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CUTTHROAT F ISHEn-  LAIE54E RIV8R -  1968

I /  o

LAKE= RIVER* Some parallels can be drawn from the information gathered over
the past four years to  the paper written by Bilton & Shepard, covering the
cutthroat trout fishery on the Lakelse Lakerand River from 1950 to  1954.

They hold that there are two definite groups o f  cutthroat i n  Lakelse. One i s
the stream spawner who moves into the small creeks feeding the Lake. T h e  other
group is  that  portion o f  the f ish  that  move down the outlet stream, the Lakelse
River, t o  spawn. I  agree with this movement of  spawning f ish except fo r  the
fact that they specify eight streams are used by group one. There are beside
these main streams several small spring fed tributaries that act as spawning
streams. Ve r y  l i t t l e  angling pressure i s  exerted on these streams during March,
Apri l  and May.

Group 2, the River f ish,  a r e  fished quite extensively during the same period
March, Apr i l ,  and May. T h e  heaviest fishing occurred i n  the section from
Herman Creek t o  the  Ki t imat  ra i lway  br idge.  D u r i n g  t h i s  period 70% o f  the
Anglers use f l y  f i s h i n g  t a o k l e .  T h e  remainder are s p l i t  between b a i t  and spinn-
ing. I t  i s  interesting to note that there i s  so much f l y  f ishing done i n  a region
where heavier  gear i s  h igh ly  predominate. I t  i s  a lso in terest ing  t o  note t h a t
9 0  o f  the  t o t a l  f i s h  a r e  taken by f l i e s  o f  the minnow immitation type .  F r o m
creel  cheeks i t  has been noted t h a t  very  few sexual ly  mature f i s h  f i t * e  shown up.
This i s  contrary  t o  the  H i l ton  and Shepard repor t .  T h e  major i ty  o r  f i s h  have
been i n  the 8  t o  12 inch  class wi th  a  high predominance o f  9  and 14 inch f i s h .
Age c lass i f i ca t ions  were not  made. O n e  i n  f i v e  oree led  t r o u t  were Dol ly  Verde*.

During t h i s  three  month period tak ing casual c ree l  census f igures  p lus  v isua l
estimates, i t  i s  ei tpaated t h a t  there  i s  an average o f  700 hours f ished p e r
month f o r  the  period March t o  June. H e a v i e s t  pressure being placed on during
la t e  A p r i l  and e a r l y  May. I n  June the  f i s h i n g  on the r i v e r  dwindles. T h e r e  i s
l i t t l e  doubt t h a t  t h i s  i s  due t o  the  end o f  the  movement o f  f r y  and the  increase
in  insect  a c t i v i t y  on the  Lake.

DUring the  period from May 24th through June, t h e  f i s h e r y  moves t o  the  weed.beds
on the west s ide  o f  the  Lake. Troll ineAtomeseilo equal terms wi th  f l i e s  and as
June progresses and Ju ly  comes, t r o l l i n g  wi th  spinner and worm becomes the  c h i e f
means o f  f i sh ing .  D u r i n g  the  remainder o f  the  season b a i t  f i sh ing  a t  stream
mouths takes over  the pos i t ion  formerly held by the  f l y  f isherman. S t r o n g
hatches o f  May f l i e s  dur ing  May and June appear t o  be the  reason f o r  the
concentration o f  f ish i n  the weedy sections o f  the Lake.

Most o f  the persons who f ish  th is  area are looals, and one tends to  meet the same
people day a f te r  day. Weather has a  strong effect on pressure. 1 9 6 8  proved to
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be very wet and I  would estimate leas  than 400 hours were put  i n  on the
Lake l a s t  y e a r.

One po in t  not  covered by B i l ton  and Shepard i s  the  i c e  f i s h i n g  t h a t  takes
place i n  February. F i s h i n g  i s  done p r e t t y  w e l l  a l l  over the  Lake wi th  the
heaviest pressures being put  on the River  e x i t  a rea ,  and t h e  entrance o f
Clearwater Creek. T h e  catch consists o f  a  very high percentage o f  r i p e
f ish .  A t  present we have such a  small  number o f  people using t h i s  method
that there  i s  l i t t l e  o r  no problem. W e  must be sure t o  keep an eye on t h i s
fishery however, a s  i t  could a f f e c t  the  balance o f  the  Lake i f  too many
spawners a re  removed.

