u t
f r y  w e r e  p resen t  i n  a l l  s i t e s  b u t  o n e  main channel  loca t ion  ( Ta b l e s
3.24 and 3 .25 ) .  A s  i n  1983, h i g h e s t  f r y  densi t ies occur red  i n  SC3, a
small s i d e  channel  w i t h  h e a v y  d e b r i s  c o v e r .  N e a r l y  80% o f  t h e  213
steelhead t r o u t  p a r r  samp led  w e r e  a g e  1 + .  S t e e l h e a d  t r o u t  p a r r
numbers w e r e  again  h i g h e s t  a t  M57 a n d  MS1 ( Ta b l e  3 . 2 5 ) ,  t w o  main
channel s i t e s  w i t h  c l e a n  c o b b l e  s u b s t r a t e .  T h e r e  w a s  l i t t l e
di fference i n  f r y  a n d  p a r r  dens i t ies  between s i d e  a n d  main channel
locations ( Ta b l e  3.24 and 3 .25 ) .

A summary  o f  j uven i l e  steelhead t r o u t  d e n s i t y  a n d  biomass est imates
combined f o r  all s i tes i n  t h e  Te lkwa  R iver  is  shown i n  Tab le  3 .26 .
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Table 3.26 S u m m a r y  o f  Steelhead T r o u t  Dens i t y  and
Biomass Estimates f o r  the  Te lkwa  R i v e r

r•

Density (F ish /m2)  B i o m a s s  ( g / m 2 )
0+ 1 +  >  2+ 0 +  1 +  > 2 +

1983 0 . 3 2  0 . 0 4  0 . 0 2  0 . 2 8  0 . 2 1  0 . 4 6
1984 0 . 2 0  0 . 0 8  0 . 0 2  0 . 1 6  0 . 4 4  0 . 5 2

Steelhead t r o u t  f r y  d e n s i t i e s  i n  t h e  Te l k w a  R i v e r  ( 0 . 2  f r y / m 2 )  i n
1984 w e r e  s l i g h t l y  l ess  t h a n  i n  1983 ( 0 . 3  f r y / m 2 ) .  A g e  1+ steelhead
t r o u t  p a r r  dens i t ies  w e r e  doub le  t h e  1983 es t imates  w h i l e  o l d e r  age
classes o f  steelhead t r o u t  had  s imi lar  dens i t ies  d u r i n g  t h e  t w o  years .
Biomass est imates showed a  s im i l a r  p a t t e r n -  o f  l o w e r  f r y  a n d  h i g h e r
year l ing  biomass.

Population es t ima tes  d e r i v e d  f o r  t h e  8  k m  o f  m a i n  c h a n n e l  a n d
approximately 13 k m  o f  p roduc t i ve  s ide  channel  h a b i t a t  i n  t h e  Te l k w a
River  sugges t  a  popu la t ion  o f  26,000 f r y  a n d  25,000 p a r r  ( A p p e n d i x
9 .3 ) .  T h i s  compares  t o  a n  es t ima ted  63 ,000  f r y  a n d  15,000 p a r r
calculated f o r  1983.  S t e e l h e a d  t r o u t  p r o d u c t i o n  i s  s p r e a d  e q u a l l y
between main  a n d  s ide  channel areas.  S i d e  channels may account  f o r
less p roduc t i on  t h a n  ind ica ted  i n  t h i s  es t imate ,  s i n c e  we t ted  channel
lengths were  evaluated d u r i n g  A u g u s t  f l ows .  M a n y  o f  these channels
may n o t  p r o v i d e  p r o d u c t i v e  sa lmonid  h a b i t a t  d u r i n g  t h e  l o w e r  f l o w
late w i n t e r  per iod .

Coho Salmon

Juveni le c o h o  salmon h a d  a  l im i ted  d i s t r i b u t i o n  i n  t h e  l owe r  Te l k w a
R ive r,  a l t h o u g h  t h e i r  numbers  were  more t h a n  doub le  t hose  obta ined
in 1983 ( Ta b l e  3 . 2 3 ) .  T h e y  were  p resen t  i n  low numbers  a t  3  o f  t h e
7 ma in  channe l  s i t e s  a n d  i n  a l l  o f  t h e  s i d e  channel  loca t ions  e x c e p t
SC3 w h e r e  h i g h  dens i t ies  o f  juveni le  coho salmon we re  p resen t .  T h i s
small c h a n n e l  h a s  • low w a t e r  ve loc i t ies  a n d  a b u n d a n t  d e b r i s  c o v e r ,
p rov id i ng  e x c e l l e n t  c o h o  sa lmon  h a b i t a t  a w a y  f r o m  t h e  ma ins tem
r i v e r .  A l l  b u t  5  o f  t h e  75 j u v e n i l e  f i s h  c a p t u r e d  d u r i n g  t h e  1984
sampling program were age 0+ f i s h .

Minnow t r a p p i n g  a t  5  w e t l a n d  s i t e s  i n  t h e  l o w e r  Te l k w a  R i v e r
i n d i c a t e d  t h a t  c o h o  s a l m o n  d o  n o t  p r e s e n t l y  u s e  t h e s e  s i t e s
(Appendix  1 0 ) .  S e v e r a l  o f  t hese  we t lands  o f f e r  exce l l en t  po ten t i a l
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Table 3.24 J u v e n i l e  Salmonid Densities and Biomass Estimates at Three Sample Sites in
Telkwa River Side Channels, September 1984

DENSITY ESTIMATES (Fish/m2)

Site Steelhead Trout  C o h o  Salmon Chinook Salmon Mountain Whitefish Longnose
Dace

Total
0+ 1 +  > 2 +  < 1 + 0+ 0+ >1+

SC1 0.10 0 . 8 0  0 . 4 0  0 . 0 1 0.11 0.10 0.02 0.01 1.55
SC2 0.04 0 . 4 7  0 . 6 2  0 . 0 3 0.02 0.02 0.00 0.00 1.20
SC3 0.41 0 . 0 0  0 . 0 0  4 . 0 6 0.00 0.00 0.00 0.00 4.47

Mean 0.18 0 . 4 1  0 . 3 4  1 . 3 7 0.04 0.04 0.01 <0.01 2.41
4
0
8 SCI Medium (Mean width -  7.1 m)
2 SC2 Large (Mean width -  15.2 m)
3 SC3 Small (Mean width -  1 . 3  m)

1
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Site S t e e l h e a d  Trout  C o h o  Salmon C h i n o o k  Salmon M o u n t a i n  Whitefish L o n g n o s e  T o t a l
0+ 1 +  > 2 +  < 1 +  0 +  0 +  > 1 +  D a c e

SC1 0 . 1 3  0 . 1 5  0 . 0 2  < 0 . 0 1  0 . 0 2  0 . 0 5  < 0 . 0 1  < 0 . 0 1  0 . 3 7
SC2 0 . 0 5  0 . 0 8  0 . 0 3  0 . 0 1  < 0 . 0 1  0 . 0 1  0 . 0 0  0 . 0 0  0 . 1 8
SC3 0 . 5 2  0 . 0 0  0 . 0 0  1 . 8 5  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  2 . 3 7

Mean 0 . 2 3  0 . 0 8  0 . 0 2  0 . 6 2  0 . 0 1  0 . 0 2  < 0 . 0 1  < 0 . 0 1  0 . 9 7

BIOMASS ESTIMATES (g /m2)



Table 3.25 J u v e n i l e  Salmonid Densities and •Biomass Estimates at Seven Sample Sites.in
the Telkwa River Main Channel, September 1984

DENSITY ESTIMATES (Fish/m2)

Site Steelhead Trout
>2+

Coho Salmon Dolly Varden Char Mountain Whitefish Total
1+ <1+ >1+ 0+ >1+

MS1 0.12 0.17 0.09 0.00 0.00 0.00 0.00 0.38
MS2 0.14 0.05 0.03 0.02 0.00 0.01 0.00 0.24
MS3 0.15 0.12 0.03 0.01 0.00 0.02 0.00 0.33
MS4 0.00 0.06 0.00 0.00 0.00 0.01 0.00 0.07
MS5 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.32
MS6 0.23 0.06 0.02 0.00 0.00 0.03 0.00 0.34
MS7 0.17 0.18 0.07 0.03 0.03 0.01 0.01 0.48

Mean 0.16 0.09 0.03 0.01 < 0.01 0.01 <0.01 0.31

BIOMASS ESTIMATES ( g / m 2 )

Site Steelhead Trout Coho Salmon Dolly Varden Char Mountain Whitefish Total
0+ 1+ >2+ <1+ >1+ 0+ >1+

MS1 0.10 0.89 2.36 0.00 0.00 0.00 0.00 3.35
4 MS2 0.11 0.23 0.40 0.05 0.00 0.02 0.00 0.81
0 MS3 0.14 0.58 0.52 0.03 0.00 0.04 0.00 1.31
8 MS4 0.00 0.36 0.00 0.00 0.00 0.02 0.00 0.38
2 MS5 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.20
3 MS6 0.19 0.35 0.28 0.00 0.00 0.05 0.00 0.87
- MS7 0.15 0.89 1.38 0.05 0.42 0.01 0.14 3.04
1
. Mean 0.13 0.47 0.71 0.02 0.06 0.02 0.02 1.42
79
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habi tat ,  p a r t i c u l a r l y  WL5 ( F i g u r e  3 . 9 ) .  T h e  main f ac to r  l im i t ing  coho
salmon u s e  o f  t h e s e  a reas  i s  p r o b a b l y  l a c k  o f  access f r om  t h e  main
channel p r e v e n t i n g  r e c r u i t m e n t  o f  f i s h  i n t o  t h e m .  S t u d i e s  i n  a n
adjacent sys tem ( B u s t a r d  i n  p r e p . )  i n d i c a t e d  t h a t  wet land  areas can
prov ide v e r y  p r o d u c t i v e  coho  sa lmon r e a r i n g  a reas  i f  t h e y  h a v e  a
suitable w a t e r  source  a n d  access t o  t h e  main r i v e r  f o r  a t  least  some
period o f  the  y e a r.

Chinook Salmon

Chinook salmon f r y  compr ised j u s t  u n d e r  2% o f  t he  1984 sample. T h e
11 f r y  were  captured a t  two side channel sites i n  t h e  lower Te lkwa
River ( Ta b l e  3 . 2 3 ) .  O n l y  a  s ingle  f r y  w a s  captured i n  t h e  1983
sample. A l t h o u g h  i t  is most probable that these f r y  move up into the
Telkwa R i v e r  from t h e  Bulk ley R i v e r,  i t  is  possible that a  few pairs
of c h i n o o k  sa lmon s p a w n e r s  m a y  u t i l i z e  t h e  Te l k w a  R i v e r  f o r
spawning during some years.

Dolly Varden Char

As i n  1983 ,  v e r y  low numbers o f  j u v e n i l e  D o l l y  Va r d e n  c h a r  w e r e
captured i n  t h e  lower Te lkwa R i v e r.  N o n e  o f  the  four  Dolly Varden
char sampled w e r e  f r y ,  indicat ing t h a t  th is  section o f  r i v e r  i s  n o t
important as a  juvenile rearing area for  this species.

Mountain Whitefish

F t4

'8
2
3

1
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Mountain whitefish w e r e  present i n  low densities a t  f ive  main channel
sites and in  two side channels ( Ta b l e  3.24 and 3 . 2 5 ) .  To t a l  mountain
whitefish numbers were  lower I n  1984 (45  f ish)  compared to 1983 (108
f ish) .  T h e y  comprised just under  7% of the 1984 sample, a n d  all but
two o f  the  f ish sampled were f r y .  T h e  largest decline from the 1983
totals occurred in the side channel locations.

3 .7 .4  B u l k  ley River

Four ma ins tem s i t e s  o n  t h e  B u l k l e y  R i v e r  j u s t  downs t ream f r o m
Hubert Creek  ( F i g u r e  2 .1 )  were  added to  the 1984 sampling program.
These s i t e s  a r e  loca ted  n e a r  t h e  p roposed  j u n c t i o n  f o r  t h e  r a i l  l i n k
between CNR's  e x i s t i n g  r a i l  l i n e  a n d  t h e  m ine  s i t e  ( F i g u r e s  1 . 2  a n d
3.15).



In t o ta l  247 m2 o f  area a n d  86 m  o f  r i v e r  marg in  w e r e  sampled. T h e
resul ts  a r e  summarized i n  Ta b l e  3 . 2 7  w h i l e  t h e  de ta i l ed  r e s u l t s  a r e
presented i n  A p p e n d i x  8 . 2 .  J u v e n i l e  steelhead t r o u t  ( f r y  a n d  p a r r )
comprised 70% o f  t he  60 f i s h  c a p t u r e d  a t  t h e  s i tes .  T h e  remainder  o f
the s a m p l e  c o n s i s t e d  o f  c h i n o o k  s a l m o n  f r y  (27%)  a n d  m o u n t a i n
whitef ish (3%).

Steel head t r o u t  f r y  a n d  p a r r  d e n s i t i e s  w e r e  a p p r o x i m a t e l y
0.1 f ish/m2 ( Ta b l e  3 . 2 7 ) .  Biomass estimates a t  the  sites ranged from
1-2 g /m2 w i th  a  mean o f  1 . 5  g /m2.  T h e  steelhead t rout  f r y  density
estimates w e r e  s i m i l a r  t o  t h o s e  r e p o r t e d  i n  a  1982 s t u d y  o f  t h e
mainstem l 3 u l k l e y  R i v e r  ( E n v i r o c o n  1 9 8 3 ) ,  w h i l e  p a r r  d e n s i t y
estimates a r e  h i g h e r  t h a n  t h e  0 . 0 2  p a r r / m 2  estimates r e p o r t e d .
Chinook salmon densi t ies  o f  0 . 0 6  f r y / m 2  a r e  ident ica l  t o  t h o s e
obtained in the 1982 s tudy.

3 .7 .5  S u m m a r y  o f  Juvenile Fish Surveys

The resul ts  f rom t h e  1984 f i s h  sampling program prov ide  a  second
year o f  detailed juvenile f ish distr ibut ion and  abundance information
for Goathorn a n d  Te n a s  creeks a n d  t h e  lower Te l k w a  R i v e r.  T h e
results confirm t h e  importance o f  these systems as rear ing areas f o r
juvenile steelhead t r o u t ,  t h e  predominant species p r e s e n t  i n  a l l
locations except upper Goathorn and Tenas creeks. A s  in 1983, coho
and chinook salmon w e r e  present i n  low numbers i n  t h e  s tudy area,
although t h e i r  numbers  w e r e  h i g h e r  t h a n  i n  t h e  prev ious  year 's
sample. T h e  higher coho salmon numbers may be a  reflection o f  the
good coho salmon spawning escapement i n t o  t h e  Te l k w a  R i v e r  i n
1983. J u v e n i l e  salmon were not present a t  samples sites i n  Goathorn
or Tenas creeks.

The results  o f  the  1984 juveni le sampling program showed a  number
of similarities t o  the 1983 results.  F o r  example, species distributions
within each system were  v e r y  close to  those determined in  1983. A s
well, t h e  f ish biomass and density estimates f o r  the  older age classes
of f i s h  w e r e  v e r y  comparable a t  most  locations between t h e  t w o
years. A  summary of  overall density and biomass estimates is shown
in Table 3.28.
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Figure 3 .15 This s i t e  o n  t h e  B u l k l e y  R i v e r  j u s t  downstream o f
Hubert C reek  p r o v i d e s  r e a r i n g  h a b i t a t  f o r  j u v e n i l e
steelhead t r o u t  and ch inook salmon.

Figure 3 . 1 6  T h e  s p o r t  f i s h e r y  f o r  Te lkwa R i v e r  s tee lhead  t r o u t
occurs p r i m a r i l y  i n  t h e  B u l k l e y  R i v e r.



Table 3.27 J u v e n i l e  Salmonid Densities and Riomass Estimates at Four Sample Sites in the  Ruliciey River,
October 1984

DENSITY ESTIMATES (Fish/m2)

Site Steelhead Trout
>

Chinook Salmon Mountain Whitefish Total
0+ 1+ 0+ 0+ > 1+

B1 0.08 0.06 0.04 0.12 0.00 0.00 0.30
B2 0.04 0.00 0.08 0.02 0.00 0.00 0.13
E33 0.15 0.06 0.02 ,, 0 .08 0.02 0.00 0.32
B4 0.11 0.02 0.02 0.03 0.00 0.02 0.19

Mean 0.10 0.04 0.04 0.06 0.01 0.01 0.24

BIOMASS. ESTIMATES (g /m2)

Site Steelhead Trout
> 2+

Chinook Salmon Mountain Whitefish Total
0+ 1+ 0+ 0+ > 1+

B1 0.13 0.42 0.69 0.73 0.00 0.00 1.97
4 S2 0.07 0.00 1.51 0.10 0.00 0.00 1.68
0 S3 0.22 0.30 0.23 0.40 0.04 0.00 1.19
8 64 0.14 0.10 0.61 0.13 0.00 0.06 1.04
2
3 Mean 0.14 0.20 0.76 0.34 0.01 0.02 1.47

1
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Goathorn
Creek

Tenas
Creek

Telk
River

Density ( f i s h / m 2 ) 1983 0.28 0.69 0.43
1984 0.23 0.30 0.30

Biomass ( g / m 2 ) 1983 1.5 2.4 1.3
1984 1.4 1.9 1.4

Table 3.28 S u m m a r y  o f  Fish Product ion  i n  t he  S tudy  A r e a

r "

r •

4
: 0

8
2
3

1
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1SC3 estimates h a v e  been  exc luded  f r o m  t h e  s u m m a r y.  A l t h o u g h  t h i s
site compr ised  l e s s  t h a n  2% o f  t h e  sample a r e a ,  i t  subs tan t ia l l y
altered estimates due  t o  the  method o f  calculat ing means.

This summary  ind ica tes  t h a t  desp i te  l owe r  f i s h  d e n s i t i e s  d u r i n g  1984
in Goa tho rn  C r e e k  a n d  i n  t h e  Te l k w a  R i v e r ,  b iomass remained n e a r
1983 l e v e l s .  T e n a s  C r e e k  h a d  t h e  l a r g e s t  d e c l i n e  i n  b o t h  f i s h
densi ty  a n d  biomass,  d r o p p i n g  t o  levels o n l y  s l i g h t l y  h i g h e r  than  t h e
other  sys tems.  T h e s e  resu l t s  a r e  v e r y  d i f f e r e n t  f r om those obtained
in 1 9 8 3  t h a t  s u g g e s t e d  Te n a s  C r e e k  w a s  c o n s i d e r a b l y  m o r e
produc t i ve  t h a n  t h e s e  o t h e r  s y s t e m s .  B u l k l e y  R i v e r  main  channe l
sites h a d  comparable d e n s i t y  ( 0 . 2 4  f i s h / m 2 )  a n d  biomass ( 1 . 4  g /m2)
estimates t o  the  o ther  t h ree  systems ( Ta b l e  3 . 2 7 ) .

The most  conspicuous d i f f e rence  i n  t h e  resu l t s  f r o m  t h e  two  years  o f
f ish s a m p l i n g  was  t h e  marked  dec l i ne  i n  numbe rs  o f  steelhead t r o u t
f r y  p r e s e n t  i n  1984 compared t o  1983 .  O v e r a l l  f r y  n u m b e r s  w e r e
approximately 50% o f  t h o s e  o b t a i n e d  i n  1983  w i t h  l e v e l s  i n  Te n a s
Creek o n l y  25% o f  the  1983 leve ls .  A t  t h e  same t ime,  t h e r e  was a  75%
increase i n  age  1+ steelhead t r o u t  i n  1984 re f l ec t i ng  good  s u r v i v a l  o f
the h i g h  numbers  o f  f r y  p resen t  d u r i n g  1983. Ye a r l i n g  numbers were
most c o n s p i c u o u s l y  h i g h e r  i n  Te l k w a  R i v e r  s i t e s  w h e r e  es t imates
were double  those determined f o r  1983.

The l o w  steelhead t r o u t  f r y  numbers  i n  1984 compared t o  1983 a r e  i n
general agreement  w i t h  a d u l t  spawner  estimates f o r  t h e  Bu l k l ey  R i v e r
and t r i b u t a r i e s  s u c h  a s  t h e  Te l k w a  R i v e r .  T h e s e  estimates sugges t
that  t h e  1982 s tee lhead  t r o u t  escapement  ( i . e . ,  t h e  s o u r c e  o f  t h e
1983 f r y  r e c r u i t m e n t )  w a s  h i g h e r  t h a n  n o r m a l  w h i l e  t h e  1 9 8 3
escapement ( i . e . ,  t h e  s o u r c e  f o r  1 9 8 4  f r y  r e c r u i t m e n t )  w a s  l o w
(Lough p e r s .  c o m m .  1 9 8 4 ) .  D a t a  f o r  t h e  t w o  y e a r s  p r o v i d e  a n
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indicat ion o f  t h e  v a r i a b i l i t y  t h a t  can  e x i s t  w i t h i n  t h e  f r y  popu la t ion
fo l lowing h i g h  a n d  l o w  escapemen t  y e a r s .  T h e  h i g h  1 9 8 3  f r y
numbers h a v e  b e e n  c a r r i e d  t h r o u g h  t o  t h e  y e a r l i n g  popu la t i on  o f
steelhead t r o u t  i n  t h e  1984 sample,  w h i l e  numbers  o f  o lde r  age c lass
steelhead t r o u t  p a r r  (  2 + )  h a v e  remained cons tan t  f o r  t h e  t w o  yea rs
sampled. J u v e n i l e  f i s h  s u r v e y s  i n  o t h e r  B u l k l e y  R i v e r  t r i b u t a r i e s
d u r i n g  1984 h a v e  a l s o  shown  t h i s  t r e n d  f o r  l o w  f r y  a n d  h i g h  p a r r
numbers ( L o u g h  p e r s .  comm. 1984).

Similar t o  steelhead t r o u t ,  D o l l y  Va r d e n  c h a r  populat ions i n  Goathorn
and Te n a s  c r e e k s  a l s o  h a d  p o o r  f r y  r e c r u i t m e n t  i n  1 9 8 4 .  F r y
numbers w e r e  approx imate ly  50% o f  t h e  1983 leve ls  w h i l e  numbers  o f
o lder  a g e  c l a s s  i n d i v i d u a l s  r ema ined  t h e  same f o r  t h e  t w o  sample
yea rs .  R e a s o n s  f o r  p o o r  D o l l y  Va r d e n  c h a r  f r y  r e c r u i t m e n t  a re  n o t
k n o w n .

▶•

8

Dolly Va r d e n  c h a r  popu la t i ons  i n  b o t h  G o a t h o r n  a n d  Te n a s  c r e e k s
tended t o  b e  h i g h e s t  i n  t h o s e  s t r e a m  s e c t i o n s  w i t h  l o w  o r  n o
steelhead t r o u t  popu la t ions .  H a b i t a t  charac ter is t i cs  o f  some o f  these
sections s u c h  as  i n  Reach 2  o f  Goathorn Creek  appear  s imi lar  ( F i g u r e
3 . 3 ) ,  a n d  t h e  r e s u l t s  s u g g e s t  t h a t  D o l l y  Va r d e n  c h a r  m a y  n o t
compete  s u c c e s s f u l l y  i n  t h o s e  s t r e a m  s y s t e m s  w h e r e  j u v e n i l e
steelhead t r o u t  a r e  p r e s e n t .  A  s imi la r  p a t t e r n  o f  Do l l y  Va r d e n  c h a r
juveni les u t i l i z i n g  t h o s e  s t r e a m  s e c t i o n s  n o t  u t i l i z e d  b y  j u v e n i l e
steelhead t r o u t  a n d  coho  salmon h a s  been  obse rved  i n  o t h e r  B u l k  ley
River t r i b u t a r i e s  (Env i rocon  1981) .

Juveni le s tee lhead  t r o u t  w e r e  cons is ten t l y  sma l l e r  i n  1984 compared
to 1983 ( Ta b l e  3 . 2 9 ) .  T h i s  p a t t e r n  o c c u r r e d  i n  a l l  o f  t h e  sys tems
and f o r  a l l  a g e  c lasses ,  s u g g e s t i n g  t h a t  g r o w i n g  cond i t i ons  i n  t h e
s tudy  s t reams  w e r e  p o o r  compared t o  1983.  M e a n  f o r k  l e n g t h s  f o r
steelhead t r o u t  f r y  ave raged  n e a r l y  7  mm less t h a n  d u r i n g  t h e  same
per iod i n  1 9 8 3 .  F r y  i n  t h e  2 9 - 3 0  m m  s i z e  r a n g e  w e r e  c a p t u r e d
d u r i n g  t h e  l a t e  Sep tember  samp l i ng  p r o g r a m  s u g g e s t i n g  t h a t  some
emergence was  s t i l l  o c c u r r i n g  u p  t o  t h i s  p e r i o d .  S m a l l  f r y  e n t e r i n g
the w i n t e r  pe r i od  t e n d  t o  have  poo re r  ove rw in te r  s u r v i v a l  t h a n  l a r g e
f i s h .  S i z e  d i f f e rences  we re  n o t  as g r e a t  f o r  D o l l y  Va r d e n  c h a r  f r y ,
averaging 2  mm smal ler  i n  1984 compared t o  1983 ( Ta b l e  3 . 2 9 ) .
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3.8 E S T I M A T E D  A D U LT STEELHEAD TROUT PRODUCTION

An e s t i m a t e  o f  t h e  n u m b e r  o f  a d u l t  s t ee lhead  t r o u t  p r o d u c e d  i n
Goathorn a n d  Te n a s  c reeks  a n d  t h e  lower  Te l k w a  R i v e r  c a n  b e  made
by a s s u m i n g  s u r v i v a l  r a t e s  f r o m  t h e  p a r r  t o  s m o l t  s t a g e  a n d
subsequent ly  t o  r e t u r n i n g  a d u l t s  ( Ta b l e  3 . 3 0 ) .  I t  s h o u l d  b e
emphasized t h a t  t h e s e  assumpt ions  h a v e  l i m i t e d  app l i ca t i on ,  s i n c e
steelhead t r o u t  s u r v i v a l  r a t e s  a t  v a r i o u s  l i f e  h i s t o r y  s t a g e s  a r e
dependent u p o n  t h e  p a r t i c u l a r  character is t ics  o f  t he  system and  v a r y
from y e a r  t o  y e a r .  N e v e r t h e l e s s ,  t h e s e  est imated s u r v i v a l  r a t e s  d o
p r o v i d e  a  m e t h o d  o f  m a k i n g  a  r o u g h  a p p r o x i m a t i o n  o f  a d u l t
populat ions o f  steelhead t r o u t ,  a  f i s h  spec ies  t h a t  i s  v e r y  d i f f i c u l t  t o
enumerate b y  o the r  means.

These es t imates  s u g g e s t  s p a w n i n g  popu la t i ons  i n  t h e  o r d e r  o f  5 2
steelhead t r o u t  i n  Goa tho rn  C r e e k ,  1 0 7  i n  Te n a s  C r e e k  a n d  347 i n
the lower  Te l k w a  R i v e r  ( Ta b l e  3 . 3 0 ) .  T h e  Goathorn and  Te n a s  creek
estimates a r e  v e r y  s im i l a r  t o  1983 est imates w h i l e  t h e  Te l k w a  R i v e r
estimates a r e  70% h i g h e r  i n  1 9 8 4 ,  l a r g e l y  t h e  r e s u l t  o f  a  l a r g e
increase i n  t h e  numbers o f  age 1+ steelhead t r o u t .

