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A b s t r a c t  

Processes a f f e c t i n g  t h e  c o n c e n t r a t i o n  of d i s s o l v e d  oxygen 

u n d e r  w i n t e r  ice  c o v e r  were s t u d i e d  d u r i n g  t h e  w i n t e r  of 

1982-1983 i n  t h e  N o r d e n s k i o l d  a n d  T a k h i n i  R i v e r s .  Oxygen l e v e l s  

in b o t h  r i v e r s  became d e p l e t e d  d a r i n g  the w i n t e r ,  u i t h  t h e  

d e p l e t i o n  of o x y g e n  b e i n g  most severe i n  t h e  o r g a n i c  rich 

E l o r d e n s k i c l d  R i v e r  u h e r e  oxygen c o n c e n t r a t i o n s  d ropped  to 50 

p e r c e n t  s a t u r a t i o n .  T h e  d e v e l o p m e n t  of these d e p e s s i o n s  a p p e a r s  

t o  be r e l a t e d  t o  b o t h  b i o l o g i c a l  a n d  p h y s i c a l  p r o c e s s e s .  The  

m a n n e r  i n  w h i c h  t h e  ice c o v e r  forms on t h e  r i v e r  a f f e c t s  t h e  

development of d i s s o l v e d  o x y g e n  depressions. I n p u t s  of 

groundwate r  a r e  important i n  d e t e r m i n i n g  t h e  u l t ima te  level that 

the d e F r e s s i o n  reaches. L e v e l s  of d i s s o l v e d  oxygen decrease most 

r a p i d l y  d u r i n g  the p e r i o d  of ice cover f o r m a t i o n .  A b o u t  80  

p e r c e n t  o f  the t o t a l  d e p r e s s i o n  w h i c h  u l t i m a t e l y  o c c u r s  h a p p e n s  

w i t h i n  the f i r s t  u e e k  o f  i c e  c o v e r ,  L e v e l s  of d i s s o l v e d  o x y g e n  

r e t u r n  t o  the s a t u r a t i o n  level  p r i o r  t o  t h e  decay  of t h e  ice 

c o v e t .  Once t h e  snow c o v e r  p r e s e n t  on  t h e  surface of t h e  ice is 

gone, a l l o u i n g  l i g h t  p e n e t r a t i o n  t o  occur, o x y g e n  l e v e l s  s h o w  

s u b s t a n t i a l  i n c r e a s e s ,  The l e v e l  of o r g a n i c  c a r b o n  a p p e a r s  t o  

e n h a n c e  t h e  d e p r e s s i o n  of oxygen.  



RESUME 

Les fac teurs  q u i  a f fectent  l a  concent ra t ion  de l 'oxygene sous l a  

sur face  de g lace h i ve rna le  o n t  k tk  e tud i6s  pendant l ' h i v e r  

1982-1983 pour l e s  r i v i G r e s  Nordenskiold e t  Takhini.  Les niveaux 

d'oxyg'ene dissous on t  diminuk fortement dans l e s  eaux des deux 

r i v i g r e s  pendant l ' h i v e r ;  l a  d iminu t ion  l a  p l u s  marquee a e t 6  

observge dans l e s  eaux r i c h e s  en mat ik re  organique de l a  r i v i g r e  

Nordenskiold, OG l a  concent ra t ion  de l 'oxyggne a baiss6 jusqu '  G 

5086 du n iveau de sa tura t ion .  Ces dkpressions semblent 6 t r e  

r e l i 6 e s  h des facteurs b io log iques  auss i  b i e n  que physiques, e t  

e l l e s  sont  a f fec tkes  par  l a  facon dont l a  sur face de l a  r i v i g r e  

g6le. Les apports de l ' e a u  souter ra ine  i n f l uencen t  de faGon 

marquge l e  n iveau f i n a l  de ces dkpressions. La d im inu t i on  l a  p l u s  

rap ide  du niveau d'oxygGne dissous e s t  observee durant l a  per iode 

de format ion de l a  surface de glace: env i ron  8% de l a  d iminu t ion  

t o t a l e  se p r o d u i t  durant l a  p r e m i h e  semaine. Le n iveau d'oxygene 

dissous r e v i e n t  au p o i n t  de s a t u r a t i o n  avant l a  d i s p a r i t i o n  de l a  

glace: quand l a  ne ige recouvrant c e l l e - c i  d i spa ra f t ,  l a  lumiGre 

peut  pkn6t re r  l a  surface, e t  l e  n iveau d'oxygkne remonte de facon 

subs tan t i e l l e .  Un niveau 6 lev6 de carbone sous forme organique 

accentue l a  dkpression de l a  concent ra t ion  d 'oxyg'ene. 
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In t rod ilc t i o n  

The o b j e c t i v e  of t h i s  study u a s  t o  i m p r o v e  o u r  u n d e r s t a n d i n g  

of t h e  deVe lCFment  of d i s s o l v e d  o x y g e n  d e p r e s s i o n s  under w i n t e r  

ice c o v e r ,  T h e  a p p r o a c h  u s e d  i n  t h i s  s t u d y  was t o  d o c u m e n t  t h e  

o c c u r r e n c e  of t h e s e  d e p r e s s i o n s  a n d  e x a m i n e  o t h e r  f ac to r s  w h i c h  

are r e l a t e d  t o  t h e  d e v e l G F m e n t  of t h e  d e E r e s s i o n s .  

D e p r e s s i o n  of d i s s o l v e d  o x y g e n  d u r i n g  w i n t e r  i s  a w i d e s p r e a d  

phenomenon t b r o u g h o u t  t h e  arctic a n d  s u b a r c t i c  r e q i o n s  of Alaska 

a n d  n o r t h e r n  C a n a d a  ( S c h a l l o c k  a n d  L o t s p e i c h ,  1974)  , The 

o c c u r r e n c e  of d e F r e s s i o n s  w i t h i n  t h e  Yukon T e r r i t o r y  h a s  been 

reported by Schreier e t  al. ( 1 9 8 0 ) ,  and d e p r e s s e d  d i s s o l v e d  o x y g e n  

l e v e l s  h a v e  b e e n  o b s e r v e d  u i t h i n  t h e  Yukon River basin ( U h i t f i e l d  

and W h i t l e y ,  u n p u b l i s h e d )  . 
S c h r e i e r  e t  a l .  (1980)  show t h a t  d i s s o l v e d  o x y g e n  d e F r e s s i o n s  

a r e  i n d e p e n d e n t  of h y d r o l o g i c a l  d i f f e r e n c e s  b e t w e e n  t h e  S w i f t  a n d  

O g i l v i e  R i v e r s .  They s u g g e s t e d  t h a t  d i s s o l v e d  o x y g e n  d e p r e s s i o n s  

result  from a c o m b i n a t i o n  of three fac tors :  (1)  i n p u t s  of o x y g e n  

d e p l e t e d  g r o u n d w a t e r ;  (2) o x i d a t i o n  o f  o r g a n i c  a n d  n i t r o g e n o u s  

m a t e r i a l ;  a n d  (3) b i o l o g i c a l  r e s p i r a t i o n .  It is l i k e l y  t h a t  a l l  

th ree  of t h e s e  factors p l a y  some role i n  t h e  d e v e l o p m e n t  of 

w i n t e r  d i s s o l v e d  o x y g e n  d e F r e s s i o n s .  T h e  s t u d y  areas c h o s e n  u e r e  

selected on t h e  b a s i s  of l a r g e  d i f f e r e n c e s  w i t h  r e s p e c t  t o  t h e s e  

three f ac to r s .  

P r e v i o u s l y  Schreier  et  a l .  (1980) a n d  ea r l ie r  S c h a l l o c k  a n d  

L o t s p e i c h  ( 1 9 7 4 )  col lected t h e i r  da ta  a t  b r o a d l y  s p a c e d  i n t e r v a l s  

o v e r  t h e  u i n t e r  p e r i o d .  T h e i r  r e s u l t s  s u g g e s t  t h a t  t h e  c r i t i c a l  
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p e r i o d s  d u r i n g  t h e  occurrence of t h e  phenomenon u e r e  during t h e  

formation of t h e  r i v e r  ice a n d  i m m e d i a t e l y  prior t o  t h e  d e c a y  of 

t h e  i c e  cover i n  t h e  spr ing .  In a p p r o a c h i n g  t h e  problem we placed 

more of o u r  efforts  d u r i n g  these p e r i o d s .  I t  was f e l t  that t h i s  

a p p r o a c h  would g i v e  more i n f o r m a t i o n  a b o u t  t h e s e  c r i t i c a l  p e r i o d s  

of t h e  year, and  b y  c o n c e n t r a t i n g  e f forts  i n  t h e s e  periods the 

d o a i n a n t  Frocesses could be i s o l a t e d .  



- Studq:  Areas 

T h e  two s t u d y  a r e a s  were c h o s e n  o n  t h e  b a s i s  of r ea l  

d i f f e r e n c e s  w i t h  respect t o  o r g a n i c  c o n t e n t ,  g r o u n d w a t e r  i n p u t s ,  

a n d  b i o l o g i c a l  Frocesses. In a d d i t i o n ,  access t o  the s y s t e m s  was 

a n  i m g o r t a n t  c o n s i d e r a t i o n  i n  t h e  p l a n n i n g  of w i n t e r  sampling. 

I h e  T a k h i n i  B i v e r  in w i n t e r  i s  a g r o u n d w a t e r  d o m i n a t e d  

s y s t e m  ( C h i n ,  1966) w h i c h  is  r e l a t i v e l y  low i n  o r g a n i c  material .  

G o u l d  ( p e r s o n a 1  c o m m u n i c a t i o n )  f o u n d  t h e  T a k h i n i  B ive r  t o  have 

d e p r e s s e d  o x y g e n  c o n c e n t r a t i o n s  which  b o r d e r e d  on t h e  severe 

( less  t h a n  3 reg/l). Access t o  t h e  T a k h i n i  R i v e r  i s  by road 

t h r o u g h o u t  its l e n g t h ,  a n d  its close p r o x i m i t y  t o  Whitehorse 

eased some of t h e  l o g i s t i c  problems assoc ia ted  with w i n t e r  f i e l d  

w o r k .  

Five s a m p l i n g  l o c a t i o n s  were c h o s e n  a l o n g  t h e  l e n g t h  of t h e  

T a k h i n i  R i v e r .  The l o c a t i o n  of t h e s e  sites, along w i t h  t h e i r  

N A Q U A C A T  s t a t i o n  n u m b e r s  are shown  i n  F i g u r e  1. One of t h e s e  

s i tes ,  t h e  T a k h i n i  River C a a p g r c u n d ,  p r o v e d  t o  be i n a c c e s s i b l e  

d u r i n g  t h e  p e r i o d  cf t h e  y e a r  when snow was on t h e  g r o u n d ,  Our 

d a t a ,  t h e n ,  comes primarily from t h e  four downstream l o c a t i o n s .  

The  N o r d e n s k i a l d  R i v e r  is a n  o r g a n i c  r i c h  b a s i n ,  i n  p a r t  due  

t o t h e  p r o f u s i c n  of b o g s  a n d  marshes u i t h i n  t h e  d r a i n a g e .  T h e  

r e f r a c t o r y  n a t u r e  of this o r g a n i c  mater ia l  is  n o t  known. T h e  

l o g i s t i c s  of w i n t e r  f i e l d  work  on  t h i s  r i v e r  Mere e a s e d  t o  a 

d e g r e e  by its p r o x i m i t y  t c  t h e  Klondike Highway a l o n g  t h e  lower 

4 0  k i l o m e t e r s  of  t h e  r i v e r .  F i v e  s a m p l i n g  l o c a t i o n s  were c h o s e n  

a l o n g  t h i s  p c r t i o n  a s  shown i n  F i g u r e  1. 
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Figure  1 
Study Areas Showing Sa B p l i n g  Locations 
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A n o t h e r  c o n c e r n  was how t h e  p h y s i c a l  characteristics of each 

r i v e r  a f f e c t e d  t h e  formation of ice  cover and t h e  subsequent 

d e v e l o p m e n t  of t h e  d i s s o l v e d  o x y g e n  d e p r e s s i o n ,  The T a k h i n i  R i v e r  

d e s c e n d s  a t  a m o d e r a t e l y  h i g h  sloFe through  t h e  upper  h a l f  of its 

l e n g t h ,  becoming  n e a r l y  f l a t  t h r o u g h  t h e  lower h a l f .  C o n v e r s e l y ,  

t h e  N o r d e n s k i c l d  R i v e r  is  a f l a t  m e a n d e r i n g  stream throughout t h e  

u p p e r  portion, w i t h  a moderately s t e e p  g r a d i e n t  i n  t h e  lover 2 0  

k i l o m e t e r s .  E l e v a t i o n  p r o f i l e s  of b o t h  r i v e r s  are shown i n  Figure 

2, 
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River Profiles 

Legend 
A Takhini River 

X Nordenskiold River 

Figure 2 
E l e v a t i o n  Profiles of  the N o r d e n s k i o l d  a n d  T a k h i n i  Rivers 
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net h o d s  

-- S e l e c t i o n  of Variablgg 

The v a r i a b l e s  selected f o r  c o n s i d e r a t i o n  in t h i s  s t u d y  

were c h o s e n  t o  ref lect  asFects  of t h e  p r o c e s s e s  v h i c h  were 

p o t e n t i a l l y  a c t i v e  i n  the d e F r e s s i o n  of d i s s o l v e d  o x y g e n  

u n d e r  ice. D i s s o l v e d  o x y g e n  d e t e r m i n a t i o n s  u e r e  aade u s i n g  

the m o d i f i e d  R i o k l e r  method,  T h i s  method was selected over 

e l e c t r o n i c  m e t h o d s  b e c a u s e  of i ts  h i g h e r  p r e c i s i o n  a n d  

r e l i a b i l i t y .  T h e  v a r i a b l e s  n i t r a t e  p l u s  n i t r i t e ,  o r g a n i c  

nitrogen, ammonia, t o t a l  dissolved n i t r o g e n ,  and t o t a l  

o r g a n i c  c a r b o n  a r e  i n d i c a t o r s  of b i o l o g i c a l  a c t i v i t y .  