Before leav ing t h i s  system, i t  should be noted t h a t  there  i s  a  good secondary
fishery i n  the  March, A p r i l ,  May period f o r  Rocky Mountain whi tef ish.  W h i t e -
f ish  a r e  i n  the  upper reaches o f  the  River  a l l  during the f r y  movement per iod.
They are  o f ten  caught and k i l l e d  by people who th ink  them t o  be coarse f i f th ,
i . e .  Peamouth Chub. I t  should a lso be noted t h a t  exce l lent  f i sh ing  f o r  both
trout ,  D o l l y  Varden, Cut throat ,  may be had throughout the  length o f  the
River during the  f r y  movement per iod.  T h e r e  i s  very  l i t t l e  angling done f o r
these f i s h  i n  the  centre sect ion o f  the  River  a t  any t ime o f  the  year.  B a i t
f ishing takes a  f a i r l y  heavy, b u t  numerically undetermined, number o f  f i s h
in the  lower  mi le  o f  the  River  during June, J u l y,  August. T h e s e  f i s h  a r e
usually caught by  people a f t e r  salmon.

GASOL.1

Gas M .  Pinaento✓/
Prince George.
G. D .  Ta y l o r , : /
V ic to r ia .

G. A .
Goueervat on O f f i c e r.
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K r f

A t t a c h e d  f o r  y o u r  i n f o r m a t i o n  i s  a  c o p y  o f  a  r e p o r t  o n
t h e  L a k e r s e  l a k e '  " s t u d i e s '  w h i c h  w e r e  c o n d u c t e d  o v e r  t h e  l a s t
y e a r .

The r e p o r t  w a r r a n t s  s o m e  c o m m e n t  p e r t i n e n t  t o  t h e
q u e s t i o n  o f  e n r i c h m e n t  o f  L a k e l ' s e  L a k e  a n d  t h e  n e e d  f o r  c o n -
t r o l l i n g  t h a t  e n r i c h m e n t ;  S e v e r a l  t h i n g s  a r e  o b v i o u s  f r o m
o u r  l i m i t e d  e f f o r t s .  I t  i s  c l e a r  t h a t  n u t r i e n t  i n p u t  f r o m

. the  s t r e a m s  f l o w i n g  i n t o  t h e  l a k e  i s  v e r y  l o w  a s  i s  t h e  i n p u t
f r o m  p e r m a n e n t  a n d  s e a s o n a l  r e s i d e n c e s  a n d  b u s i n e s s e s .  B y
c o m p a r i s o n ,  t h e  n u t r i e n t  l o a d i n g  a t t r i b u t a b l e  t o  t h e  h u g e
number  o f  p e o p l e  u s i n g  t h e  l a k e  i n  t h e  s u m m e r  m o n t h s  f o r  r e -
c r e a t i o n a l  p u r p o s e s  i s  e n o r m o u s .  I t  ' i s
e l u d e  t h a t  t h e  o n l y  r e a s o n  t h e  l a k e  h a s
i s  t h a t ,  b e c a u s e  ' o f  i t s .  s h a l l o w n e s s ,  i t
f l u s h i n g .

a l s o  p o s s i b l e  t o  c o n -
n o t  b e c o m e  e u t r o p h i c
i s  s u b j e c t  to - .  c o n s t a n t '