The assumed  35% s u r v i v a l  f r o m  p a r r  t o  s m o l t  s t a g e  m a y  b e  h i g h
consider ing t h e  p reponde rance  o f  a g e  1 +  f i s h  c l a s s i f i e d  a s  p a r r .
However, t h i s  poss ib le  o v e r -est imate m a y  b e  o f f s e t  b y  t h e  tendency
of j uven i l e  steelhead t r o u t  t o  move downstream i n t o  l a rge r  systems as
they g r o w.  S o m e  steelhead t r o u t  p a r r  r e a r i n g  i n  t h e  B u l k l e y  R i v e r
are p r o b a b l y  d e r i v e d  f r o m  popu la t ions  o r i g i n a l l y  spawned i n  Te l k w a
River  t r i b u t a r y  streams such as Tenas Creek .
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These est imates assume a  2 : 1  r a t i o  o f  i n te rcep ted  f i s h  t o  spawners .
This means t h a t  f o r  e v e r y  one a d u l t  steelhead t r o u t  wh i ch  spawns i n
the s y s t e m ,  t w o  a d u l t s  a r e  i n t e r c e p t e d  e n r o u t e  t o  t h e  s p a w n i n g
g r o u n d s ,  e i t h e r  i n  t h e  c o m m e r c i a l ,  I n d i a n  o r  s p o r t  f i s h e r y .
A l though a n g l e r  h a r v e s t  d a t a  i n d i c a t e  t h a t  t y p i c a l l y  l e s s  t h a n  1 0
steelhead t r o u t  each  y e a r  a r e  h a r v e s t e d  i n  t h e  Te l k w a  R i v e r  ( F i s h
and W i l d l i f e  B r a n c h  1 9 7 0 - 1 9 8 2 ) ,  T e l k w a  R i v e r  s t e e l h e a d  t r o u t
probab ly  c o n t r i b u t e  s ign i f i can t l y  t o  t he  B u l k l e y  R i v e r  steelhead t r o u t
sport  f i s h e r y.  I t  is  p robab le  t ha t  most Te l k w a  R i v e r  f i s h  h o l d  i n  t h e
Bulk ley R i v e r  d u r i n g  t h e  f a l l  a n d  w i n t e r  pe r i od ,  a n d  a r e  avai lable t o
anglers a t  t h i s  t i m e  ( F i g u r e  3 . 1 6 ) .  T h e  B u l k l e y  R i v e r  a n d  i t s
t r i bu ta r ies  s u p p o r t s  one o f  t he  most i n tens i ve  summer steelhead t r o u t
f isher ies i n  B r i t i s h  Columbia a n d  i s  r a n k e d  i n  t h e  t o p  t w o  r i v e r s  i n



Table 3 .29  S u m m a r y  of  Length and Age Data fo r  Juvenile Steelhead Trout  and

Age 1984
0+

1983

Steelhead Trou t

1983
1+

1984 1983
>2+

1984

Goathorn Creek n 378 470 138 107 48 58
67.0 74.0 24.5 16.9 8.5 9.1

fl (mm) 38.3 43.7 77.7 79.7 125.5 144.7

Tenas Creek n 232 701 104 99 35 45
62.5 83.0 28.1 11.7 9.4 5.3

fl (mm) 38.0 45.1 78.5 83.2 123.2 126.1

Telkwa R iver n 255 538 213 75 56 39
r"! 48.7 82.5 40.6 11.5 10.7 6.0

fl (mm) 37.8 45.5 76.2 82.6 126.6 132.9

Total n 865 1,709 455 281 139 142
59.3 80.2 31.2 13.2 9.5 6.7

fl (mm) 38.1 44.8 77.2 81.7 125.3 135.6

Dolly Varden Char  in Goathorn and Tenas Creeks and the Lower
Telkwa Rivers

1 T h e s e  results are based only on those sites that  were also sampled in 1983.

j j .



Tab le  3.29 S u m m a r y  o f  Length  and A g e  Data f o r  Juveni le  Steelhead Tr o u t  and
Dolly Va rden  Char  i n  Goathorn and  Tenas  Creeks and  the  Lower
Telkwa R i v e r '  (Con t id )

0+
1984

Dolly Varden Char

19831983
>1+

1984

Goathorn Creek n 78 123 151 145
% 34.1 45.9 65.9 54.1
fl (mm) 47.8 50.7 100.0 100.9

Tenas Creek n 7 30 32 38
% 17.9 44.1 82.1 55.9
fl (mm) 44.7 45.2 109.5 109.2

Total n 85 153 183 183
31.7 45.5 68.3 54.5

fl (mm) 47.5 49.6 101.7 102.6

1
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These results are  based only on those sites that  were also sampled in 1983.



Table 3.30 Est imated Adult  Steelhead Trout  Production in 1983 and 1984 Based on Steelhead Trou t  Parr  Populations
and Assumed Survival to  Smolt and Adult  Stages

Estimated Parr
Population

Estimated Smolt
Population

Total Adult
Production3

Estimated Spawner
Population4

Goathorn Creek 1983 3,289 1,151 138 46
1984 3,735 1,307 157 52

Tenas Creek 1983 8,099 2,834 340 113
1984 7,650 2,678 321 107

Lower Telkwa River5 1983 14,517 5,081 610 203
1984 24,766 8,668 1,040 347

TOTAL 1983 25,905 9,066 1,088 362
1984 36,151 12,653 1,518 506

1 See Appendix 9 .  1 9 8 3  estimates have been revised based on  new habitat measurements der ived i n  1984 a n d
reduced smolt survival estimates.

2 Assumes 35% survival pa r r  to smolt ( Tr e d g e r,  1982) .  •

3 Assumes 12% survival from smolt to adult (Lough pers .  comm. 1984) .

4
o

4 Assumes a  2:1 interception ratio for adult fish (Lough pers .  comm. 1984) .

8 5 This estimate is for  a  combination of  main and side channel habitat from Goathorn Creek to  the Bulkley R i v e r.
2
3

1
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the p r o v i n c e  i n  t e r m s  o f  a n g l e r -days  e x p e n d e d  i n  1982 a n d  1983
(Bi l l ings 1 9 8 2 ;  1 9 8 3 ) .  T h e  s e c t i o n  o f  t h e  B u l k l e y  R i v e r  i n  t h e
v ic in i ty  and  downstream o f  t h e  Te l k w a  R i v e r  conf luence i s  one  o f  t h e
most h e a v i l y  f i s h e d  s e c t i o n s  o f  t h e  s y s t e m  ( O ' N e i l l  a n d  W h a t e l y
1984).

3.9 A D U L T  FISH SURVEYS

Adult  f i s h  s u r v e y s  i n  1984 focussed  o n  aer ia l  c o u n t s  o f  coho salmon
abundance a n d  d i s t r i b u t i o n  t o  supp lement  i n f o r m a t i o n  co l l ec ted  i n
1982 ( B u s t a r d  1983) .  A s  we l l ,  Goa tho rn  Creek  was  wa lked  f rom t h e
beaver d a m  b a r r i e r  downs t ream t o  de te rm ine  w h e t h e r  p i n k  sa lmon
were p resen t  i n  t h i s  sec t ion  i n  1984. N o  p i n k  salmon were  observed
dur ing  t h i s  September  1 7  s u r v e y  desp i t e  good  v i s i b i l i t y.  P r e v i o u s
surveys ( B u s t a r d ,  19814c) i n d i c a t e  smal l  numbers  o f  p i n k  salmon use
lower G o a t h o r n  C r e e k  d u r i n g  y e a r s  o f  h i g h  B u l k l e y  R i v e r
escapements. P i n k  s a l m o n  n u m b e r s  i n  t h e  B u l k l e y  R i v e r  w e r e
relat ive ly  l o w  d u r i n g  1984 ( F i s h e r i e s  a n d  Oceans 1984 ) ,  t y p i c a l  o f
even-year  r u n s .

Local a n g l e r s  r e p o r t  t h a t  Te l k w a  R i v e r  c o h o  sa lmon  u s u a l l y  m o v e
upstream f r o m  m i d - A u g u s t  t h r o u g h  t o  t h e  f i r s t  w e e k  o f  September.
The f i r s t  c o h o  salmon c a p t u r e d  i n  t h e  Te l k w a  R i v e r  ( n e a r  t h e  CNR
br idge)  o c c u r r e d  o n  A u g u s t  1 5  i n  b o t h  1983 a n d  1984 ( F e a r n s i d e
pers. comm. 1984).
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Aerial reconnaissance o f  t h e  mainstem Te l k w a  R i v e r  i nd i ca ted  c o h o
salmon spawn ing  a t  a  number  o f  locat ions between 3 0  k m  a n d  46 k m
upstream on t h e  r i v e r  ( F i g u r e  3 . 1 7 ) .  To t a l s  o f  75 a n d  104 adu l t  coho
salmon w e r e  o b s e r v e d  o n  N o v e m b e r  1 4 t h  a n d  3 0 t h  r e s p e c t i v e l y
(Appendix 1 1 ) .  T h i s  compares  w i t h  a  maximum c o u n t  o f  80  c o h o
salmon coun ted  i n  1982 ( B u s t a r d  1983) ,  a n o t h e r  r e l a t i ve l y  p o o r  y e a r
fo r  c o h o  sa lmon escapements i n  t h e  B u l k l e y  R i v e r  a n d  t r i b u t a r i e s
(Fisheries a n d  Oceans 1984) .  T h e  presence o f  unoccupied r e d d  s i tes
and t h e  increased n u m b e r  o f  f i s h  i n  t h e  u p p e r  sec t ions  d u r i n g  t h e
later s u r v e y  sugges t  t h a t  a  minimum o f  250 c o h o  sa lmon spawne rs
were p r o b a b l y  p r e s e n t  i n  t h e  u p p e r  sec t ion  o f  t h e  Te l k w a  R i v e r  i n
1984. C o h o  salmon spawn ing  occurs  o v e r  a  l ong  pe r i od  f rom t h e  end
of Oc tober  t h r o u g h  December  ( B u s t a r d  1983 ) .  S i n c e  r i p e n i n g  f i s h
tend t o  h o l d  u n d e r  c o v e r  a n d  i n  deepe r  poo l s ,  t h i s  es t imate  c o u l d
easily b e  50% lower t h a n  t he  actua l  number  o f  f i s h  p r e s e n t .  T h e  lack
of carcasses observed  sugges ts  t h a t  spawn ing  h a d  n o t  y e t  reached a
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peak. H i s t o r i c a l  escapement est imates s i n c e  1960 h a v e  r a n g e d  f r o m
100 to  1,200 f i sh  annua l l y  (Hancock e t  a l .  1983).

A 4 -km s e c t i o n  be tween  K m  3 0 - 3 4  ( F i g u r e  3 . 1 7 )  h a d  t h e  h i g h e s t
spawner use  based o n  coun ts  d u r i n g  b o t h  f l i g h t s .  P r e v i o u s  s u r v e y s
indicated heav ies t  u s e  i n  t h e  sect ion  located  between K m  44-46 j u s t
upstream o f  Milk Creek ( B u s t a r d  1983).

An a d d i t i o n a l  2 2  a n d  1 3  c o h o  sa lmon  s p a w n e r s  w e r e  o b s e r v e d  i n
El l iot t  C r e e k  o n  November  1 4 t h  a n d  3 0 t h  r e s p e c t i v e l y.  T h e  l o w e r
1 k m  o f  t h i s  t r i b u t a r y  had  been p rev i ous l y  iden t i f i ed  a s  an  impor tan t
coho salmon spawning area based on t he  1982 s u r v e y s .

Anchor  a n d  f r a z i l  i c e  w e r e  p r e s e n t  t h r o u g h o u t  m o s t  o f  t h e  Te l k w a
River  d u r i n g  b o t h  s u r v e y s ,  p a r t i c u l a r l y  d u r i n g  t h e  m i d -November
f l i g h t .  A n c h o r  i ce  was  u s u a l l y  p resen t  i n  t h e  f a s t e r  r i f f l e  sec t i ons
while f r a z i l  i c e  w a s  m o s t  p r e v a l e n t  downst ream o f  Howson  C r e e k .
El l iot t  C r e e k  a n d  t h e  Te l k w a  R i v e r  ups t ream o f  M i l k  C r e e k  ( K m  4 3 )
were i c e - f ree .  C o h o  salmon w o u l d  b e  unab le  t o  spawn  a t  loca t ions
with a n c h o r  ice  p resen t .  A s  we l l ,  e g g  incuba t ion  wou ld  p r o b a b l y  b e
impeded due  to  res t r i c ted  subsur face f low i n  i ce -covered areas.

The 1984 s u r v e y s  c o n f i r m  t h e  impor tance o f  t h e  u p p e r  Te l k w a  R i v e r
f o r  coho  salmon spawn ing .  T h e  combinat ion o f  l o w -g rad ien t  s t ream
sections w i t h  s u i t a b l e  s p a w n i n g  g r a v e l  a n d  i c e - f r e e  c o n d i t i o n s
(probab ly  g r o u n d w a t e r - i n f l uenced ) ,  a n d  a b u n d a n t  w e t l a n d  r e a r i n g
habitat  f o r  j uven i l es  i n  t h i s  u p p e r  r i v e r  s e c t i o n  p r o b a b l y  f a v o u r s
coho salmon u s e .  A l t h o u g h  s i t e s  Tower o n  t h e  r i v e r  h a v e  po ten t ia l ,
pa r t i cu la r l y  i n  s i d e  c h a n n e l  l o c a t i o n s ,  n o  a d u l t  u s e  h a s  b e e n
observed.  T r i b u t a r i e s  s u c h  a s  Goathorn a n d  Te n a s  c reeks  h a v e  had
extensive subsu r face  i c e  d u r i n g  b o t h  y e a r s  o f  s u r v e y s ,  s u g g e s t i n g
they  a r e  p o o r  cand ida te  s t reams f o r  l a te  f a l l  spawn ing  f i s h  s u c h  a s
coho salmon.

3.10 M E T A L  CONCENTRATIONS I N  FISH TISSUE

Results o f  analyses o f  concent ra t ions  -of seven  meta ls  i n  t h e  musc le
t issue o f  3 0  f i s h  t a k e n  f r o m  G o a t h o r n  a n d  Te n a s  c r e e k s  a r e
summarized i n  Ta b l e  3 . 3 1 .  D e t a i l e d  r e s u l t s  f o r  e a c h  f i s h  a r e
presented i n  A p p e n d i x  12 .1  w i t h  r e s u l t s  o f  an  add i t iona l  17  elements
( inc lud ing me ta l s )  a n a l y z e d  i n  t h e  f i s h  t i s s u e  a l s o  summar ized  i n
Append ix  1 2 . 2 .  M e a s u r e m e n t s  o f  meta l  concen t ra t i ons  i n  a  s i n g l e



1 Based on 10 samples col lected i n  lower Foxy Creek during August 1982 (Data courtesy Equity S i lver  Mines
Ltd., Houston, B.C.)

Table 3.31 Summary o f  Fish Tissue Metal Analyses and Comparison t o  Results from Other Studies

pg/g dry weight

System Species As Cd Cu Pb Zn Fe Al

Goathorn (G2) Steelhead Trout 0.07 0.14 2.0 0.20 31.4 45.5 7.5
Goathorn (G5) Dolly Varden Char 0.06 0.13 1.7 <0.10 31.8 24.2 1.5
Tenas (T2) Steelhead Trout 0.06 0.06 1.6 0.12 31.3 25.2 4.3

Foxy Ck1 Rainbow Trout <0.10 <0.10 2.6 0.13 32.2
Buck Ck2 Steelhead Trout 0.11 <0.10 2.2 0.17 31.2
Aldrich Lk3 Cutthroat Trout <26. <1. <1. <10. 30.1 21.0 <2.
McQuarrie Lk4 Rainbow Trout 22. 1. 2. 10. 22. 46. 2.

Lower Fraser River5 Rainbow Trout 0.2-0.3 0.7 0.2 5.0 5.9
Lower Fraser River5 Dolly Varden Char 0.2-0.3 0.6 0.2 4.9 4.3

2 Based on 10 samples col lected i n  Buck Creek downstream o f  Goosly Lake during August 1982 (Data courtesy o f
Equity Si lver  Mines L td . ,  Houston, B.C.)

3 MacLean* (1983)

4 Fish and Wi ld l i f e  Branch (1984). Based on average from 4 f i sh

5 Northcote e t  a l .  (1975) -  expressed as ppm wet weight



84

f ish a t  s i t e  T 2  h a v e  b e e n  e x c l u d e d  f r o m  t h e  s u m m a r y  d u e  t o
unusual ly  h i g h  l e v e l s  o f  i r o n  a n d  a lum inum p o s s i b l y  a  r e s u l t  o f
sample contaminat ion ( A p p e n d i x  12 .1 ) .

Levels o f  a rsen ic ,  c o p p e r  and  z i nc  a re  v e r y  s imi la r  i n  f i s h  t a k e n  f r om
all t h r e e  s i tes  regard less  o f  species ( Ta b l e  3 . 3 1 ) .  T e n a s  Creek  f i s h
had s l i g h t l y  l o w e r  l eve l s  o f  cadmium t h a n  Goathorn  C r e e k  f i s h .  A s
well ,  f i s h  t a k e n  f r o m  t h e  l o w e r  s i t e  o n  G o a t h o r n  C r e e k  ( G 2 )  h a d
h igher  l e v e l s  o f  l e a d ,  i r o n  a n d  a luminum t h a n  f i s h  t a k e n  a t  o t h e r
si tes. T h e s e  d i f f e rences  a r e  m i n o r  a n d  a r e  n o t  r e f l e c t e d  i n  w a t e r
qua l i t y  s a m p l e s  t a k e n  a t  c o r r e s p o n d i n g  s i t e s .  H o w e v e r ,  t o t a l
concentrat ions o f  a  metal i n  wa te r  samples may n o t  accu ra te l y  re f l ec t
the biological  ava i lab i l i t y  o f  a pa r t i cu l a r  metal.

Dol ly Va r d e n  c h a r  sampled i n  u p p e r  Goathorn  C reek  h a d  lower  leve ls
of  l e a d ,  i r o n ,  a n d  a l u m i n u m  t h a n  s t e e l h e a d  t r o u t  p a r r  t a k e n
downstream. D i f f e r e n c e s  i n  meta l  accumulat ion r a t e s  be tween  t h e s e
two f i s h  spec ies  have  no t  been i den t i f i ed  i n  o t h e r  s tud ies .  N o r t h c o t e
et a l .  ( 1 9 7 5 )  f o u n d  gene ra l l y  s imi la r  leve ls  o f  coppe r,  z i n c ,  a n d  i r o n
in t h e  t w o  species sampled i n  t h e  F rase r  R i v e r  ( Ta b l e  3 . 3 1 ) ,  b u t  t h e
Dol ly  Va r d e n  c h a r  sample s ize  was smal l .  D i e t  s tud ies  (Sec t ion  3 . 4 )
suggest  t h a t  b o t h  species r e l y  heav i l y  upon aquat i c  i nve r teb ra tes  f o r
food,  s u g g e s t i n g  t h a t  t h e  ma jo r  sou rce  o f  metals ( t h r o u g h  t h e  f o o d
items t h e y  inges t )  shou ld  be  s imi lar.

Metal c o n c e n t r a t i o n s  i n  t h e  m u s c l e  t i s s u e  o f  G o a t h o r n  a n d  Te n a s
creek f i s h  a r e  g e n e r a l l y  s i m i l a r  t o  t h o s e  l e v e l s  r e p o r t e d  i n  t r o u t
species i n  F o x y  a n d  B u c k  c reeks ,  t w o  o the r  t r i b u t a r y  streams o f  t h e
Bu lk ley  R i v e r  ( Ta b l e  3 . 3 1 ) .  Z i n c  a n d  i r o n  l eve l s  w e r e  s im i l a r  t o
those o b t a i n e d  i n  n e a r b y  A l d r i c h  L a k e  (MacLean 1 9 8 3 ) .  R a i n b o w
t r o u t  f r om  McQuar r ie  Lake  i n  t h e  u p p e r  Bu l k l ey  R i v e r  watershed had
simi lar  l e v e l s  o f  c o p p e r  i n  t h e i r  musc le  ' t issue b u t  h i g h e r  i r o n  a n d
lower z i n c  l e v e l s  t h a n  f i s h  f r o m  t h e  s t u d y  s t r e a m s  ( Ta b l e  3 . 3 1 ) .
Analyses o f  o t h e r  meta ls  i n  A l d r i c h  a n d  McQuarr ie  lakes  w e r e  n o t  t o
su f f i c ien t  de tec t i on  leve ls  t o  enable comparisons. T h e  concent ra t ions
of  c o p p e r ,  z i n c  a n d  i r o n  i n  f i s h  m u s c l e  t i s s u e  a t  a l l  s i t e s  i n  t h i s
s t u d y  w e r e  c o n s i d e r a b l y  h i g h e r  t h a n  l e v e l s  f o u n d  i n  l o w e r  F r a s e r
R iver  f i s h  ( Ta b l e  3 . 3 1 ) .  T h e  c o p p e r  l eve ls  w e r e  l o w e r  t h a n  l eve l s
found i n  r a i n b o w  t r o u t  f r o m  Okanagan Bas in  l a k e s ,  a n  a rea  o f  h i g h
copper minera l iza t ion,  w h i l e  z i n c  leve ls  we re  h i g h e r  (No r t hco te  e t  a l .
1972). T h e  concen t ra t i on  o f  metals  i n  t h i s  s t u d y  w e r e  w i t h i n  t h e
range o f  t h o s e  r e p o r t e d  b y  R e e d e r  e t  a l .  ( 1 9 7 9 )  f o r  f i s h  f r o m  a
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number o f  locat ions i n  Canada (a luminum a n d  i r o n  we re  no t  i nc l uded
in t h e i r  r e v i e w ) .  T h e  concent ra t ions  o f  cadmium, z i n c  a n d  coppe r
were i n  t h e  u p p e r  r a n g e  o f  t h e i r  r e p o r t e d  l eve l s .  R e s u l t s  f r o m  a
broad s t u d y  o f  metal  concent ra t ions  i n  f i s h  i n  B . C .  l a k e s  (Pe te rson
et a l .  1970)  w e r e  no t  comparable since n e a r l y  all results are  for  l iver
tissue. F i s h  sampled i n  t h i s  s t u d y  w e r e  t o o  smal l  t o  p rov ide
adequate l iver samples for  analyses.

The analyses i n  this s t u d y  provide a  base-l ine range o f  heavy metal
concentrations t o  w h i c h  a n y  f u t u r e  environmental  contamination
involving these metals can be compared. T h e  apparent acclimation of
fish t o  sub-lethal levels o f  some metals (Alderdice and MacLean 1982)
suggests that  i t  is most meaningful t o  compare metal levels within one
system o v e r  t ime ra ther  than  establishing threshold levels based on
studies conducted within other watersheds.
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4. I M P A C T  ASSESSMENT

The Stage 1 app l i ca t ion  ( C N R L 1983) i d e n t i f i e d  f o u r  po ten t ia l  impacts
of t h e  proposed Te l k w a  Coal  P ro j ec t  on  t h e  aquat ic  resources  i n  t h e
s tudy  area.  T h e s e  inc luded:

1) T h e  p o t e n t i a l  f o r  a c i d  m i n e  d r a i n a g e  a n d  assoc ia ted  h e a v y
metal mob i l i za t ion  i n  s u r f a c e  w a t e r  a n d  g r o u n d w a t e r  e x i s t s  a t
the Te l k w a  P r o p e r t y  d u e  t o  t h e  h igh  p y r i t i c  s u l p h u r  con ten t  o f
some o f  the coal seams.

2) I n c r e a s e d  sedimentat ion o f  streams d u e  t o  su r f ace  d i s tu rbance ,
d i v e r s i o n  c h a n n e l s ,  w a s t e  r o c k  d i s p o s a l ,  c o a l  w a s h i n g
processes  a n d  r o a d  c o n s t r u c t i o n  c o u l d  i m p a c t  a q u a t i c
resources .

3) W a t e r  removal  "from st reams f o r  mine  requ i rements  d u r i n g  l ower
flow per iods  m igh t  a f fec t  f i sh  popu la t i ons .

4) T h e  a c c e s s  c o r r i d o r  t o  t h e  m i n e s i t e  m a y  a f f e c t  a q u a t i c
resources d e p e n d i n g  o n  t h e  r o u t e  se lec t ion  a n d  c o n s t r u c t i o n
techniques.

Subsequent ' to t h e  Stage I  app l i ca t ion ,  t h e  above concerns  have been
addressed b y  add i t iona l  s t u d i e s .  T h e  fo l lowing sect ions descr ibe  t h e
more d e t a i l e d  assessment  o f  t hese  po ten t i a l  impac ts  i n  l i g h t  o f  t h e
addit ional in fo rmat ion . -now avai lable.

Experience a t  some coal  mines i n  southeast  B r i t i s h  Columbia sugges ts
t h a t  l e a c h i n g  o f  n i t r o g e n  f r o m  t h e  i n c o m p l e t e  c o m b u s t i o n  o f
explosives c o u l d  i m p a i r  aqua t i c  l i f e  d u e  t o  e levated leve ls  o f  n i t r a t e ,
n i t r i t e ,  a n d  ammonia t o  t o x i c  levels  (Pommen 1983) ,  a n d  t o  excess ive
algal g r o w t h  w h e n  combined w i t h  phosphorus  load ing  f rom sewage o r
reclamation p r o g r a m s  ( N o r d i n  1 9 8 2 ) .  S i n c e  t h e  p r o p o s e d  m i n i n g
process a t  t h e  Te l k w a  P ro j ec t  w i l l  n o t  i n c l u d e  t h e  ex tens i ve  u s e  o f
explosives, e l e v a t e d  n i t r o g e n  leve ls  d u e  t o  incomplete combust ion o f
explosives shou ld  n o t  be a s ign i f i can t  f a c t o r .

4.1 A C I D  MINE DRAINAGE

Acid g e n e r a t i o n  a n d  assoc ia ted  mob i l i za t i on  o f  h e a v y  m e t a l s  c a n
resul t  f r o m  t h e  ox ida t i on  o f  s u l p h i d e  minera ls  i n  w a s t e  r o c k  i n  t h e
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presence o f  a i r  a n d  m o i s t u r e .  T h e  e f f e c t s  o n  a q u a t i c  l i f e  o f
increased a c i d i t y  and  exposure  t o  abnormal ly  h i g h  concent ra t ions  o f
heavy me ta l s  h a s  b e e n  s t u d i e d  e x t e n s i v e l y  a s  r e v i e w e d  i n  B a k e r
(1982), Wood and McDonald (1982) and  A lderd ice  and McLean (1982) .

Much o f  t h i s  w o r k  has  focused o n  t h e  subletha l  de leter ious e f fec ts  on
reproduct ion ( i n c l u d i n g  e m b r y o n i c  d e v e l o p m e n t ) ,  o s m o r e g u l a t i o n ,
and e f fec ts  on oxygen up take  and t r a n s p o r t .

Evaluations unde r taken  s ince t h e  Stage l  assessment ind icate t h a t  t h e
potential f o r  a c i d  generat ion  does  e x i s t  i n  some s t r a t a  a t  t h e  Te l k w a
Prope r t y.  H o w e v e r ,  c a r e f u l  m a t e r i a l  h a n d l i n g  t o  e n s u r e  t h a t
potent ia l ly  a c i d - tox i c  m a t e r i a l s  a r e  n e u t r a l i z e d  b y  ca rbona te  r i c h
materials a s  w e l l  a s  t h e  e x i s t i n g  h i g h  b u f f e r i n g  c a p a b i l i t y  o f  t h e
surface w a t e r s  a n d  g r o u n d w a t e r  o f  t h e  p r o j e c t  a rea  shou ld  minimize
the po ten t i a l  f o r  a c i d  genera t i on  f r o m  t h e  mine 's  opera t ion  ( S t u r m
Environmental S e r v i c e s  1 9 8 5 ) .  B a s e d  o n  t h e s e  assessments,  t h e
potential t h r e a t  o f  increased a c i d i t y  and  metal  mobi l izat ion t o  aquat ic
organisms w i th in  the  s t u d y  area should be  minimal.