Grcundvater c o n t r i b u t i o n s  a r e  i n d i c a t e d  b y  c h a n g e s  in t h e  

l e v e l s  of s o d i u m ,  calciua,  s u l p h a t e ,  c h l o r i d e ,  a l k a l i n i t y ,  

p o t a s s i u m ,  and h a r d n e s s .  

-- S a a g  Col lec t ioa  

During t h e  summer, samples f o r  d i s s o l v e d  o x y g e n  

d e t e r a i n a t i o n s  were co l lec ted  u s i n g  a "DO Dunker" (A .  P. H. A., 

1975) - Four s a m p l e s  for d i s s o l v e d  o x y g e n  d e t e r m i n a t i o n  were 

co l lec ted  a n d  p r e s e r v e d  a t  each si te.  A d d i t i o n a l  water  

s a m p l e s  were col lected i n  sets of s i x  r e p l i c a t e s  u s i n g  t h e  

I U D  rep l ica te  s a m p l e r  (Kleiber a n d  E r l e b a c h ,  1977) .  Two sets 

of r e p l i c a t e s  were c o l l e c t e d ;  o n e  s e t  for t h e  d e t e r i n i n a t i o n  

of t o t a l  carbon, t o t a l  i n o r g a n i c  c a r b o n  a n d  t o t a l  o r g a n i c  

carbon;  and d s e c o n d  set for t o t a l  d i s s o l v e d  n i t r o g e n ,  
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n i t r a t e  p l u s  n i t r i t e ,  ammonia ,  a n d  o r g a n i c  n i t r o g e n ,  Two 

o n e - l i t e r  s a m p l e s  uere a l s o  co l l ec t ed ,  t h e s e  b e i n g  a n a l y s e d  

for major ions. B e a s n r e m e n t s  of v a t e r  t e m p e r a t u r e ,  pH, a n d  

c o n d u c t i v i t y  were made in t h e  f i e l d  u i t h i n  ten m i n u t e s  of 

s a m p l e  c o l l e c t i o n .  

D u r i n g  t h e  w i n t e r ,  t h e  c o l l e c t i o n  of v a t e r  s a m p l e s  is  

more d i f f i c u l t .  S ~ e c i a l  m e t h o d s  a n d  e q u i p m e n t  were n e c e s s a r y  

t o  e n s u r e  s a i t l p l e s  were n o t  s u b j e c t e d  t o  f r e e z i n g  t e m p e r a t u r e s  

f o r  gore t h a n  a feu s e c o n d s .  C o l l e c t i o n  of s a m p l e s  d u r i n g  t h e  

w i n t e r  i n v o l v e d  the f o l l o w i n g  p r o c e d u r e ;  snow c o v e r  on t h e  

i c e  was removed rom a n  area a b o u t  two meters i n  diameter 

u s i n g  a shovel; a power a u g e r  uas t h e n  u s e d  t o  drill a 

v e r t i c a l  h o l e  through t h e  ice ( a p p r o x i m a t e l y  2 5  cm d i a m e t e r ) ;  

s l u s h  ice was removed  from t h e  a u g e r  h o l e ;  a s p e c i a l l y  

c o n s t r u c t e d  'hot-box' vas t h e n  p l a c e d  o v e r  t h e  hole; t h e  

i n l e t  hose from t h e  p o r t a b l e  pump s a m p l e r  within t h e  

' h o t - b o x '  was d r o p p e d  down the a u g e r  hole below the 

u n d e r s u r f a c e  of t h e  ice; s a m p l e s  uere t h e n  pumped d i r e c t l y  

into t h e  sample b o t t l e s  (also w i t h i n  t h e  ' h o t - b o x ' ) .  De ta i l ed  

d e s c r i p t i o n  of t h e  c o n s t r o c t i o n  of t h e  'hot-box4 a n d  its u s e  

i n  w i n t e r  f i e l d  s a n p l i n g  i s  d e s c r i b e d  b y  PlcNaughton (1984)- 

T h e  same number a n d  t y p e  of s a m p l e s  d e s c r i b e d  foc t h e  summer  

s a m F l i n g  were c o l l e c t e d  u s i n g  t h e  pump s a m p l e r .  F i e l d  

m e a s u c e B e n t s  of water t e m p e r a t u r e ,  pH, a n d  c o n d u c t i v i t y  were 

made i n  t h e  f i e l d  v e h i c l e .  

A l l  s a m p l e s  were s to red  i n  c o o l e r s  a n d  r e t u r n e d  to  t h e  

EPS l a b o r a t o r y  i n  Whitehorse.  D e t e r m i n a t i o n s  of d i s s o l v e d  
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oxygen c o n c e n t r a t i o n s  v e r e  p e r f o r m e d  on t h e  d a y  of c o l l e c t i o n  

u s i n g  t h e  az ide  m o d i f i c a t i o n  of t h e  iodometric ( W i n k l e r )  

m e t h o d  (A.P.HIAI, 1975) .  The r e m a i n d e r  of t h e  s a m p l e s  were 

s h i p p e d  b y  a i s  to t h e  Mater Q u a l i t y  B r a n c h  l a b o r a t o r y  i n  

Va n c  c u v e r  f os a n a l y s i s ,  

- A n a l y t i c a l  l e t h o d s  

F u l l  d e t a i l s  of t h e  a n a l y t i c a l  methods used  i n  t h e  

d e t e r m i n a t i o n s  of t h e  v a r i a b l e s  c o n s i d e r e d  i n  t h i s  s t u d y  a r e  

described i n  t h e  A n a l y t i c a l  M e t h o d s  Hanuaf  ( E n v i r o n m e n t  

C a n a d a ,  1 9 7 9 ) .  D e t a i l e d  d a t a  n o t  p r e s e n t e d  in t h i s  r epor t  a r e  

a v a i l a b l e  from t h e  Data Systems Section of Water Q u a l i t y  

Branch, I n l a n d  Waters Directorate ,  Ottawa, 

Q u a l i t y  C c n t r o l  

I n  a l l  f i e l d  s t u d i e s  c o n c e r n s  a b o u t  t h e  q u a l i t y  of t h e  

d a t a  b e i n g  g a t h e r e d  must be addressed .  I n  t h e  p r e s e n t  s t u d y  a 

number  of t h e  c o n c e r n s  w h i c h  we f e l t  p e r t i n e n t  itere e x a m i n e d .  

C u r  f i r s t  concern was the v a r i a t i o n  i n  c o n c e n t r a t i o n  

a c r o s s  t h e  v i d t h  of t h e  r i v e r  a t  t h e  s a m p l i n g  s i t e s ,  T o  

a d d r e s s  t h i s  q u e s t i o n  s a m p l e s  were co l l ec t ed  a t  four holes 

d r i l l e d  t h r o u g h  t h e  ice across  t h e  w i d t h  of t h e  r i v e r .  Prom 

t h e s e  s a m p l e s  we were a b l e  t o  c o n c l u d e  t h a t  no l a t e r a l  

v a r i a t i o n  e x i s t e d ,  i n d i c a t i n g  that a s i n g l e  hole i n  a 

transect w a s  a d e q u a t e  for t h e  c o l l e c t i o n  of data .  

The s e c o n d  c c a c e m  bias w h e t h e r  d a i l y  a n d  short- term 

v a r i a t i o n  would  a f f e c t  t h e  m e a s u r e m e n t s ,  To a d d r e s s  t h i s  
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q u e s t i o n ,  d a i l y  s a m p l e s  were col lected a t  one s i t e  for a 

p e r i o d  of f i v e  d a y s  t o  e x a m i n e  d a y  t o  d a y  v a r i a t i o n s .  To 

e x a m i n e  short- term v a r i a t i o n s  samples were collected from o n e  

s a m p l i n g  h o l e  e v e r y  t h i r t y  m i n u t e s  ( i n  r e p l i c a t e s  of f o u r )  

f o r  t h ree  h o u r s ,  T h e  d e t e r m i n a t i o n s  of d i s s o l v e d  o x y g e n  on 

t h e s e  s a m p l e s  s h o w e d  l i t t l e  v a r i a t i o n  i n d i c a t i n g  t h a t  time of 

day  had  no a f f e c t  on  the r e s u l t s  obtained. 

The l a s t  c o n c e r n  w h i c h  we addressed  was related to the 

p r o c e s s  of d r i l l i n g  a h o l e  t h r o u g h  t h e  ice for t h e  c o l l e c t i o n  

of samples, T h e  p h y s i c a l  d i s t u r b a n c e  of t h e  water w h i c h  

occurs  when a h o l e  is d r i l l e d  h a s  t h e  p o t e n t i a l  for p r o d u c i n g  

k i a s c d  results. To d e t e r m i n e  whether  o r  n o t  this vas a c t u a l l y  

a p r o b l e r s  we d r i l l e d  a h o l e  a n d  sampled from i t  every t v o  

m i n u t e s  for s i x t e e n  m i n u t e s  frool t h e  time t h e  h o l e  was 

o p e n e d .  T h i s  p r o c e d u r e  was f o l l o w e d  for two separate holes. 

The o n l y  v a r i a t i o n  f o u n d  among t h e s e  two sets of s a e F l e s  was 

d u e  t o  t h e  l i m i t s  of t h e  a n a l y t i c a l  method, s u g g e s t i n g  t h a t  

t h e  p h y s i c a l  d i s r u p t i o n  caused  b y  t h e  d r i l l i n g  of t h e  h o l e  

t h r o u g h  t h e  ice does n o t  affect the r e s u l t s  o b t a i n e d ,  i n  t h e  

s i t u a t i o n  u n d e r  s t u d y .  
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R e s u l t s  

I 

I 
i 

----I_- F o r m a t i o n  02 C o v e r  

The f o r m a t i o n  of ice c o v e r  on t h e  N o r d e n s k i o l d  R i v e r  

b e g i n s  in B i d - O c t o b e r  w,th L e  d e v e l o p m e n t  of s h o r e  ice, A t  

t h e  time of  t h e  f i e l d  v i s i t  on 6 t h  November a n e a r l y  c o m p l e t e  

ice c o v e r  e x i s t e d  a t  t h e  t h r e e  u p p e r  sites (Kilometer 

317-342) -  T h e r e  u e r e , h o w e v e r , n u m e r o u s  leads i n  t h e  ice  

s u g g e s t i n g  t h a t  t h e  ice c o v e r  v a s  j u s t  forming. I n  gene ra l ,  

i c e  f o r m s  when water t e m p e r a t u r e s  r e a c h  zero d e g r e e s  C e l s i u s  

and c o n t i n u e s  as b e a t  is lost t o  t h e  a tmosphe re .  A t  t h e  same 

time i n  t h e  lower reach of t h e  z i v e r  there was only a p a r t i a l  

ice c o v e r ,  w i t h  80-90 p e r c e n t  of t h e  surface b e i n g  o p e n ,  A t  

Kilometer 353 t h e  ice a p p e a r e d  t o  be a c c u m u l a t i n g  a n d  

p r o g r e s s i n g  from t h e  r i g h t  bank .  On t h e  l e f t  b a n k  t h e  su r f ace  

v e l o c i t y  a p p e a r e d  t o  be i n h i b i t i n g  t h e  f o r m a t i o n  of ice. A t  

t h e  C a r a a c k s  s i te ,  w h e r e  f l o u  was v e r y  t u r b u l e n t ,  ice c o v e r  

f o r m a t i o n  was q u i t e  i r r e g u l a r ,  L a r g e  a m o u n t s  of f r a z i l  ice 

wefe p r e s e n t  floving o v e r  a n d  a r o u n d  i s l a n d s  of bottomfast  

ice. T h i s  t y p e  of f low r e su l t s  i n  a b u i l d i n g  of an  ice s h e e t  

t h r o u g h  f r e e z i n g  on t h e  u p F e r  surface r a the r  t h a n  on t h e  

bottom of t h e  ice a s  t y p i f i e s  more q u i e s c e n t  waters, 

Ey November  1 0 t h  a c o n t i n u o u s  ice cover e x i s t e d  a t  a l l  

f i v e  s i t e s  a l o n g  t h e  r i v e r .  Air t e m p e r a t u r e s  were i n  t h e  

range from -20 and -30  d e g r e e s  C e l s i u s ,  By t h e  e n d  of t h e  