M r.  B i l l  S i n c l a i r  i n  h i s  s t u d y  o f  L a k e l s e  L a k e  h a s  p r e -
d i c t e d  t h a t  r e c r e a t i o n a l  u s a g e  w i l l  d o u b l e  i n  t h e  n e x t  s i x
y e a r s .  I n  m y  e s t i m a t i o n ,  t h e  a m o u n t  ' o f  s e w a g e  p r o d u c e d  b y
t h i s  n u m b e r  o f  p e o p l e  w i l l  d e s t r o y  t h e  l a k e  i n  b o t h  a  f i s h
p r o d u c i n g  a n d  a  r e c r e a t i o n a l  s e n s e  i f  t h a t  s e w a g e  i s  h a n d l e d
i n  t h e  s a m e  m a n n e r  a s  a t  p r e s e n t .  T h i s  r e a l i t y  s h o u l d  b e
r e c o g n i z e d  a n d  s t e p s  t a k e n  a l m o s t  i m m e d i a t e l y  t o  g a i n  c o n t r o l
o f  t h e  d o m e s t i c  w a s t e s  b e i n g  r e l e a s e d  i n t o :  t h e  l a k e .  T h e r e
a r e  v e r y  f e w  a l t e r n a t i v e s  o p e n ,  I  b e l i e v e ,  f o r  h a n d l i n g  t h e
p r o b l e m  w h o s e  s o l u t i o n  l i e s  i n  t h e  c o n t r o l  o f  n u t r i e n t  r e l e a s e s .
T e r t i a r y  t r e a t m e n t  i s  t h e  o n l y  k n o w n  m e t h o d  f o r  r e m o v i n g  n u -
t r i e n t s  f r o m  d o m e s t i c  s e w a g e ,  b u t  t e r t i a r y  t r e a t m e n t  f a c i l i t i e s
r e q u i r e  s t a b l e  i n f l u e n t  f l o w s .  T h e  d o m e s t i c  s e w a g e  r e l e a s e s '
h e r e  a r e  s e a s o n a l  a n d  f l o w s  a r e  w i t h o u t  d o u b t  n o t  c o n s t a n t .

1090 West Pender Street
Vancouver 1, B.C.

. . . / 2
1090 rue West Pender
Vancouver 1, (C.-B.)
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The o n l y  a l t e r n a t i v e s  a v a i l a b l e  i n v o l v e  t h e  d i v e r s i o n  o f
sewage 'away  f r o m  t h e  l a k e .  T h i s  c o u l d  b e  a c c o m p l i s h e d  b y
pump ing  t h e  s e w a g e  i n t o  t h e  n e a r e s t  l a r g e  r i v e r  f o l l o w i n g  p a r t i a l
t r e a t m e n t  ' o r  c o l l e c t i n g  t h e  s e w a g e  i n  h o l d i n g  t a n k s  a n d  t r u c k -
i n g  i t  t o  t h e  n e a r e s t  l a r g e  t r e a t m e n t  p l a n t .  A  p r e r e q u i s i t e '
f o r  b o t h  a l t e r n a t i v e s  i s  c o n t r o l l e d  a c c e s s  f o r  p i c k n i c k i n g
and c a m p i n g  s o  t h a t  d o m e s t i c  w a s t e  s o u r c e s  w o u l d  b e  c o n c e n t r a t e d .

S h o u l d  y o u  h a v e  a n y  q u e s t i o n s  c o n c e r n i n g  t h i s  r e p o r t  a n d
o u r  i n t e r p r e t a t i o n  o f  t h e  i m p l i c a t i o n s ,  I  w i l l  b e  o n l y  t o o
p l e a s e d  t o  d i s c u s s  t h e m  w i t h  y o u  w h e n  I  c o m e  t o  T e r r a c e  o n
May 8 ,  1 9 7 4 .

Yo u r s  v e r y  t r u l y ,

W. S c h o u w e n b u r g ,  C h i e f ,
Hab t a t  P r o t e c t i o n  U n i t , ' .
N o r t h e r n  O p e r ' a t i o n s  B r a n c h .

E n c l .
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DE:

TO:

MEMORANDUM N O T E  DE SERVICE

r R .  A .  M c I n d o e ,
Te c h n i c i a n .

W. K n a p p ,
L _ Te c h n i c i a n .

L
SUBJECT:
SUJET:

W. S i n c l a i r ,
C h i e f ,
E c o n o m i c s  a n d  S o c i o l o g y  U n i t .

Re: L a k e l s e  L a k e  T r o p h i c  L e v e l .

Dear  B i l l :

DATE A p r i l  1 0 ,  1 9 7 4

Our lie mo.,6fm,nce
3 1 - 2 - L 2

Your tile V o t r e  reference

P l e a s e  f i n d  e n c l o s e d  o u r  f i n a l  s u b m i s s i o n  o n
t h e  w a t e r  q u a l i t y  n u t r i e n t  s t u d y .  S i n c e  t h e  d a t a  i s  i n c o m -

p l e t e ,  w e  h a v e  d e c i d e d  t o  r e p o r t  i t  i n  memo f o r m .  W e  t r u s t

i t  w i l l  b e  s u f f i c i e n t  i n  o r d e r  f o r  y o u  t o  c o m p l e t e  y o u r
s o c i o - e c o n o m i c  s u r v e y  o f  t h e  a r e a .