I-)
t I 4 . 2  S T R E A M  SEDIMENTATION

Sediment i n p u t s  f r o m  t h e  m ine  a n d  w a s t e  d u m p s ,  p l a n t  ope ra t i on ,
and assoc ia ted r o a d  a n d  c h a n n e l  deve lopments  ( F i g u r e  1 . 2 )  c o u l d
affect  v a r i o u s  aspec ts  o f  aqua t i c  resources  i n  t h e  p r o j e c t  a r e a .  A
number o f  s tud ies  have  rev iewed t h e  det r imenta l  impacts o f  sediment
on t h e  spawn ing  and  r e a r i n g  env i ronment  o f  salmonids and t h e i r  food
sources ( P h i l l i p s  1971; H y n e s  1970; S l a n e y  e t  a l .  1 9 7 7 ;  B j o r n n  e t
al .  1977; C e d e r h o l m  and  Salo 1979).

Most o f  t he  streams i n  t h e  s t u d y  area, p a r t i c u l a r l y  t he  Te lkwa  R i v e r ,
p resent ly  h a v e  h i g h  suspended  sed iment  loads  d u r i n g  t h e  snowmelt
r u n - o f f  p e r i o d  a n d  d u r i n g  p e r i o d s  o f  h e a v y  r a i n f a l l .  O v e r  t i m e ,
aquatic o rgan i sms  t e n d  t o  a d a p t  t o  t h e s e  p a t t e r n s ,  b u t  sed imen t
in t roduct ions a t  o t h e r  per iods  may  be  h a r m f u l .  F o r  example, Nogg le
(1978) demonst ra ted  a  20- fo ld  change i n  t h e  to lerance o f  salmonids t o
suspended sed imen t  d e p e n d i n g  o n  t h e  season,  w i t h  l e a s t  to le rance
occurr ing d u r i n g  the  summer pe r iod .
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The s t ream g r a d i e n t  a n d  magn i tude o f  f l ow  f l u c t u a t i o n s  p l a y  a  l a r g e
role i n  a  system's capab i l i t y  t o  to le ra te  sediment  i n p u t s .  C e d e r h o l m
and Salo (1979)  f o u n d  t h a t  s t ream systems w i t h  a  g rad ien t  less t h a n



2% a n d  c h a r a c t e r i z e d  b y  l a r g e  o r g a n i c  d e b r i s  accumu la t i ons  c a n
reta in sed iments  i n  t h e  s u b s t r a t a  f o r  l o n g  p e r i o d s  o f  t i m e .  H i g h
maximum-minimum f l o w  r a t i o s  t e n d  t o  f l u s h  f i n e  m a t e r i a l s  t h r o u g h  a
system i n  a  s h o r t  p e r i o d .  T h e  f i s h - p r o d u c i n g  sect ions  o f  Goathorn
and Te n a s  c r e e k s  downst ream o f  t h e  p roposed  m i n e  a c t i v i t y  h a v e  a
2-3% g r a d i e n t  ( F i g u r e s  3 . 3  a n d  3 . 8 )  b u t  a  r e l a t i v e l y  l o w
maximum-minimum f l o w  r a t i o  o f  a p p r o x i m a t e l y  2 0 : 1  c o m p a r e d  t o
estimates o f  400-500:1 i n  coastal systems where  these comparisons a r e
made. T h e  slopes o f  H u b e r t  and  Helps c reeks  a r e  less t h a n  1% in  t h e
lower reaches,  h u t  1-3% i n  t h e  main f i s h - p r o d u c i n g  sect ions upst ream
(F igure  3 .12 ) .

Much o f  t h e  Te l k w a  P ro jec t  i s  l oca ted  o n  r e l a t i v e l y  f l a t  t o p o g r a p h y
sui ted f o r  t h e  c o n s t r u c t i o n  o f  h e a d w a t e r  d i v e r s i o n  c h a n n e l s  a n d
in te rcep to r  d i t ches  t o  minimize t h e  contaminat ion o f  su r face  wa te r  i n
the  m i n e  a r e a .  A s  w e l l ,  p o t e n t i a l l y  con tam ina ted  w a t e r  w i l l  b e
d i rec ted i n t o  s e t t l i n g  p o n d s  c o n s t r u c t e d  a t  f i v e  l o c a t i o n s  i n  t h e
pro jec t  a r e a ,  a n d  t h i s  p rocedu re  shou ld  keep  sediment  p roduc t i on  t o
a min imum.  I t  i s  an t i c i pa ted  t h a t  some f i n e  s i l t s  a n d  c l ays  m a y  b e
released f r o m  t h e  p o n d s .  T h e  p r o p o s e d  l a y o u t  o f  t h e  d r a i n a g e
system a n d  s e t t l i n g  p o n d s  i s  p r e s e n t e d  i n  K t o h n  L e o n o f f  L t d .
(1985).

A t  p r e s e n t ,  d r a i n a g e  f r o m  d i f f e r e n t  aspects  o f  t h e  mine's ope ra t i on
f lows i n t o  a  n u m b e r  o f  systems w i t h  v a r y i n g  s e n s i t i v i t y  t o  sed iment
in t roduc t ion .  S i n c e  t h e  de ta i led  m ine  a n d  w a t e r  management p l a n s
are n o t  f u l l y  comple te  a t  t h i s  t i m e ,  t h e  f o l l o w i n g  comments o n  t h e
potent ial  f o r  s e d i m e n t  p r o d u c t i o n  a n d  t h e  s e n s i t i v i t y  o f  v a r i o u s
rece iv ing wa te rs  ( a s  perce ived  f r om  t h e  aquat ic  resource  s tandpo in t )
to sediment a re  subject  t o  rev is ion based on f u t u r e  mine p lann ing .

1) i n t e r c e p t o r  d i t ches  associated w i t h  P i t s  1 a n d  2 and  most o f  P i t
3 c o n v e y  w a t e r  i n t o  S e t t l i n g  P o n d  # 2  a n d  t h e n  v i a  a  s p i l l w a y
into G o a t h o r n  C r e e k .  C o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o
d i rec t ing  t h e  w a t e r  f r o m  t h i s  p o n d  d i r e c t l y  i n t o  t h e  w e t l a n d
area o f  t h e  Te l k w a  R i v e r  (des igna ted  WL1a a n d  WL1b on  F i g u r e
3 .9 ) .  T h e s e  wet lands a r e  n o t  u t i l i zed  b y  f i s h  a n d  cou ld  s e r v e
as a n  exce l len t  b a c k - u p  se t t l i ng  sys tem.  M u c h  o f  t h i s  d ra inage
area h a s  h i s t o r i c a l l y  f l o w e d  d i r e c t l y  i n t o  t h e  Te l k w a  we t lands
via an ephemeral s t ream.
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2) D r a i n a g e  from Pi ts  4 ,  5  and  6 ,  a n d  from t h e  west waste dump
is in to  Settl ing Ponds #3  a n d  P i  and then into Goathorn Creek
via culverts t o  prevent  erosion on t h e  steep val ley wal l .  A n y
of the  f iner  component o f  sediment material introduced into this
section o f  Goathorn Cre e k  would probably b y  carr ied through
this f a i r l y  h i g h - e n e r g y  system i n t o  t h e  Te l k w a  R i v e r  a n d
subsequently down to  t h e  Bulkley R iver.  I n  addition to  having
some implications to  aquatic l i fe  downstream of  the source area,
there could b e  a  deterioration o f  water  c lar i ty  f o r  t h e  Bulk ley
River sports f i shery  i f  adequate controls were  not  undertaken
in upstream areas.  P a r t i c u l a r  care should b e  directed towards
Pits 4  and 5 ,  as  they a re  located alongside the steep valley wall
and there  is  g rea ter  di f f iculty i n  handling surface drainage a t
these s i t es .  A s  w e l l ,  c a r e  i n  prevent ing  erosion f r o m  a n y
portion o f  P i t  3  t h a t  extends below t h e  topography break wi l l
be required.

The main haul  road  a n d  crossing structure  on Goathorn Creek
will h a v e  t o  b e  designed t o  ensure t h a t  erosion i s  k e p t  t o  a
minimum a n d  t h a t  f i s h  movements upstream a r e  n o t  impeded.
Goathorn C r e e k  should b e  considered moderately sensit ive t o
sediment inputs re la t ive  to  other receiving waters i n  the  s tudy
area.

3) A  headwater diversion d i tch  around t h e  western operations i s
proposed t o  d ra in  in to  Tenas  C r e e k .  T h i s  wil l  resul t  i n  a  2%
increase i n  t h e  Te n a s  C r e e k  ca tchment  a r e a .  A l t h o u g h
diversion d i tches  w i l l  b e  armoured a n d  a r e  designed t o  b e
non-erodible dur ing  peak flows, par t icu lar  care will have to  b e
exercised in  developing the  ditch down the valley wall o f  Tenas
Creek. T h i s  c r e e k  i s  a n  important steelhead t r o u t  spawning
and rear ing area.  I f  the  option is  available, drainage from the
headwater a reas  should  b e  d i rected  towards Goathorn C r e e k
and away from the  more sensitive Tenas Creek system.
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4) D r a i n a g e  from t h e  proposed east waste dump and from the  mine
plant tail ings system is into Helps Creek,  a  t r ibutary  of  Hubert
Creek. A l t h o u g h  t h e  waste dump i t se l f  i s  located just upst ream
of f i s h  h a b i t a t ,  t h e  associated di tching a n d  Sett l ing Pond #1
are l o c a t e d  i n  a n  a r e a  t h a t  m a y  h e  p r e s e n t l y  u t i l i z e d  b y
cu t th roa t  t r o u t ,  a n d  t h e r e  c o u l d  h e  some impac t  o n  a n y  f i s h
present ly  s p a w n i n g  a n d  r e a r i n g  i n  t h i s  a r e a .  T h e  e x t e n t  o f
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f ish u s e  o f  t h i s  s e c t i o n  h a s  n o t  b e e n  e v a l u a t e d  i n  d e t a i l  t o
date. A s  w e l l ,  s p a w n i n g  areas i n  Reach 1  a n d  2  above  He lps
Lake ( F i g u r e  3 . 1 2 )  a r e  s u s c e p t i b l e  t o  p o s s i b l e  s e d i m e n t
in t roduct ion  f r o m  t h e  w a s t e  d u m p  o r  f r o m  t h e  t a i l i n g s  d a m .
T h e  e x t e n s i v e  w e t l a n d  p o n d s  l o c a t e d  f r o m  H e l p s  L a k e
downstream w o u l d  p r o b a b l y  s e r v e  a s  s e d i m e n t  s e t t l i n g  a r e a s
pro tec t ing  d o w n s t r e a m  s i t e s  u t i l i z e d  b y  c o h o  s a l m o n  a n d
steelhead t r o u t .

5) D r a i n a g e  f r o m  a n  i n t e r c e p t o r  d i t c h  a r o u n d  t h e  p l a n t  s i t e  i s
th rough  S e t t l i n g  P o n d  # 5  a n d  t h e n  t o w a r d s  t h e  Te l k w a  R i v e r
t h rough  a n  a r e a  o f  r e l a t i v e l y  l o w  s e n s i t i v i t y.  A s  w e l l ,  a n
emergency sp i l lway  f r o m  t h e  t a i l i ngs  dam w o u l d  d r a i n  i n t o  t h i s
channel.

4.3 W A T E R  REMOVAL FOR MINE REQUIREMENTS

In f i l t ra t i on  g a l l e r i e s  o r  sha l l ow  w e l l s  l oca ted  o n  t h e  Te l k w a  R i v e r
bottomlands ( F i g u r e  1 .2 )  w i l l  b e  used  t o  co l lec t  w a t e r  needed f o r  t h e
mine's ope ra t i on .  E s t i m a t e d  maximum mine requ i rements  ( i . e . ,  p e a k
make u p  w a t e r  demand)  i s  e x p e c t e d  t o  h e  o n l y  1% o f  t h e  1 0 - y e a r
extreme m i n i m u m  d a i l y  f l o w  ( K l o h n  L e o n o f f  L t d .  1 9 8 5 ) .  T h e
proposed s i t e  f o r  t h e  m a k e - u p  w a t e r  i n t a k e  sys tem i s  n e a r  a  r e l i c
channel o f  t h e  Te l k w a  R i v e r  (des igna ted  50R o n  F i g u r e  3 . 9 ) .  T h i s
channel i s  n o t  su i tab le  f o r  f i sh  u s e .

It  i s  recommended t h a t  w a t e r  removal  b e  minimized d u r i n g  t h e  l a t e
win ter  p e r i o d  ( F e b r u a r y  t o  m id - A p r i l )  w h e n  streamflows a r e  lowest  i n
the Te l k w a  R i v e r .  D u r i n g  l ow  f l o w  y e a r s ,  d i s c h a r g e  i n  t h e  Te l k w a
River  c a n  d r o p  b e l o w  1  m 3 / s e c  ( C N R L  1983 )  a n d  w a t e r  r emova l
d u r i n g  t h i s  p e r i o d  c o u l d  accen tua te  d e w a t e r i n g  i n  s i d e  c h a n n e l s
located downst ream.  R e m o v a l  o f  wa te r  a t  o t h e r  pe r iods  shou ld  pose
no p r o b l e m s  t o  t h e  a q u a t i c  r e s o u r c e s  o f  t h e  Te l k w a  R i v e r .
In f i l t ra t ion  g a l l e r i e s  loca ted  o n  t h e  Te l k w a  R i v e r  a r e  p r e f e r r a b l e  t o
water removal  f r o m  Goathorn  C reek  w h i c h  p resen t l y  exper iences v e r y
low f lows d u r i n g  t he  w in te r  per iod .

4.4 A C C E S S  ROUTE ASSESSMENT

The S t a g e  I  a p p l i c a t i o n  ( C N R L  1 9 8 3 )  i d e n t i f i e d  t w o  a l t e r n a t i v e
cor r idors  t o  move coal f r o m  t h e  mine s i te  t o  t h e  ex i s t i ng  CN r a i l  l i n e .
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One corridor r a n  north from the  mine and required a  crossing o f  the
Telkwa River  and the  other  ran east in the  vicinity o f  Hubert  Creek .
Preliminary analysis o f  potential impacts suggested an easterly route
would be more favourable (CNRL 1983).

Since th is  e a r l y  assessment, t h e  proposed location o f  the  p lant  s i te
has been relocated f u r t h e r  to  t h e  northeast o f  t h e  property  than i n
the earl ier  proposals. S i x  alternate routes fo r  a  ra i l  spur  l ine were
considered in  the  east corridor (F igure  4 . 1 ) .  T h e  preferred route is
also shown on the proposed mine layout (Figure 1 . 2 ) .

Preferred R o u t e  -  T h i s  r o u t e  a v o i d s  crossing a n y  f i s h -bear ing
streams. I t s  location a w a y  f r o m  streams should h e l p  t o  minimize
sediment f rom construction a n d  eliminate a n y  interference w i th  f i s h
movements in  Huber t  Creek and tr ibutar ies.  F o r  these reasons, th is
route i s  considered t h e  b e s t  o p t i o n  f r o m  t h e  aqua t ic  r e s o u r c e
perspective. T h e  one  a r e a  t h a t  would requi re  special care  d u r i n g
construction i s  t h a t  portion o f  the route located immediately adjacent
to the  Bulkley R i v e r  a t  t h e  junction o f  the spur  and main ra i l  l ine .
Care should b e  taken t o  avoid introducing sediment into the  Bulkley
River a t  th is  po in t ,  a n d  t h e  new grade should b e  cut  back from t h e
existing l ine to  avoid a n y  encroachment on the r i v e r.  T h i s  is  a  good
steelhead t rou t  holding area  and p ink  salmon are  known to  spawn i n
the Bulkley R i v e r  a t  th is  location. A s  wel l ,  f i s h  sampling indicates
that juven i le  steelhead t r o u t  a n d  chinook salmon r e a r  a l o n g  t h e
river's edge in this section.

Alternate Routes 1 - 3  =  These three  routes a l l  r u n  south and  east o f
Hubert C r e e k  a n d  jo in  t h e  main r a i l  l i n e  j u s t  eas t  o f  t h e  exist ing
crossing o f  H u b e r t  C r e e k .  S a m p l i n g  undertaken i n  1983 ( B u s t a r d
1984a) ind ica te  t h a t  f i s h  ( m a i n l y  cut throat  t r o u t )  u s e  H u b e r t  a n d
Helps creeks t o  approximately t h e  B . C .  H y d r o  r ight -o f -way.  R o u t e
1 crosses these  t r ibutar ies  upstream o f  t h e  a rea  o f  f ish  u s e  while
Routes 2  a n d  3  cross these  streams i n  a t  least t h r e e  locations t h a t
would require  structures capable o f  passing f ish upstream. R o u t e  3
crosses a t  locations suspected t o  b e  used  b y  spawning cut throat
trout.  T h e s e  t h r e e  r o u t e s  a r e  considerably l o n g e r  t h a n  o t h e r
opt ions, a n d  p o t e n t i a l  f o r  sed imen t  p r o d u c t i o n  a t  n u m e r o u s  s m a l l
stream cross ings is  g rea te r  than  w i t h  o the r  route options.

Alternate Route  4  -  T h i s  r o u t e  crosses Helps Creek a t  t h ree  locat ions
and i n v o l v e s  l o a d i n g  f a c i l i t i e s  l o c a t e d  a d j a c e n t  t o  c u t t h r o a t  t r o u t
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spawning a reas  i n  H e l p s  C r e e k .
the Helps Lake  area and  i n  lower
Extensive b e a v e r  a c t i v i t y  i n  t h e

Stream c r o s s i n g s ,  p a r t i c u l a r l y  i n
Helps Creek  wou ld  r e q u i r e  b r i d g e s .
low g r a d i e n t  sec t ions  o f  t h i s  c r e e k

would m a k e  c u l v e r t s  i nope rab le  a t  c r o s s i n g  s i t e s .
poorest access rou te  op t ion .

Route 4  i s  t h e

Al ternate Rou te  5  -  T h i s  r o u t e  crosses He lps  C r e e k  ups t ream o f  t h e
lake a n d  t h e n  a v o i d s  a n y  f u r t h e r  s t ream c r o s s i n g s ,  s t a y i n g  t o  t h e
nor th o f  H u b e r t  C r e e k .  T h e  main concern w i t h  t h i s  r o u t e  i s  t h a t  t h e
rai l  l o o p  a n d  p l a n t  s i t e  w o u l d  b e  l o c a t e d  i n  t h e  v i c i n i t y  o f  a
cu t th roa t  t r o u t  spawning area on Helps C r e e k .
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S. E N H A N C E M E N T  AND M I T I G AT I O N  OPTIONS

A n u m b e r  o f  enhancement oppor tun i t i es  t o  increase p roduc t ion  o f  f i sh
above p r e s e n t  l e v e l s  e x i s t  w i t h i n  t h e  s t u d y  s t r e a m s .  T h e s e
p r o p o s a l s  a r e  o u t l i n e d  a s  e n h a n c e m e n t  o p t i o n s  b u t  c o u l d  b e
considered mi t iga t ion  i f  impacts o f  t h e  p roposed  mine were  i den t i f i ed
and r e a l i z e d  a t  some f u t u r e  d a t e .  S t e e l h e a d  t r o u t  enhancement  i s
emphasized i n  G o a t h o r n  a n d  Te n a s  c r e e k s  w h i l e  t h e  l o w e r  Te l k w a
R i v e r  h a s  o p p o r t u n i t i e s  f o r  s t e e l h e a d  t r o u t  a n d  c o h o  s a l m o n
enhancement. C o h o  salmon a r e  t h e  mos t  a p p r o p r i a t e  t a r g e t  species
for  any  enhancement i n  H u b e r t  C reek .

5.1 G O A T H O R N  CREEK

The t w o  m a i n  o p t i o n s  c o n s i d e r e d  f o r  e n h a n c i n g  s t e e l h e a d  t r o u t
populat ions i n  G o a t h o r n  C r e e k  a r e  s t e e l h e a d  t r o u t  f r y  p l a n t i n g s
upstream o f  Reach 1 a n d  stream fe r t i l i za t i on .

5 .1 .1  S t e e l h e a d  T r o u t  F r y  P lant ings

Goathorn C r e e k  h a s  l i t t l e  s p a w n i n g  h a b i t a t  u p s t r e a m  o f  t h e  l o w e s t
6 k m .  T h e  subs t ra te  i s  t y p i c a l l y  a  m i x  o f  cobble a n d  smal l  b o u l d e r,
ideal f o r  j u v e n i l e  s t e e l h e a d  t r o u t  r e a r i n g ,  b u t  w i t h  v e r y  l i t t l e
spawning g r a v e l  a r e a .  H i g h e r  f r y  d e n s i t i e s  i n  t h e  l o w e r  r e a c h
(p robab ly  r e s u l t i n g  f r om rec ru i tmen t  f rom Te n a s  C reek )  sugges t  t h a t
the  s t ream i s  capab le  o f  r e a r i n g  steelhead t r o u t  j uven i les ,  b u t  l acks
f r y  rec ru i tmen t  upst ream o f  t he  Tenas Creek  conf luence.

A p r o g r a m  o f  re leas ing  f e d  s tee lhead t r o u t  f r y  i n t o  u p p e r  Goathorn
and C a b i n e t  c r e e k s  c o u l d  l e a d  t o  a  cons ide rab le  i n c r e a s e  i n  f i s h
p roduc t ion  w i t h i n  t h e  s y s t e m .  T h e s e  f r y  w o u l d  b e  d e r i v e d  f r o m
adul t  s tee lhead  t r o u t  c a p t u r e d  i n  t h e  l o w e r  c r e e k  s y s t e m ,  w i t h  t h e
young f i s h  h a t c h e d  i n  a  f a c i l i t y  ( p o s s i b l y  i n  c o n j u n c t i o n  w i t h  a n
on- g o i n g  Sa lmonid  Enhancement  Program u s i n g  a  h a t c h e r y  located a t
Toboggan C r e e k ) .  F e d  f r y  wou ld  b e  t h e  most  app rop r i a te  t o  re lease
into G o a t h o r n  a n d  .Cabinet  c r e e k s  s i n c e  t h e s e  sys tems l a c k  sha l l ow
marginal s i t es  su i tab le  f o r  r e a r i n g  new ly -emerged f r y .

Estimates d e r i v e d  i n  t h i s  s t u d y  ( F i g u r e  3 . 3 )  s u g g e s t  t h a t  u p  t o
23 k m  o f  Goathorn  and  Cab ine t  c reeks  wou ld  b e  su i tab le  f o r  steelhead
f r y  p l a n t i n g s .  P r e s e n t l y ,  s l i g h t l y  mo re  t h a n  1  k m  appea rs  t o  b e
adequately seeded.



Q r

The u p p e r  Goathorn C r e e k  D o l l y  Va r d e n  c h a r  popu la t ion  may pose a
potential p r e d a t o r  prob lem t o  these f r y  p lan t ings  ( H o r n e r  and  B j o r n n
1976). P r e v i o u s  s t e e l h e a d  f r y  p l a n t i n g s  i n  s y s t e m s  w i t h  D o l l y
Varden c h a r  popu la t ions  h a v e  met  w i t h  m i xed  success i n  t w o  n e a r b y
stream systems.  P l a n t i n g s  o f  steelhead t r o u t  f r y  i n  Passby Creek  i n
the  u p p e r  Z y m o e t z  R i v e r  ( F i g u r e  1 . 1 )  a p p e a r  t o  h a v e  b e e n
successful wh i le  p lan t ings  i n  u p p e r  Gosnell C reek  i n  t h e  Morice R i v e r
have n o t  d o n e  we l l  b a s e d  o n  p r e l i m i n a r y  eva lua t ions  ( L o u g h  p e r s .
comm. 1 9 8 4 ) .  I t  i s  n o t  k n o w n  w h e t h e r  l a c k  o f  success i n  u p p e r
Gosnell Creek i s  re la ted to  in teract ions w i th  Dol ly  Va rden  c h a r.

Some i n -st ream deve lopment  i n  c o n j u n c t i o n  w i t h  f r y  p l a n t i n g s  t o
improve spawning hab i t a t  f o r  r e t u r n i n g  adu l t  f i s h  t o  Goathorn Creek
might b e  feasib le.  S p a w n i n g  g rave l  pads  located i n  s i de  channels o f
the creek system have  some potent ia l  f o r  success. O v e r  2 k m  o f  s ide
channels w e r e  i den t i f i ed  i n  Reach 2  o f  Goathorn  C r e e k  based  o n  a i r
photo ana lys is  ( F i g u r e  3 . 3 ) .  I t  i s  n o t  recommended t h a t  a n y  ma in
channel s p a w n i n g  h a b i t a t  deve lopment  b e  a t tempted  s i n c e  Goa tho rn
Creek i s  a  h i g h - e n e r g y  s t ream system capable o f  moving g rave l -s i zed
material d u r i n g  f reshe t  per iods.

5.1.2 S t r e a m  Fert i l izat ion

A second  method o f  enhanc ing  f i s h  p r o d u c t i o n  i n  Goa thorn  C r e e k  i s
to u n d e r t a k e  a  p r o g r a m  o f  s t ream fe r t i l i za t i on  ( i n  con junc t ion  w i t h
f r y  p l a n t i n g ) .  M a c r o n u t r i e n t  concentra t ions a r e  ex t reme ly  de f i c i en t
in G o a t h o r n  C r e e k ,  a n d  t h e  p r o d u c t i o n  o f  f i s h  f o o d  organ isms v i a
both t h e  a u t o t r o p h i c  f o o d  c h a i n  a n d  decompos i t ion  p r o c e s s e s  i s
probably s t r o n g l y  n u t r i e n t  l i m i t e d .  E v i d e n c e  i s  a c c u m u l a t i n g ,
par t icu lar ly  f r om  s tud ies  i n  B r i t i s h  Columbia,  t h a t  f e r t i l i z e r  add i t ions
to n u t r i e n t -def ic ien t  s t r e a m s  c a n  g r e a t l y  enhance  t h e i r  a u t o t r o p h i c
ac t iv i ty  ( P e r r i n  e t  a l .  1984)  a n d  saimonid s t and ing  c r o p  (S laney  a n d
Perr in  i n  p r e p . )  y e t  main ta in  s u p e r i o r  w a t e r  q u a l i t y.  F o r  example,
the salmonid biomass i n  a  sect ion o f  t h e  Keogh R i v e r  was doub led  b y
rais ing n i t r ogen  a n d  phosphorous concentrat ions b y  o n l y  a  few p a r t s
per b i l l ion w i th  f e r t i l i ze r  add i t ions.
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Based o n  t h e  r e s u l t s  o f  t h i s  s t u d y ,  b o t h  n i t r o g e n  a n d  phosphorus
would b e  r e q u i r e d  f o r  G o a t h o r n  C r e e k  f e r t i l i z a t i o n .  T h e  s t u d i e s
suggests t h a t  a  4 0 %  g a i n  i n  r e l a t i v e  s p e c i f i c  g r o w t h  r a t e  o f
per iphyton m a y  b e  rea l i zed  w i t h  n i t r o g e n  add i t i ons  be fo re  l i g h t  a n d
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temperature become l imiting (F igure  3 . 1 ) .  B u t ,  t h e  curve assumes
phosphorus replete conditions, a  status that  would not be  the case in
Goathorn C r e e k  i f  nitrogen were added.  Orthosphosphate levels a r e
at o r  n e a r  detect ion l imi ts ,  suggest ing t h a t  increases i n  n i t rogen
concentrations w o u l d  l i k e l y  d r i v e  t h e  s y s t e m  i n t o  phosphorus-
limitation. T h u s ,  t h e  4 0 %  d i f f e ren t ia l  i n  F i g u r e  3 . 1  c a n  b e
interpreted as the  specific growth added before phosphorus limitation
occurs.  I f  p h o s p h o r u s  a d d i t i o n s  complemented  t h e  n i t r o g e n
additions, o n e  would  e x p e c t  a  f u r t h e r  g a i n  i n  growth  r a t e  before
light and temperature would exer t  limitations. A l t h o u g h  any  increase
in periphyton standing crop is  unpredictable based on present  da ta ,
gains c o u l d  potent ia l l y  b e  re f lec ted  i n  a  substant ia l ly  increased
organic matter base fo r  use b y  f ish food organisms and subsequently
by the fish themselves.