November f i e l d  t r i p  ( 1 5 t h )  t h e  ice t h i c k n e s s  had r e a c h e d  40 
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cm i n  t h e  u p p e r  r e a c h e s ,  with a b o u t  25 cm p r e s e n t  in t h e  

lower reach. I n  J a n u a r y  a n d  F e b r u a r y  ice t h i c k n e s s  h a d  

i n c r e a s e d  t o  110-125 cm, by  !larch it vas 170-185 cm, A t  t h e  

Caraacks  s i t e ,  t h e  e a r l i e r  s i t u a t i o n  d e v e l o p e d  i n t o  a 

modera te  a u f e i s  formation, The i n i t i a l  s t a g e s  of t h e  b r e a k - u p  

of  t h e  N o r d e n s k i o l d  ice uere o b s e r v e d  at t h e  e n d  of t h e  A p r i l  

f i e l d  t r i p .  Warmer a i r  t e m p e r a t u r e s  a n d  m e l t i n g  s n o w  cover  

r e s u l t e d  i n  a layer of f l o w i n g  vater o n  t h e  s u r f a c e  of t h e  

ice. Ice c o v e r  was p r e s e n t  t h r o u g h  t h e  u p p e r  p o r t i o n  of t h e  

river, u h i f e  t h e  l o v e r  p o r t i o n  was b e g i n n i n g  t o  h a v e  small  

a r e a s  of o p e n  v a t e r .  B r e a k - u p  on t h e  N o r d e n s k i o l d  R i v e r  was 

e s t i B a t e d  t o  have occurred between A p r i l  20th and  29th, 1983. 

In e a r l y  November ice cover f o r m a t i o n  was i n  t h e  i n i t i a l  

s t a g e s  a t  most of t h e  T a k h i n i  R i v e r  sites. Open v a t e r  still  

e x i s t E d  a t  f l e n d e n h a l l  L a n d i n g  d u e  t o  warmer water 

temperatures  ( t h r e e  d e g r e e s  C e l s i u s )  r e s u l t i n g  from the 

t h e r m a l  e n e r g y  s tored i n  Kusava L a k e .  A t  sites d o w n s t r e a m ,  

h o w e v e r ,  a b o u t  t e n  c e n t i m e t e r s  of shore  ice had d e v e l o p e d .  

Bank ice  f o r m a t i o n  a t  f l e n d e n h a l l  L a n d i n g  b e g a n  on November 

l o t h ,  1982. By t h e  end of t h e  November f i e l d  t r i p  small pans 

of ice f o r m i n g  from f r a z i l  ice  were c o v e r i n g  most of t h e  

s u r f a c e  of  t h e  river a t  IYendenba11 L a n d i n g .  F u r t h e r  

d o w n s t r e a n ,  a t  t h e  Alaska Highway c r o s s i n g  bank ice  c o v e r e d  

50 p e r c e n t  of t h e  s u r f a c e  area of t h e  r i v e r .  T h e  open F o r t i o n  

of the r i v e r  vas m o s t l y  c o v e r e d  w i t h  f l o u i n g  p a n s  of ice. On 

t h e  r i g h t  bank these p a n s  were a c c u m u l a t i n g  a g a i n s t  t h e  b a n k  

ice. 'Ivo days l a t e r ,  o n  November 1 0 t h  i c e  cove I :  e x i s t e d  o v e r  



1 5  

t h e  e n t i r e  s u r f a c e  of t h e  river a t  t h i s  s i te ,  At t h e  Old 

Dawson R o a d  c r o s s i n g  of t h e  T a k h i n i  R i v e r  t h e  ice c o v e r  was 

g e n e r a t e d  t h r o u g h  a c o m b i n a t i o n  of a small ice jam u p s t r e a m  

of t h e  s i t e  a n d  e x t e n s i v e  d e v e l o p m e n t  of s h o r e  ice downstream 

of  t h e  jam. On t h e  i n i t i a l  v i s i t  i n  November t o  t h i s  site 

a b o u t  80 p e r c e n t  of t h e  rivers s u r f a c e  was c o v e r e d  with ice, 

On t h e  n e x t  d a y  (November 7 t h )  t h e  river was c o m p l e t e l y  

cove red  w i t h  ice s e v e n  t o  t e n  c e n t i m e t e r s  i n  t h i c k n e s s .  

A s h t o n  (1978) d e s c r i b e s  a n  ice jam as a n  a c c u m u l a t i o n  of 

f l o a t i n g  ice f r a g m e n t s  t h a t  causes b r i d g i n g  ac ross  t h e  

s u r f a c e  of a r i v e r .  I n i t i a l  b r i d g i n g  is t h e  r e s u l t  of t h e  ice  

d i s c h a r g e  r a t e ,  f r a g m e n t  size, and t h e  u i d t h  of open u a t e r  

b e t w e e n  t h e  b a n k s ,  Three t y p e s  of jams are d e s c r i b e d  b y  

A s h t o n  (1978) : s i m p l e  s u r f a c e  a c c u m u l a t i o n s ,  f o r  which t h e  

t h i c k n e s s  is d e t e r m i n e d  b y  t h e  f l o u  a n d  ice charac te r i s t ics  

a t  t h e  u p s t r e a m  e d g e ;  a c c u m u l a t i o n s  t h a t  o c c u p y  a l a r g e  

fracticn of t h e  flow cross s e c t i o n  but a r e  s t i l l  f l o a t i n g ;  

a n d  t h e  ' d r y '  ice jams, i n  wh ich  t h e  ice a c c u m u l a t i o n  e x t e n d s  

to  t h e  b o t t o n  a n d  is g r o u n d e d ,  The jams on t h e  T a k h i n i  r i v e r  

were s i m p l e  surface a c c u m u l a t i o n s .  

T h e  lower reach of t h e  r i v e r  is n a r r o w  a n d  t o  a degree 

m e a n d e r i n g  w i t h  a s u b s t a n t i a l  i n c r e a s e  i n  f l ow o v e r  t h a t  

o b s e r v e d  a t  H e n d e n h a l l  L a n d i n g .  Ice f o r m a t i o n  at the K l o n d i k e  

Highway s i t e  uas similar t o  t h e  formation a t  t h e  o t h e r  two 

s i t e s  i n  t h i s  l o w e r  reach, In e a c h  case ice jams b e g a n  t o  

form a t  c o n s t r i c t i o n s  i n  t h e  r i v e r  w i t h  e x t e n s i v e  development 

of s h c r e  ice d o w n s t r e a m  of t h e  jams. F u l l  ice c o v e r  d e v e l o p e d  
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i n  t h i s  lower r e a c h  by t h e  e n d  of t h e  November f i e l d  t r i p .  

For t h e  r e m a i n d e r  of t h e  w i n t e r  a l l  f o u r  s i t e s  h a d  

c o m p e t e n t  ice c o v e f s  of a p p r o x i m a t e l y  t h e  same t h i c k n e s s  

d e s c r i b e d  for t h e  N o r d e n s k i o l d  River.  T h i s  full ice  c o v e r  

r e m a i n e d  t h r o u g h  t h e  e n d  of t h e  A p r i l  s a m p l i n g ,  D u r i n g  A p r i l  

t h e  s n c u  c o v e r  was n e a r l y  gone, a n d  b r e a k - u p  o c c u r r e d  b e t w e e n  

the A p r i l  a n d  May s a m p l i n g  t r i p s .  

D i  sc h ar q e -- 
The Water S u r v e y  of C a n a d a  (WSC) h a v e  two r e c o r d i n g  

g a u g e s  f o r  d i s c h a r g e  m e a s u r e m e n t s  on t h e  T a k h i n i  R i v e r .  O n e  

s t a t i c n  located a t  t h e  outlet  of Kusaua Lake ( S t a t i o n  

No.09ACOO4) was e s t a b l i s h e d  i n  1952 a n d  r e loca ted  d o w n s t r e a m  

i n  1081. The s e c o n d  USC s i t e  ( S t a t i o n  No.09AC001) was 

i n s t a l l e d  i n  1948 d o w n s t r e a m  trom t h e  A l a s k a  Highway s a m p l i n g  

s i t e  ( F i g u r e  1 ) .  flean m o n t h l y  d i s c h a r g e  r eco rds  d u r i n g  t h e  

s t u d y  p e r i o d  for both s t a t i o n s  a re  shown i n  F i g u r e  3. F i g u r e  

3 shows a s l i g h t  i n c r e a s e  i n  flow a t  t h e  d o w n s t r e a m  s i te .  

This s i t e  d i f f e r s  from t h e  Kusaua L a k e  site i n  stream 

m o r p h o l o g y  a s  well a s  b e i n g  i n f l u e n c e d  by g r o u n d w a t e r  

d i s c h a r g e  a n d  i n f l o w  f r o m  t h e  I b e x  R i v e r .  The two s t a t i o n s  

h a v e  s imi la r  d i s c h a r g e  p a t t e r n s .  I n  A u g u s t  f lows  were 

d e c r e a s i n g  a n d  minimum f lows  o c c u r r e d  from December t h r o u g h  

A p r i l ,  H i n i m u m  d a i l y  mean d i s c h a r g e  of 9 mJ/s was r e c o r d e d  o n  

2 4  A p r i l  1 9 8 3  a t  Kusava  L a k e  ( E n v i r o n m e n t  C a n a d a ,  1 9 8 3 ) .  

Streamflow s t a r t e d  to increase in n a y  a f t e r  b r e a k - u p  a n d  b y  

J u l y  1983 a maximum d i s c h a r g e  of 1 9 7  m 3 / s  a t  K u s a u a  a n d  207 
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m J / s  d o w n s t r e a m  at t h e  Alaska Highway  b r i d g e  was recorded. 

D i s c h a r g e  r e m a i n e d  r e l a t i v e l y  h i g h  t h r o u g h  J u l y  and A u g u s t  

m a i n t a i n e d  l a r g e l y  by p r e c i p i t a t i o n ,  g l a c i a l  m e l t v a t e r ,  

s t o r a g e  f r o m  Kusawa Lake a n d  g r o u n d u a t e r  d i s c h a r g e .  

T h e  h y d r o l o g i c a l  s t a t i o n  on t h e  N o r d e n s k i o l d  R i v e r  u a s  

i n s t a l l e d  i n  t h e  s p r i n g  of 1982, s l i g h t l y  u p s t r e a m  from o u r  

Kilometer  3 5 3  s a m p l i n g  site. From the g a u g e  r e c o r d i n g s  

maximum d i s c h a r g e  of U 8  m3/s o c c u r r e d  o n  02 Hay 1983, t u o  

months ear l ier  t h a n  secorded o n  the T a k h i n i  R i v e r  ( F i g u r e  4). 

Minimum d i s c h a r g e  was i n d i c a t e d  on 25 &larch 1983 ,  

a p p r o x i m a t e l y  o n e  month  earl ier t h a n  t h e  T a k h i n i ,  with a 

d i s c h a r g e  of 2.5 ~3/s. 

-II- D i s s o l v e d  Oxyqen  W r e s s i o n s  

I n  A u g u s t  bo th  t h e  T a k h i n i  a n d  N o r d e n s k i o l d  R i v e r s  were 

fully s a t u r a t e d  w i t h  r e s p e c t  to d i s s o l v e d  oxygen. U i t b  water  

ternFeratures i n  t h e  r a n g e  of 10 t o  12 d e g r e e s  C e l s i u s ,  u a t e r  

s a t u r a t e d  w i t h  d i s s o l v e d  oxygen u o u l d  h a v e  a c o n c e n t r a t i o n  of 

about 11 mg/l. A l l  m e a s u r e m e n t s  i n  A u g u s t  were i n  excess of 

t h i s  level,  a v e r a g i n g  about  12.5  a y / l ,  s u g g e s t i n g  a d e g r e e  of 

s u p e r s a t u r a t i o n .  I n  November c o n c e n t r a t i o n s  were much more 

v a r i e d ,  r a n g i n g  frcm a h i g h  of 15.8 mg/l f o r  t h e  T a k h i n i  

River, t o  a low of 8.5 s y / l  at one of t h e  Nordenskiold R i v e r  

sites. All sites showed r a p i d  d e c l i n e s  w i t h  r e spc t  t o  

d i s s o l v e d  oxygen c o n c e n t r a t i o n s  d u r i n g  t h e  Hoveiaber s a m p l i n g .  