R. A .  M c l n d o e ,
Te c h n i c i a n ,
H a b i t a t  P r o t e c t i o n  U n i t ,
N o r t h e r n  O p e r a t i o n s  B r a n c h .  a n d

W. K n a p p ,
Te c h n i c i a n ,
H a b i t a t  P r o t e c t i o n  U n i t ,
N o r t h e r n  O p e r a t i o n s  B r a n c h .

c c :  W .  J .  S c h o u w e n b u r g
T.  R .  C l e u g h

F•2013 ( r iEv.  6/72)



INTRODUCTION

An i n v e s t i g a t i o n  o f  t h e  l i m n o l o g y  o f  L a k e l s e  L a k e ,
i n  t h e  S k e e n a  R i v e r  d r a i n a g e s  b a s i n ,  w a s  u n d e r t a k e n  b y  t h e
F i s h e r i e s  &  M a r i n e  S e r v i c e  ( H a b i t a t  P r o t e c t i o n  U n i t  o f
N o r t h e r n  O p e r a t i o n s  B r a n c h )  d u r i n g  1 9 7 2  -  7 3  t  d e d u c e  a n d
document  t h e  p o s s i b l e  d e g r e e  o f  e u t r o p h i c a t i o i r :  L i m n o l o g y ,
f o r  t h e  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n ,  w a s  c o n s i d e r e d  i n
t h e  b r o a d e s t  t e r m s  t o  i n c l u d e  n u t r i e n t  s t u d i e s  a s  r e l a t e d  t o
l a k e  p r i m a r y  p r o d u c t i o n ,  l a k e  m o r p h o m e t r y ,  a n d  t e m p e r a t u r e
r e g i m e  o n l y  a s  i t  w a s  n o t  f i n a n c i a l l y  p o s s i b l e  t o  i n v e s t i g a t e
t h e  t o t a l  c h e m i c a l  a n d  p h y s i c a l  l i m n o l o g y . .  T h e  f o r m  t h i s  memo
w i l l  t a k e  i s  t o  e x a m i n e  . t h e  ( 1 )  l a k e  m o r p h o m e t r y ,  ( 2 )  F i s h e r y ,
(3) N u t r i e n t s ,  ( 4 )  t e m p e r a t u r e s ,  ( 5 )  p o l l u t i o n ,  ( 6 )  l o g g i n g
and e n d i n g  w i t h  a  b r i e f  d i s c u s s i o n  o f  t h e  ( 7 )  l a k e  t r o p h i c
l e v e l .

1 .  - L A K E  MORPHOMETY

M o r p h o m e t r i c  p a r a m e t e r s  a r e  o f  f u n d a m e n t a l  i m p o r t a n c e
i n  a l l  a q u a t i c  s i t u a t i o n s .  T h e y  i n f l u e n c e  t h e  p r o d u c t i v i t y
o f  t h e  l a k e  a n d  a r e  b a s i c  p a r a m e t e r s  o f  a l l  l i m n o l o g i c a l
p r o b l e m s .  T h e  d e p t h  c o n t o u r s  ( 1 9 4 9 )  a r e  p l o t t e d  o n  t h e
o u t l i n e '  map f i g u r e  I I .  M e a n  a n d  max imum d e p t h  a r e  7 . 9  m .  a n d
31 m .  r e s p e c t i v e l y .  6 T h e  l a k e  h a s  a n  a r e a  o f  1 4 . 1 7  s q .  k m .  a n d
a v o l u m e  o f  1 0 8  x  1 0  c u b i c  m e t e r s .