5.2 T E N A S  CREEK

The steelhead t r o u t  f r y  p lan t ing  a n d  s t ream fer t i l izat ion opt ions
discussed f o r  Goathorn Creek  could also be  applied to  Tenas C r e e k ,
although there  are several differences.

The lower 6  k m  o f  Tenas Creek  a re  presently extensively util ized b y
juvenile steelhead t r o u t .  H o w e v e r ,  t h e  two year's o f  sampling data
suggests t h a t  f r y  r e c r u i t m e n t  c a n  v a r y  s u b s t a n t i a l l y.  F r y
production i n  1 9 8 4  w a s  o n l y  25% o f  t h e  1983  product ion .  T h e
potential f o r  f r y  p lant ings  i n  l o w e r  Te n a s  C r e e k  w i l l  depend  o n
whether o r  n o t  t h e  l o w  1 9 8 4  f r y  production resu l ts  i n  l o w  p a r r
populations in  subsequent years.

An additional 9  km o f  Tenas Creek upstream o f  Reach 1 (F igure  3 . 8 )
presently h a s  a  s p a r s e  population o f  steelhead t r o u t  a n d  c o u l d
support addi t ional  f r y  p lan t ings .  P o t e n t i a l  problems w i t h  D o l l y
Varden char  predation on f r y  as discussed f o r  Goathorn Creek could
also occur  w i t h  steelhead t r o u t  f r y  planted i n  u p p e r  Tenas  C r e e k .
No instream developments o f  spawning hab i ta t  a r e  recommended i n
Tenas C r e e k ,  a s  t h i s  s y s t e m  possesses m o r e  su i tab le  spawning
gravels than Goathorn Creek .

A s t ream fert i l izat ion program similar t o  t h a t  outl ined f o r  Goathorn
Creek c o u l d  i m p r o v e  t h e  p r o d u c t i v e  potent ia l  o f  Te n a s  C r e e k .
However,  l og i s t i ca l  p rob lems  associated with  f e r t i l i z e r  appl icat ions t o
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upper  s e c t i o n s  o f  Te n a s  C r e e k  a r e  g r e a t e r  d u e  t o  l a c k  o f  r o a d
access.

5.3 T E L 1 ( W A  RIVER

A n u m b e r  o f  op t i ons  e x i s t  f o r  enhanc ing  s tee lhead t r o u t  a n d  c o h o
salmon p r o d u c t i o n  i n  t h e  Te l k w a  R i v e r .  T h e s e  i nc l ude  coho salmon
f r y  p l a n t i n g s  i n  w e t l a n d s ,  s t e e l h e a d  t r o u t  f r y  p l a n t i n g s  i n  t h e
Telkwa R i v e r  a n d  t r i b u t a r i e s ,  a n d  s i d e  c h a n n e l  deve lopmen t  f o r
rear ing and spawning f i s h .

5.3.1 C o h o  Salmon F r y  Plant ings

try
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Plant ing o f  coho  salmon f r y  i n t o  t hose  we t lands  associated w i t h  t h e
Telkwa R i v e r  t h a t  a r e  p r e s e n t l y  n o t  u s e d  d u e  t o  r e s t r i c t e d  access
from t h e  mainstem r i v e r  i s  a n  a t t r a c t i v e  means o f  i nc reas ing  c o h o
salmon p r o d u c t i o n  i n  t h i s  s y s t e m .  S u c h  a  p r o g r a m  w o u l d  b e
expensive t o  u n d e r t a k e  f o r  a  s ing le  system,  b u t  m igh t  be  effec t ive  i f
i t  was  under taken  i n  conjunct ion w i t h  an  on - g o i n g  program o f  ra is ing
coho s a l m o n  f r y  f o r  p l a n t i n g s  p r e s e n t l y  b e i n g  u n d e r t a k e n  a t  a
hatchery  o n  To b o g g a n  C r e e k  b y  t h e  Depa r tmen t  o f  F i she r ies  a n d
Oceans.

Marshall a n d  B r i t t o n  ( 1 9 8 0 )  h a v e  r e v i e w e d  c o h o  s a l m o n  s m o l t
t r app ing  s t u d i e s  o n  a  n u m b e r  o f  p o n d  a n d  s m a l l  l a k e  h a b i t a t s  i n
Br i t i sh  C o l u m b i a .  R e s u l t s  f r o m  t h e s e  s t u d i e s  i n d i c a t e  o u t p u t  o f
smolts r a n g e s  f r o m  9  t o  110  c o h o  salmon smol ts /100 m2 o f  h a b i t a t ,
wi th a  mean est imate o f  50 f i sh /100 m 2 .  C o h o  salmon smol t  ou tpu t  o f
6 smol ts /100  m 2  f r o m  a  we t l and  p o n d  ad jacen t  t o  t h e  Mor ice  R i v e r
(Bus ta rd  i n  p r e p . )  sugges ts  est imates i n  t h e  lower  e n d  o f  t he  r a n g e
might b e  more  appl icab le  f o r  Te l k w a  R i v e r  we t lands .  H o w e v e r ,  i t  i s
possible t h a t  w i t h  h i g h e r  f r y  r e c r u i t m e n t ,  t h e  Mor i ce  R i v e r  p o n d
would have y ie lded h i g h e r  numbers o f  smolts.

Pond s i t e s  a t  WL3 a n d  WL5 ( F i g u r e  3 . 9 )  a r e  p a r t i c u l a r l y  a t t r a c t i v e
fo r  c o h o  salmon f r y  p l a n t i n g s ,  a n d  assuming  a n  o u t p u t  o f  25 coho
salmon smol ts /100 m2 ,  t h e s e  t w o  a reas  c o u l d  y i e l d  4 ,000  smo l ts .  A
number o f  o t h e r  p o t e n t i a l  s i t e s  f o r  c o h o  sa lmon f r y  o u t p l a n t i n g s ,
inc lud ing t r i b u t a r y  streams, e x i s t  t h roughou t  the  Te lkwa  Watershed.
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5 .3 .2  S t e e l h e a d  T r o u t  F r y  P lant ings

Data f r o m  t h e  p a s t  t w o  y e a r ' s  samp l ing  p r o g r a m s  i n d i c a t e  t h a t  t h e
Telkwa R i v e r  downst ream o f  Goathorn  C r e e k  i s  u s e d  ex tens i ve l y  b y
steelhead t r o u t  f r y  a n d  p a r r .  I t  i s  n o t  c lear  w h e t h e r  many o f  these
steelhead t r o u t  i n  t h e  l o w e r  Te l k w a  R i v e r  a r e  f r o m  f i s h  t h a t
o r ig ina l l y  spawned i n  Te n a s  C r e e k .  A  small  sampl ing p rog ram i n  t h e
Te lkwa R i v e r  u p s t r e a m  o f  G o a t h o r n  C r e e k  u n d e r t a k e n  b y  t h e
Min is t r y  o f  Env i ronment  sugges ts  j uven i l e  steelhead t r o u t  abundance
may b e  low i n  t h i s  ups t ream area (Lough  p e r s .  comm. 1 9 8 4 ) .  I f  t h i s
is a  cons i s ten t  t r e n d ,  t h e n  t h e  Te l k w a  R i v e r  ups t ream o f  Goathorn
Creek t o  a t  l e a s t  Howson C r e e k  w o u l d  b e  a  good a rea  f o r.  steelhead
t r o u t  f r y  p l an t i ngs .

5 .3 .3  S i d e  Channel  Development

The deve lopment  o f  po ten t i a l  s p a w n i n g  a n d  r e a r i n g  h a b i t a t  i n  s i d e
channels o f  t h e  Te l k w a  R i v e r  i s  a n o t h e r  a t t r a c t i v e  enhancement
op t ion .  A  t o t a l  o f  18 k m  o f  s ide  channel  h a b i t a t  has been  i den t i f i ed
in t h e  r i v e r  sec t i on  downs t ream o f  Goa thorn  C r e e k  ( F i g u r e  3 . 9 ) .
A p p r o x i m a t e l y  t w o - t h i r d s  o f  t h i s  c h a n n e l  l e n g t h  i s  p r e s e n t l y
considered p r o d u c t i v e  f o r  sa lmonid  r e a r i n g  a n d  some spawn ing  u s e .
The rema in ing  o n e - t h i r d  cons i s t s  o f  r e l i c  channe l s .  T h e s e  a r e  o l d
r i v e r  channe l s  t h a t  h a v e  b e e n  c u t  o f f  ,from t h e  ma in  r i v e r  e x c e p t
d u r i n g  h i g h e s t  f l o w s  a n d  a r e  a t  v a r i o u s  s t a g e s  o f  r e -vege ta t ion .
The  r e l i c  channels  w i t h  some ex te rna l  f l ow  e i t h e r  f r o m  a  t r i b u t a r y  o r
groundwater  a re  good candidate s ide channels f o r  development .

Side channe l  61RG ( F i g u r e  3 . 9 )  i s  p r o b a b l y  t h e  b e s t  po ten t ia l  a r e a
f o r  enhancement  w o r k .  I t  has  a n  e x t e r n a l  w a t e r  sou rce  ( T r i b u t a r y
1) t h a t  c o l l e c t s  s e e p a g e  f r o m  t h e  a d j a c e n t  s l o p e s  a n d  a p p a r e n t l y
f lows f o r  most  o f  t he  y e a r .  T h e  development o f  an i n f i l t r a t i o n  sys tem
to i nc rease  f l o w  a t  t h e  t o p  e n d  o f  t h i s  channe l  i n  add i t i on  t o  some
instream w o r k  t o  i m p r o v e  s u b s t r a t e  a n d  h a b i t a t  comp lex i ng  c o u l d
make t h i s  a  g o o d  s i t e  f o r  s p a w n i n g  ( a l l  s p e c i e s  i n c l u d i n g  p i n k
salmon) a n d  r e a r i n g  f i s h .  S i d e  channel  developments i n  a reas  w i t h
groundwater  i n f l o w s  h a v e  b e e n  q u i t e  success fu l  a t  o t h e r  s i t e s  i n
B . C .  (Marsha l l  i n  p r e p . ) .
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5.4 H U B E R T  CREEK

Huber t  C r e e k ,  w i t h  i t s  ex tens i ve  sys tem o f  beaver  dams a n d  ponds ,
is most su i ted  t o  coho salmon enhancement.  Measurements  taken  f rom
air  p h o t o s  i n d i c a t e  app rox ima te l y  3 . 4  h a  o f  ponded  h a b i t a t  o c c u r s
downstream o f  He lps  L a k e  ( F i g u r e  3 . 1 2 ) .  C o h o  sa lmon a n d  some
steelhead t r o u t  u s e  a t  l e a s t  t h e  l o w e r  p o r t i o n s  o f  t h i s  s y s t e m ,  b u t
access i s  l im i t ed  b y  a n  ex tens i ve  n e t w o r k  o f  beave r  dams u p  t o  2  m
h igh .  C o h o  salmon f r y  p l an t i ngs  i n t o  these  ponded  areas s im i la r  t o
those discussed f o r  t he  Te lkwa  R i v e r,  wou ld  p robab ly  do v e r y  we l l .

Assuming 2 5  c o h o  salmon smol ts /100 m2  o f  a r e a ,  o v e r  8 ,000  salmon
coho smo l t s  c o u l d  b e  p r o d u c e d  i n  t h i s  t r i b u t a r y .  T h e  p l a n t i n g s
should b e  r e s t r i c t e d  t o  t h e  a r e a  downst ream o f  He lps  L a k e ,  a s  t h e
u p p e r  s y s t e m  a n d  l a k e  p o s s e s s e s  a  r e s i d e n t  c u t t h r o a t  t r o u t
populat ion.
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Appendix 1 .  Common and Sc ien t i f i c  Names o f  Fish Species Mentioned i n  the Text

Family

Salmonidae

Catostomidae

Cyprinidae

Petromyzontidae

Common Name

Steelhead trout
Rainbow trout
Cutthroat trout
Dolly Varden char
Chinook salmon
Coho salmon
Pink salmon
Mountain whitefish

Longnose suckers

Longnose dace

Pacific lamprey

Scientific Name

Salmo gairdneri Richardson
Salmo gairdneri Richardson
Salmo clarki  Richardson
Salvelinus malma (Walbaum)
Oncorhynchus tshawytscha (Walbaum)
Oncorhynchus kisutch (Walbaum)
Oncorhynchus gorbuscha (Walbaum)
Prosopium williamsoni (Girard)

Catostomus catostomus (Forster)

Rhinichthys cataractae (Valenciennes)

Lampetra tridentata (Gairdner)



_Appendix 2. Formulas used i n  Deriving Fish Population Estimates and Standard Errors

1) M o d i f i e d  Petersen Mark-and-Recapture  Population Estimates (Ricker 1975)

N =  (m + 1 ) +  1 )
r  + 1

A = Population estimate

m =  Total  number o f  marked f i s h  released a f t e r  the 1s t  pass

c =  Total  number o f  marked and unmarked f i s h  i n  the recapture

r  =  Marks recaptured

S.E. (A) = N I ( A  - ( A  -c)
me (A - 1)

2) Tw o -Step Removal Method (Seber and LeCren 1967)

(U1)

U1 -  U2

2

N =  Population estimate

U1 =  Number o f  f i s h  co l lec ted i n  f i r s t  removal

U2 =  Number o f  f i s h  co l lected i n  second removal

T =  Total  number o f  f i s h  co l lec ted (U1 +  U2)

S.E. (11) (U1)2x (U2)2 x  T

(U1 -  U2)4



Appendix 3 .  Ch lo rophy l l  a  data (mg/m2) co l lec ted from repl icate  styrofoam substrata
at Goathorn Creek Si tes G2 and G5 Over a 6-Week Period, September 12
through October 17, 1984.

SAMPLING
DATE

DAYS
SUBSTRATA G2 G5

(d/m/y) INCUBATED 1 2  3  4 1 2  3  4

12/9/84 7 6.3 4.4 7.3 3.5 12.8 13.7 17.4 16.6
19/9/84 14 7.4 8.5 2.3 4.6 17.4 15.2 21.8 18.3
26/9/84 21 8.9 14.2 12.6 6.9 18.5 19.9 26.1 14.2
3/10/84 28 17.3 18.3 16.4 - - - 27.5 -
10/10/84 35 22.7 17.5 21.8 - - 30.8 27.3 16.6
17/10/84 42 21.0 22.0 18.0 22.0 - 19.7 28.0 23.0



Appendix 4.1 D e t a i l e d  Results o f  Benthic Invertebrate Sampling i n  Goathorn and
Tenas Creeks and the  Telkwa River,  September 1984

SITE: GOATHORN CREEK -  GI
2

DATE: 17 SEPTEMBER, 1984

INSECTA 1 3 4 5 6
Eohemerootgra
Baetidae: Bettis sp. 1
Siphlonuriairlmeletus sp. 1 1
Ephemere l l idaeFOe l la  doddsi

E. spinifera 1
Heptageniidae: Rithro ena sp.

r o e s p .
tliTigmla sp. 2 1 3 2

Leptophlebiidae: Para eptophlebia sp. 2
Plecoptera

8 3 10 4Perlodidae: Diura sp. 1
so anus sp.
rcynop eryx sp.

Chloroperlidae: liastaperla sp. 1 1 1 1 4
Nemouridae: Nemoura sp. I 1 3 3

TWEEZ7i sp. 2 1
Capniidae: CiTETTiO. 22 7 10 10
Trichoptera
Psychomyiidae: Tinodes sp. larva 2

TTTo-dgi sp. pupa
Hydropsychidae:TinTiyche sp. 1
Leptoceridae: Leptocella sp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Ahyacophila sp. 2 1
Glossosomatidae: aossosoma sp. 1
Diptera
Chironomidae larva 6 6 4 852 1016 508 102 656
Chironomidae pupa 1
Chironomidae adult
Simuliidae larva
Simuliidae pupa
Simuliidae adult
Empididae larva 3 1 1 2
Empididae pupa

.
Ephydridae: Ephydra sp. larva 2 1 1 2

Ephydra sp. pupa 9 6 1 6 11
Blephariceridie: Philorus sp.
Ceratopogonidae: MITEgaes sp.
Tipulidae: Tipula sp. 1 6

Antocha sp. 2 1
RhagionidairTEEFFix sp. 1
DeuterophlebiTaii7-Diuterophlebia sp.
Cyclorrhapha 1
Coleoptera
Hydrophilidae 1
Psephenidae
Homoptera
Aphidae (Terrestrial)
Cercopidae (Terrestrial)
Hymenoptera
Iraconidae (Terrestrial)
Collembola
Sminthuridae
HIRUDINEA T 3
OLIGOCHAETA 2 1 1
ACARINA
Sphaeridae

TOTAL 1110 OF TAXA 1 1 12 13 1T TT 1 4
TOTAL NO OF ORGANISMS 6 8 7 870 1061 536 138 695



Appendix 4.1 Cont 'd
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SITE: GOATHORN CREEK -  G2

INSECTA
Ephemeroptera
Baetidae: Baefis sp.
Siphlonuridae: Ameletus sp.
Ephemerellidae: Ephemerella doddsi

E. spinifera
Heptageniidae: Rithro ena sp.

iron sp.
1777gmula sp.

Leptophlebiidae: Piraleptophlebia sp.
Plecoptera
Perlodidae: Diura sp.

1317-e-nus sp.
rcynop eryx sp.

Chloroperlidae: Hastaperla sp.
Kemouridae: Nemoura sp. 1

IREFE  sp. 2
Capniidae:  pad' n ia  sp.
Trichoptera
Psychompidae: Tinodes sp. larva

T g a i i  sp. pupa
Hydropsychidae:-155iTIYche sp.
Leptoceridae: Leptocella sp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: ikacophlla sp.
GIossosomatidae: tabssosoma sp.
pieterk
Chironomidae larva
Chironomidae pupa
Chironomidae adult
Simuliidae larva
Simuliidae pupa
Simuliidae adult
Empididae larva
Empididae pupa
Ephydridae: Ephydra sp. larva

1: hydra sp. pupa
Blephariceridie: Philorus sp;-.
Ceratopogonidae: Culicoides
Tipulidae: Tipula sp.

Antocha sp.
Rhagionidae715171x sp.
DeuterophlebiniTrEieuteroehlebia sp.
Cyclorrhapha
Col eoptera

Psephenidae
Homoptera
Aphidae (Terrestrial)
Cercopidae (Terrestrial)
Hymenoptera
traconidae (Terrestrial)
Collembola
Sminthuridae
HIRUDINEA
OLIGOCHAETA
ACARINA
Sphaeridae

2

DATE: 26 SEPTEMBER, 1954

3 4  5  6

7 12 3 3 9
1

8 10 4 2 1 1
1 2

6 21
2

23
1

10 2 5
7 2

6
2

2

6 5 3

2
5

3
3

5
11

16 2
10 5

3
2 8 3

3 5 14 15 5 2

2
1

2 6 3 1

4 4 1

2
2 1  2  1  3

6 2 4 1 1 3
2 1

1

3 1
1

2

2
2

2
1

1 6 11 1
2
3

•

TOTAL ND OF -TAXA
TOTAL NO OF ORGANISMS

TT
44

17
76

T3
77

-20 T S
T03 7 4

14
42
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SITE: GOATHORN CREEK -  G3

1NSECTA 1  2  3  4  5  6

DATE: 19 SEPTEMBER 1984

Lohemerutera
Baetldae: Baetis sp.
Siphlonuridae: Ameletus sp.
Ephemerellidae:pEiMiTella doddsi

E. spinifera
Heptageniidae: Rithro ena sp.

Iron sp.
;7177114 sp.

LeptophIeblidae: Pira eptophlebia sp.
Plecoptera
Perlodidae: Diura sp.

Ticnus sp.
rcynop eryx sp.

Chloroperlidie: Hasta erla sp.
Nemouridae: Nemoura sp. 1

ili—Eiraerr sp. 2
Capniidae: C1311177ip. 7  1
Trichoptera
Psychomylidae: Tinodes sp. larva

Tina s p .  pupa
HydropsychidaclaiiiiiiYche sp.
Leptoceridae: Leptocella sp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: RhyacophIla sp.
Glossosomatidae: Glossosoma sp.
Diptera
Chironomidae larva
Chironomidae pupa
Chironomidae adult
Simuliidae larva
Simuliidae pupa
Simuliidae adult
Empididae larva
Empididae pupa
Ephydridae: Ephydra sp. larva,

1~ hydra sp. pupa
Blephariceridie:-Philorus sp.
Ceratopogonidae: MaritMes sp.
Tipulidae: Tipula sp.

Antocha sp.
RhagionidaerVEFFix sp.
Deuterophlebiidae: Deuterophiebia sp.
Cyclorrhapha
Coleoptera
Hydrophilidae
Psephenidae
Homo tera

ae e r r e s t r i a l )
Cercopidae (Terrestrial)
Hymenoptera
graconidae (Terrestrial)
Collembola
Sminthuridae
HIRUDINEA 1  4  8   T  2   1
OLIGOCHAETA 1   4
ALARM
Sphaeridae

8

6

13
2

5 4  1 5

9 3  3 _
2

62 3  2
3 5  2  4

3 7

1

7

3 4  1

1

5
2
2

3
1
1

2 5  1
12 3 5  5  7
28 5 5  7  1
2 3 6  1  4

24 ,  6 4  1 7

3 1 0  1  1

2

1 4

1 4

14 1  3
4

2

1

1

1
3

2

TOTAL NO D F  TAXA 1
1DTAL NO OF ORGANISMS 6

4
3

-16 T 9  1 4  1 - 3
162 2 - n  5 2  A l

9
30
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SITE: GOATHORN CREEK -  G3A

2

DATE:19 SEPTEMBER,

4
1984

5 6INSECTA 1 3
Ephemeroptera
Teetldae: Baetis sp. 3 4 8 9 7
Siph1onurgreli—Wrieletus sp. 1
EphemerellidaelPiWiTilla doddsi. 1 1 3 8 6 3

E. spini fera 1 4 5 1
Heptageniidae: Rlthro ena sp. 9 9 12 8 1

ron sp. 1 5 2 8 6 3
ternYgmula sp. 1 3 1 2

Leptophlebiidae: Piraleptophlebia sp.
Plecoptera

I : • : Terfoclidae: Diura sp.
l iF inus sp.

rcynop eryx sp. 2 2 2 4 2
Chloroperlidae:-Hasta erla sp. 5 5 12 4 6
Nemouridae: Nemoura s p . 3 2 5 4 5lternFira sp. 2
Capniidae: 6 6 2 1 2
Trichoptera
VAychomyildae: Tinodes sp. larva 2 3 3 4 2 3

no es sp. pupa 1
Hydropsychidae:—VinFiyche sp. 1
Leptoceridae: Leptocella sp. 1
Brachycentridee: traChycentrus sp.
Rhycacophilidae: lipyacophlla sp.
Glossosomatidae: GTossosoma sp. 3 2 4 1 1
DiEtera
Chironomidae larva 2 2 1 1 2
Chironomidae pupa 1
Chironomidae adult
Simuliidae larva 1
Simuliidae pupa 1 1
Simuliidae adult
Einpididae larva
Empididae pupa
Ephydridae: Ephydra sp. larva

r
Ephydra sp. pupa

Blephariceridie:Thilorus sp.
Ceratopogonidae: Culicoides sp.
Tipulidae: Tipula sp. 1

Antocha sp.
RhagionidaerlaTiFix sp.
DeuterophlebilaiirDeuterophlebta sp. 1 1
Cyclorrhapha
Coleoptera
lifydrophilidae
Psephenidae
Homoptera
Aphidae (Terrestrial) 1
Cercopidae (Terrestrial)
Hymeno?tera
Braconidae (Terrestrial)
Collembola
Sminthuridie
HIRUDINEA 1 4 1 2 1
OLIGOCHAETA 1 1
ACARINA
Sphaeridae •••••••

TOTAL NO OF TAXA 9 19 17 16 12 15
TOTAL NO OF ORGANISKS 3 4 53 73 60 J1 41
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1 2 3 4 5 6

4 5 6 21 11 7
4

2 5 1 8 5 7
1 1 2

12 22 21 25 6
15 18 14 10 1 2
7 8 7 2 4

2

2 2 7 6 8 1

2 2 17 9 13 2
17 32 14 2

1 5 8
_ ,

4 3
,

2 3
1 1
1 8 9 11 3g 2

1 4 2 4 4
1 1
3

3 3_ 1

7 1 1 1
1 2

1

4
1 1

1
2

1
3 1 1

2

1

1

2 2 7 1 31 1 1

18 T7 20 15 1 6
7  41 104 130 126 130 53

SITE: GOATHORN CREEK -  G4

INSECTA
wItirigrttrBaaSaetidaoDe:  e t i s  sp.
Siphlonuridae: Ameletus sp.
Ephemerellidae: EPhemerella doddsi

E. spinifera
Heptageniidae: Rithro ena sp.

Iron sp.
t g n u l a  sp.

Leptophlebiidaeraleptophlebia sp.
Plecoptera
Perlodidae: Diura

Miinus sp.
Arcynopteryx sp.

Chloroperlidae: Hastaperla sp.
Nemouridae: Nemoura sp. 1

)emoura sp. 2
Capniidae: CiF5g70.
Trichoptera
Psychompidie: Tinodes sp. larva

n a i l '  sp. pupa
Nydropsychidac—PMPTYche sp.
Leptoceridae: Leptocilla sp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: 11hyacophila sp.
Glossosomatidae: GTossosoma sp:
Diptera
Chironomidae larva
Chironomidae pupa
Chironomidae adult
Simuliidae larva
Simuliidae pUpa
Simuliidae adult
Empididae larva
Empididae pupa
Ephydridae: Ephydra sp. larva

Ephydra sp. pupa
Blephariceridie: Philorus sp.
Ceratopogonidae: TUTTEETffes sp.
Tipulidae: Tipula sp.

Antocha sp.-
RhagionidaerWiFix sp.
Deuterophlebirdir—Deuterophlebia sp.
Cyclorrhapha
Coleoptera
Wydrophilidae
Psephenidae
Zopterkidae (Terrestrial)
Cercopidae (Terrestrial)
Hymenoptera
Oraconidae (Terrestrial)
Collembola
3minthuridie
HIRUDINEA
OLIGOCHAETA
ACARINA
Sphaeridae

TOTAL NO OF TAXA
TOTAL NO OF ORGANISHS

DATE: 18 SEPTEMBER, 1984
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SITE: GOATHORN CREEK -  G5

2
DATE: 20 SEPTEMBER, 1984

INSECTA 1 3 4 5 6
Ephemeroptera
Baetidae: Baetis sp. 3 3 12 14 16 12 33SiphlonurfdliTAMeletus sp. 1

,
3 1Ephemerellidae:-175WPalla doddsi 5 3 7 9 3 6E. spinifera 2 3 2 1Heptageniidae: Rithrogena sp. 7 2 31 38 41 29 31Iron sp. 3 1 5 6 4tiqgmula sp. 6 1 5 4 2Leptophlebiidae: Piraleptophlebia sp.