F i g u r e  5 shows d i s s o l v e d  oxygen c o n c e n t r a t i o n s  o v e r  t h e  s t u d y  

p e r i o d  a t  t h e  s i t e s  o n  t h e  N o r d e n s k i o l d  a n d  T a k h i n i  Rivers. 
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2 1  

The e x t r e m e l y  h i g h  v a l u e s  of d i s s o l v e d  oxygen m e a s u r e d  i n  t h e  

T a k h i n i  B i v e r  a t  t h e  b e g i n n i n g  of November  reflect a c h a n g e  

i n  t h e  s a t u r a t i o n  l e v e l  w h i c h  r e s u l t s  from t h e  decrease i n  

t e i a p e r a t u r e .  A t  0 .5 d e g r e e s  C e l s i u s  t h e  l e v e l  of saturation 

f o r  o x y g e n  is 14.4 e g / L  In t h i s  respect d i s s o l v e d  o x y g e n  

c o n c e n t r a t i o n s  were a t  a b o u t  t h e  same l e v e l s  of s a t u r a t i o n  a s  

o b s e r v e d  in A u g u s t .  D u r i n g  t h e  Elovember s a m p l i n g  t r i p  o x y g e n  

c o n c e n t r a t i o n s  decreased b e t w e e n  e a c h  s a m p l i n g .  T h i s  is 

ref lected i n  Figure 5 by t h e  s h a r p  d e c l i n e  e v i d e n t  among t h e  

No vea h e r  s a m p l e s .  

Oxygen  c o n c e n t r a t i o n s  c o n t i n u e d  t o  d e c l i n e  from the 

November l e v e l s  t h r o u g h  J a n u a r y  and i n t o  n a r c h  ( F i g u r e  5) .  

D u r i n g  A p r i l  s i g n i f i c a n t  i n c r e a s e s  i n  d i s s o l v e d  oxygen were 

o k s e r v e d  d e s p i t e  t h e  f a c t  t h a t  t h e r e  u a s  still a f u l l  ice 

cover on b o t h  r i v e r s .  I n  May, a f t e r  t h e  b r e a k - u p  of t h e  ice 

cover t h e r e  uas still some v a r i a t i o n  i n  the d i s s o l v e d  o x y g e n  

medsure iaen  ts. T h e s e  m e a s u r e m e n t s  were near t o  s a t u r a t i o n  when 

t h e  i n c r e a s e d  t e m p e r a t u r e  is t a k e n  i n t o  c o n s i d e r a t i o n .  

T h e  resul ts  shown i n  F i g u r e  5 o u t l i n e  some of t h e  

f e a t u r e s  w h i c h  n e e d  f u r t h e r  e v a l u a t i o n .  T h e s e  are: 

1.  D i s s o l v e d  o x y g e n  became much more d e p r e s s e d  i n  the 

N o r d e n s k i o l d  R i v e r  t h a n  i n  t h e  T a k h i n i  River. It is 

i m p o r t a n t  t h a t  the r e a s o n s  for t h i s  d i f f e r e n c e  be 

e v a l u a t e d .  

2. B o t h  t h e  T a k h i n i  and Nordenskiold ? ? i v e r s  s h o v e d  a r a p i d  

d e c l i n e  i n  o x y g e n  c o n c e n t r a t i o n  d u r i n g  t h e  two w e e k  
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2 2  

s a m p l i n g  p e r i o d  i n  November. E a r l i e r  s t u d i e s  f a i l e d  to 

o b s e r v e  t h i s  phenoeaenon, l a r g e l y  because of t h e  s a m p l i n g  

d e s i g n s  t h a t  u e r e  u s e d .  It is a p p a r e n t  t h a t  t h e  p e r i o d  

d u r i n g  w h i c h  ice formation is t a k i n g  Elace i s  c r i t i ca l  in 

the d e v e l o p m e n t  of t h e  o x y g e n  d e p r e s s i o n s ,  

The i n c r e a s e s  i n  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  o b s e r v e d  

d u r i n y  A p r i l  u n d e r  a f u l l  ice c o v e r  i s  a n o t h e r  

o b s e r v a t i o n  w h i c h  v a s  n o t  d e s c r i b e d  i n  r r e v i o u s  s t u d i e s .  

T h e  mechan i sm which is r e s p o n s i b l e  for  i n c r e a s e s  i n  

d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  d u r i n g  t h i s  p e r i o d  a l s o  

needs t o  b e  e v a l u a t e d ,  

T h e s e  e v a l u a t i o n s  i n v o l v e d  c o n s i d e r i n g  t h e  o b s e r v a t i o n s  of 

d i s s o l v e d  o x y g e n  a n d  the o the r  c h e m i c a l  v a r i a b l e s ,  p h y s i c a l  

p r o c e s s e s  a n d  t h e  p o t e n t i a l  for b i o l o g i c a l  processes r e l e v a n t  

t o  these observations, T o  e x a m i n e  t h e s e  related phenomena we 

chose t h r e e  d i s t i n c t  s t r a t e g i e s :  

1, In c o n s i d e r i n g  u h y  t h e  N o r d e n s k i o l d  R i v e r  is d i s t i n c t l y  

d i f f e r e n t  from t h e  T a k h i n i  River, we e x a m i n e d  t h e  

r e l a t i o n s h i p  b e t w e e n  a l l  of t h e  v a r i a b l e s  u s i n g  

c o r r e l a t i o n  a n a l y s i s .  From c o r r e l a t i o n  matrices for e a c h  

r i v e r  a g r o u p  of v a r i a b l e s  uere selected for f u r t h e r  

c o n s i d e r a t i o n ,  n a m e l y ;  t o t a l  organic c a r b o n ,  silicate, 

total i n o r g a n i c  c a r b o n ,  s o d i u m , a n d  a l k a l i n i t y .  The  f i r s t  

s t e p  v a s  t o  plot each of these v a r i a b l e s  a g a i n s t  
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d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n ,  P o l l o u i n g  t h i s  e a c h  of 

t h e  v a r i a b l e s  v a s  p l o t t e d  a s  a f u n c t i o n  of time o v e r  t h e  

s t u d y  p e r i o d .  

2. I n  c o n s i d e r i n g  t h e  r a p i d  decrease i n  d i s s o l v e d  o x y g e n  

c o n c e n t r a t i o n  o b s e r v e d  d u r i n g  November,  u e  followed t h e  

same p a t t e r n  t h a t  was d e s c r i b e d  a b o v e  l i m i t i n g  t h e  

a n a l y s i s  t o  only t h e  November  o b s e r v a t i o n s .  

3. T h e  i n c r e a s e s  i n  d i s s o l v e d  o x y g e n  that uere o b s e r v e d  i n  

A p r i l  were e x a m i n e d  by e v a l u a t i n g  t h e  d a t a  in t h e  

i n t e r v a l  f r o m  March [ p r i o r  to t h e  i n c r e a s e s )  t h r o u g h  t o  

klay. This approach vas n e c e s s a r y  because  the data set for 

A p r i l  bas rsuch more l i m i t e d  t h a n  t h e  d a t a  from November. 

N o r d e n s k i o l d -  -------- T a k h i n i  Differences 

T h e  plot of mean t o t a l  o r g a n i c  carbon c o n c e n t r a t i o n  

a g a i n s t  d i s s o l v e d  o x y g e n  ( F i g u r e  6 )  i l l u s t r a t e s  d i f f e r e n c e s  

i n  b o t h  these v a r i a b l e s  b e t w e e n  the t w o  r i v e r s ,  T h e  

d i f f e r e n c e  w i t h  respect t o  t o t a l  o r g a n i c  c a r b o n  H a s  

a n t i c i p a t e d  i n  t h e  d e s i g n  of t h e  s t u d y ,  a n d  F i g u r e  6 c o n f i r m s  

t h a t  the N o r d e n s k i o l d  R i v e r  h a s  a s u b s t a n t i a l l y  g r e a t e r  

c o n c e n t r a t i o n  of o r g a n i c  c a r b o n .  N o t i n g  t h a t  t h e  ' y - a x i s '  i n  

F i g u r e  6 is a l o g  a x i s ,  t h e  E l o r d e n s k i o l d  R i v e r  h a s  a m e d i a n  

c c n c e n t r a t i o n  of a t o u t  6 - 5  mg/l cf t o t a l  o r g a n i c  c a r b o n  u h i l e  

the T a k h i n i  River has a m e d i a n  v a l u e  of a b o u t  1 - 5  mg/l .  
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2 5  

W i t h  r e s p e c t  t o  s i l i ca te ,  sholrn in F i g u r e  7, t h e  

N o r d e n s k i o l d  h a s  a h i g h e r  c o n c e n t r a t i o n  t h a n  t h e  T a k h i n i  

R i v e r .  H o u e v e ~ ,  s i l i c a t e  c o n c e n t r a t i o n s  i n  t h e  Wordensk io ld  

River showed l i t t l e  v a r i a t i o n  during t h e  s t u d y  p e r i o d ,  

whereas ,  t h e  T a k h i n i  R i v e r  v a r i e d  from a low of 3 mg/l  t o  a 

h i g h  of 7 mg/l, It is o b v i o u s  from F i g u r e  7 t h a t  real  

d i f f e r e n c e s  e x i s t  b e t w e e n  t h e  two r i v e r s  w i t h  respect t o  

si l i c a  te  c o n c e n t r a t i o n .  

T o t a l  i n o r g a n i c  c a r b o n  d e m o n s t r a t e s  a similar p a t t e r n  t o  

s i l i c a t e .  T h e  N o r d e n s k i o l d  R i v e r  h a s  h i g h e r  t o t a l  i n o r g a n i c  

c o n c e n t r a t i o n s  t h a n  does  t h e  T a k h i n i  R i v e r ,  The a v e r a g e  for 

t h e  N o r d e n s k i o l d  was a b o u t  30 mg/l ,  w h i l e  the T a k h i n i  a v e r a g e  

was a p p r o x i m a t e l y  5 mg/l, S i m i l a r  results were o b t a i n e d  f o r  

a l k a l i n i t y ,  s h o w n  i n  F i g u r e  9. A g a i n  t h e  N o r d e n s k i o l d  R i v e r  

e x h i b i t e d  h i g h e r  levels r a n g i n g  from 75 t o  150 n g / l  t h a n  t h e  

T a k n i n i  R i v e r  ( r a n g e  from 10 t o  55 a g / l ) .  

Prom t h e  results it i s  o b v i o u s  that t h e  N o r d e n s k i o l d  a n d  

T a k h i n i  R i v e r s  are v e r y  d i f f e r e n t  from each other i n  terms of  

a v e r a g e  c o n c e n t r a t i o n s  of t h e  v a r i a b l e s  descr ibed .  Huch 

g r e a t e r  v a r i a b i l i t y  u a s  e v i d e n t  i n  t h e  T a k h i a i  R i v e r .  S i n c e  

t h e s e  v a r i a b l e s ,  a s  e x h i b i t e d  in F i g u r e s  6 t o  9 ,  do  n o t  

a p p e a r  t o  be d i r e c t l y  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  of 

d i s s o l v e d  oxygen an e x a m i n a t i o n  of t h e  t e m p o r a l  c h a n g e  i n  t h e  

v a r i a b l e s  was c o n s i d e r e d .  

Tota l  o r g a n i c  c a r b o n  c o n c e n t r a t i o n s  i n  t h e  N o r d e n s k i o l d  

R i v e r  do n o t  c h a n g e  by a s i g n i f i c a n t  a m o u n t  b e t w e e n  A u g u s t  

a n d  November ( F i g u r e  1 0 ) .  The levels decrease from t h e  
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November l e v e l  of a b o u t  6 to 8 n g / l  t o  a b o u t  3 mg/l  i n  l a t e  

J a n u a r y .  A s l i g h t  i n c r e a s e  i n  c o n c e n t r a t i o n  t a k e s  p l a c e  

betueen F e b r u a r y  a n d  March,  followed b y  a d e c l i n e  t o  a b o u t  2 

ing/ l  i n  A p r i l .  I n  flay c o n c e n t r a t i o n s  a r e  much e l e v a t e d  (20 

mg/l) . C o n c e n t r a t i o n  v a r i a t i o n  b e t w e e n  s i tes  a n d  s a m p l i n g  

d a t e s  w i t h i n  each s a m p l i n g  t r i p  is small i n  t h e  N o r d e n s k i o l d  

R i v e r  d a t a .  However, t h e  T a k h i n i  R i v e r  b e h a v e s  i n  a q u i t e  

d i f f e r e n t  manner .  C o n c e n t r a t i o n s  of t o t a l  o r g a n i c  c a r b o n  a re  

generally s t a b l e  ove r  t h e  s t u d y  p e r i o d  u i t h  v a l u e s  r a n g i n g  

from 0.5 t o  5.0 mg/l. T h e r e  is no e v i d e n c e  of a n y  v a r i a t i o n  

over t h e  w i n t e r  (e.g. b e t w e e n  s a m p l i n g  t r i p s )  . Host of the 

v a r i a t i o n  among t h e  T a k h i n i  River samples occurs b e t w e e n  

s i t e s  and/or s a m p l i n g  times w i t h i n  a s a m p l i n g  t r i p .  