The max imum l e n g t h  a n d  w i d t h  a r e  8 . 7  k m .  a n d  2 . 4  k m .
r e s p e c t i v e l y .  S h o r e l i n e  d e v e l o p m e n t  ( r e l a t i o n  o f  s h o r e
l e n g t h  t o  t h e  c i r c u m f e r e n c e  o f  a  c i r c l e  e q u a l  i n  a r e a  t o  t h a t
o f  t h e  l a k e )  i s  n o t  g r e a t  a t  1 . 8 3 .  T h e  f l u s h i n g  p e r i o d ,  o r
t h a t  t i m e  r e q u i r e d  f o r  a n  a m o u n t  o f  w a t e r  e q u a l  t o  t h e  l a k e
v o l u m e  t o  p a s s  t h r o u g h  i t s  o u t l e t ,  i s  a  s i g n i f i c a n t  l i m n o l o g i c a l
p a r a m e t e r  i n  t h i s  s t u d y .  T h e  e x c h a n g e  r a t e  i s  c o m p u t e d  a t :

Lake v o l u m e  8 7 , 5 5 5  A c r e  f e e t
= 0 . 1 5 7  y r s .  o r  5 8  d a y s

F l o w  5 5 4 , 8 0 0  A c r e  f e e t / y r .

(1) T h e  e u t r o p h i c a t i o n  o f  w a t e r s  m e a n s  t h e i r  e n -
r i c h m e n t  i n  n u t r i e n t s  a n d  t h e  e n s u i n g
d e t e r i o r a t i o n  o f  t h e i r  q u a l i t y  d u e  t o  t h e
l u x u r i a n t  g r o w t h  o f  p l a n t s  w i t h  i t s  t o t a l
e f f e c t  o n  t h e  o v e r a l l  m e t a b o l i s m  o f  t h e  w a t e r s
i n v o l v e d .  E u t h r o p h i c  i s  v e r y  r i c h  i n  n u t r i e n t s ,
o l i g o t r o p h i c  i s  v e r y  s p a r c e  i n  n u t r i e n t s ,  m e s o -
t r o p h i c  i s  m i d  p o i n t  b e t w e e n  e u t r o p h i c  a n d
o l i g o t r p h i c .

C o n t i n u e d  .  .  .  .  .  . / 2
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2. F I S H E R Y

F i v e  s a l m o n i d  s p e c i e s  u t i l i z e  t h e  L a k e l s e  R i v e r
Wa t e r s h e d  t o  s o m e  e x t e n t .  T h e  t e n  y e a r  a v e r a g e  a d u l t  e s c a p e -
men t  ( 1 9 6 1  -  7 0  i n c l u s i v e )  i s  a s  f o l l o w s :  P i n k s  -  6 2 5 , 0 0 0 ;
Coho -  3 0 , 0 0 0 ;  S o c k e y e  -  1 3 , 6 0 0 .  C h i n o o k  a n d  c h u m  d a t a  i s
i n c o m p l e t e  b u t  e a c h  a v e r a g e  e s c a p e m e n t  w o u l d  b e  i n  t h e  o r d e r
o f  1 0 0  -  3 0 0  f i s h .  T h e  b u l k  o f  t h e  s o c k e y e  e s c a p e m e n t  s p a w n
i n  S c h u l b u c k h a n d ,  W i l l i a m s ,  a n d  S o c k e y e  C r e e k s .  H a t c h e r y
Creek  w a s  a n  i m p o r t a n t  t r i b u t a r y  ( i n  t h e  p a s t )  b u t  t h r o u g h
f l o o d  c o n t r o l  m o d i f i c a t i o n s ,  n o w  h a s  v e r y  l i m i t e d  n u m b e r s  o f
f i s h  i n  t h e  c r e e k .  E v i d e n c e  o f  b e a c h  s p a w n i n g  o n  L a k e l s e
Lake i t s e l f  h a s  n o t  b e e n  o b s e r v e d  a t  a n y  t i m e .  O t h e r  s m a l l
s t r e a m s  o n  t h e  w a t e r s h e d  a r e  m i n i m a l  i n  i m p o r t a n c e  a s  s p a w n i n g
g r o u n d s .