Plecoptera
Perlodidae: Diura sp. 3 8 2 6 6 81T57inus sp.

rcynop eryx sp. 4 5 7 12 10 7Chloroperlidae:-Hasta erla sp. 9 12 9 4_ B 13_
Nemouridae: Nemoura sp. 4 1 3 3 7

hiMirael sp. 2  1 111,

1 1
Capniidae: a w r i o .  1 0 26 8 18 48 31
Trichoptera
Tsychomyildae: Tinodes sp. larva 6 4 1 4 1 1Tinodes sp. pupa
Hydropsychidaei-PiTigyche sp. 3
Leptoceridae: Leptocella sp. 1
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Rhyacophila sp. 1
Glossosomatidae: tTossosoma sp. 3 2 1 2
Diptera
Chironomidae larva 5 4 5 10 3
Chironomidae pupa 1 1 1 1
Chironomidae adult
Simuliidae larva
Simuliidae pupa 1 1 1
Simuliidae adult 1
Empididae larva 2 1 2
Empididae pupa
Ephydridae: Ephydra sp. larva 2

Ephydra sp. pupa
Blephariceridie: Philorus sp.
Ceratopogonidae: Culicoides sp. 1
Tipulidae: Tipula sp. 1

Antocha sp. _
RhagionidairafiFix sp. 3
Deuterophlebildae: Deuterophlebia sp.
Cyclorrhapha
Coleoptera
Uydrophilidae 2
Psephenidae
Homoptera
Aphidae (Terrestrial)
Cercopidae (Terrestrial) 1
Hymenoptera
Oraconidae (Terrestrial)
Collembola
Sminthuridae 1
HIRUDINEA 10 2 11 17 6
OLIGOCHAETA 5
ACARINA
Sphaeridae

TOTAl. NO OF TAXA 2 0 18 Td TS 21
TOTAL N0 D F  DIGANISMS 1 8 2 129 1)8 T4B 17-2- 1 57



Appendix 4.1 C o n t ' d

SITE: GOATHORN CREEK -  GSA

1 2

DATE: 27 SEPTEMBER, 1984

INSECTA
Ephemeroptera

3 4 5 6

tietidae: 8aetis sp. 3 17 11 13 16 37
Siphlonuridae: Ameletus sp.
Ephemerellidae:-Wiii7ella doddsi 2 5 10 3 2

E. spinifera
Meptageniidae: Rithro ena sp. 10 21 32 Ta 13

ron sp. 2 3 2 3 7
1717971,11 sp .

Leptophlebiidae1715Yrinif)tophlebia sp. 2 1 9 7 2
Plecoptera
Perlodidae: Diura sp. 2 12 8 11 12

137i5114 sP-
P5iiToriferyx sp. 3 6 5 9 8 7

Chloroperlidae:Nasta erla sp. 1 5 6 14 10 11
Nemouridae: Nemoura sp. 14 14 10 17 8

mourn sp. 2
• • •Capniidae: CiFETI-10. 21 12 28 33 56

Trichoptera
Psychomy1dae: Tinodes sp. larva 5 3 7 10 6

no es sp. pupa 1 2
Hydropsychidae:75751Tyche sp. 4 1 1
Leptoceridae: Leptocella sp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Rnyacophila sp.
Glossosomatidae: Uossosome sp.
iptera

Chironomidae larva 12 7 4 12 4
Chironomidae pupa 4 3 1
Chironomidae adult
Simuliidae larva
Simuliidae pupa
Simuliidae adult •1 3 2Empididae larva
Empididae pupa
Ephydridae: Ephydra sp. larva.

EPhydra sp. pupa
Blephariceridie: Philorus sp.
Ceratopogonidae: W I T E M s  sp.
Tipulidae: Tipula sp. 1

Antocha sp.
Rhagionidae7:7705EFix sp.
Deuterophlebiidae:Deuterophlebia sp.
Cyclorrhapha
Coleoptera
Hydro;ihilidae
Psephenidae
Homoptera
Aphidae (Terrestrial)
Cercopidee (Terrestrial)
Mymenoetera

1lraconidae (Terrestrial)
Collembola
Smi nthuridae
MIRUDINEA 9 2 10 4 1
OLIGOCHAETA 1
ACAR1NA

. . • • • • •

Sphaeridae

TOTAL NO. OF TAXA- 10 1 9 16 i T Tb 15
1DTAL NO -OF ORGANISMS 26 j 9 109 1S9 153 168



Appendix 4 . 1  C o n t s d

SITE: TENAS CREEK -  T1

INSECTA
Dhemerootera
Baetidae: gietis sp. _ 2 4
SiphlonurcEETXmeletus S .  3
Ephemerellidae:ITEFFilla doddsi

E. spinifera
Heptasleniidae: Rithro ena sp.

ron sp. 4
rirlygraula sp.

Leptophlebiidae: Paraleptophlebia sp.
Plecoptera
Perlodidae: Diura sp. •  a

liBiihus sp.
Artynopteryx sp.

Chloroperlidae:-Hasta erla sp.
Nemouridae:Memoura sp.

irniraecro sp. 2
Capniidae: a F 5 1 7 0 .
Trichoptera
7sychomylidae: Tinodes sp. larva

TirTo-dW sp. pupa
Hydropsychidae:-WagYche sp.
Leptoceridae: Leptocella sp. •
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Rhyacophlla sp. 3
Glossosomatidae: Glossosoma sp. 4
Diptera
Chironomidae larva 1 8 0
Chironomidae pupa
Chironomidae adult 1  -
Simuliidae larva
Simuliidae pupa
Simuliidae adult
Empididae larva
Empididae pupa
Ephydridae: Ephydra sp. larvi.

Ehydra sp. pupa
Blephariceridae: Philorus sp.
Ceratopogonidae:rTWaes sp.
Tipulidae: Tipula sp.

lento ha sp.
-RhagionidaerATEF.Ix sp.
Deuterophlebfrai77euterophlebia sp.
Cyclorrhapha .
Coleoptera
Uydrophlifdae
Psephenidae
Homoptera
Aphldae (Terrestrial)
Cercopidae (Terrestrial)
Hymenoptera
lraconldae (Terrestrial)

2

DATE: 12 SEPTEMBER, 1984

3 4  5  6

7 B 5 10 4

2
1
2 2

2
2 6

1 1
2

3

4

1

5
7

13
12
2

7
17

3

13
8
2

2 1 1 12 6

10

1

2

5
4

2 3
2

8
2

13

1
1

1
1

4
1

3

2 3 2 7 2

2 2 1. 1

1 1

1

2
1

57

1

7

6

8

2
8

17

2

12
1 1

Collembola
5minthuridae
HIRUDINEA
OLIGOCHAETA
ACARINA
Sphaeridae

1 1

1
2

11
1 4 4

MAL NO OF 1AXA
TD1AL ND OF ORGARISIE 2 5 1

19 T 8  1 4  T 7  2 1  1 5
795 41 70 n4 B



Appendix 4.1 C o n t ' d

SITE: TENAS CREEK -  T2
IMSECTA 1
fohemerootera
Baetidae: Baetis sp. 7 5
SiphlonurfaiirImeletus sp.
Ephemerellidae:UFFIFFella doddsi

L. spinifera
Heptageniidae: Rfihro ena sp.

ron sp.
PrytsmtAk sp.

LeptophlebiidaiT—PiFiTiTtophlebia sp.
Plecoptera
Perlodfdae: Diura sp. 7

n r i n u s  sp.
rcynop eryA sp. 2 8

Chloroperlidae: Batista_ erla sp. 5
Memouridae: Nemoura sp. I  1 1

ii)Miraerr sp. 2
Capniidae: Capnia sp. 2 /
Trichoptera
Psychomyiidae: Tinodes sp. larva 3

Tnoes sp. pupa
Hydropsychidae:'-1753Tyche sp. 3
Leptoceridae: Leptocella sp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: lOyacophila sp.
Glossosomatidae: Giossosoma sp.
Diptera
Chironomidae larva 2
Chironomidae pupa
Chironomidae adult
Simuliidae larva
Simuliidae pupa
Simuliidae adult
Empididae larva
Empididee pupa
Ephydridae: Ephydra sp. larva

4 -hydra sp. pupa
Blephariceridie: Philorus sp.
Ceratopogonidae: W i W a e s  sp.
Tipulidae: Tipula sp.

).mocha sp.
Rhagionidae7XTEiFix sp.
Deuterophlebiidae: Deuterophlebia sp.
Cyclorrhapha
Coleoptera
liydrophilidae
Psephenidae
Homoptera
Aphfdae (ierrestrial)
Cercopidae (Terrestrial)
Hymenoptera
Braconidae (Terrestrial)

DATE: 28 SEPTEMBER 1984

2 3  4  5  6

19 5 93 72 23

6 5  2  6  7  1

31 15 1 8 18 23 9
12 1 4

1
6 29

1

, 2 3

8 4
3 4
2

14
4
3

19
16
48

1

1

2

7

4
3
4

2

6

14

6

5 2 4

1 1
11 22

4

3 2 2 29

1 3 3
1
5

Collembola
Sminthurldse
HIRUDINEA
OLIGOCHAETA
ACARINA
Sphaeridae

2 2 2 6
1 2 1

1

5

1 2 1

1

4 5

101AL ND D T  TAXA 1 4  T 4  T E  T s  T B
TDTAL MD OF -ORGANISMS 2 1 7  7 0  7 7  1 7 1  3 0 5  1 3 0



Appendix 4.1 C o n t ' d

SITE: TELKiA RIVER -  SC1

2

DATE: 14 SEPTEMBER, 1984
1NSECTA 1 3 4 5 6
Ephemeroptera
ffietidae: Baetis sp. 1 3 2 2 2 3
Siphlonuridae: Ameletus sp.
Ephemerellidae: Ephemerella doddsi 3 1

E. spinifera 2 2 5 4
Heptageniidae: Rithrogena sp. 9 3 4 a 15 5

Iron sp. 3 1 3 4
757gmula sp. 1

LeptophIeblidae: Firaleptophlebia sp.
Plecoptera
Perlodidae: Diura sp. 2 5 10 3 4 3 4

liBTenus sp.
Arcynopteryx sp. 2 3 2 3 4

Chloroperlidae: Hastaperla sp. 2 4 4 2 1 3
Nemouridae: Nemoura sp. I 1 1

sp. 2
Capniidae: Capnia sp. 1
Trichoptera
Psychomyiidae: Tinodes sp. larva 1

Tinodes sp. pupa 1 1
Hydropsychidae:-Ti7Wyche sp.
Leptoceridae: Leptocella sp.
Brachycentridae: Brachycentrus sp.
Rhycacophilidae: Rhyacophila sp.
Glossosomatidae: Glossosoma sp. 1 2
Diptera
Chironomidae larva 1 0 26 7 5 3 15
Chironomidae pupa 2 1 3
Chironomidae adult
Simuliidae larva
Simuliidae pupa 1 2
Simuliidae adult
Empididae larva
Empididae pupa
Ephydridae: E h dra sp. larva ,

p y ra sp. pupa 1
Blephariceridae: Philorus sp.
Ceratopogonidae: CuIicoides sp.
Tipulidae: Tipula sp.

Utocha sp.
Rhagionidae: Atherix sp. 1
Deuterophlebildae: Deuterophlebia sp.
CyClorrhapha
Coleoptera
Hydrophlfldae
Psephenidae 1 3
Homoptera
Aphidae (Terrestrial)
Cercopidae (Terrestrial)
Hymenoptera
Braconidae (Terrestrial)
Collembola
Sarinthuridae
HIRUDINEA 3 2 5 1 2
OLIGOCHAETA
ACARINA
Sphaeridae

TOI AL TiO OF TAXA 1 1 11 12 15 12 16
TOTAL 140 OF ORGANISMS 6 0 59 32 46 43 55



Appendix 4.1 C o n t ' d

liaa

P

SITE: TELKWA RIVER -  SC2

INSECTA 1
Eohtmgroottra
Baetidae: Baetis sp. 1 6
S iph lonur fUree le tus  sp.
EphemertIlidae:-175iTs17411a doddsi

r.  spinifera
Neptageniidse: Rithrogena sp.

Iron sp.
177179141A sp.

Leptophlebiidae7-PPilirtophlebia sp.
P1ecoptera
Perfodidae: Diura sp. 1 9  4

TVp7nus sp.
Arcynopteryx sp. 2 2  4 3  2 8  2 5  6 8  4 9

Chloroperlidae:liastaperla sp. 1 1 8  4 8  4 9  3 7  4 3
Nemouridae: Nemoura sp. I  2 0  1 5  3  - - ,  7  _  1 4  1 2

erroli-77—Jra sp. 2
Capniidae: CURTTip .  3  9  ,  1  2  = F M  3
Trichoptera
Nychomyliaae: Tinodes sp. larva 1  3  1  1  2  1

Tinodes sp. pupa
Hydropsychidae:WiTYche sp. 2 1
Leptoceridae: LeptoceIla sp.
Brachycentridae:15rachycentrus sp.
Rhycacophilidae: Rhyacophila sp.
Glossosomatidae: Glossosoma sp.
Diptera
Chironomidae larva 1 0 4  3 3  9  2 8  1 2  1 5
Chironomidae pupa
Chironomidae adult
Simuliidae larva
Simuliidae pupa
Simuliidae adult
Empididae larva
Empididae pupa
Ephydridae: Ephydra sp. larva

Ephydg sp. pupa-
Blephariceri dae: i l o r u s  sp.
Ceratopogonidae: tUTTEMes sp.
Tipulidae: Tipula sp.

Antocha sp.
RhagionideiT7IFFix sp.
Deuterophlebiidae: IkuterophIebia sp.
Cyclorrhapha
Coleoptera
*drophi l idae
Psephenidae
Homoptera
Bpnidae (Terrestr ia l )
Cercopidae (Terrestr ia l )
Nymenoptera
Oraconidae (Terrestr ia l )

2

8

DATE: 29  SEPTEMBER_, 1984

3

4

4

2

5

2

6

9
5
2 i i  9  e  I J  3
1 4  1  1  1 1  3
1 1 3  4 1  6 3  5 9  2

1 34 3 4
8

7

11

19

3

14

5

5 28

1 2
1
1 2

3 2 1 6 4

Collembola
lminthuridae
HIRUDINEA
OLIGOCHAETA
ACARINA
Sphaeridae

2
1

2 1 1

1
1

1

1
2

1

1

10rAL NO O F  TAXA 1 8  1 9  1 7  1 9  1 6  1
TRIAL NO O F  ORGANISMS 2 1 6  1 8 9  1 7 - 8  2 0 3  2 6 0  2

9
03

4



Appendix 4 .2  -  Supplemental Benthos Sample Site Descriptions

SITE G3A

Location: G o a t h o r n  C r e e k  -  Downstream o f  G 3  approximately  8 0  m .
Bench mark located on the  r ight side.

Sample No. 1 2 3 4 5 6

1.5 m above
Dist. f rom BM (m) 7 9 11 13 15 16
Depth (cm) 19 19 28 32 14 10
D 50 (cm) 5 3 4 4 2 4
D 90 (cm 13 12 13 11 13 14

Sample No. 1 2  3  4  5  6

Dist. f rom BM (m) 1 9  2 0  2 1  2 3  2 4 . 5  2 6 . 5
Depth (cm) 1 8  1 8  2 1  2 3  3 1  1 4
D 50 (cm) 1  2  1  3  6  4
D 90 (cm) 1 0  1 0  1 0  1 2  2 0  1 6

Avg. Water  Velocity 0 .77  m/sec

SITE GSA

Location: G o a t h o r n  C r e e k  -  T h e  s i t e  i s  loca ted  approximately  1 0  m
downstream o f  t h e  per iphyton sample blocks a t  t h e  o ld  u p p e r
bridge crossing site.  B e n c h  mark on r ight  side.

Avg.  Water  Velocity 0 .70  m/sec



Appendix 5 .  D e t a i l e d  Resul ts  o f  D r i f t  Samples i n  Goathorn Creek, September 1984

Nemouridae: Nemoura sp . 1
Nemoura sp . 1
Nemoura sp . 2

Stage' Aq/T2
SITE G2

Day N i g h t
SITE G5

Day N i g h t

N Aq 2 23 28 50
A Aq 10 96 33
N Aq_ 2 1 4 3
A Aq
N Aq 6 3 10 5
A Aq 4 5
N Aq 2 3 7
A Aq 25 4
N Aq 1 2 28 62
A Aq 15 86 36
N Aq 1 9 13 11
A Aq 6 24
N Aq 2 7

N Aq 10 6 1
A Aq 1 2
N Aq 11 11
A Aq 4
N Aq 1 9 12 13
A Aq 1 1 16 2
N Aq 4 10 34
A Aq 1 8 4
N Aq 1
N Aq 6 1

L Aq 1 3 9
P Aq 4 16 30
A Ag 2 2 8
L Aq 1 6
A Aq 1 2 2
P Aq 1
L Aq 1 1
A T 7 19
L Aq 9 36 19 11
P Aq 2
A Aq 1 1 11 4
L Aq 1 4 4
P Aq 2
A Aq 2 2
A Aq 1 7
A Aq 6 2 12 5
A Aq 5 5• 4
A Aq 1 8 6
L Aq 3 3 1
A Aq 1 2
A T 3 2 2
A T 3 2 15 13

U

INSECTA

Ephemeroptera
Baet idae:  B a e t i s  s p .

Baet is  sp .
S iph lonur idae :  Ameletus s p .

Ameletus sp .
Ephemerel l idae:  Ephemerel la doddsi

Ephemerella doddsi
Ephemerella s p i n i f e r a
Ephemerella s p i n i f e r a

Heptageni idae:  R i th rogena  s p .
Rithrogena sp .
Iron sp .
I ron sp .
Cinycpti la s p .

P lecoptera
Per lod idae:  D i u r a  sp .

Mora sp.
Arcynopteryx, sp.
Arcynopteryx sp .

Ch lo rope r l i dae :  Has taper la  sp .
Hastaperla sp .

Capni idae: Capn ia  sp .
[1 T r i c h o p t e r a

f.

r i

Psychomyiidae: Tinodes  s p .
Tinodes s p .
Tinodes s p .

Hydropsychidae: Parapsyche sp .
Parapsyche sp .

Rhyacophi l idae:  Rhyacophi la  sp .
Glossosomatidae: Glossosoma sp .
D i p t e r a
Chironomidae
Chironomidae
Chironamidae
S imu l i i dae
S imu l i i dae
S imu l i i dae
Enpid idae
Ephydridae: Ephydra s p .

4 Cecidamyi idae
Ti p u l i d a e :  T i p u l a  s p .

8 Deute roph leb i idae :  Deuteroph leb ia  sp .
2 Dol ichopodidae
3 B i b i o n i d a e
_Muscidae

•
106



Appendix 5  C o n t ' d

Coleoptera
Dytiscidae A  A q  1
Chrysomelidae A  T  1  1  2
Staphylinidae A  T  3
Heteroptera
Corixidae A  A q  1 3  7
Lygaeidae A  T  1
Homoptera
Aphidae A  T  1  2  4
Membracidae A  T  1
Fulgoridae A  T  1
Cercopidee A  T  1  5
Hymenoptera
Ichneumonidae A  T  1 3  1 2
Formicidae A  T  1  1 2  3
Braconidae A  T  1  2
Trichogrammatidae A
Tenthredinidae L  T  1
Lepidoptera
Geometridae A  T  2
Lymentriidae L  T  1
Collenbola
Poduridae A  A q  1

^ARINA
AANEAE

01-1GOCHAETA

Aq 1
5 1  3

Aq 2

_  TOTAL ND. OF TAXA
TOTAL ND. OF m o w  I SAS

35 3 3  4 3  4 3
109 1 4 4  5 5 3  4 4 3

Stage N =  Nymph L  =  Larva P =  Pupa A =  adul t  C 2  -  September 2 1 ,  1984

2 A q / T  A q u a t i c  o r  Te r res t r i a l  C S  S e p t e m b e r  2 0 ,  1984



Appendix 6 . 1  L e n g t h  and Weight C h a r a c t e r i s t i c s  o f  F i s h  Analyzed f o r
Stomach Contents,  September 1984

FISH
NUMBER

LENGTH
(mm)

WEIGHT
(g)

FISH
.NUMBER

LENGTH
(mm)

WEIGHT
(g)

1 103 14.4 1 126 17.5
2 93 11.6 2 113 14.3
3 125 20.8 3 112 12.7
4 125 23.9 4 90 8.7
5 104 17.0 5 80 6.4
6 111 18.0 6 115 14.5
7 107 14.6 7 175 66.1
8 75 6.7 8 180 79.3
9 120 20.9 9 173 66.0
10 118 19.1 10 134 24.8
11 105 17.1 11 150 45.8
12 93 12.4 12 122 17.3
13 88 9.2 13 83 7.4
14 67 6.9 14 157 51.7
15 80 7.9 15 113 12.8
16 78 8.3 16 91 8.9
17 86 9.3 17 167 51.9
18 80 9.0 18 137 26.6
19 76 8.0 19 137 25.9
20 93 11.7 20 84 7.9
21 79 7.7 21 73 4.2.
22 94 12.2 22 73 5.2
23 85 9.0 23 79 4.8
24 78 8.0 24 82 6.5
25 72 6.5 25 67 4.1

Mean 93.4 12.4 Mean 116.5 23.7
Range 67-125 6.5-23.9 Range 67-180 4.1-79.3

Si te  G2 -  Steelhead Trou t  S i t e  G5 -  D o l l y  Varden Char

U

i08



Appendix 6 . 2  D e t a i l e d  Resu l t s  o f  Stomach Samples f r om Steelhead T r o u t  and D o l l y
Varden Char  i n  Goathorn Creek,  September 1984

1
Stage

2
Aq/T 1 2 3 4 5 6 7 8 9

N Aq 1 2
A Aq 2
N Aq
N Aq 1
N Aq 4
A Aq
N Aq 1 1 1
A Aq 1
M Aq 10
A Aq
N Aq
A Aq
W Aq
N Aq
A Aq 1
N Aq
A Aq
A Aq
N Aq I
A Aq
L Aq
P Aq
L Aq I
L Aq
L Aq 2 1 Z 2
A T I
L Aq I
A Aq
L Aq
A Aq
A Aq
A T 1
A T
A I
A 1 I
A Aq
A I
A T
A T 1

A Aq I 2 1 3

A I I I
A T 1
A I
A 7
A I
A T. I
A T I
A I I I
A T
L T
L I

T -
T
T

SITE: G2 D A T E :  September 26, 1984 SPECIES: Steelhead Trout

INSECTA
Ephemeroptera
Baetidae: 8aetis sp.

* B t -is sp.
Siphlonurldae: Ameletus sp.
Ephemerellidae:1E. doddsi

t .  spinifera
I .  spinifera

Heptageniidae: Wahrogena sp.
Itithrogena sp.
Iron sp.
"ricin sp.
1571Ygmula sp.

Plecoptera
Perlodidae: Diura sp.

Arcynopteryx sp.
Arcynopteryx sp.

Chloroperlidae: Hastaperla sp.
Hastaperla sp.

Capniidae: Capnia sp.
Nemouridae:TffEriara sp. 1
Trichoptera
Psychomyiidae: Tinodes sp.

ono es sp.
HydropsychidaerPiTiTTYche sp.
Brachycentridae: Brachycentrus sp.
Glossosomatidae: Glossosoma sp.
Diptera
Chironomidae
Chironomidae
Simuliidae
Simuliidae
Ephydridae: Ephydra sp.
Muscidae
Syrphidae
Bibionidae
Coleoptera
TlytIscldae
Carabidae
Chrysomelidae
Staphylinidae
Heteroptera
Corixidae
Homoptera
Cercopidae
Membraci dae
Cicadellidae
Fulgoridae
Aphidae
Hymenoptera
Tormiodae
Tenthredinidae.
Ichneumonidae
Lepidoptera
teometrldae
Sphingidae
ARANEAE
ANNELIDAE
MILLIPEDEA

1 Stage: N .  Nymph L L a r v a e  P •  Pupa A -  Adult

2 Aq/T: Aquatic or Terrestrial



Appendix 6 . 2  Con t ' d

SITE: 62 D A T E :  September 26, 1934 SPECIES: Steelhead Trout

INSECTA
Ephemeroptera
Baetidae: Baetis sp.

aetis sp.
Siphlonuridae: Ameletus sp.
Ephemerellidae: E.  doddsi

E. spinifera
E. spini fera

Heptageniidae: Rithrogena sp.
Rithrogena sp.
Iron sp.
7F-65 sp.
riFigmula sp.

Plecoptera
Perlodldae: Diura sp.

77.-c-Topteryx sp.
Arcynopteryx sp.

Chloroperlidae: Hastaperla sp.
Hastaperla sp.

Capniidae: Capnia sp.
Nemouridae: 'tempura sp. 1
Trichoptera
Psychomyiidae: Tinodes sp.

Tinodes sp.
Hydropsychidae:77745-Yche sp.
Brachycentridae: Brachycentrus sp.
Glossosomatidae: Grossosoma sp.
Diptera
Chlronomidae
Chironomidae
Simuliidae
Simuliidae
Ephydridae: Ephydra sp.
Muscidae
Syrphidae
Bibionidae
Coleoptera
Dytiscidae
Carabidae
Chrysomelidae
Staphylinidae
Heteroptera
Corixidae
Homoptera
tercopidae
Membracidae
Cicadellidae
Fulgoridae
Aphidae
Ilymenoptera
Formicidae
Tenthredinidae
Ichneumonidae
Lepidoptera
Geometridae
Sphingidae
ARANEAE
ANNELIDAE
MILLIPEDEA

1
Stage A q / T

2
10 11 12 1 3 14 15 1 6  1 7 18

N
A

N
N

N

N

N
A
N

N
N

N

A
N

P
L
L
L

L

Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aqr
Aq

1 3 1

Aq
Aq

1

Aq
Aq
Aq
Aq
Aq
Aq
Aq
Aq

1

1 6 1
2

L
A

A
A
A
A
A
A
A
A
A
A

Aq
Aq
Aq
Aq
Aq
T
T
T

Aq

T

1

2

1

1

A Aq 1

A
A
A

T

A
A

T

1 1
A
A
A

L

T
T
T 1
T

1 Stage: N •  Nymph L -  Larvae P •  Pupa A •  Adult
2 Aq/T: Aquatic of  Terrestrial



Appendix 6 .2  C o n t ' d

SITE: 62

INSECTA
Ephemeroptera
Baetidae: Baetis sp.

aB etas sp.
Siphlonuridae:
Ephemerellidae

Heptageniidae:

Plecoptera
Perlod)dae: Diura sp.

7FEYWopteryx sp.
Arcynopteryx sp.

Chloroperlidae: Hastaperla sp.
Hastaperla sp.

Capniidae: Capnia sp.
Nemouridae:  emoura sp. 1
Trichoptera
Psychomyildie: Tinodes sp.

ono es sp.
Hydropsychidae:MIWYche sp.
Brachycentridae: Brachycentrus sp.
Glossosomatidae: Glossosoma sp.
Diptera
thironomidae
Chironomidae
Simuliidae
Simuliidae
Ephydridae: Ephydra sp.
Muscidae
Syrphidae
Bibionidae
Coleoptera
Dytiscidae
Carabidae
Chrysomelidae
Staphylinidae
Heteroptera
Corixidae
Homoptera
Cercopldae
Membracidae
Cicadellidae
Fulgoridae
Aphidae
Hymenoptera
FrirmIcldae
Tenthredinidae
Ichneumonidae
Lepidoptera
Geometrldae
Sphingidae
ARANEAE
ANNELIDAE
MILLIPEDEA

Ameletus sp.
: E. doddsi

E. spin i fera
E. sp in i fera

Rithrogena sp
Rithrogena sp
Iron sp.
TF317 sp.
riqgmlula sp.