F i g u r e  10 a n d  t h e  plots w h i c h  follow a r e  d r a w n  i n  l o g  

s c a l e ,  The u s e  of t h i s  d i s p l a y  has t h e  p r o p e r t y  of making  t h e  

v a r i a t i o n  p r o p o r t i o n a l  to t h e  mean. I n  effect  this makes t h e  

v a r i a t i o n  w h i c h  is e v i d e n t  s i m i l a r  to t h e  c o e f f i c i e n t  of 

v a r i a t i o n .  I n  t h e  d e s c r i p t i o n s  w h i c h  f o l l o u  i t  is i m F o r t a n t  

t o  n o t e  t h a n  references to the v a r i a t i o n  e v i d e n t  in a f i g u r e  

is t h e  r e l a t i v e  v a r i a t i o n ,  n o t  a b s o l u t e  v a r i a t i o n .  

S i l i ca t e  C o n c e n t r a t i o n s  i n  t h e  N o r d e n s k i o l d  R i v e r  o v e r  

t h e  s t u d y  p e r i o d ,  shown i n  F i g u r e  11, reflect  d i f f e r e n c e s  i n  

t h e  flou regime. T h e  l o v e r  c o n c e n t r a t i o n s  o b s e r v e d  in A u g u s t  

a n d  Nay are t h e  r e s u l t  of t h e  h i g h e r  flows, h e n c e  h i g h e r  

d i l u t i o n ,  ( b u t  n o t  p r o p o r t i o n a l l y  s o )  t h a n  d u r i n g  t h e  l o u  

flow p e r i o d .  The N o r d e n s k i o l d  s i l i c a t e  c o n c e n t r a t i o n s  are, 

s i m i l a r  t o  t o t a l  o r g a n i c  c a r b o n ,  r e l a t i v e l y  i n v a r i a n t  b e t v e e n  
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s i t e s  a n d  w i t h i n  e a c h  s a a F l i n g  t r i p .  S i l i c a t e  c o n c e n t r a t i o n s  

i n  t h e  T a k h i n i  R i v e r  v a r y  less t h a n  o t h e r  v a r i a b l e s  w i t h i n  

s a m p l i n g  t r i p s ,  a n d  i n c r e a s e  d u r i n g  t h e  ice c o v e r e d  p e r i o d ,  

F i g u r e  11 s u g g e s t s  t h a t  the d a t a  from t h e  u p s t r e a m  site is 

somewhat  lover i n  c o n c e n t r a t i o n  t h a n  the  o t h e r  s i t e s ,  T h e  

T a k h i n i  R i v e r  also reflects the d i l u t i o n  effect of t h e  h i g h e r  

f l o w s  i n  A u g u s t  a n d  Nay. T h i s  d i l u t i o n  effect is n o t  a l i n e a r  

f u n c t i o n  o f  d i s c h a r g e ,  

The N o r d e n s k i o l d  R i v e r  a l s o  s h o w e d  l i t t l e  r e l a t i v e  

v a r i a t i o n  b e t r e e n  s i t e s  a n d  s a p l i n g s  w i t h i n  a s a m p l i n g  t r i p  

for t o t a l  i n o r g a n i c  carbon. A s i m i l a r  d i l u t i o n  effect  t o  t h a t  

n o t e d  for silicate v a s  also evident in t h e  A u g u s t  a n d  H a y  

t o t a l  i n o r g a n i c  c a r b o n  d a t a  i P i g u r e  12) .  Total i n o r g a n i c  

c a r b o n  i n  t h e  T a k h i n i  R i v e r  s h o u s  a clearer s e p a r a t i o n  

b e t w e e n  sites a l c n g  t h e  r i v e r ,  b e h a v e s  in a d i f f e r e n t  m a n n e r  

o v e r  t h e  w i n t e r  t h a n  t h e  N o r d e n s k i o l d  R i v e r .  Levels of t o t a l  

i n o r g a n i c  c a r b o n  show c o n t i n u i n g  i n c r e a s e s  over t h e  w i n t e r ,  

w h e r e a s  t h e  N o r d e n s k i c l d  r e m a i n e d  r e l a t i v e l y  c o n s t a n t  o v e r  

t h e  same p e r i o d .  L e v e l s  of t o t a l  i n o r g a n i c  c a r b o n  u e r e  

s u b s t a n t i a l l y  g r e a t e r  a t  t h e  t h r e e  s i t e s  on t h e  l o u e r  ( f l a t )  

p o r t i o n  of t h e  r i v e r ,  t h a n  were found a t  H e n d e n h a l l  L a n d i n g ,  

T h e s e  da ta  form t h e  lcwer F o i n t s  on t h e  g r a p h .  

S o d i u m  c o n c e n t r a t i o n s  in t h e  N o r d e n s k i o l d  R i v e r  a l s o  

reflect  a p a t t e r n  s i m i l a r  t o  t h a t  o b s e r v e d  f o r  the o t h e r  

i n o r g a n i c  v a r i a b l e s  ( F i g u r e  1 3 ) .  There i s  l i t t l e  v a r i a t i o n  i n  

sodium c o n c e n t r a t i o n  between si tes ,  o r  s a m p l i n g  times w i t h i n  

a s a m p l i n g  t r i p .  The d i l u t i o n  effect  n o t e d  for t h e  o t h e r  
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v a r i a b l e s  is more p r o n o u n c e d  for s o d i u m  t h a n  for the o t h e r  

v a r i a b l e s ,  T h e  lowest s o d i u m  c o n c e n t r a t i o n s  were o b s e r v e d  i n  

Play when flows were t h e  l a rges t ,  In t h e  T a k h i n i  R i v e r  s o d i u m  

c o n c e n t r a t i o n s  were q u i t e  war ied  b e t w e e n  sampling l o c a t i o n s ,  

w i  t h  c o n c e n t r a t i o n s  i n c r e a s i n g  b e t w e e n  Novelaber  a n d  A p r i l  

( F i g u r e  1 3 ) .  O v e r a l l ,  s o d i u m  c o n c e a t r a t i o n s  were f o u n d  t o  

vary i n  about  t h e  same m a n n e r  as t o t a l  i n o r g a n i c  c a r b o n  i n  

t h e  two r i v e r s ,  I n  t h e  N o r d e n s k i o l d  R i v e r ,  s o d i u m  

c o n c e n t r a t i o n s  reached a h i g h  level i n  November a n d  r e m a i n e d  

a t  t h i s  l e v e l  for t h e  d u r a t i o n  of t h e  ice c o v e r e d  p e r i o d .  In 

t h e  Takhini R i v e r ,  s o d i u m  c o n c e n t r a t i o n  c o n t i n u e d  t o  increase 

t h r o u g h o u t  the winter ice covered p e r i o d .  The effect  of  

i n c r e a s e d  flows d u r i n g  Bay on sodium c o n c e n t r a t i o n s  in the 

T a k h i n i  R i v e r  is much less p r o n o u n c e d  t h a n  t h e  e f fec t  

o b s e r v e d  i n  t h e  N o r d e n s k i o l d  R i v e r ,  b e c a u s e  t h e  i n c r e a s e  i n  

d i s c h a r g e  was less. 

A l k a l i n i t y  m e a s u r e m e n t s  o v e r  the s t u d y  period a r e  s h o w n  

i n  F i g u r e  14.  I n  t h e  N o r d e n s k i o l d  R i v e r ,  a l k a l i n i t y  is 

r e l a t i v e l y  c o n s t a n t  b e t w e e n  s i t e s  a n d  s a m p l i n g  tisaes u i t h i n  a 

s a m p l i n g  t r i p ,  A l k a l i n i t y  reaches a maximum l e v e l  a t  

f r e e z e - u p  a n d  r e m a i n s  r e l a t i v e l y  c o n s t a n t  for t h e  d u r a t i o n  of 

t h e  w i n t e r .  T h e  d i l u t i o n  effects n o t e d  ear l ier  a r e  a g a i n  

e v i d e n t  i n  F i g u r e  14. A l k a l i n i t y  in t h e  T a k h i n i  R i v e r  b e h a v e d  

i n  a u c h  t h e  same manner  a s  s o d i u m  a n d  t o t a l  i n o r g a n i c  c a r b o n .  

T h e r e  is a c lear  s e p a r a t i o n  b e t w e e n  t h e  o b s e r v a t i o n s  a t  t h e  

four  sites, a n d  a g e n e r a l  i n c r e d s e  i n  C o n c e n t r a t i o n  o v e r  t h e  

w i n t e r ,  a n d  t h e r e  is a moderate d i l u t i o n  effect  e v i d e n t  in 
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Hay. 

The r e s u l t s  p r e s e n t e d  above demonstrate t h a t  t h e  

N o r d e n s k i o l d  a n d  T a k h i n i  R i v e r s  are d i f f e r e n t  from each o t h e r  

i n  a v a r i e t y  of ways.  T h e s e  d i f f e r e n c e s  can be s u m m a r i z e d  a s  

f cllows: 

1. D i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  become more d e p r e s s e d  i n  

t h e  N o r d e n s k i o l d  R i v e r  t h a n  i n  t h e  T a k h i n i  R i v e r  ( ‘Figure 

5 )  

2. C o n c e n t r a t i o n s  of a l l  v a r i a b l e s ,  e x c e p t  d i s s o l v e d  oxygen, 

s h o w e d  more v a r i a t i c n  b e t v e e n  s i t e s  a l o n g  t h e  T a k h i n i  

R i v e r  t h a n  a l o n g  t h e  N o r d e n s k i o l d  R i v e r  ( F i g u r e s  6 t o  

1 4 ) .  

3. T o t a l  o r g a n i c  c a r b o n ,  s i l i c a t e ,  t o t a l  i n o r g a n i c  carbon, 

s c d i u m ,  a n d  a l k a l i n i t y  h a v e  greater c o n c e n t r a t i o n s  i n  t h e  

N o r d e n s k i o l d  River t h a n  i n  t h e  T a k h i n i  R i v e r  ( F i g u r e s  6 ,  

7 ,  8 ,  13, a n d  9 ) .  

4 .  T o t a l  o r g a n i c  carbon c o n c e n t r a t i o n s  i n  t h e  N o r d e n s k i o l d  

R i v e r  d e c r e a s e d  d u r i n g  t h e  ice c o v e r e d  pe r iod  w i t h  a l o w  

b e i n g  reached i n  AFrj.1, In t h e  T a k h i n i  R i v e r  t h e r e  was 

some v a r i a b i l i t y  b e t v e e n  s a m p l i n g  sites (Figure l o ) ,  b u t  

l e v e l s  d i d  n o t  c h a n g e  o v e r  t h e  w i n t e r .  

5 .  In t h e  N o r d e n s k i o l d  R i v e r ,  s i l i c a t e ,  t o t a l  i n o r g a n i c  

c a r b o n ,  s o d i u m ,  a n d  a l k a l i n i t y  rentaioed a t  a r e l a t i v e l y  

c c n s t a n t  l e v e l  t h r o u g h o u t  t h e  ice covered p e r i o d ,  w h i l e  

t h e  T a k h i n i  R i v e r  s h o w e d  g r a d u a l  i n c r e a s e s  d u r i n g  t h i s  

p e r i o d  ( F i g u r e s  11  t o  14). 



3 8  

T h e r e  a re  a l s o  s i m i l a r i t i e s  b e t w e e n  the t u o  r i v e r s  v i t h  

r e s p e c t  t o  t h e  v a r i a b l e s  d e s c r i b e d ,  namely:  

1 .  D e p r e s s i o n s  of  dissolved o x y g e n  occurred i n  both r i v e r s ,  

a l t h o u g h  t o  d i f f e r e n t  d e g r e e s  ( F i g u r e  5 ) .  

2 .  B o t h  r i v e r s  exhibit a very r a p i d  decrease i n  d i s s o l v e d  

oxygen over t h e  November s a m p l i n g  t r i p  ( F i g u r e  5) .  

3 .  From November t h r o u g h  t o  flarch, both r i v e r s  e x h i b i t e d  

decreases i n  t h e  c o n c e n t r a t i o n  of dissolved oxygen 

( F i g u r e  5 ) .  

4. Increases i n  d i s s o l v e d  o x y g e n  were o b s e r v e d  during A p r i l ,  

p r i o r  t o  t h e  decay of the ice cover. 

5. B o t h  r i v e r s  e x h i b i t e d  lover c o n c e n t r a t i o n s  of i n o r g a n i c  

ma te r i a l  a t  h i g h e r  d i s c h a r g e  rates. 