3. N U T R I E N T S

N u t r i e n t  s a m p l i n g  w a s  c a r r i e d  o u t  t w i c e  d u r i n g
Sep tember  a n d  N o v e m b e r  1 9 7 2  a n d  s e v e n  t i m e s  f r o m  M a r c h  t o
O c t o b e r  1 9 7 3 .  L a k e  a n d  s t r e a m  w a t e r  s a m p l e s  w e r e  c o l l e c t e d

, f r o m  2 3  s t a t i o n s ,  ( s e e  F i g u r e  1 ) .  T h e  n u m b e r  o f  s a m p l e s  t a k e n
p e r  s t a t i o n  v a r i e d  w i t h  t h e  d e p t h  a t  e a c h  s i t e .  A t  i n s h o r e
s h a l l o w  s t a t i o n s  o n l y  o n e  s u r f a c e  s a m p l e  w a s  t a k e n ,  a t
i n t e r m e d i a t e  d e p t h s  s u r f a c e  a n d  b o t t o m  s a m p l e s  w e r e  t a k e n ,
and a t  t h e  l a k e ' s  d e e p e s t  s t a t i o n  ( S TAT I O N  5 ,  3 0  m e t e r s )  s i x
samp les  w e r e  t a k e n .  O n e  l i t r e  w a t e r  s a m p l e s  w e r e  c o l l e c t e d
w i t h  a . N a n s e n  b o t t l e ,  p r e s e r v e d  w i t h  5  m 1 / 1 .  o f  c h l o r o f o r m
and f r o z e n  o r  i m m e d i a t e l y  f r o z e n ,  a n d  s e n t  t o  t h e  C y p r e s s
Creek  L a b o r a t o r y  i n  Va n c o u v e r  f o r  a n a l y s i s . .  T h e  n u t r i e n t s
measured  w e r e  a m m o n i a ,  n i t r a t e - n i t r a t e ,  a n d  p h o s p h a t e s .
A n a l y t i c a l  r e s u l t s  a r e  r e c o r d e d  i n  A p p e n d i x  I .

The p e r i o d  o f  h i g h e s t  a v e r a g e  l a k e  n i t r a t e - n i t r a t e
c o n c e n t r a t i o n  w a s  o n  J u n e  5 ,  1 9 7 3  a t  0 . 0 2 9  m g / 1  p e r  s a m p l e .
The p e r i o d  o f  h i g h e s t  n i t r o g e n  i n p u t  f r o m  t h e  H o t  S p r i n g s
C a n a l  w a s  o n  S e p t e m b e r  3 ,  1 9 7 3 ,  w i t h  a  h i g h  o f  0 . 7 6  m g / 1 ,
l o w  o f  0 . 0 9  m g / 1 ,  a n d  a n  a v e r a g e  o f  0 . 4 5  m g / 1  f o r  a l l  f o u r
H o t  S p r i n g  s a m p l e  s t a t i o n s .

The p e r i o d  o f  h i g h e s t  a v e r a g e  l a k e  c o n c e n t r a t i o n s
o f  p h o s p h o r u s  w a s  o n  S e p t e m b e r  3 ,  1 9 7 3  a t  0 . 0 5 6  m g / 1  p e r  s a m p l e .
The h i g h e s t  i n p u t  f r o m  t h e  H o t  S p r i n g s  C a n a l  w a s  o n  A u g u s t  1 3 ,
1973 ,  w i t h  a  h i g h  o f  0 . 5 0  m g / 1 ,  a  l o w  o f  0 . 0 3  m g / 1  a n d  a n
a v e r a g e  o f  0 . 3 0  m g / 1  p e r  s a m p l e  s i t e .  C o n c e n t r a t i o n  l e v e l s  a t
t h e  W i l l i a m s  C r e e k  o u t l e t s  a l s o  w e r e  r e l a t i v e l y  h i g h e r  o n
Sep tembe r  3 ,  1 9 7 3 .
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C o l l e c t i o n s  o f  n i t r o g e n  a s  a m m o n i a  w e r e  a n a l y z e d  o n
a c o m p l e t e  s a m p l e  c i r c u i t  t w i c e ,  i n  A u g u s t  a n d  S e p t e m b e r  1 9 7 3 .
The p e r i o d  o f  h i g h e s t  a v e r a g e  l a k e  c o n c e n t r a t i o n s  o f  a m m o n i a
was A u g u s t  1 3 ,  1 9 7 3 ,  a t  0 . 0 4 4  m g / l .  T h e  H o t  S p r i n g s  C a n a l
a l s o  w a s  h i g h e s t  d u r i n g  t h i s  p e r i o d  w i t h '  a  h i g h  o f  2 . 2 0 0  m g / 1 ,
a l o w  o f  0 . 0 8 0  m g / 1 ,  a n d  a n  a v e r a g e  o f  1 . 4 5 5  m g / 1  t h r o u g h o u t
t h e  c a n a l .