DATE: September 26, 1984 SPECIES: Steelhead Trout
1 2

Stage Aq /T 19 20 21 22 23 24 25
N

U M  I I I M M I M M U I M I M M I N I O M M I I
11:11111111111111111111111111111111111110111111111111111
10111111111111111111111111•11111111111111111111111111111
Lt1111101111•11111111111101111111111I1111111111111111111
ILE111111111111•111111111111111111111111111111111111111111

A ( Z " r r r r © r r r r
IIIII111111111111111111111111111111111111110111MIII
0111111•1.1111111111•111111•1111111111111111111111

Ib111111111111111111111111111111111111111111111111111111111L r r r r r r r r r r r r r r
A 1011111•111111111111111111111111111111111111111111111111111
N IL1111111111111111111•111111111111111111111111111111111111
A

LEINIIIIIIIIIIIIINI1111111111111111111111111111111
LE1111111111111111111111111111111111•1101111111111111111

101111111111111111111111111111111111111.11111•111111111111
110111111111•1111M11111111111111111111111111111101•1111
LE1111111111111111111111•11111•11110111111111111111111
11111111111111111111111111111111111111•11111111110111111111
E111111111111111111111111111111111111111111111111111111111
EINI111111111111111111111111111111111.1111111111111111111
IT111111111111111111111111111111111111111111110111111111
111111111111•11111111111111111111111111111111111111111M
111111•1111111111111111111111•111111•111111111111111111111

A
L

A
A
A
A
A
A
A
A
A

A

111111111111111111111111111
ENIIIIININIIIII11111111111111111111•1111111
E11111.1111111111111111111•1111111111111111.11•111

1111111111111111.11111111111111

Stage: N •  Nynph L •  Larvae P •  Pupa

2 Aq/T: Aquatic or Terrestrial

A -  Adult
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I
Stage

2
Aq/T 1 2 3 4 5 6 7 8

•-•.I111-111111-1.]-1-1111 1-

N Aq 1 2 1 3
A Aa 8 3 9
N An
N Ao
N Ao 1 1
A All
N Ao 2 1 1
A Aa 3 2
N At: 3
A Aa
N Aq 1 1
A Aa
N Aq

Ao
A Aa
N Aq 1
A Aq
A Aq
N Aq 1 1
A Aq 1
L Aq 1
P Aq I .
L Aq
L Aq
L Aq
A T I I
L Aq
A Aq
L Aq 1
A Aq
A Ao 1
A T
A T
A T I
A I
A Aq .
A I
A T
A I

A Aq

A I
A I

'A I 1
A T
A T

A T 1 1 5
A T I
A T 1 ... 2 I
A T
L T
L T

T 1
I I
I

SITE: G5 D A T E :  September 20, 1984 SPECIES: D o l l y  Varden Char

1NSECTA
Ephemeroptera
Baetidae:-Baetis sp.

liFITT sp.
Siphlonuridae: Ameletus sp.
Ephemerellidae: E. doddsi

E. spinifera
E. spinifera

Heptageniidae: Rithrogena sp.
Aithrogena sp.
Iron sp.
W I  sp.
riF7gmula sp.

Plecoptera
Perlodidae: Diura sp.

ATT7Fopteryx sp.
Arcynopteryx sp.

Chloroperlidae: Hastaperla sp.
.HastaperIa sp.

Capniidae: Capnia sp.
Nemouridae: Nemoura sp. 1
Trichoptera
Psychomylidae: Tinodes sp.

Tinodes sp.
Hydropsychidae:PiFiTTyche sp.
Brachycentridae: grachycentrus sp.
Glossosomatidae: Glossosoma sp.
Diptera
Chironomidae
Chironomidae
Simuliidae
Simullidae
Ephydridae: Ephydra sp.
Muscidae
Syrphidae
Bibionidae
Coleoptera
Dytiscidae
Carahidae
Chrysomelidae
Staphylinidae
Heteroptera
Corixidae
Homoptera
Cercopldae
Membracidae
Cicadellidae
Fulgoridae
Aphidae
Hymenoptera
TormIcIdae
Tenthredinidae
Ichneumonidae
Lepidoptera
Geometrldae
Sphingidae
ARANEAE
ANNELIDAE
MILLIPEDEA

1 Stage: N •  Nyvph L •  Larvae P •  Pupa A •  Adult
2 Aq/T: Aquatic or Terrestrial



Appendix 6 . 2  C o n t '  d

SITE: G5 D A T E :  September 20, 1984 SPECIES: D o l l y  Varden Char

1NSECTA S t a g e
2

Aq/T 10 11 12 13 14 15 16 17 15
Ephemeroptera

Aq 1 1 1paetidae: Baetis sp. N
all etas sp. A Aq 5 1 4Siphlonuridae: Ameletus sp. N Aq 1 2Ephemerellidae: E .  doddsi H Ag

T.  spinifera N Aq 3 1 1E. spinifera Aq 4 2Heptageniidae: RIthrogena sp. N Aq 2 1 2 3lithrogena sp. AO 16 9 2Iron sp. N Aq 1W I  sp. Aq 1
Tii5gmula sp.  N Aq

P1ecoptera Aq
TerlodIdae: Diura sp. N Aq

75FOpteryx sp. N Aq
Arcynopteryx sp. Aq 3

Chloroperlidae:Hastaperla sp.  N Aq
liastaperla sp. Aq 1 2Capniidae: Capnla sp.  A Aq 1

Nemouridae: Kemoura sp.  1  N Aq INN 1 5Trichoptera Aq 1
PsychomylIdae: Tinodes sp. L AqTinodes sp. P Aq
Hydropsychidae:—Ti7i13TYche sp. Aq 1
Brachycentridae: Brachycentrus sp. Aq
Glossosomatidae: Ziossosoma sp. L Aq
Diptera A 7
Chironomidae Ao 1
Chironomidae A AoSimuliidae AcSimuliidae A AoEphydridae: Ephydra sp. A An 1 2
Muscidae A 7
Syrphidae A 7
Bibionidae A 7 1
Coleoptera A
Dytiscidae A Ao
Carabidae A T
Chrysomelidae A T
Staphylinidae A THeteroptera

AoCorixidae A
Homoptera

1tercopdae A
Membracidae A
Cicadellidae A
Fulgoridae A 1
Aphidae A
Hymenoptera

1 1 1FormIciaae A
Tenthredinidae A
Ichneymonidae A 7
Lepidoptera A
Teometridae L T
Sphingidae L
ARANEAE 7
ANNEL1DAE 7
M1LLIPEDEA 7 1

1 Stage: N .  Nymph L L a r v a e  P P u p a  A A d u l t

2 Aq/T: Aquatic or  Terrestrial
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1
Stage

2
Aq/T 19 20 21 22 23 24 25

N Aq I 1
A Aq 4 I
N Aq
N Aq
N Aq 2 --.A Aq I
N Aq
A Aq 3
N Aq I 1
A Aq
N Aq I
A Aq
N Aq 1
N Aq
A Aq 1
N Aq
A Aq
A Aq 1
N Aq I
A Aq
L Aq 1
P Aq
L Aq
I_ Aq I
L Aq
A I
L Aq . 1A Aq
L Aq
A Aq
A Aq
A T
A I
A T
A T
A Aq
A I
A I --4
A I

A Aq

A T 1
A T 1
A T 1
A T
A T

A T
A T
A I
A T .
L T
I T _

T
T
'I

SITE: G5 D A T E :  September 20, 1984 SPECIES: Dolly Varden Char

INSECTA
Ephemeroptera
Baetidae: Baetis sp.

 s p .
Siphlonuridae: Ameletus sp.
Ephemerellidae: E. doddsi

E. sp in i fera
E. sp in i fe ra

Heptageniidae: Rithrogena sp.
Rithrogena sp.
Iron sp.
17o—ri sp.
7WYgmula sp.

Plecoptera
Perlodidae: Diura sp.

7 7 o p t e r y x   sp.
Arcynopteryx sp.

Chloroperlidae: Hastaperla sp.
.Hastaperla sp.

Capniidae: Capnia sp.
Nemouridae:  emoura sp.  1
Trichoptera
Psychomyiidae: Tinodes sp.

Tinodes sp.
Hydropsychidae:—TiTITEYche sp.
Brachycentridae: Brachycentrus sp.
Glossosomatidae: Glossosoma sp.
Diptera
Chlronomidae
Chironomidae
Simuliidae
Simuliidae
Ephydridae: Ephydra sp.
Muscidae
Syrphidae
Bibionidae
Coleoptera
tlytiscidae
Carabidae
Chrysomelidae
Staphylinidae
Heteroptera
Corixidae
Homoptera
Cercopidae
Membracidae
Cicadellidae
Fulgoridae
Aphidae
Hymenoptera
FormicIdae
Tenthredinidae
Ichneumonidae
Lepidoptera
Geometridae
Sphingidae
ARANEAE
ANNELIDAE
MILLIPEDEA

1 Stage: N Nymph L .  Larvae P = Pupa A = Adult

2 Aq/T: Aquatic or Terrestrial



Appendix 7 .  L e n g t h  and Area Calculat ions f o r  Lower Telkwa R iver  Side Channel and Wetland
Habitat l

CODE2 RELIC CHANNELS ACTIVE CHANNELS FLOOD CHANNELS WETLANDS
Length

(m)
Width

(m)
Area
(m2)

Length
(m)

Width
(m)

Area
(re)

Length
(m)

Width
(m)

Area
(m2)

Length
(m)

Width
(m)

Area
(m2)

2A 676 2.1 1420
3R 82 3.3 271

I I I I4R 135 5.0 675 1111111
5A 165 4.4 726
6Fw 226 3.3 746
7Fd 82 dry
8R 152 dry
9Fg 256 8.8 2253
1OR 248 3.3 818
11Fw 152 9.4 1429
12A 544 2.8 1523
13A 63 1.6 101
14Fw 68 9.9 673
15Fw 41 8.2 336
16Fw 102 12.1 1234
18Fw 134 14.3 1916
19Fw 408 23.6 9626
20Fw 117 6.1 714
21Fw 190 1.6 304.
22Fw 1 . 111111111 148 M N

r N I

326

87 N M I . .23Fw 1 0 0 1 . 1 1 1 1 1 1 1 1 1 1 35
24A (SC2) 1111111111.11111111111 1980 14.5 28710
25A M N 191 7.2 E s

111111 180
1111111111111111111111111

dry I I I I I I I I I I25Fd
26R 233 6.1 1421 I l l a
27A 186 5.0 930 111111111111111111111111111111

28R 201 dry

I I I I I I I I29A ,307 5.0 1535
29R 137 dry 111111 I I I I I I I I M I
30R 180 2.2 396 I I N I I M I I I I I I I I I I I I I

I I I30A 182 3.3 601
31R 495 dry 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1

E l l
32R 478 dry
33A 201 2.2 442



Appendix 7  C o n t ' d

CODE2 RELIC CHANNELS' ACTIVE CHANNELS FLOOD CHANNELS WETLANDS
Length

(m)
Width

(m)
Area
(m2)

Length
(m)

Width
(m)

Area
(m2)

Length
(m)

Width
(m)

Area
(m2)

Length
(m)

Width
(m)

Area
(m2'_

34Fw 172 1.6 275
35Fw 186 6.1 1135
36A 252 5.5 1386
37A 167 2.5 418
39Fw 104 7.7 801
40Fw 122 3.3 403
41A 82 8.2 672
42Fw 97 6.6 640
43R 101 dry
44Fd 71 dry
45Fw 35 2.5 88
46A (SC3) 125 14.8 1850
47Fw 158 16.0 2528
48Fw 59 8.2 484

49A 186 2.2 409
50R 163 dry
51A 211 3.3 696
52Fw 124 9.9 1228
53A 742 13.6 10091
54Fw 64 17.6 1126
55Fw 33 9.9 327
56A 153 4.4 673
57R  1 3 2 dry
58Fw (SC1) • 107 9.9 1059
59Fw 330 5.8 1914
60Fw 162 16.5 2673
61Rg 627 8.2 5141
62Fw 152 5.2 790
63Fw 144 24.8 3571
64Fw 82 7.7 631
65Fg 462 8.8 4066
66Fw 69 4.4 304
67Fw 111 9.4 1043
68R 396 dry __



Appendix 7  C o n t ' d

CODE2 RELIC CHANNELSACTIVE CHANNELSFLOOD CHANNELSWETLANDS
Length

(m)
Width

(m)
A r e a

(m2)
Length

(m)
Width

(m)
Area
(m2)

Length
(m)

Width
(m)

Area
(m2)

Length
(m)

Width
(m)

Area
(m2)

69Fw 280 6.1 1708
70R 254 dry
71R 528 dry
72R 528 dry
73Fg 412, 3.1 1277
74Fw . 210 6.1 1281
75R 330 dry
76R 302 dry
77A 152 15.4 2341
78Fw 198 11.6 2297
79Fg 247 8.2 2025

WLla 162 9.4 1523
WL1b 346 8.7 3010

WL2 Part o f  t r i b u t a r y  I
WL3 Pond on t r i b u t a r y  1 412 9.1 3749
WL4 Included i n  61 Rg
WL5 664 19.6 13014

TOTALS 5702 8722 6565 55899 Fw-5597 53321 1584 2129E
Fd-333

rUL

1 S i n c e  these  measurements were d e r i v e d  f rom a i r  photos taken  on August 8 ,  1983,  ( a
per iod where s t reamf lows  were  s t i l l  h i g h ) ,  t h e  es t imates  represen t  t h e  maximum
amount o f  h a b i t a t  i n  channels .

2 See F i g u r e  3 . 9  f o r  channel l o c a t i o n s .

3 Re fe r  t o  Ta b l e  3 . 1 4  f o r  a  d e f i n i t i o n  o f  channel c las4444ca t iun .
4 Many o f  t h e  r e l i c  channels  were d r y .



Appendix 8 .1  K e y  t o  Abbrev ia t ions  Used i n  Appendix 8 .2

L

Lu9

BM b e n c h m a r k
D50 d i a m e t e r  o f  bed m a t e r i a l  l a r g e r  t h a n  50% o f  t h e  remaining bed

mater ia l
D90 d i a m e t e r  o f  bed m a t e r i a l  l a r g e r  t han  90% o f  t h e  remaining bed

mater ia l
x a v e r a g e
f l  f o r k  l e n g t h
f l  a v e r a g e  f o r k  l e n g t h
Ul n u m b e r  o f  f i s h  c o l l e c t e d  i n  f i r s t  remova l
U2 n u m b e r  o f  f i s h  c o l l e c i e d  i n  second removal
T t o t a l  number o f  f i s h  c o l l e c t e d  (U1 +  U2)

number o f  f i s h  marked a f t e r  f i r s t . p a s s ,
C n u m b e r  o f  marked and unmarked f i s h  recap tu red
R n u m b e r  o f . recap tu red  marked f i s h
N n u m b e r ;  t o t a l  popu la t i on  o f  f i s h  i n  s i t e  (es t imated  f rom

sample -  see Appendix 2 )
S.E. s t a n d a r d  e r r o r  o f  popu la t i on  es t imate
Marts n u m b e r  o f  m o r t a l i t i e s  i n  sampling
N C o r r.  p o p u l a t i o n  es t imate  co r rec ted  f o r  m o r t a l i t i e s
Rbt r a i n b o w  t r o u t
Sthd s t e e l h e a d  t r o u t
DV D o l l y  Varden char
MW m o u n t a i n  w h i t e f i s h
Co c o h o  salmon
Ch c h i n o o k  salmon
Lnd l o n g n o s e  dace
0+ f i s h  i n  t h e i r  f i r s t  g row ing  season p r i o r  t o  t h e i r  f i r s t

w in te r
1+ f i s h  i n  t h e i r  second growing season a f t e r  one w i n t e r
1-3 (R2 )  P h o t o  reference- number f r om  D. Bus ta rd  f i l e s .



Appendix 8 . 2  S i t e  D e s c r i p t i o n s  a n d  D e t a i l e d  R e s u l t s  o f  F i s h  Samp l i ng  i n  G o a t h o r n  a n d  Te n a s  C r e e k s  a n d  t h e
Telkwa and  B u l k l e y  R i v e r s ,  Sep tember  a n d  O c t o b e r ,  1 9 8 4

Dist. from BM (m) 3.0 4.5 6.5 8.5 1 3 . 5 15.5
Depth (cm) 22 25 18 15 1 5 40
D50 6 8 5 6 3 11
090 12 13 18 17 1 8 22
Avg. Water Velocity -  0.62 m/sec Comment:A lot  of algae present this year, especially in samples 1-4

FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth

(cm)
Bank
Cover

Debris
Cover

D50/090
(cm)

0 17.6 24 31
10 14.8 25 34 8/25
20 13.4 32 43
30 13.7 25 50 x 9/30
40 7.0 40 65 x 12/30
50 7.7 30 50 x 13/30
60 7.5 30 45 x 12/28
62
7 1T:7

FISH SAMPLE: Species Age
fl-range

(mm) T T  (mm)
Mean

Weight (g) M C R N S.E. Mort; Corr. N/m2 Linear m
Bi assom
gime

Sthd 0+ 32-57 39.1 0.95 94 101 35 268 28.7 14 282 0.389 4.55 0.37
Sthd 1+ 62-92 79.9 7.62 42 46 25 77 6.6 0 77 0.106 1.24 0.81
Sthd >2+ 105-129 115.5 22.39 7 5 2 15 6.1 0 15 0.021 0.24 0.46
DV 0 4 0 0 0 0 - 0 0 - - 0.00
DV >1+ 63-115 90.3 8.45 2 2 I 4 2.3 0 4 0.006 0.06 0.05
MW 31+ 112 112.0 15.28 0 1 -0 1 NA 0 1 0.001 0.02 0.02

Total 379 0.523 6.11 1.71

SITE DESCRIPTION -  G1

Location: Approximately 70 m downstream of gas pipeline crossing of Goathorn Creek. A r e a :  7 2 5  m2. C r e w :  DB,  MF, DS.
Date: September 17, 1984. Length of stream margin: 6 2  m. P h o t o s :  17 -19  (R2). Water Temperature: 7 ° C  N 1400 hr.
Comment: Same site as fn 1983 but flows are higher and fry habitat in the lower end is  more extensive.

BENTHOS SAMPLE SITE: Location: Bench Mark located on right bank approx. 150 m below beaver dam and 10 m below lower stop net

Sample 0 1  2  3  4  5  6

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8



rral '  B r -7 7 : 7 1 '

Dist. from BM (m) 4.5 6.5 8.5 10.5 12.5 2 m up from 13
Depth (cm) 27 27 35 18 15 20
050 2 4 3 3 3 4
D90 12 20 15 10 10 18

FISH SAMPLE SITE: L o c a t i o n  (m) Width (10
Mean Depth

(cm)
Max. Depth

(cm)
Bank
Cover

Debris
Cover

D50/090
(cm)

0 8.7 15 34 x - 11/32
10 12.2 20 42 x - 5/30
20 12.2 25 40 x 7/30
30 11.1 25 35 - 8/35
40 12.8 23 40 x - 10/35
50 12.3 20 35 - - 12/50
60 11.4 25 35 - - 15/50
70 10.9 30 40 - - 3/50
"x- TET

FISH SAMPLE: Species Age
fl-range

(mm) T T  (mm)
Mean

Weight (g) M C R N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomass
9/m4

Sthd 0+ 29-42 35.3 0.70 24 30 12 59 9.2 5 64 0.090 0.91 0.06
Sthd 1+ 62-95 73.7 6.02 34 37 26 48 2.4 2 50 0.070 0.71 0.42
Sthd >2+ 103-125 113.8 21.48 7 9 6 10 0.7 0 10 0.014 0.14 0.30
DV 0+ - - - 0 0 0 0 - 0 0 0 0
DV >1+ 106-125 118.7 17.95 3 1 1 3 NA 0 3 0.004 0.04 0.08
MW

Total 127 0.178 1.80 0.86

Appendix 8.2 Cont'd

SITE DESCRIPTION -  G2

Location: Lower net located at water gauging station above lower bridge on Goathorn Creek (as in 1983). A r e a :  7 1 4  m2
Crew: DB, MF, DS. D a t e :  September 26. 1984. L e n g t h  of stream margin: 7 0  m. P h o t o s :  I  A 2  (R4). G r a d i e n t :  2.5%.
Water Temperature: 2 ° C  0 9:45. Comment: Flows are lower than last year at this site.

BENTHOS SAMPLE SITE: Location: 1 0  m upstream of upper fish sample site

Sample 0 1 2  3  4  5  6

Average water velocity -  0.86 m/sec

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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FISH SAMPLE SITE:

Dist. from BM (m) 6 . 0  7 . 5  9 . 5  1 1 . 0  1 6 . 0  1 7 . 0
Depth (cm) 2 0  1 9  2 8  3 0  1 2  1 1
050 3  5  5  4  3  3
090 8  1 5  1 3  1 5  9  1 2
Average water velocity: Main (1-4) -  0.90 m/sec. S i d e  (5-6) 2,

Mean Depth M a x .  Depth B a n k
Location (m) W i d t h  ( 0  j c m )  ( c m )  C o v e r

0.45 m/sec.

Debris D 5 0 / 0 9 0
Cover ( c m )

Side Channel 0. 4.5 12 17 - 7/11
10 4.0 16 21 - - 7/11
20 5.3 10 14 - 4/9

Main Channel 0 9.5 35 42 - - 11/15
10 8.3 38 41 - 9/17
20 8.2 30 42 - - 12/22
30 7.7 90 141 - x 4/19
40 7.4 35 43 - 10/17
44
ir 1,7

FISH SAMPLE: Species Age
fl-range

(mm) I T  (mm)
Mean

Weight (g) M C R N S . E . Morts
N

Corr. N/m2
N/

Linear m
Biomass
9/mL

Sthd 0+ 31-50 39.5 0.98 13 9 4 27 7.8 2 29 0.064 0.66 0.06
Sthd 1+ 71-93 81.6 8.15 9 4 4 9 NA 0 9 0.020 0.20 0.16
Sthd >2+ 101-205 134.3 34.91 10 10 5 19 4.0 0 19 0.042 0.43 1.46
DV 0+ 41-59 48.0 1.48 17 9 5 29 6.9 1 30 0.066 0.68 0.10
DV >1+ 71-137 93.9 9.41 17 16 9 30 4.6 1 31 0.068 0.10 0.64
MW

Total 118 0.260 2.67 2.42

Appendix 8.2 C o n t ' d

....••••••••01,7

SITE DESCRIPTION -  G3

Location: O l d  mine site (McNeil) between power line and coal mine site (as in  1983). A r e a :  4 5 3  m2. C r e w :  D B ,  MF. OS.
Date: September 19, 1984. Length  of stream margin: 44 m. Photos: 3  A 4  (R3). Gradient: 2.5% Wa t e r  Temperature: 4 ° C  w
10:00 hr. ,  6 °C (0 13:00 hr.

BENTHOS SAMPLE SITE: Locat ion:  R i f f l e  located where road and creek meet (as in  1983). S i t e  was split  by gravel bar

Sample 0 1  2  3  4  5  6

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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Dist. from BM (m) 4.5 6.5 8.5 13 m 12.5 14.5
Depth (cm) 27 30 38 28 27 29
050 7 5 8 3 2 5
090 20 22 25 16 10 15

FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth

(cm)
Bank
Cover

Debris
Cover

D50/090
(cm)

0 13.0 38 43 - 11/21
10 9.3 85 94 x - 11/19
20 7.2 38 46 x 12/20
30 6.8 40 47 x x 19/30
40 7.3 37 67 14/18
50 9.0 31 45 x 9/23
52
7 1 7

FISH SAMPLE: Species Age
fl-range

(mm) I T  (mm)
Mean

Weight (g) M C R N S . E . Morts
N

Corr. N/m2
N/

Linear m
Biomass
5/m4

Sthd 0+ 28-29 28.3 0.37 2 1 0 5 NA 5 0.011 0.10 <0.01
Sthd 1+ 81 81.0 7.94 1 0 0 1 NA 1 0.002 0.02 0.02
Sthd >2+. 105-185 146.0 44.46 3 3 3 3 NA - 3 0.006 0.06 0.29
DV 0 * 38-56 47.2 1.41 13 9 4 27 7.8 3 30 0.066 0.58 0.09
DV >1+ 66-151 98.7 10.80 24 12 9 32 4.3 1 net 33 0.072 0.63 0.78
MW

Total 72 0.157 1.39 1.18

SITE DESCRIPTION -  G4

Location: Approximately 400 m upstream from coal mine (as in 1983). C r e w :  D B .  MF, DS. D a t e :  September 18, 1984.
Length of margin: 5 2  m. P h o t o s :  1  A 2 (R3). Gradient:  2.0% W a t e r  Temperature: 5 ° C  0 10:00 hrs. A r e a :  4 5 8  m2

BENTHOS SAMPLE SITE: Location: Lower section of fish sample site (as  in 1983). Mid  section of  channel too fast to use sampler

Sample I  1  2  3  4  5  6
(split) 2  m above

Average water velocity: 0.88m/sec.

Comment: Stream flows are high and the upper 25 m of this site are fast flowing and diff icult to  sample.

Note: F o r  abbreviations and symbols used in this table see f i rs t  page of Appendix 8
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Dist. from BM (m) 4.0 5.5 7.0 8.5 10.0 11.5
Depth (cm) 28 40 30 32 21 20
D50 2 4 5 3 2 2
090 10 16 18 14 17 18
Average water velocity: 0 . 6 0  m/sec.

Mean Depth
FISH SAMPLE SITE: L o c a t i o n  (m) W i d t h  (m) ( c m )

Max. Depth
(cm)

Bank
Cover

Debris
Cover

050/090
(cm)

0 11.4 37 50 12/22
10 10.1 32 46 - 11/19
20 8.9 26 28 10/22
30 11.9 27 33 x 9/20
40 14.1 22 42 x x 12/25
50 14.8 23 40 x 8/28
60 9.1 28 40 x x 5/18
70 7.4 28 40 x 12/22
80 7.8 34 36 x 7/19
90 7.4 33 40 6/22
94.5 - - -
-x- M T

FISH SAMPLE: Species Age
fl-range

(mm) T T  (mm)
Mean

Weight (g) M C R N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomass

Sthd 0+ 27-28 27.5 0.34 1 1 0 3 NA 0 3 0.003 0.03 <0.019
Sthd 1+ 64 64.0 4.00 1 1 1 1 NA 0 1 0.001 0.01 <0.01
Sthd >2+ 163 163.0 61.52 1 0 0 1 NA 0 1 0.001 0.01 0.06
DV 04. 31-58 48.3 1.51 14 5 4 17 3.0 1 18 0.018 0.19 0.03
DV >1+ 62-180 102.6 12.01 35 42 18 80 9.7 0 80 0.082 0.85 0.99
NW

Note: 5 of the larger DV were ripe fish.

Total 103 0.105 1.09 1.08

Appendix 8.2 C o n t ' d

SITE DESCRIPTION -  GS

Location: Approximately 0.5 km upstream from new bridge crossing to Hunter Basin; 50 m upstream of old crossing (as in 1983).
Crew: DB, MF, DS. Date : .  September 20, 1984. Length of stream margin: 94.5 m. Photos: 8  (R3). Water Temperature: 4°C P1100 hr
Area: 9 7 3  m4.

BENTHOS SAMPLE SITE: Location: Top  end of fish sample site (as in  1983)

Sample 0 1  2  3  4  5  6

Note: F o r  abbreviations and symbols used i n  th is  table see f i r s t  page of  Appendix 8
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I  K S
Comment: Th is  site is 80% glide and 20% r i f f l e

fl-range M e a n
FISH SAMPLE: Species A g e  ( m m )  ' I T  (mm) Weight  (g) UI U2 T N S.E. Morts

N
Corr. N/m?