_I C h a n y e s  at F r e e z e 2  

D i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  decrease v e r y  r a p i d l y  at 

t h e  time of t h e  f o r m a t i o n  of t h e  r i v e r  ice  cover. P i g n r e  15 

e x F a n d s  t h e  t i m e  scale fo r  t h e  November sampling p e r i o d ,  a n d  

s h o w s  t h e  c h a n g e s  i n  d i s s o l v e d  oxygen c o n c e n t r a t i o n  o v e r  t h i s  

p e r i o d  more clearly. The T a k h i n i  River v a s  e f f e c t i v e l y  o p e n  

u h e n  samFled  on 5 November 1982, a n d  d i s s o l v e d  o x y g e n  
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c o n c e n t r a t i o n  was a t  s a t u r a t i o n .  Two d a y s  l a t e r ,  t h e  

d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  had d r o p p e d  b y  more t h a n  2 

mg/1, D u r i n g  t h i s  two-day i n t e r v a l  t h e r e  vas e x t e n s i v e  

d e v e l o p m e n t  of t h e  T a k h i n i  R i v e r  ice c o v e r -  On t h e  f o l l o w i n g  

d a y s  t h e  ice c o v e r  became n e a r l y  c o m p l e t e ,  and d i s s o l v e d  

o x y g e n  c o n c e n t r a t i o n s  s t a b i l i z e d  a r o u n d  13 mg/l. 

In t h e  N o r d e n s k i o l d  R i v e r ,  d i s s o l v e d  o x y g e n  

c o n c e n t r a t i o n s  Yere already somewhat d e p r e s s e d  when s a m p l e d  

on 6 t h  November 1982. T h e r e  was nore v a r i a t i o n  b e t w e e n  

N o r d e n s k i o l d  R i v e r  s i tes w i t h  r e s p e c t  to d i s s o l v e d  o x y g e n  

c o n c e n t r a t i o n  t h a n  was e v i d e n t  f o r  t h e  T a k h i n i  R i v e r ,  D u r i n g  

t h e  p e r i o d  b e t w e e n  the  6th and 9 t h  of Boveolber when t h e  n e x t  

s a m p l e s  were t a k e n ,  dissolved o x y g e n  c o n c e n t r a t i o n s  decreased 

b y  a b o u t  2 m g / l  a t  each of t h e  W o r d e n s k i o l d  r i v e r  s i tes .  

S imi l a r  t o  t h e  T a k h i n i  R i v e r ,  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  

s u b s e q u e n t l y  d e c r e a s e d  a t  a much lower rate,  

I n  t h e  p r e v i o u s  s e c t i o n  we saw t h a t  t h e  c o n c e n t r a t i o n s  

of t o t a l  o r g a n i c  c a r b o n  decreased d u r i n g  t h e  w i n t e r  in t h e  

N o r d e n s k i o l d  R i v e r .  D u r i n g  t h e  November  s a m p l i n g ,  t o t a l  

o r g a n i c  c a r b o n  c o n c e n t r a t i o n s  i n  t h e  N o r d e n s k i o l d  River 

r e a a i n e d  r e l a t i v e l y  c o n s t a n t , r a n g i n g  from 5 t o  8 mg/l ( F i g u r e  

1 6 ) -  In t h e  T a k h i n i  R i v e r ,  l e v e l s  of t o t a l  o r g a n i c  c a r b o n  

i n c r e a s e d  from less t h a n  1.5 mg/l  o n  5 a n d  7 November t o  

g r e a t e r  t h a n  1.5 mg/ l  from 1 0  - 14 November.  
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- Chanues  P r i o r  B r e a k - u p  

In  F i g u r e  5 a n  i n c r e a s e  i n  d i s s c l v e d  o x y g e n  d u r i n g  A p r i l  

was n o t e d .  T h i s  i n c r e a s e  o c c u r s  before  t h e  b r e a k - u p  of t h e  

i c e  c o v e r  a n d  is a phenomenon n o t  p r e v i o u s l y  repor ted .  I n  

F i g u r e  17 d i s s o l v e d  oxygen c o n c e n t r a t i o n s  over the p e r i o d  

from 14arch t h r o u g h  H a y  a r e  shown ,  The e x p a n d e d  t i m e  scale 

u s e d  i n  F i g u r e  17 a l l o w s  closer e x a m i n a t i o n  of the c h a n g e s  i n  

d i s s o l v e d  oxygen c o n c e n t r a  t i o n s  v h i c h  o c c u r  d u r i n g  t h i s  

c r i t i c a l  p e r i o d .  S i t e s  o n  t h e  N o r d e n s k i o l d  R i v e r  s h o w e d  

d i s s o l v e d  oxygen c o n c e n t r a t i o n  i n c r e a s e s  of a b o u t  3 mg/l  

between Flarch and A p r i l .  Since no s a m p l e s  were collected in 

t h e  i n t e r i m  per iod ,  ue a r e  u n a b l e  t o  c lea r ly  d e f i n e  when t h e  

c o n c e n t r a t  i o n  i n c r e a s e s  a c t u a l l y  began. The samples  t a k e n  in 

A p r i l  from e a c h  s t a t i o n  on t h e  H o r d e n s k i o l d  R i v e r  show t h a t  

i n c r e a s e  c o u l d  be q u i t e  r a p i d .  The  T a k h i n i  R i v e r  s a m p l e s  a l s o  

show t h e  same phenomenon, h o w e v e r  t h e  a m o u n t  of t h e  i n c r e a s e  

is less  t h a n  t h a t  o b s e r v e d  i n  t h e  N o r d e n s k i o l d  R i v e r  ( o n l y  

about 1.5 mg/l),  All t h e  s i t e s  on b o t h  r i v e r s  show i n d i v i d u a l  

v a r i a t i o n  on t h i s  g e n e r a l  p a t t e r n .  T h i s  s u g g e s t s  t h a t  t h e  

s i t e s  e i t h e r  b e h a v e  in s l i g h t l y  d i f f e r e n t  w a y s ,  or t h e  t i m i n g  

of t h e  phcnomenon d i f f e r s  h e t w e e n  sites. 

Tota l  o r g a n i c  c a r b o n  c o n c e n t r a t i o n s  d u r i n g  t h e  p e r i o d  

from Plarch t o  May a r e  s h o w n  i n  F i g u r e  18. Data from t h e  

N o r d e n s k i o l d  R i v e r  shows a s l i g h t  d e c l i n e  i n  t o t a l  o r g a n i c  

c a r b o n  c o n c e n t r a t i o n s  b e t v e e n  l'larch a n d  A p r i l .  A f t e r  b r e a k - u p  

t h e r e  was a s u b s t a n t i a l  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of 
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t o t a l  o r g a n i c  c a r b o n  i n  both rivers. For t h e  Nordenskiold 

R i v e r  this increase is  from 2 to a b o u t  20 ng/l. The  T a k h i n i  

c h a n g e s  somevhat less, from a r a n g e  of 0 . 5 - 2 - 0  t o  a r a n g e  o f  

1.0-U.0 mg/l. All the other v a r i a b l e s  show s u b s t a n t i a l  

decreases d u r i n g  t h e  same F e r i o d .  Those d e c r e a s e s  h a v e  b e e n  

a t t r i b u t e d  to  t h e  increase in d i s c h a r g e  d u r i n g  t h i s  interval. 
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- D i s c u s s i o n  

S c h a l l o c k  a n d  L o t s p e i c h  ( 1 9 7 4 )  i n d i c a t e d  t h a t  d i s s o l v e d  

o x y g e n  d e F r e s s i o n s  i n  Alaskan r i v e r s  b e g i n s  i n  O c t o b e r  a n d  

c o n t i n u e s  d e c l i n i n g  i n t o  F e b r u a r y .  T h e y  also f o u n d  t h a t  t h e  

m a g n i t u d e  of t h e  d e p r e s s i o n  i n c r e a s e d  w i t h  d o w n s t r e a m  d i s t a n c e ,  

a n  o b s e r v a t i o n  t h a t  was g e n e r a l l y  t r u e  in o u r  s t u d y ,  and has also 

been r e p o r t e d  by B o u t h i l l i e r  a n d  S i m p s o n  (1972) .  They also 

observed t h a t  a l k a l i n i t y  a n d  c o n d u c t i v i t y  i n c r e a s e d  o v e r  t h e  same 

t i m e - f r a m e .  T h e  r e s u l t s  of t h e  p r e s e n t  s t u d y  agree w i t h  t h e i r  

f i n d i  ngs , 

Data p r e s m t e d  by B o u t h i l l i e r  a n d  S i m p s o n  ( 1 9 7 2 )  s h o w s  a 

r a p i d  d e c l i n e  i n  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  a t  t h e  t i m e  of 

ice f o r m a t i o n  a n d  a s u b s t a n t i a l  i n c r e a s e  i n  l a t e  F e b r u a r y  a n d  

e a r l y  Harch, T h e s e  r e s u l t s  a r e  very s i m i l a r  t o  t h o s e  o b t a i n e d  i n  

t h e  Frcsent s t u d y .  B o u t h i l l i e r  a n d  Simpson (1972)  d i d  n o t  d i s c u s s  

t h i s  a s p e c t  of t h e i r  results,  

Schreier  e t  a l .  (1980) f o u n d  t h a t  d i s s o l v e d  o x y g e n  became 

d e p r e s s e d  i n  bo th  t h e  S w i f t  R i v e r  ( S o u t h e a s t e r n  Yukon) ,  a n d  t h e  

U g i l v i e  R i v e r  ( N o r t h c e n t r a l  Yukon) . They f o u n d  t h a t  t h e  lowest 

c o n c e n t r a t i o n s  o b s e r v e d  o c c u r r e d  d u r i n g  l a t e  w i n t e r ,  u h e n  ice 

c o v e r  was most e x t e n s i v e .  They f o u n d  n o  d i rect  r e l a t i o n s h i p  

b e t w e e n  ice t h i c k n e s s  or i ce  t y p e  a n d  oxygen c o n c e n t r a t i o n ,  T h e y  

also s u g g e s t e d  t h a t  a s  u i n t e r  p r o g r e s s e s  t h e  stream flow 

i n c r e a s i n g l y  c o n s i s t s  of g r o u n d w a t e r ,  u h i c h  is u s u a l l y  low i n  

o x y g e n .  Schre ie r  e t  al. (1980)  a l s o  n o t e d  t h a t  w h e r e  open water 

p e r s i s t e d  t h r o u g h  t h e  w i n t e r ,  t h e  d e p r e s s i o n  of d i s s o l v e d  o x y g e n  
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was reduced .  T h e y  n o t e d  t h a t  i n o r g a n i c  c o n s t i t u e n t s  i n c r e a s e d  i n  

C o n c e n t r a t i o n  o v e r  t h e  w i n t e r ,  w h i c h  t h e y  a t t r i b u t e d  t o  i n c r e a s e s  

i n  t h e  p r o p c r t i o n  of t h e  f l o u  c o n t r i b u t e d  b y  g r o u n d w a t e r .  The  

d a t a  p r e s e n t e d  by S c h r e i e r  e t  a l .  (1980) bears a close r e s e m b l a n c e  

t o  t h e  d a t a  p r e s e n t e d  i n  F i g u r e  5. Rowewer, t h e i r  s a m F l i n g  times 

d i d  no t  c o i n c i d e  u i t h  e i t h e r  t h e  p e r i o d  of ice f o r m a t i o n  or t h e  

p e r i o d  i m m e d i a t e l y  p r i o r  t o  b r e a k - u p ,  

In t h o s e  a reas  w h e r e  we c a n  comwre o u r  results 

s t u d i e s ,  our f i n d i n g s  a r e  v e r y  s i m i l a r ,  namely :  

1. 

2, 

3. 

Di sso l v e d  o x y g e n  b =ones i n c r e a s i n g 1  y d e p r e s s e ,  

t o  ear l ier  

t h r o u g h  t l e  

winter r e a c h i n g  i ts lowest c c n c e n t r a t i o n s  i n  F e b r u a r y  o r  

Ha rch . 
D u r i n g  t h e  same time-frame i n o r g a n i c  c o n s t i t u e n t s  i n c r e a s e  i n  

c o n c e n t r a t i o n .  T h i s  r e s u l t s  from t h e  i n c r e a s i n g  p r o p o r t i o n  of 

t h e  flow which  is c o n t r i b u t e d  frcm g r o u n d w a t e r .  

The m a g n i t u d e  of t h e  d i s s o l v e d  o x y g e n  d e F r e s s i o n  g e n e r a l l y  

i n c r e a s e d  u i t h  d i s t a n c e  d o w n s t r e a m ,  

In several o the r  a reas ,  h o w e v e r ,  o u r  r e s u l t s  r e p r e s e n t  new 

f i n d i n g s ,  T h e s e  neu f i n d i n g s  are:  

1. The a b s o l u t e  m a g n i t u d e  of t h e  d e p r e s s i o n ,  a n d  t h e  r a t e  a t  

w h i c h  it d e v e l o p s  is much g r e a t e r  i n  t h e  o r g a n i c  r i c h  

W o r d e n s k i c l d  R i v e r  t h a n  i n  t h e  T a k h i n i  River, 
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2. 

3 .  

4. 

5. 
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T h e  i n i t i a l  d e p r e s s i o n  of o x y g e n  occurs d u r i n g  t h e  f o r m a t i o n  

of i c e  c o v e r .  