N/
Linear m

Biomass
g/m1

Sthd 0+ - - - 0 0 0 0 - 0 0 -
Sthd 1+ 88 88.0 10,11 1 0 1 1 NA 0 1 0.005 0.04 0.05
Sthd >2+ - - - 0 0 0 0 - 0 -
DV 0+ 41-46 42.8 1.08 2 2 4 4 NA 0 4 0.022 0.14 0.02
DV >1+ 63-210 106.7 13.38 32 8 40 43 2.8 0 43 0.232 1.51 3.11
MW

Total 3 of the larger DV were ripe spawners (172-210 mm) 48 0.259 1.69 3.18

1 --I

Appendix 8.2 Cont 'd

SITE DESCRIPTION -  G6

Location: Immediately downstream of the Goathorn/Cahinet Creek confluence. Hel icopter  access. New site in 1984. Crew: DB,„MF
Date: October 24, 1984. Length  of stream margin: 28.5 m. Photos: 8 - 1 0  (R5). Water Temperature: 1°C El 1500 hr. Area: 185 m2

BENTHOS SAMPLE SITE: Location:

Sample 0 1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) N O T  CONDUCTED
050
D90
Average water velocity.;

Mean Depth M a x .  Depth B a n k  D e b r i s  D 5 0 / 0 9 0
FISH SAMPLE SITE: L o c a t i o n  (m) W i d t h  (m) '  (cm) ( c m )  C o v e r  C o v e r  ( c m )

0 5 . 0  3 5  5 5  x  1 0 / 2 8
5 5 . 8  3 0  6 6  -  -  8 / 1 5

10 8 . 1  2 5  3 0  5 / 2 1
15 7 . 1  3 0  4 0  5 / 2 1
20 6 . 4  . 4 0  5 0  -  1 0 / 2 5
25 6 . 5  4 0  5 2  x  1 0 / 2 0

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth

(cm)
Bank
Cover

Debris
Cover

050/090
(5m)

0 12.8 25 50 x x 10/35
12.1 25 50 8/15

10 10.7 30 40 x 8/18
15 9.5 30 40 x 10/18
20 8.1 40 50 x 3/20
23.6

FISH SAMPLE: Species Age
fl-range

(mm) T r  (m)
Mean

Weight (g) Ul U2 T N S.E. Morts
N

Corr. N/mg
N/

Linear m
Bio/mass
9m1

Sthd
Sthd
Sthd
DV
DV
MW

Total

0+
1+

>2+
0 +
>1+ 57-195 95.1 9.75

0
0
0
0

39

0
0
0
0

10

0
0
0
0

49 52 3.2 4 net 56

56

0.224

0.224

2.37

2.37

2.18

2.18

Appendix 8.2 Cont'd

SITE DESCRIPTION -  G7

Location: Upper
Date: September
Gradient: 1.5%.
heavy rains (est.

net approximately 20 m downstream from Cabinet Creek logging bridge. Tr u c k  access: N e w  site. Crew:  DB,  DS
13, 1984. Length of stream margin: 2 3 . 6  m. P h o t o s :  7 - 8  (R2). Wa t e r  Temperature: 4 ° C  @ 1600 hr.

Area: 2 5 0  m4. Comment: S i t e  is approximately 70% glide, 5% pool. 25% r i f f le .  Flows high but clear after
50 cfs).

BENTHOS SAMPLE SITE: Location:

Sample 0

Dist. from BM (m)
Depth (cm)
D50
090
Average water velocity m/sec

2 3  4  5  6

NOT CONDUCTED

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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BENTHOS SAMPLE SITE: Location: Approx. 30 m upstream from bridge

Sample • 1 2 • 3 4 5 6

Dist. from 8M (m) 4.5 5.5 6.5 7.5 8.5 9.5
Depth (cm) 42 34 32 27 28 18
D50 12. 18 5 12 8 6
090 22 10 12 25 18 15
Average water velocity 0.88 rn/sec

Mean Depth
FISH SAMPLE SITE: L o c a t i o n  (m) W i d t h  (m) ( c m )

Max. Depth Bank
Cover

Debris
Cover

D50/090
(cm)

0 7.5 30 35 - - 12/25
10 7.4 25 30 - - 12/25
20 7.4 25 35 x x 10/30
30 6.0 25 30 . x 12/42
40 6.9 20 28 - - 12/30
50 5.2 25 32 - 8/18
60 8.9 15 45 x 12/30
70 7.8 25 30 x x 12/25
80 5.9 25 38 x 7/22
83.2
-x- 176

FISH SAMPLE: Species Age
fl-range

(mm) T T  (mm)
Mean

Weight (g) M C R N S.E. Morts
N

Corr. N/m2
N/

Linear m
Mows
9/m4

Sthd 0+ 29-52 38.4 0.83 98 50 24 201 25.3 12 213 0.366 2.56 0.30
Sthd 1+ 62-99 78.4 6.10 33 22 16 45 13.3 0 45 0.077 0.54 0.47
Sthd >2+ 129-139. 134.0 27.35 0 2 0 2 NA 0 2 0.003 0.02 0.09
DV 0+ - - 0 0 - - - -
DV >1+ 106-205 146.8 32.23 4 3 3 4 NA 0 4 0.007 0.05 0.22
MW 34+ 195-271 236.0 138.36 2 1 1 2 NA 0 2 0.003 0.02 0.48

Total 266 0.456 3.19 1.56

SITE DESCRIPTION -  T1

Location: Approximately 30 m above lower bridge on Tenas Creek upstream for 83 m. A r e a :  582 .4  m2. Crew:  0 8 ,  MF, DS.
Date: September 12, 1984. L e n g t h  o f  stream margin: 8 3 . 2  m. Photos: -  W a t e r  temperature: 8 °C  Ei 1400 hr. Heavy  rains
during the past two weeks have kept flow levels high. Shocker problems on second pass -  resolved.

Note: F o r  abbreviations and symbols used in this table see f i rs t  page of Appendix 8
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BENTHOS SAMPLE SITE: L o c a t i o n :  A s  i n  1983. i . e .  20  m upstream of  f i sh  sample s i t e

Sample 0 1 2 3 4 5 6

Dist. from 13M (m) 5.5 6.5 7.5 8.5 9.5 10.5
Depth (cm) 17 15 15 20 27 18
050 4 4 5 5 6 3
D90 12,, 15 20 20 20 18
Average water velocity 0 .59  m/sec

Mean Depth
FISH SAMPLE SITE: L o c a t i o n  (m0 W i d t h  (m) ( c m )

Max. Depth
(cm)

Rank
Cover

Debris
Cover

1350/090
(cm)

0 5.7 20 25 x 7/15
10 7.9 25 43 x 8/20
20 6.1 20 26 4/25
30 6.8 12 18 x x 7/15
40 6.1 20 25 x 10/20
50 6.0 18 40 x 4/22
60 7.7 20 30 x 6/30
62
x -676

FISH SAMPLE: Species Age
f l -range

(mm) 7T (mm)
Mean

Weight ( g ) M C R N S.E. Morts
N

Corr. N/m2
N/

Linear m
Blomps
9/m4

Sthd 0+ 28-37 33.0 0.54 5 5 1 17 10.2 1 Net 18 0.044 0.29 0.02
Sthd 1+ 60-94 78.9 6.21 41 28 23 50 3.0 3 53 0.130 0.85 0.80
Sthd >2+ 99,171 122.5 21.28 17 15 8 31 5.3 2 33 0.081 0.53 1.72
DV -0+ - - 0 0 - - - 0 - - -
DV >1+ 99-132 116.3 16.97 6 1 1 6 NA 0 6 0.015 0.10 0.25
MW

Total 110 0.270 1.77 2.79

Appendix B.2 8.2 Cont 'd

SITE DESCRIPTION -  T2

Location: Approximately 4  km upstream i n  Tenas Creek below major bend in  system. H e l i c o p t e r  access. A r e a :  4 0 9 . 2  m2
Crew: D B ,  MF. OS. D a t e :  September 28 .  1984. L e n g t h  o f  stream margin: 6 2  m. P h o t o s :  1 0 - 1 2  ( H ) .  W a t e r  Temp: 2 . 5 ° C
10:30, 4.5°C VP 1500 hr.  G r a d i e n t :  3 . 5 % .  Comment: S l i g h t l y  more f low than i n  ' 8 3 .  Some debris shi f t ing a t  top end o f  s i t e .
Good pools associated with debris.

Note: F o r  abbreviat ions and symbols used i n  t h i s  t a b l e  see f i r s t  page o f  Appendix 8
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FISH SAMPLE: Species Age

7
fl-range

(mm) T T  (mm)

T:'S +  1 3  m2 in a small side channel

Mean
Weight (g) 0 1  0 2  T  N  S . E . Morts

N
Corr. N/mg

N/
Lineaorx

BlomAss
g/

Sthd
Sthd
Sthd
DV
DV
NW

Total

0+
1+

>2+
-a+
>1+

40 4 0 . 0
61-83 7 5 . 7

- -
40-49 4 4 . 7
56-175 1 0 0 . 8

0.93
5.53
-

1.22
11.44

1
5
0
7

20

0
1
0
0
2

1
6
0
7

22

1
6
0
7

22

NA
0.8
-

NA
0.6

0
0

0
0

1
6
0
7

22

36

0.005
0.029

-
0.033
0.105

0.172

0.16
-

0.19
0.59

0.97

< 0.::
0.16!

0,04
1.20

1.40

Appendix 8.2 Cont'd

SITE DESCRIPTION -  13

Location: Approximately 11 km upstream on Tenas Creek (as in 1983). Hel icopter  access: 2 0 9  m2. D a t e :  September 28. 1984.
Length of stream margin: 3 7  m. P h o t o s :  l 3 ,  14 (R4). Water Temperature: 4.5°C 0 17:30. Gradient:  3.0% Crew:  DB,  MF. DS.

BENTHOS SAMPLE SITE: Locat ion:

Sample 0 1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) N O T  CONDUCTED
Average water velocity m/sec

Mean Depth M a x .  Depth B a n k  D e b r i s  0 5 0 / D 9 0
FISH SAMPLE SITE: L o c a t i o n  (m) W i d t h  (ml ( c m )  ( c m )  C o v e r  C o v e r  ( c m )

5 6 . 5  2 0  2 8  1 0 / 3 0
10 5 . 2  2 5  3 2  -  x  1 0 / 3 0
15 4 . 6  2 0  3 0  -  1 0 / 3 0
20 6 . 0  2 0  2 5  -  -  1 0 / 3 5
25 5 . 7  . 1 8  3 0  1 0 / 3 5
30 4 . 8  2 2  3 0  3 / 1 5
35 4 . 3  2 0  3 0  4 / 2 0
37

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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Dist. from 8M (m)
Depth (cm)
Average water velocity m/sec

FISH SAMPLE SITE: L o c a t i o n  (m) W i d t h  (m)
Mean Depth

(cm)

NOT CONDUCTED

Max. Depth R a n k
(cm) C o v e r

Debris
Cover

D50/090
(cm)

0 6.3 15 30 - 20/30
5 9.5 20 30 - - 15/35

10 5.8 25 40 x 20/35
15 5.0 25 42 - 2/12
20 4.2 35 50 - x 6/15
25 5.2 30 40 x 4/15
1Z 3 . 5

FISH SAMPLE: Species Age
f l -range

(mm) I T  (mn0
Mean

Weight ( g ) Ul U2 T N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biclass
g/m'

Sthd 04 - - - 0 0 0 0 - - 0 - - -
Sthd 1+ 70-85 76.0 5.89 5 1 6 6 0.8 0 6 0.040 0.24 0.24
Sthd >2+ 102-128 111.5 16.36 7 0 7 7 NA 0 7 0.041 0.28 0.77
DY 0+ 43-51 47.7 1.46 7 3 10 12 4.1 0 12 0.080 0.48 0.12
DY >1+ 57-135 84.1 6.95 8 2 10 11 1.4 0 11 0.073 0.44 0.51
MW

Total 36 0.240 1.44 1.64

Appendix 8.2 Con t ' d

SITE DESCRIPTION -  14

Location: Approximately 7  km upstream on Tenas Creek about 200 m below logged set t ing.  He l i cop te r  access. A r e a :  1 5 0  m2
Date: October  24, 1984. L e n g t h  o f  stream margin: 2 5  m. P h o t o s :  5 - 1  (RS).  W a t e r  Temperature: 1 ° C  B 1100 h r.
Crew: D B .  MF, 8H. Comment: T h i s  s i t e  i s  a  r i f f l e / g l i d e  complex (50% o f  each). F l o w s  are  higher than normal due t o  ra in  and
snow. New s i te

BENTHOS SAMPLE SITE: L o c a t i o n :

Sample 0 1  2  3  4  5  6

Note: F o r  abbreviations and symbols used i n  th is  table see f i r s t  page o f  Appendix 8
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FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth B a n k

(cm) C o v e r
Debris
Cover"

050/090
(cm)

0 7.7 18 20 - - As in
10 6.6 . 18 21. - - 1983
20 5.8 15 19 - -
30 6.9 13 19 - - .1
40 6.8 23 30 - x
50 4.5 41 52 - w
60 5.9 16 25 x
70 12.6 10 15 - x •
77.6
7 -77

FISH SAMPLE: Species Age
f l  -range

(mm) llrimm)
Mean

Weight (g) M C 11 . 8 S.E. MOrts
N

Corr. N/m2
N/

Linear m
Biomass
g/mc

Sthd 0+ 31-47 37.8 0.79 26 30 11 69 12.3 1 70 0.127 0.90 0.10
Sthd 1+ 59-99 75.3 5.25 47 31 17 84 10.7 0 84 0.152 1.08 0.80
Sthd >2+ 110-151 132.8 24.72 4 3 1 9 5.0 0 9 0.016 0.12 0.40
Co 0+ 78 78.0 5.22 1 0 0 1 MA 0 1 0.002 0.01 0.01
Ch 0+ 69-96 80.0 6.98 1 4 0 9 NA 0 9 0.016 0.12 0.11
MW 0+ 49-64 56.0 1.97 12 12 5 27 6.6 0 27 0.049 0.35 0.10
MW >I+ 115 115.0 13.60 1 1 1 1 NA 0 1 0.002 0.12 0.02
Lnd 56 56.0 3.60 0 1 0 1 NA 0 1 0.002 0.12 0.01

Total 202 0.367 2.82 1.55

SITE DESCRIPTION -  SCI

Location: Telkwa River side channel a t  end of Cottonwood Rd. in  village. Approximately 1.5 km from mouth of Telkwa River
(as in 1983). Area: 551  m2. Crew: DB,  MF, DS. Gradient: 1%.  D a t e :  September 14, 1984. Length of stream margin: 7 7 . 6  m
Photos: 1 5 ,  16 (R2). W a t e r  Temperature: 7 ° C  8 11:45 hr.

BENTHOS SAMPLE SITE: Locat ion:  M i d -way up side channel. Flagging present but couldn't find metal rod (as in  1983)

Sample if 1  2  3  4  5  6

Dist. from 8M (m) 1 1 . 5  1 2 . 5  1 3 . 5  1 4 . 5  1 5 . 5  1 6 . 5
Depth (cm) 1 1  9  1 3  7  1 6  1 5
Average water velocity: 0 . 5 5  m/sec.

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix B
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BENTHOS SAMPLE SITE: L o c a t i o n :  R i f f l e  a rea  approx. 100 m upstream from top net se t  (as i n  1983). Unable to  f ind  r i g h t  marker

Sample 0 1 2 3 4 5 6

Dist. from BM (m) 19 2 3 25 27 31 35
Depth (cm) 10 2 0 25 27 20 16
D50 10 1 0 6 12 3 4
D90 19 1 3 15 14 10 12
Average water velocity:  0 : 5 3  m/sec.

FISH SAMPLE SITE: L o c a t i o n  (m) Width ( i i )
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

(cm) C o v e r  C o v e r
050/090

(cm)

0 14.8 30 36 - 6/19
10 14.4 33 39 9/30
20 16.5 35 46 7/20
30 14.2 33 46 6/17
40 14.2 30 52 7/20
49 17.1 28 50 - 7/18
)7 T5-.7

FISH SAMPLE: Species Age
f l  -range

(mm) I T  (mm)
Mean

Weight ( g ) M C R N S.E. Morts
N

Corr. N/m2
N/

L i n e a r ,
Biomass

Sthd 0+ 30-50 38.9 0.86 9 10 2 36 17.0 0 36 0.048 0.73

_9/m2

0.04
Sthd 1+ 67-96 78.8 5.92 28 30 14 59 8.0 0 59 0.079 1.20 0.47
Sthd >2+ 100-166 127.6 22.23 13 15 9 21 2.3 0 21 0.028 0.43 0.62
Co 0+ 55-74 66.0 3.05 3 3 1 7 3.8 0 7 0.009 0.14 0.03
Ch 0+ 73-80 76.5 6.25 0 2 0 2 NA 0 2 0.003 0.04 0.02
NW 0+ 52-59 57.3 2.11 1 7 1 7 NA 0 7 0.009 0.14 0.02

Total 132 0.176 2.68 1.20

Appendix 8.2 Con t ' d

SITE DESCRIPTION -  SC2

Location: Approximately 3 .5  km upltream on Telkwa (as i n  1983) although a longer section was sampled. Crew:  DBE MF. DS. D a t e :
September 29,  1984. A r e a :  7 4 5  mc. L e n g t h  o f  stream margin: 4 9  m. Photos:  1 5 - 2 0  (R4) .  Wa t e r  Temperature: 4°C 8  1100 hr.
Comment: Lower flows and less trap l i t t e r  made f o r  easier sampling than in  1983.

Note: F o r  abbreviations and symbols used i n  th is  table  see f i r s t  page o f  Appendix B
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Appendix 8.2 C o n t ' d

FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth B a n k

(cm) C o v e r
Debris
Cover

050/090
RM)

0 1.2 8 10 1/10
5 1.4 5 7 <1/10

10 2.0 .20 40 x <1
15 1.6 20 35 x <1 .
20 0.5 5 8 <I
25 1.0 8 15 x <1
7 IT I

FISH SAMPLE: Species Age
fl-range
(rim) TT (mm)

Mean
Weight (g) Ul U 2 T N S.E. Marts

N
Corr. N/m2

N/
Linear m

Biompss
g/m

Sthd 0+ 32-47 37.8 0.79 11 .4 15 17 3.5 0 17 0.523 0.68 0.41
Sthd 1+ - 0 0 0 0 - 0 0 - -
Sthd >2+ - 0 0 0 0 - 0 ' 0 -
Co 71+ 38-100 59.6 2.20 50 8 58 60 1.7 0 60 1.846 2.40 4.06
DV
MW

Total 77 2.369 3.08 4.47

-

SITE DESCRIPTION -  SC3

Location: Approximately 3.5 km upstream of Telkwa (Lot 412). .As in 1983. C r e w :  011, MF, DS. D a t e :  September 27. 1984.
Area: 3 2 . 5  m4. L e n g t h  of stream margin: 2 5  m. P h o t o s :  7  & 8  (R4). Wa t e r  Temperature: 4 ° C  @ 14:30.

BENTHOS SAMPLE SITE: Location:

Sample •  1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) N O T  CONDUCTED
Average water velocity miiec

Note: F o r  abbreviations and symbols used in this table see f i rs t  page of Appendix 8



Appendix 8.2 C o n t ' d

FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

(cm) C o v e r  C o v e r
D50/090
(cm)

1 1.7 12 15 - 16/25
2 3.2 12 20 - 17/20
3 5.5 21 36 11/14
4 7.1 38 47 -  - 11/17
5 5.3 25 50 - 9/14
6 5.4 38 46 - 9/15
7 177

FISH SAMPLE: Species Age
fl-range

(mm) I T  (mm)
Mean

Weight (g) Ul U2 T N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomiss
On'

Sthd 0+ 32-48 38.4 0.83 8 2 10 11 1.4 0 11 0.123 0.58 0.10
Sthd 1+ 59-91 75.6 5.28 11 3 14 15 1.9 .0 IS 0.168 0.79 0.89
Sthd >2+ 114-148 135.4 26.18 7 1 8 8 0.5 0 8 0.090 0.42 2.36

Total 34 0.381 1.79 3.35

SITE DESCRIPTION -  MS]

Location: Mainstem Telkwa River 1.5 km from mouth (as in  1983). C r e w :  DB,  MF. DS. D a t e :  September 24, 1984.
Area: 8 9 . 3  m2. L e n g t h  of stream margin: 1 9  m. P h o t o s :  -  W a t e r  Temperature: 5 ° C  El 16:00 hr.

BENTHOS SAMPLE SITE: Location:

Sample I  1  2  3  4  5  6

01st. from BM (m)
Depth (cm) N O T  CONDUCTED
Average water velocity m/sec

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8



Appendix 8.2 Con t ' d

FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth

(cm)
Bank
Cover

Debris
Cover

050/D90
(cm)

1 3.7 10 25 13/19
2 4.6 30 40 10/17
3 6.9 42 60 10/18
4 7.0 55 69 x 7/13
5 5.6 60 85 x x 9/18
6 3.4 50 83 x 8/11
7 1.8 37 66 x 6/11
re 17

FISH SAMPLE: Species Age
fl-range

(mm) TT (mm)
Mean

Weight (g) Ul U2 T N S.E. Ports
N

Corr. N/rn2
N/

Linear m
Biomps
9/m4_

Sthd 0+ 31-44 37.6 0.78 9 3 12 14 2.6 0 14 0.137 0.65 0.11
Sthd 1+ 68-82 72.0 4.62 4 1 5 5 1.0 0 5 0.049 0.23 0.23
Sthd >2+ 100-115 107.0 13.68 2 1 3 3 NA 0 3 0.029 0.14 0.40
Co 0+ 54-72 63.0 2.63 1 1 2 2 NA 0 2 0.020 0.09 0.05
DV
MW 0+ 51 51.0 1.50 1 0 1 1 NA 0 1 0.010 0.05 0.02

Total 25 0.245 1.16 0.81

SITE DESCRIPTION -  MS2

Location: Mainstem Telkwa River 1.5 km from mouth. Upstream of MSI at  the top end of the berm. C r e w :  DB,  MF, DS.
Date: September 24, 1984. A r e a :  1 0 2  m2. Length of stream margin: 2 1 . 7  m. Photos: -  Wa t e r  Temperature: 5 ° C  ia 16:00 hr

BENTHOS SAMPLE SITE: Location:

Sample I  1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) N O T  CONDUCTED
Average water velocity m/sec

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix B



Appendix 8.2 C o n t ' d

FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

Lcm) C o v e r  C o v e r
050/090
(cm)

1 1.5 12 18 -  - 12/28
2 3.6 20 28 -  - 10/23
3 10.4 20 38 - 13/28
4 9.2 25 57 -  - 15/26
5 8.4 30 50 -  - 12/30
6 6.8 25 37 - 17/26
7 5.7 30 37 .  - 11/28
7 -CT

FISH SAMPLE: Species Age
fl-range

(mm) I T  (mm)
Mean

Weight (g) Ul U2 I N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomass
g/mE

Sthd 0+ 31-50 40.1 0.93 1 4 11 16 10.3 0 16 0.154 1.00 0.14
Sthd 1+ 64-88 74.2 5.02 11 1 12 12 0.4 0 12 0.115 0.75 0.58
Sthd >2+ 107-135 117.7 17.82 3 0 3 3 NA 0 3 0.029 0.19 0.52
Co -b+ 67 67.0 3.20 1 0 1 1 NA 0 1 0.010 0.06 0.03
MW 0+ 56 56.0 1.97 0 2 2 2 NA 0 2 0.019 0.12 0.04

Total 34 0.327 2.12 1.31

SITE DESCRIPTION -  MS3

Location: Mainstem Telkwa River 1.5 km from mouth. Approximately 150 m downstream from MS1. C r e w :  0 8 ,  MF, OS.
Date: September 24, 1984. A r e a :  1 0 4  m2. Length  of stream margin: 1 6 . 0  m. Photos: -  Wa t e r  Temperature: 5 ° C  P 16:00 hr

BENTHOS SAMPLE SITE: Location:

Sample 0 1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) N O T  CONDUCTED
Average water velocity m/sec

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

100 C o v e r  C o v e r
D50/090

(cm)

1 1.4 25 30 10/22
2 5.3 30 45 8/25
3 6.3 30 40 7/20
4 7.2 30 45 10/22
5 6.1 30 40 - 7/20
6 3.8 25 35 8/20
7 3717

FISH SAMPLE: Species Age
f l -range

(mm) i t  (mm)
Mean

Weight (g) Ul 82 T N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomiss
9/m4

Sthd 0+ - - - 0 0 0 0 - 0 0 - - -
Sthd 1+ 72-90 77.8 5.73. 5 0 5 5 NA 0 5 0.062 0.31 0.36
Sthd >2+ - - 0 0 0 0 - 0 0 - -
MW —0+ 56 56.0 1.97 0 1 0 1 NA 0 1 0.012 0.06 0.02

Total 6 0.074 0.37 0.38

Appendix 8.2 C o n t ' d

SITE DESCRIPTION -  MS4

Location: Mainstem Telkwa River 1.5 km from mouth. Approximately 30 m downstream from MS3. C r e w :  0 8 .  MF. DS.
Date: September 24. 1984. A r e a :  8 0  m4. Length  of stream margin: 1 6 . 0  m. Photos:  -  Wa t e r  Temperature: 5 ° C  P 16:00 hr

BENTHOS SAMPLE SITE: Location:

Sample 0 1  2  3  4  5  6

Dist. from 8M (m)
Depth (cm) . ,  N O T  CONDUCTED
Average water velocity m/sec

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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FISH SAMPLE SITE: L o c a t i o n  (m) Width (is)
Mean Depth

(cm)
Max. Depth B a n k

(cm) C o v e r
Debris
Cover

D50/090
(cm)

0 3.2 25 40 - <1
5 8.2 20 36 - x <1/30

10 9.0 20 40 - <1
15 4.2 25 40 - <1
20 1.2 5 7 - <1/20

FISH SAMPLE: Species Age
fl-range

(mm) 11-11,m4
Mean

Weight (g) Ul U2 T N S.E. Morts
N

Corr. N/mg
• N /

Linear m
Biomass
g/m4

Sthd 0+ 29-40 34.6 0.62 14 11 4 35 10.8 3 38 0.325 1.69 0.20
Sthd 1+ - - 0 0 0 0 - - -
Sthd >2+ - - 0 0 0 0 - - - - -

Total 38 0.325 1.69 0.20

Appendix 8.2 C o n t ' d

SITE DESCRIPTION •  NS5

Location: 3 . 5  km upstream on Telkwa Rim- (as in  1983). Access through farmer's f ield.  C r e w :  DB,  MF, OS.
Date: September 27, 1984. A r e a :  117 m4. Length  of stream margin: 2 2 . 5  114 Photos: 3  (R4). Wa t e r  Temperature: 1 . 0  @ 10:05
Comment: Flows are slightly lower. Less fry in small channel with cobble and less wetted area under debris jam. I c e  on pool.

BENTHOS SAMPLE SITE: Location:

Sample 9

01st. from BM (m)
Depth (cm)
Average water velocity m/sec

2 3  4  5  6

NOT CONDUCTED

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8
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FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

(cm) C o v e r  C o v e r
050/D90

(cm)

1 7.6 36 48 <1/18
2 8.0 34 42 8/20
3 7.3 37 47 5/16
4 6.1 22 30 5/20
x 777

FISH SAMPLE: Species Age
fl-range

(mm) I T  (mot)
Mean

Weight (g) 01 U2 I N S.E. Morts
N

Corr. N/mg
N/

Linear in
Biomps
g/m4

Sthd 0+ 27-44 38.3 0.82 12 7 19 29 14.6 0 29 0.229 1.65 0.19
Sthd 1+ 68-85 76.8 5.52 4 2 6 8 4.9 0 8 0.063 0.45 0.35
Sthd >2+ 108-127 117.5 17.70 2 a 2 2 NA 0 0.016 0.11 0.28
MW -0+ 48-55 51.8 1.56 4 0 4 4 N A 0 4 0.032 0.23 0.05

Total 43 0.340 2.44 0.87

Appendix 8.2 Con t ' d

SITE DESCRIPTION -  MS6

Location: Approximately 3.5 km upstream of Ielkwa River. L o t  412 (as in 1983). Access through farmer's f ield.  Crew: DB, NF, OS.
Date: September 27, 1984. A r e a :  126 .7  m4. Length of stream margin: 1 7 . 6  m. Photos:  4  (R4). Wa t e r  Temperature: 1.5°C Eit
1100hr.

BENTHOS SAMPLE SITE: Locat ion:

Sample 0

Dist, from BM (m)
Depth (cm)
Average water velocity m/sec

2 3  4  5  6

NOT CONDUCTED

Note: F o r  abbreviations and symbols used in this table see f i rst  page of Appendix 8



ET] 1271]

1 6.4 15 19 4/25
2 10.6 14 18 10/25
3 11.1 11 20 10/25
4 6.4 16 25 15/227 -Kg

FISH SAMPLE: Species Age
f l -range

(mm) T i  (mm)
Mean

Weight ( g ) UI U2 T N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomass
g/n'

Sthd 0+ 29-55 39.2 0.88 23 1 24 24 0.2 0 24 0.169 1,45 0.15
Sthd 1+ 64-91 74.5 5.08 23 2 25 25 0.5 0 25 0.176 1.52 0.89
Sthd >2+ 114-130 122.3 19.72 7 2 9 10 1.7 0 10 0.070 0.61 1.38
Co D.+ 50-61 55.5 1.75 3 1 4 4 1.5 0 4 0.028 0.24 0.05
DV >1+ 81-125 111.5 15.11 4 0 4 4 NA 0 4 0.028 0.24 0.42
MW V 56 56.0 1.97 1 0 1 1 NA 0 1 0.007 0.06 0.01

>1+ 124 124.0 20.61 1 0 1 1 NA 0 1 0.007 0.06 0.14

Total 69 0.485 4.18 3.04

E-7717 E7771-:

Appendix 8.2 Cont 'd

SITE DESCRIPTION -  MS7

Location: 3 A 5  km upstream on Telkwa River (as i n  1983).  Immediately above MS6. Crew:  D B .  MF. DS. D a t e :  September 21. 1984
Area: 1 4 2  mc. L e n g t h  o f  stream margin: 1 6 . 5  m. P h o t o s :  5  & 6  (R4) .  W a t e r  Temperature: 4 ° C  @ 14:30 hr.

BENTHOS SAMPLE SITE: L o c a t i o n :

Sample 0  1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) N O T  CONDUCTED
Average water velocity m/sec

Mean Depth M a x .  Depth B a n k  D e b r i s  0 5 0 / 0 9 0
FISH SAMPLE SITE: L o c a t i o n  (m) W i d t h  (m) ( c m )  ( c m )  C o v e r  C o v e r  ( c m )

Note: F o r  abbreviations and symbols used i n  th is  tab le  see f i r s t  page o f  Appendix 8



APPENDIX 8.2 Cont 'd

FISH SAMPLE SITE: L o c a t i o n  Cm) Width (m)
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

(cm) C o v e r  C o v e r
D50/090

(cm)

1 1.3 25 42 - 12/25
2 2.7 40 70 15/25
3 3.4 50 75 - 15/40
4 4.1 40 70 10/25
5 3.9 40 60 - 10/20
6 3.2 35 60 5/15ii 17

FISH SAMPLE: Species Age

•
f l -range

(mm)
'

TT (mm)
Mean

Weight (g ) Ul U2 T N S.E. Horts Corr. N/m2
N/

Linear m
Biomass
g/m2

Sthd 0+ 47-52 49.8 1.69 5 0 5 5 NA 0 5 0.075 0.23 0.13
Sthd 1+ 79-95 83.8 7.01 4 0 4 4 NA 0 4 0.060 0.19 0.42
Sthd >2+ 110-115 111.7 15.42 3 0 3 3 NA 0 3 0.045 0.14 0.69
Ch -0+ 68-82 75.4 6.01 8 0 8 8 NA 0 8 0.121 0.37 0.73
DV
MW 1 lamprey ammocoete

Total 20 0.301 0.93 1.97

SITE DESCRIPTION -  81

Location: B u l k l e y  River j u s t  downstream from Hubert Creek; l o g  m downstream from rock outcrop ( r i v e r ' s  l e f t  s ide ) .
Crew: D O ,  MF, 8H. D a t e :  Oc tobe r  26, 1984. A r e a :  6 6 . 3  m4. L e n g t h  o f  stream margin: 2 1 . 4  m. P h o t o s :  1 6 - 1 8  (R5).
Water Temperature: 3 . 5 ° C  @ 1100 h r.

BENTHOS SAMPLE SITE: L o c a t i o n :

Sample 0 1  2  3  4  5  6

Dist. f rom EIM (m)
Depth (cm) N O T  CONDUCTED
Average water ve loc i t y  m/sec

Note: F o r  abbreviations and symbols used i n  t h i s  tab le  see f i r s t  page o f  Appendix 8



APPENDIX 8.2 C o n t ' d

FISH SAMPLE SITE: L o c a t i o n  Cm) Width (m)
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

(cm) C o v e r  C o v e r
D50/090

(cm)

1 2.0 50 85 15/60
2 2.1 50 95 40/60
3 2.4 50 75 10/30
4 2.3 45 75 20/50
5 2.3 35 60 15/35
6 2.3 50 65 29/30
7 1.5 25 40 15/30
7 -271-

FISH SAMPLE: Species Age
f l -range

(mm) T T  (mm)
Mean

Weight (g ) Ul U2 T N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomass

g/m2

Sthd 0+ 49-52 50.5 1.75 2 0 2 2 NA 0 2 0.038 0.08 0.07
Sthd 1+ - 0 0 0 0 NA 0 0 0 0
Sthd >2+ 106-151 122.5 19.82 3 1 4 4 1.5 0 4 0.076 0.16 1.51
Ch —0+ 71 71.0 5.16 1 0 1 1 NA 0 1. 0.019 0.04 0.10
DV
MY 1 lamprey ammocoete

Total 7 0.133 0.28 1.68

SITE DESCRIPTION -  B2

Location: Bulk ley  River just  downstream from Hubert Creek; 1 0 0  m downstream of s i t e  81 ( r i v e r ' s  l e f t  s ide) .  C r e w :  D B ,  MF, BH.
Date: October 26. 1984. A r e a :  5 2 . 5  m4 L e n g t h  of stream margin: 2 5  m. P h o t o s :  -  W a t e r  Temperature: 3 . 5 ° C  @ 1100 hr.
Comment: T h i s  s i te  i s  located i n  r i p -rap along rai lroad. Deep and f a s t  3 m from water's edge.

BENTHOS SAMPLE SITE: L o c a t i o n :

Sample I  1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) e  N O T  CONDUCTED
Average water velocity m/sec

Note: F o r  abbreviations and symbols used I n  t h i s  tab le  see f i r s t  page o f  Appendix 8
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FISH SAMPLE SITE: L o c a t i o n  (m)

•

Width (m)
Mean Depth

(cm)
Max. Depth R a n k  D e b r i s

(cm) C o v e r  C o v e r
D50/090

(cm)

1 1.8 30 55 10/35
2 3.5 45 80 8/25
3 4.2 40 60 8/25
4 4.6 60 75 10/30
5 4.2 55 70 10/25
6 3.6 40 65 15/35
7 1.6 25 50 10/25
7 1

FISH SAMPLE: Species Age
f l -range

(mm) Ti' (mm)
Mean

Weight (g ) U2 T N S.E. Morts Corr. Nim2
N/

Linear m
Biomass

g/m2

Sthd 0+ 43-51 ' 4 6 . 9 1.43

_U1

7' 2 9 10 1.7 0 10 0.152 0.52 0.22
Sthd 1+ 59-86 73.8 4.95 4 0 4 4 NA 0 4 0.061 0.21 0.30
Sthd >2+ 112 112.0 15.52 1 0 1 1 NA 0 1 0.015 0.05 0.23
Ch -0+ 64-75 71.2 5.20 4 1 5 5 1.0 0 5 0.076 0.26 0.40
MW 0+ 63 63.0 2.77 1 0 1 1 NA 0 1 0.015 0.05 0.04

1 lamprey amnocoete

Total 21 0.319 1.09 1.19

•
• 4 -

APPENDIX 8.2 Contic1

SITE DESCRIPTION -  B3

Location: B u l k l e y  River downstream o f  Hubert Creek. Approx imate ly  200 m below R2 but on r i v e r ' s  r i g h t  s ide.  C r e w :  O R ,  MF, 88 .
Date: October 26, 1984. A r e a :  66 m2. L e n g t h  o f  stream margin: 1 9 . 4  m. P h o t o s :  20 (R5). W a t e r  Temperature: 3 . 5 ° C  @ 1100 h r.

BENTHOS SAMPLE SITE: L o c a t i o n :

Sample 1 • 1  2  3  4  5  6

Dist. f rom BM (m)
Depth (cm) N O T  CONDUCTED
Average water ve loc i t y  m/sec

Note: F o r  abbreviations and symbols used i n  t h i s  tab le  see f i r s t  page o f  Appendix 8



APPENDIX 8.2 Cont'd

FISH SAMPLE SITE: L o c a t i o n  (m) Width (m)
Mean Depth

(cm)
Max. Depth B a n k  D e b r i s

(cm) C o v e r  C o v e r
D50/090

(cm)

1 1.6 25 50 10/39
2 3.1 50 80 - 15/25
3 4.1 60 80 12/18
4 4.0 62 R5 13/25
5 4.2 60 80 13/20
6 2.7 30 70 12/22
77 1.3r r 22 40 8/20

FISH SAMPLE: Species Age
f l -range

(mm) I T  (mm)
Mean

Weight 19) Ul U2 T N S.E. Morts
N

Corr. N/m2
N/

Linear m
Biomass

q/m2

Sthd 0+ 41-51 44.9 1.27 7 0 7 7 NA 0 7 0.113 0.35 0.14
Sthd 1+ 79 79.0 6.00 1 0 1 1 NA 0 1 0.016 0.05 0.10
Sthd >2+ 144 144.0 37.93 1 0 1 1 NA 0 1 0.016 0.05 0.61
Ch 0 + 60-67 63.5 3.91 1 0 2 2 NA 0 2 0.032 0.10 0.13
MW >1+ 70 70.0 3.81 1 0 1 1 NA 0 1 0.016 0.05 0.06

Total 12 0.193 0.60 1.04

SITE DESCRIPTION -  84

Location: Bulk ley  River downstream 2 f  Hubert Creek. Approximately 50 m below B3 ( r i v e r ' s  r ight s ide) .  C r e w :  D B ,  MF, BH.
Date: October 26, 1984. A r e a :  62 m4. Length of  stream margin: 2 0  m. Photos: 21 (R5).  W a t e r  Temperature: 3 . 5 ° C  0  1100 hr.

BENTHOS SAMPLE SITE: L o c a t i o n :

Sample i  1  2  3  4  5  6

Dist. from BM (m)
Depth (cm) N O T  CONDUCTED
Average water velocity pi/sec

Note: F o r  abbreviations and symbols used in  th is  table see f i r s t  page o f  Appendix 8



Appendix 9 . 1  P o p u l a t i o n  Est imates o f  Juven i l e  Salmonids i n
Goathorn Creek, September and October 1984

0+ 1+ >2+ 0+ 1+ >2+

GI 4.55 1.24 0.24 1,100 5,005 1,364 264
G2 0.91 0.71 0.14 1,000 910 710 140
G3 0.66 0.20 0.43 1,500 990 300 645
G4 0.10 0.02 0.06 1,000 100 20 60
G5 0.03 0.01 0.01 3,000 90 30 30
G6 0.00 0.04 0.00 4,300 0 172 0
G7 0.00 0.00 0.00 1,700 0 0 0

To t a l 13,600 7,095 2,596 1,139

0+ >1+ 0+ >1+

G1 0.00 0.06 1,100 0 66
G2 0.00 0.04 1,000 0 40
G3 0.68 0.70 1,500 1,020 1,050
G4 0.58 0.63 1,000 580 630
G5 0.19 0.85 3,000 570 2,550
G6 0.14 1.51 4,300 602 6,493
G7 0.00 2.37 1,700 0 4,029

To t a l 13,600 2,772 14,858

Length o f  Stream
Number o f  F i s h  R e p r e s e n t e d  b y  P o p u l a t i o n  Est imates

S i te  p e r  L i n e a r  Meter  S a m p l e  S i t e  (m)  b y  Sec t ion

STEELBEAD TROUT

DOLLY VARDEN CHAR

8

- L

-i1O



Append ix  9 . 2  P o p u l a t i o n  E s t i m a t e s  o f  J u v e n i l e  S a l m o n i d s
i n  Te n a s  C r e e k ,  September  a n d  O c t o b e r  1984

0+ 1+ >2+ 0+ 1+ >2+

Ti 2.56 0.54 0.02 2,900 7,424 1,566 58
T2 0.29 0.85 0.53 2,900 841 2,465 1,537
T3 0.03 0.16 0.00 2,900 87 464 0
T4 0.00 0.24 0.28 3,000 0 720 840

To t a l 11,700 8,352 5,215 2,435

DOLLY VARDEN CHAR

0+ >1+ 0+ >1+

T1 0.00 0.05 2,900 0 145
T2 0.00 0.10 2,900 0 290
T3 0.19 0.59 2,900 551 1,711
T4 0.48 0.44 3,000 1,440 1,320

To t a l 11,700 1,991 3,466

Length o f  S t r e a m
Number o f  F i s h  R e p r e s e n t e d  b y  P o p u l a t i o n  E s t i m a t e s

S i t e  p e r  L i n e a r  M e t e r  S a m p l e  S i t e  ( m )  b y  S e c t i o n

STEELHEAD TROUT

4
0
8
2
3

1

111



Appendix 9 . 3  P o p u l a t i o n  Est imates o f  Juven i l e  Steelhead i n  Main and S i d e
Channels o f  t h e  Telkwa R i v e r,  September 1984

S i te
Number o f  F i s h

per L i n e a r  Meter
0+ 1 +  > 2 +

To t a l  Main l
Channel Length (m)

Populat ion Est imates
Corrected f o r  Main
Channel Length
0+ 1 +  > 2 +

MS1
MS2
MS3
MS4
MS5
MS6
MS7

Mean

0.58
0.65
1.00
0.00
1.69
1.65
1.45

0.79
0.23
0.75
0.31
0.00
0.45
1.52

0.42
0.14
0.19
0.00
0.00
0.11
0.61

0.21 16,000 16,000 9,280 3,3601.00 0.58

•

S i t e Number o f  F i s h
per L i n e a r  Meter
0+ 1 +  > 2 +

To t a l  Side2
Channel Length (m)

Populat ion Est imates
Corrected f o r  S ide
Channel Length
0+ 1 +  > 2 +

SCI
SC2
SC3

Mean

0.90
0.73
0.68

1.08
1.20
0.00

0.76

0.12
0.43-
0.00

12,900 9,933 9,804 2,3220.77 0.18

MAIN CHANNEL

f •:

-

SIDE' CHANNEL

The 8 , 0 0 0  m  o f  ma in  channe l  h a s  been doubled t o  accoun t  f o r  t h e  t w o
sides o f  t h e  r i v e r .  F i s h / l i n e a r  meter  r e f e r s  t o  one s i d e  o f  t h e  r i v e r

: r -

L12

1

2

on l y.

Combined t o t a l  l e n g t h  o f  a c t i v e  and f l o o d  channe ls .  T h e  t o t a l  does n o t
inc lude r e l i c  s i d e  channels ( F i g u r e  3 . 9 ) .
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Appendix 10 Resu l ts  o f  1984 Wetland Minnow Trapping Program Along the Telkwa and Bulkley Rivers
Trap Si te

No. L o c a t i o n 1 Date
Wetted

Area (m2)
# o f

Traps Set
Fish

Captured
Water
Temp. Comments

Sept. 13 4,530 9 None 11°C This wetland area i s  located a t  the  base
of t h e  h i l l s i d e  dra in ing  f rom mine s i t e
area. N o  water  f l ow ing  between ponds.

Sept. 13 N/A 6 None 8°C This channel (Tr i bu ta ry  1 )  i s  crossed by
bridge leading t o  a farm. Channel blocked
from mainstem b y  beaver dam. T h e r e  i s
water f lowing  yea r  round i n  t h i s  channel
which h i s t o r i c a l l y  has  had  f i s h  i n  i t
(local res ident 's  comments).

Sept. 13 3,749 5 21 longnose
suckers
(43-126 mm)

8°C Beaver dam a t  pond ou t l e t .  M o s t  suckers
captured below t h i s  dam. T h e  small o u t -
le t  s t ream f l o w s  through Telkwa and i s
proposed t o  be diverted i n t o  a  dyke area.
The lower end o f  t h i s  channel was sampled
by electroshocking i n  sp r ing  1984. N o
f ish captured a t  tha t  t ime.

Sept. 13 5,141 5 none 11°C The top end o f  t h i s  r e l i c  channel was sam-
pled. I n t e r m i t t e n t  w i t h  o l d  beaver dams
present. T h e  loWer end  o f  channel i s
d i rect ly  connected t o  the  Telkwa and juv -
enile f i s h  have been observed i n  t h i s  area.

Aug. 29. 13;014 10 None 16°C
(1600 hr )

This i s  a n  extensive wetland area  w i t h
good po ten t ia l  r e a r i n g  opportuni t ies f o r
coho salmon. D e e p  and  l o t s  o f  cover.
A 1 . 5  m beaver dam r e s t r i c t s  access from
the Telkwa River.  N o  v i s i b l e  f low a t  the
outlet -  15 m to  the r i v e r.

Aug. 29 20,985 10 75 longnose 1 6 ° C
dace ( 1 3 0 0  hr )

Traps were s e t  on  both  s ides o f  t h e  CNR
tracks. S u s p e c t  l i t t l e  oppor tuni ty  f o r

WL1 K m  5
south s ide

WL2 K m  3
south s ide

WL3 K m  2
south s ide

WL4 K m  1
south side

WL5 Km 5
north s ide

WL6 B k i l k l e y  R.
south s ide
4 km east o f  c o h o  salmon. N o  f l o w  a t  base o f  beaver
Telkwa. d a m  j u s t  back  f r o m  t h e  Bu lk ley  R i v e r.
North T h i s  wetland a rea  i s  q u i t e  stagnant and
corridor w a t e r  q u a l i t y  appears poor.  O p p o r t u n i t y
route f o r  enhancement by opening culverts through

CNR l i n e .

Refer LU Figure 3.9 f o r  wetland locat ing



A p p e n d i x  11  S u m m a r y  o f  A e r i a l  Reconna i ssance  o f  Coho Sa lmon Spawners  i n  t h e
Te lkwa  R i v e r  o n  November 1 4  a n d  3 0 ,  1 9 8 4

TOTAL 97 11

NOVEMBER
30

31
33
34

E l l i o t t
44
45
46

TOTAL

Ck.

20
13
54
13

2
15

"

11
4
2

17

A c t i v e  s p a w n i n g
A t  c a b l e w a y
1 km a b o v e  c a b l e w a y
Open w a t e r  -  0 . 5  C
L o t s  o f  a p p a r e n t  d i g g i n g  b u t  n o
f i s h

117

NOVEMBER
14

R i v e r
S e c t i o n

(km) 1

Number o f
Coho Sa lmon

Spawners R e d d s

30 6

31
32
33
34

2
25

40

E l l i o t t  C k .  2 2

44-47
46 2

3

Comment

A c t i v e  d i g g i n g .  F i s h  a r e  s t a r t i n g
t o  c o l o u r  u p  a n d  some e v i d e n c e
o f  f u n g u s .
Approx .  1  km b e l o w  Wa t e r  S u r v e y
cab leway.
A t  c a b l e w a y.
Approx .  1  k m  a b o v e  c a b l e w a y.  N o
c a r c a s s e s .
Lowest  1  km  -  1  c a r c a s s  f r o m  e a g l e
k i l l .
Th i s  s e c t i o n  h a s  s i g n s  o f  d i g g i n g
b u t  n o  f i s h .
Near l o g  =  h o l d i n g .

November 1 4

Weather :  O v e r c a s t  and  snowing
ups t ream o f  4 0  km.

I c e  C o n d i t i o n s :  S l u s h  a n d  some s u r f a c e  i c e
downstream o f  Howson C r e e k .
Anchor i c e  p r e s e n t  t h r o u g h -
out s y s t e m  i n  - r i f f l e
s e c t i o n s .

E x t e n t  o f  S u r v e y :  K m  0  t o  Km 46

November 3 0

High o v e r c a s t  and  sunny p e r i o d s .

Less anchor  a n d  s l u s h  i c e  t h a n
dur ing November 1 4  f l i g h t .
R i v e r  u p s t r e a m  o f  km 4 3  was f r e e
o f  i c e .

Km 2 8  t o  Km 4 7

1 See F i g u r e  3 . 1 7  f o r  s e c t i o n  l o c a t i o n s .
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Appendix 12.1 Detai led Resu l t s  o f  M e t a l  Concent ra t ions  (Micrograms
Tissue f rom Goathorn and Tenas Creeks,  1984

of Element p e r  Gram of D r y  Ti ssue )  i n  F i s h  Muscle

SAMPLE FT %
SITE SPECIES NO. (mm) MOISTURE As Cd Cu Pb- Zn_ Fe Al

G2 Sthd 1 103/931 79.3 0.10 0.25 2.2 0.10 33.5 50 6.1
G2 Sthd 2 125 79.5 *2 0.10 2.8 0.20 32.8 89 5.5
G2 Sthd 3 125 79.0 0.06 0.08 2.0 * 34.6 104 5.8
G2 Sthd 4 104 79.4 * 0.10 2.2 * 27.5 31 17.2
G2 Sthd 5 111 78.9 0.10 0.14 1.8 0.25 30.9 32 5.9
G2 Sthd •6 107/75 79.7 0.10 0.20 1.7 0.25 29.6 30 5.1
G2 Sthd 7 120 80.0 0.06 0.10 1.6 0.28 31.6 24 6.7
G2 Sthd 8 118 80.3 0.06 0.15 1.8 0.20 28.9 42 9.1
G2 Sthd 9 105 79.6 * 0.12 2.0 0.30 34.3 28 5.5
G2 Sthd 10 93/88 79.8 0.06 0.14 1.7 0.25 30.8 25 8.3

Mean3 79.6 0.07 0.14 2.0 0.20 31.4 45.5 7.5
Range < 0 .05-0 .10 0.08-0.25 1.6-2.8 < 0 .10-0 .30 27.5-34.3 24-104 5.1-17.2

05 DV 1 126 78.8 * 0.18 1.5 * 31.2 22 1.5
G5 DV 2 113/70 79.2 0.06 0.16 1.7 * 28.6 25 0.3
G5 DV 3 112/90 80.0 0.07 0.18 1.1 * 34.0 25 *
G5 DV 4 80/115 79.6 * 0.16 1.2 * 36.0 20 2.3
G5 DV 5 175 79.8 * 0.10 2.2 * 34.5 30 1.4
G5 DV 6 180 78.9 0.06 0.10 2.4 * 26.3 29 3.4
G5 DV 7 173 79.2 * 0.12 2.6 * 30.3 30 1.0
G5 DV 8 134 79.8 0.07 0.12 1.1 * 29.3 16 2.3
G5 DV 9 150 79.8 * 0.10 2.0 0.10 30.4 25 2.7

14 G 5 DV 10 122 79.7 * 0.10 1.5 * 37.1 20 *
) Mean 79.5 0.06 0.13 1.7 0.10 31.8 24.2 1.5
3 Range < 0.05-0.07 0.10-0.18 1.1-2.6 < 0 .10-0 .10 26.3-37.1 16-30 < 0.05-3.4

3
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DETECTION LIMITS 0 . 0 5

Appendix 12.1 Continued

SAMPLE FT %
SITE SPECIES NO. SET/ MOISTURE As Cd Cu Pb Zn Al

T2 Sthd (1)4 133 (79.9) ( * ) (0.06) (1 .6) (0.30) (36.9) (195) (189)
T2 Sthd 2 129 78.9 * 0.08 1.5 * 28.0 26 6.0
T2 Sthd 3 140 80.0 0.07 0.06 2.1 0.25 37.7 31 6.3
T2 Sthd 4 111 80.2 0.09 0.08 1.4 0.10 31.7 25 5.1
T2 Sthd 5 172 79.6 * 0.09 2.4 0.10 23.6 34 4.3
T2 Sthd 6 107/94 79.8 0.07 0.06 1.9 * 37.0 28 5.8
T2 Sthd 7 119 80.3 * * 1.0 * 33.8 20 0.9
T2 Sthd 8 135 79.9 * * 1.3 0.10 30.6 25 6.2
T2 Sthd 9 114 .80.2 * * 1.1 * 28.6 22 2.3
T2 Sthd 10 136 79.8 * * 1.3 * 31.0 16 1.9

Mean 79.9 0.06 0.06 1.6 0.12 31.3 25.2 4.3
Range < 0.05-0.09 < 0.05-0.09 1.0-2.4 < 0.10-0.25 23.6-37.7 16-34 0.9-6 .3

1 S a m p l e  i s  comprised o f  two  d i f f e r e n t  f i s h .

2 L e v e l s  l e s s  t h a n  de tec t i on  l i m i t s .

0.05 0 . 1 0 0.10 0 . 1 0 1.0 0 . 0 5

3 W h e n  t h e  mean was c a l c u l a t e d ,  minimum d e t e c t i o n  l i m i t s  were  used f o r  t h o s e  samples t h a t  have l e v e l s  l e s s  t h a n  t h e
detect ion l i m i t s .

4
0 4  E x c l u d e d  f r om  sample due t o  poss ib le  contaminat ion .
8
2
3

1
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1

Ta b l e  1 2 . 2 Resu l t s  o f  A n a l y s e s  o f  1 7  A d d i t i o n a l .  Elements i n  F i s h  T i s s u e s  F rom
Goathorn a n d  Te n a s  C r e e k s ,  19841

ELEMENT
DETECTION

LIMIT
SITE G2 SITE G5 SITE T 2

M E A N  R A N G E MEAN R A N G E MEAN R A N G E

S i l v e r 0.1 < 0 . 1 < 0 . 1 - 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1 - 0 . 1

Gold 0.1 < 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1

Bar ium 0.1 0 . 2 < 0 . 1 - 0 . 3 0 .1 < 0 . 1 - 0 . 2 0 .1 < 0 . 1 - 0 . 1

Bismuth 1 < 1 < 1 < 1 < 1 < 1 < 1

Calcium 5 1170 969-1400 863 618-1080 1036 816-1320

Cobalt 0.1 0.1 < 0 . 1 - 0 . 2 0.1 < 0 . 1 - 0 . 5 0.1 < 0 . 1 - 0 . 3

Chromium 0.1 < 0 . 1 < 0 . 1 - 0 . 3 0.2 < 0 . 1 - 0 . 4 0.4 0.2-0 .8

Potassium 1 14950 14200-16700 13600 11300-15100 13700 12400-14700

Magnesium 1 998 971-1040 1020 968-1090 987 922-1070

Manganese 0.1 0.2 < 0 . 1 - 0 . 4 0.2 < 0 . 1 - 0 . 4 0.4 0.2-0 .6

Molybdenum 0.1 < 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1 - 0 . 1 < 0 . 1 < 0 . 1 - 0 . 1

Sodium 50 2765 2420-3360 2630 2140-3200 2730 2290-3020

Nickel 0.1 1.5 0.1-6 .9 0.3 < 0 . 1 - 0 . 7 0.6 < 0 . 1 - 1 . 7

Phosphorus 5 9840 1070-11100 10600 9650-11300 10400 9960-10700

Antimony 1 < 1 < 1 < 1 < 1 < 1 < 1  -  2

Tin 0.1 < 0 . 1 < 0 . 1 - 0 . 8 < 0 . 1 < 0 . 1 < 0 . 1 < 0 . 1

Strontium 0.1 0.1 0.1-0 .2 0.1 0.1 0.2 0.1-0 .3

2

J-114

Results and detect ion l i m i t s  a r e  expressed as  micrograms o f  element per  gram
of d r y  t i s s u e .  S e e  Appendix Table  1 2 . 1  f o r  moisture content and descript ion
of f i s h  species and s i z e .

When t h e  m e a n  w a s  c a l c u l a t e d ,  m i n i m u m  d e t e c t i o n  l i m i t s  w e r e  u s e d  f o r  t h o s e
samples w h e r e  l e v e l s  w e r e  l e s s  t h a n  t h e  d e t e c t i o n  l i m i t s .