T h e  c o n c e n t r a t i o n  of d i s s o l v e d  o x y g e n  i n c r e a s e s  t o  n e a r  

s a t u r a t i o n  p r i o r  t o  t h e  b r e a k - u p  of t h e  ice c o v e r .  

These f i n d i n g s  d o  not c o i n c i d e  with c h a n g e s  i n  a n y  of t h e  

o t h e r  v a r i a b l e s  t h a t  v e r e  m e a s u r e d .  

T h e  d e p r e s s i o n  of d i s s o l v e d  o x y g e n  occurs i n  two s t a g e s ,  a 

r a p i d  d e c l i n e  d u r i n g  t h e  f o r m a t i o n  of t h e  ice c o v e r ,  a n d  a 

slower d e c l i n e  w i t h  i n c r e a s i n g  t i m e  a f t e r  t h e  f o r m a t i o n  of 

the ice ccver. 

T h e s e  f i n d i n g s  s u g g e s t  t h a t  c u r r e n t  h y p o t h e s e s  of how w i n t e r  

d i s s o l v e d  o x y g e n  d e p r e s s i o n s  d e v e l o p  n e e d s  to be e x p a n d e d  t o  

include these new Fhenomena. 

-- D e p l e t i o n  of O x y i e n  dt Freeze-up 

E e f o r e  t h e  f o r m a t i o n  of an ice cover on a r i v e r  a 

r e l a t i v e l y  r a p i d  transfer b e t w e e n  t h e  a t m o s p h e r e  and t h e  

r i v e r  water o c c u r s +  Where oxygen i s  p r o d u c e d  i n  t h e  water b y  

p h o t o s y n t h e s i s  t h e  c o n c e n t r a t i o n  i n c r e a s e s  a n d  t h e  n e t  

t r a n s f e r  of o x y g e n  is t o  t h e  a t m o s p h e r e .  Where o x y g e n  is 

consumed ,  e i t h e r  t h r o u g h  b i o l o g i c a l  or chemical p r o c e s s e s  i n  

t h e  r i v e r ,  t h e r e  w i l l  be a n e t  t r a n s f e r  of oxygen from t h e  

a t I U O S F h e r e  t o  t h e  uater. T h e  s o l u b i l i t y  of o x y g e n  i n  va te r  is 

m a i n l y  a f u n c t i o n  of t e m p e r a t u r e  a n d  p r e s s u r e  (Hem, 1970) + 

T h e  main  source of o x y g e n  i n  water e x p o s e d  t o  a i r  is t h e  
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a t m o s F h e r e ,  a l t h o u g h  some is c o n t r i b u t e d  as a b y - p r o d u c t  of  

p h o t o s y n t h e s i s .  A t  zero d e g r e e s  C e l s i u s ,  t h e  s o l u b i l i t y  of 

o x y g e n  i n  water is a t  i t s  maximum. 

The  oxygen c o n c e n t r a t i o n  cf a stream is h i g h l y  t r a n s i e n t  

b e c a u s e  of  r a p i d l y  c h a n g i n g  i n p t  a n d  c o n s u m p t i o n  rates. A t  

f r e e z e - u p  t h e  f o r m a t i c n  of the ice  cover affects the rate a t  

which  o x y g e n  is t r a n s f e r r e d  t o  t h e  water, w h i l e  the a c t i v e  

b i o l o g i c a l  lrocesses may c o n t i n u e .  The t r a n s f e r  of o x y g e n  t o  

t h e  water  is c o n t E o l l e d  by h y d r a u l i c  parameters ( L a n g b e i n  a n d  

D u r u m 8  1967) -  T h e  p r i r e a r y  c o n t r o l l i n g  p a r a m e t e r s  a r e  s u r f a c e  

a rea ,  c o n c e n t r a t i o n  g r a d i e n t  a n d  v e r t i c a l  mixing.  N e a r l y  a l l  

r i v e r s  are t u r b u l e n t ,  b e c a u s e  their R e y n o l d ' s  n u m b e r s  ( t h e  

F r o d u c t  of t h e  v e l o c i t y  a n d  the d e p t h  d i v i d e d  by t h e  

k i n e m d t i c  v i s c o s i t y )  are c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  

t h r e s h o l d  b e t u e e n  laminar flow and t u r b u l e n t  water [ A s h t o n ,  

1 9 7 9 ) .  T h e  t u r b u l e n c e  causes m i x i n g  of t h e  water, and a t  t h e  

s u r f a c e  t h e r e  i s  a c o n t i n u o u s  i n t e r c h a n g e  of water p a r c e l s  

u i t h  the flow below.  Uhen t h e  water of a stream reaches zero 

d e g r e e s  C e l s i u s  several c h a n g e s  OCCUI: u h i c h  a f f ec t  t h e  

e x c h a n g e  w i t h  t h e  a t m o s p h e r e .  T h e r e  may be  f o r m a t i o n  of b a n k  

ice w h i c h  reduces t h e  s u r f a c e  area e x p o s e d  t o  t h e  a t m o s p h e r e ,  

t h u s  r e d u c i n g  t h e  a r e a  t h r o u g  I which e x c h a n g e  of o x y g e n  c a n  

o c c u r .  T h i s  p r o c e s s ,  h o w e v e r  i s  l i k e l y  of less i m p o r t a n c e  

t h a n  t h e  f o r m a t i o n  of frazil ice i n  t h e  ua te r  c o l u m n .  

Once t h e  u a t e r  column of a stream becomes s u p e r c o o l e d  

( s l i g h t y  below zero) sma l l  c r y s t a l s  of i c e  d e v e l o p .  T h e s e  

c r y s t a l s ,  c a l l e d  f r a z i l ,  a r e  most o f t e n  disc-shapea,  v i t h  
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diameters of o n l y  a few millimeters, F r a z i l  c r y s t a l s  i m m e r s e d  

i n  S U F e r C O O l @ d  water are n o t  i n  e q u i l i b r i u m  b u t  are a c t i v e l y  

g r o w i n g  ( A s h t o n ,  1979). These ice c r y s t a l s  # are buoyant, a n d  

t e n d  t o  wove t o  t h e  s u r f a c e ,  o r  a t t a c h  to o b j e c t s  in the 

f lou. As t h e y  collect o n  t h e  s u r f a c e  t h e y  tend t o  

a g y l o m e r a t e ,  forming small pans. T h i s  p r o c e s s  t e n d s  t o  

restrict  t h e  v e r t i c a l  m i x i n g  of t h e  water column, a n d  

a c t i v e l y  i m p e d e s  t h e  t r a n s f e r  of oxygen f r o 0  t h e  a t m o s p h e r e  

i n t o  t h e  water. 

E i o l o g i c a l  p r o c e s s e s  do not respond a s  q u i c k l y  t o  

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

i n t e r e s t  i n  t h i s  s i t u a t i o n  i s  r e s p i r a t i o n ,  the p r o c e s s  by 

w h i c h  living o r g a n i s n s  u s e  oxygen t o  p r o d u c e  e n e r g y .  G o r d o n  

(1970)  s h o w s  t h a t  s i g n i f i c a n t  b i o l o g i c a l  a c t i v i t y  t a k e s  F l a c e  

a t  zero d e g r e e s  C e l s i u s  in arct ic  and s u b a r c t i c  bacterial 

c o m m u n i t i e s .  T h e  b i o l o g i c a l  c o m m u n i t y  p r e s e n t  i n  a river is 

u t i l i z i n g  o x y g e n  a t  a g i v e n  ra te  when t h e  ice begins t o  f o r m  

on  t h e  s u r f a c e .  T h i s  r a t e  w i l l  n o t  b e  i m m e d i a t e l y  a f fec ted  b y  

t h e  c h a n g e  i n  the p h y s i c a l  s i t u a t i o n ,  b u t  w i l l  lag b e h i n d  by 

t h e  p e r i o d  of time necessary  for t h e  i n d i v i d u a l  o r g a n i s m s  to 

r e d u c e  t h e i r  o x y g e n  demand.  During t h i s  t r a n s i t i o n  p e r i o d  

o x y g e n  u t i l i z a t i o n  w i l l  c h a n g e  from t h e  n o r m a l  s t a t e  of 

c c n s u r n p t i o n  t o  t h e  much r e d u c e d  rate of c o n s u m p t i o n  

a s soc ia t ed  u i t h  t h e  o v e r w i n t e r i n g  s t a t e ,  

T h e s e  two FrocesSes, o c c u r r i n g  s i m u l t a n e o u s l y ,  would 

r e s u l t  i n  r a p i d  decreases i n  o x y g e n  c o n c e n t r a t i o n s  d u r i n g  t h e  

f r e e z e - u p  p e r i o d .  T h i s  t h e o r y  wou ld  explain t h e  r e s u l t s  w h i c h  
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w e  o b t a i n e d  d u r i n g  t h e  November s a m p l i n g ,  shown i n  F i g u r e  15. 

I n  November,  t h e r e  was a r a p i d  d e c l i n e  i n  o x y g e n  

c o n c e n t r a t i o n  d u r i n g  t h e  f irst  d a y s  of ice f o r m a t i o n .  The 

r a t e  a t  u h i c h  o x y g e n  c o n c e n t r a t i o n s  decreased d u r i n g  t h e  

November s a m p l i n g  p e r i o d  becaBe F r o g r e s s i v e l y  l e s s  u i t h  

i n c r e a s e d  time a f t e r  t h e  f o r m a t i o n  of 

that the b i o l o g i c a l  c o i a a o n i t y  was 

t r a n s i t i o n  w i t h  r e s p e c t  t o  its o x y g e n  

Effect of O r q a n i c  Material -- 

s u r f a c e  ice, s u g g e s t i n g  

m a k i n g  the necessary 

c o n  s u m p t i  on. 

The Nordenskiold R i v e r  h a s  such , . i g h e r  c o n c e n t r a t i o n s  of 

t o t a l  o r g a n i c  c a r b o n  t h a n  does t h e  T a k h i n i  R i v e r .  The 

N o r d e n s k i o l d  also becomes more s e v e r e l y  d e p r e s s e d  w i t h  

r e s p e c t  t o  o x y g e n  t h a n  does t h e  T a k h i n i  R i v e r .  T h e  d i f f e r e n c e  

u i t h  respect t o  d i s s o l v e d  o x y g e n  can be a t t r i b u t e d  t o  t h e  

d i f f e r e n c e  i n  t h e  o r g a n i c  c o n t e n t  of t h e  two s y s t e m s .  T h i s  

result a g r e e s  u i t h  t h e  p r e s e n t  u n d e r s t a n d i n g  o f  b i o l o g i c a l  

u t i l i z a t i o n  of o x y g e n  in arctic a n d  s a b a r c t i c  s y s t e m s .  Gordon 

(1970)  h a s  shown t h a t  indigenous b a c t e r i a  e x e r t  a demand on 

d i s s o l v e d  o x y g e n  u n d e r  l a b o r a t o r y  c o n d i t i o n s ,  and i n c r e a s e s  

i n  o r g a n i c  mater ia l  increases the ra te  of oxygen u t i l i z a t i o n .  

Schallock e t  a1,(1970) d e m o n s t r a t e  t h a t  t h e  rate and e x t e n t  

of o x y g e n  u t i l i z a t i o n  d e p e n d s  on t h e  a v a i l a b i l i t y  of 

b d C t e r 1 . 3 1  s u b s t r a t €  a n d  n u t r i e n t s .  S c h a l l o c k  (1979) d e s c r i b e s  

a f i e l d  s i t u a t i o n  where d i s r u p t i o n  of the stream bed e n h a n c e s  

t h e  d e p r e s s i o n  of d i s s o l v e d  o x y g e n .  
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We a r e  u n c e r t a i n  t o  wha t  degree t h e  t o t a l  o r g a n i c  c a r b o n  

t h a t  was m e a s u r e d  i n  t h i s  s t u d y  is of t h e  t y p e  w h i c h  bacter ia  

m a y  u t i l i z e  as a s u b s t r a t e .  Prom t h e  p a t t e r n  of t o t a l  o r g a n i c  

c a r b o n  c o n c e n t r a t i o p s  o v e r  t h e  s t u d y  per iod,  i t  a p p e a r s  t h a t  

only a small  f r a c t i o n  of t h e  o r g a n i c  c a r b o n  p r e s e n t  u a s  

u t i l i z e d  o v e r  t h e  w i n t e r ,  

-- C h a n q e s  Prior E r e a k - u p  

Our results s h o w  a s u b s t a n t i a l  i n c r e a s e  i n  d i s s o l v e d  

o x y g e n  c o n c e n t r a t i o n s  d u r i n g  A p r i l  while t h e  ice c o v e r  on the 

rivers r e m a i n e d  c o h e r e n t .  D e s p i t e  t h e  f a c t  t h a t  t h e r e  was n o  

o p e n  water, oxygen c o n c e n t r a t i o n s  h a d  risen from the w i n t e r  

minimums to n e a r  s a t u r a t i o n  level, I n  A p r i l ,  air t e m p e r a t u r e s  

were uarmer t h a n  t h e  u i n t e r  s a m p l i n g  p e r i o d s .  During t h e  day, 

a i r  t e a p e r a t u r e  were r i s i n g  above f r e e z i n g  r e s u l t i n g  in t h e  

m e l t i n g  o f  t h e  snow c o v e r .  @ y  t h e  e n d  of t h e  A p r i l  t r i p  t h e  

ice surface was f ree  of snow,  T h e  r e d u c t i o n  of t h e  t h i c k n e s s  

of the l a y e r  of snow,  along w i t h  t h e  i n c r e a s e d  r a d i a t i o n  from 

t h e  s u n  a c c o m p a n y i n g  t h e  l o n g e r  d a y s  wou ld  r e s u l t  in t h e  

i n c r e a s e d  p e n e t r a t i o n  of l i g h t  i n t o  t h e  water below the ice. 

I n C r € d S e d  l i g h t  p e n e t r a t i o n  r e s u l t s  i n  i n c r e a s e  p r o d u c t i o n  by 

p h o t o s y n t h e t i c  o r g a n i s n s .  Many Yukon a n d  A l a s k a n  l a k e s  become 

p h o t o s y n t h e t i c a l l y  p r o d u c t i v e  be fo re  t h e  ice goes out in t h e  

s p r i n g  (Woods, p e r s o n a l  c o m m u n i c a t i o n ;  G r a y ,  p e r s o n a l  

c o m m u n i c a t i o n ;  S h o r t r e e d ,  p e r s o n a l  c o m m u n i c a t i o n )  , I n  fac t ,  

c h l o r o p h y l l  c o n c e n t r a t i o n s  of t e n  reach their a n n u a l  maximus 

i n  this t i m e  p e r i o d ,  when n u t r i e n t  c o n c e n t r a t i o n s  a r e  h i g h  
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a n d  p r e d a t i o n  rates  are m o d e r a t e l y  low, 

P h o t o s y n t h e s i s ,  l i k e l y  b y  p e r i p h y t o n ,  i s  t h o u g h t  t o  

c a u s e  t h e  o b s e r v e d  i n c r e a s e s  i n  oxygen c o n c e n t r a t i o n s ,  B o t h  

t h e  T a k h i n i  and t h e  N o r d e n s k i o l d  R i v e r s  are v e r y  s h a l l o u  

d u r i n g  t h i s  time p e r i o d .  W i t h  a d e q u a t e  l i g h t  p e n e t r a t i o n  

t h r o u g h  t h e  ice, b o t h  r i v e r s  could potentially b e  very 

p r o d u c t i v e  . 
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C o n c l u s i o n s  

S e v e r a l  Frocesses are a c t i v e  in t h e  d e v e l o p m e n t  of d i s s o l v e d  

o x y g e n  d e p r e s s i o n s  u n d e r  t h e  ice i n  t h e  two r i v e r s  s t u d i e d .  T h e  

p r i n c i  Fa1 p r o c e s s e s  u h i c h  a f fec t  t h e  d e p r e s s i o n  i n c l u d e  

b i o l o g i c a l  u t i l i z a t i o n ,  i n p u t s  of g r o u n d w a t e r ,  a n d  t h e  p h y s i c a l  

processes assoc ia t ed  w i t h  t h e  f o r m a t i o n  of ice c o v e r .  I t  is  

d i f f i c u l t  t o  s e p a r a t e  o u t  t h e  i n d i v i d u a l  effects of e a c h  of t h e s e  

p r o c e s s e s ,  s i n c e  many of t h e  effects  a r e  c o i n c i d e n t .  

T h e  t h e o r e t i c a l  mode l  of t h e  d e v e l o p m e n t  of d i s s o l v e d  o x y g e n  

d e p r e s s i o n  is e x t e n d e d  t o  i n c l u d e  two new ' e v e n t s '  p r e v i o u s l y  n o t  

documented. The g e n e r a l  model of hou d i s s o l v e d  o x y g e n  d e p r e s s i o n s  

d e v e l o p  is a s  f o l l o u s :  

1 ,  

2.  

3,  

I n  the f a l l ,  p r i o r  t o  ice f o r m a t i o n ,  o x y g e n  s o l u b i l i t y  

i n c r e a s e s  d u e  t o  t h e  d e c r e a s e  i n  t h e  water t e m p e r a t u r e ,  and 

c o n c e n t r a t i o n s  of d i s s o l v e d  o x y g e n  rise. Biological  p r o c e s s e s  

w h i c h  u t i l i z e  o x y g e n  a r e  a c t i v e ,  

U h e n  the u a t e r  t e m p e r a t u r e  b e c o m e s  s u p e r c o o l e d  f r a z i l  ice 

f o r m a t i o n  b e g i n s .  The f o r m a t i o n  of f r a z i l  ice reduces t h e  

r e a e r a t i o n  of water c o l u m n  by d e c r e a s i n g  t h e  v e r t i c a l  m i x i n g  

a n d  t h e  f c r a a t i o n  of s u r f a c e  ice pans .  B i o l o g i c a l  u t i l i z a t i o n  

of  d i s s o l v e d  oxygen c o n t i n u e s  a t  a r e l a t i v e l y  h i g h  r a t e ,  a n d  

t h e  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  d r o p  a t  about 1 mg/l e a c h  

d a y ,  

After a b r i e f  lag, t h e  ra te  of b i o l o g i c a l  u t i l i z a t i o n  

decreases t o  a m i n i m a l  level f o r  t h e  d u r a t i o n  of t h e  w i n t e r .  
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5. 

6 ,  

7. 
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Host of t h e  t o t a l  decrease w h i c h  o c c u r s  o v e r  t h e  winter 

h a E p e n s  d u r i n g  t h i s  l a g  p e r i o d ,  

Oxygen c o n c e n t r a t i o n s  c o n t i n u e  t o  d e c l i n e  o v e r  t h e  following 

p e r i o d .  T h e s e  d e c l i n e s  are related t o  t h e  c o n c u r r e n t  

i n c r e a s e s  i n  i n o r g a n i c  mater ia l s .  B o t h  of t h e s e  occurrences 

a re  b e l i e v e d  to  resu l t  from g r o u n d u a t e r  c o n t r i b u t i n g  an 

i n c r e a s i n g  p r o p o r t i o n  of t h e  t o t a l  f l o v  of the r i v e r  over t h e  

w i n t e r ,  

D i  sso f ved o x y g e n  c o n c e n t r a t i o n s  r e a c h  t h e i r  minimum 

c o n c e n t r a t i o n s  i n  l a t e  w i n t e r  ( F e b r u a r y  t o  f l a r c h ) .  

H e l t i n g  of t h e  snow c o v e r  on t h e  r i v e r s  r e s u l t s  i n  i n c r e a s e d  

l i g h t  p e n e t r a t i o n  into t h e  r i v e r  a n d  p r o v i d e s  t h e  energy f o r  

i n c r e a s e d  p h o t o s y n t h e s i s .  P h o t o s y n t h e t i c  a c t i v i t y  produces 

o x y g e n ,  a n d  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  i n c r e a s e  f corn t h e  

w i n t e r  minimum t o  n e a r  s a t u r a t i o n ,  

B r e a k - u p  of t h e  ice  c o v e r  r e t u r n s  t h e  water of the r i v e r  t o  

c o n t a c t  w i t h  t h e  a t m o s p h e r e .  Oxygen c o n c e n t r a t i o n s  d u r i n g  t h e  

ice free p e r i o d  a re  c o n t r o l l e d  by s o l u b i l i t y  v h i c h  is 

c o n t r o l l e d  by t e m p e r a t u r e ,  

The o r g a n i c  r i c h  N o r d e n s k i o l d  R i v e r  became more severely 

d e p l e t e d  w i t h  r e s p e c t  t o  d i s s o l v e d  o x y g e n  t h a n  d i d  t h e  T a k h i n i  

l i iver.  C u r r e n t  theories s u g g e s t e d  t h a t  this would b e  the case. 

Decreases in t o t a l  o r g a n i c  c a r b o n  c o n c e n t r a t i o n s  o v e r  t h e  w i n t e r  

of 1982-1983 u e r e  very s imi la r  to t h e  d i s s o l v e d  o x y g e n  decrease 
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i n  t h e  Nordenskiold R i v e r ,  I n  t h e  T a k h i n i  R i v e r  t h e r e  was no 

v a r i a t i o n  i n  t o t a l  o r g a n i c  c a r b o n  c o n c e n t r a t i o n  over t h e  s t u d y  

p e r i o d .  

Cur r e s u l t s  a r e  in a g r e e m e n t  u i t h  t h e  earl ier f i n d i n g s  of 

S c h a l l o c k  a n d  L o t s p e i c h  (197b) a n d  S c h r e i e r  e t  a l .  (1980) v i t h  

r e s p e c t  t o  t h e  d e v e l o p m e n t  of t h e  d e p r e s s i o n s  of d i s s o l v e d  

oxygen. O u r  results s u g g e s t e d  that t h e  i n i t i a l  d e v e l o p m e n t  of t h e  

d e p r e s s i o n  was much more r a p i d  t h a n  h a d  been p r e v i o u s l y  

described. Our r e s u l t s  also s u g g e s t  t h a t  t h e  l e v e l  of d i s s o l v e d  

oxygen returns t o  t h e  s a t u r a t i o n  c o n c e n t r a t i o n  before t h e  ice 

cover b r e a k s  up. C u r r e n t  r e s e a r c h  o n  s u b a r c t i c  l akes  i n  t h e  Yukon 

a n d  Alaska r e p o r t  s i m i l a r  results. 
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B e c o a s e n d a  t i o n s  
----I__-- 

Y- Planagernent - P r a c t i c e s  

When managemen t  o p t i o n s  are b e i n g  e v a l u a t e d  t h e  

f o l l o u i n g  F o i n t s  should be c o n s i d e r e d :  

1. 

2 .  

B a s e d  on the f i n d i n g s  of t h i s  s t u d y ,  as  well as those of 

S c h a l l o c k  and L o t s p e i c h  (1974), S c h a l l o c k  e t  a l ,  (1970) , 
a n d  Gordon ( 1 9 7 0 ) ,  we would  recommend t h a t  no a d d i t i o n s  

of o r g a n i c  mater ia l  t o  streams o c c u r  between  t h e  e n d  of 

S e p t e m b e r  a n d  the re iddle  of A p r i l .  Additions of o r g a n i c  

mater ia l  d u r i n g  t h e  formation a n d  e x i s t e n c e  of the ice 

cover would h a v e  d e t r i m e n t a l  effects o n  the b i o l o g i c a l  

c o m m u n i t i e s  w h i c h  a r e  a l r e a d y  s u b j e c t e d  to d e F r e s s e d  

d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s ,  

S i m i l a r l y ,  a n y  d i s r u p t i o n  of t h e  stream bed s h o u l d  not 

occur d u r i n g  this same period. Work of t h i s  n a t u r e  

r e i n t r o d u c e s  o r g a n i c  d e b r i s ,  a n d  o x y g e n  d e p l e t e d  

material from the stream bed into t h e  water column. Such 

pract ices  h a v e  b e e n  shown t o  h a v e  d e t r i m e n t a l  effects on 

t i o t a ,  i n c l u d i n g  fish ( S c h a l l o c k ,  1979) - 

i 
1 
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F u t u r e  S t u d i e s  of D i s s o l v e  s p g g g  

S e v e r a l  aspects of t h e  proposed model of d i s s o l v e d  

o x y g e n  n e e d  f u t h e r  e v a l u a t i o n ,  namely:  

1. A more d e t a i l e d  s t u d y  of t h e  c h a n g e s  w h i c h  o c c u r  at t h e  

tilse of f r a z i l  ice f o r m a t i o n  is n e e d e d  to d e t e r m i n e  more 

p r e c i s e l y  the p b y s i c a l  c h a n g e s  which  a f f e c t  t h e  

reaera t i o n  p r o c e s s .  

2. T o  d e t e r m i n e  w h e t h e r  o r  n o t  o r g a n i c  c a r b o n  l e v e l s  a f f e c t  

t h e  m a g n i t u d e  of t h e  d e p r e s s i o n  a summer (Aagast )  w i n t e r  

(late P e k r u a r y )  c o m p a r a t i v e  s t u d y  of a l a r g e r  number of 

r i v e r s  s h o u l d  be c o n d u c t e d .  Such a s t u d y  wou ld  measure 

total o r g a n i c  c a r b o n  l e v e l s ,  d i s s o l v e d  o x y g e n ,  a n d  some 

of the i n o r g a n i c  v a r i a b l e s ,  The r e s u l t s  from s u c h  a s t u d y  

would  a l s o  i m p r o v e  o u r  a b i l i t y  to p r e d i c t  t h e  s e v e r i t y  of 

d i s s o l v e d  o x y g e n  d e  F r e s s i o n s .  

3. A s t u d y  of  t h e  pe r iod  from Harch through flay e x a m i n i n g  

v a r i a b l e s  r e l a t e d  t o  p h o t o s y n t h e t i c  a c t i v i t y  is n e e d e d  t o  
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