4 .  T E M P E R A T U R E S

D e t a i l e d  t e m p e r a t u r e  p r o f i l e s  f r o M  e a c h  v i s i t  ' a r e
p r e s e n t e d  i n  A p p e n d i x  I I .  M a p s  o f  v e r t i c a l  t e m p e r a t u r e
g r a d i e n t s  a r e  s h o w n  i n  F i g u r e  I I I .  L a k e  t e m p e r a t u r e s  w e r e
t a k e n  a t  t h r e e  s a m p l e  s i t e s  ( 1 ,  4  a n d  5 )  u s i n g  a  t e l e t h e r m o m e t e r
and r e c o r d e d  a t  e v e r y  m e t e r .  T h e  l a k e  w a s  g e n e r a l l y  i s o t h e r m a l
d u r i n g  t h e  s a m p l i n g  p e r i o d s .  M a x i m u m  o b s e r v e d  s t r a t i f i c a t i o n
was 5  C  o n  A u g u s t  1 3 ,  1 9 7 3 .  T h e  l a c k  o f  w e l l  d e f i n e d  s t r a t i -
f i c a t i o n  i n  L a k e l s e  L a k e  i s  p r o b a b l y  d u e  t o  t h e  s h a l l o w  d e p t h
and t h e  s t r o n g  s o u t h w e s t e r l y  w i n d s .

5.  P O L L U T I O N

P o l l u t i o n  f r o m  t h e  v a r i o u s  r e s i d e n t i a l  a n d  t o u r i s t
c o m p o n e n t s  a r e  u n k n o w n  a t  t h i s  t i m e .  W h e n  p r o p e r  s e w a g e  s y s t e m
d e s i g n  a n d  i n s t a l l a t i o n s  a r e  a d h e r e d  t o ,  a d v e r s e  e f f e c t s  o n
w a t e r  q u a l i t y  s h o u l d  b e  m i n i m a l .  S o m e  d e s i g n  c r i t e r i a  o f  t h e
r e c e n t  p a s t  a r e  i n  n e e d  o f  m a j o r  r e v i s i o n .  C o n t r o l  p a r a m e t e r s
such  a s ,  a r e a  d r a i n a g e  s i z e ,  l o a d i n g  c o n c e n t r a t i o n ,  s o i l
p e r m e a b i l i t y  a n d  s l o p  h a v e  n o t  b e e n  f u l l y  c o n s i d e r e d .  W i t h
f a c i l i t i e s s i t u a t e d _ i n _ s u c h - c l o s e - p r o x i m i t y  t o _ t h e _ l a k e _ s h o r e
some f o r m o f r i g i d  i n s p e c t i o n _ s h o u l d _ b p _ u n d e r t a k e n .  T h e  u s e
o f - - d y e s f l u s h e d  d o w n  t o i l e t s  c o u l d  a i d  i n  i n d i c a t i n g  a n y  p o s s i b l e
l e a k a g e  o f  t h e  p r e s e n t  f a c i l i t i e s  n o w  i n  u s e .  P u b l i c
e d u c a t i o n  o f  t h e  e f f e c t s  o f  p h o s p h a t e  s o a p s ,  f e r t i l i z e r s ,  e t c . ,
on t h e i r  l o c a l  e n v i r o n m e n t  s h o u l d  b e  u n d e r t a k e n .

1

M e n t i o n  h a s  b e e n  m a d e  o f  t h e  r e m a i n s  o f  a  f i s h
c o u n t i n g  f e n c e  o n  t h e  u p p e r  L a k e l s e  R i v e r  w h i c h  h a s  r e d u c e d
v e l o c i t i e s  o n  t h e  r i v e r  a n d  c a u s e d  t o  s o m e  d e g r e e  a n  i m p o u n d -
men t  o f  t h e  l a k e .  S o m e  r e s i d e n t s  f e e l  t h a t  r e m o v a l  o f  t h e  f e n c e
w o u l d  f a c i l i t a t e  a  m o r e  r a p i d  d r a i n a g e  o f  t h e  l a k e  r e s u l t i n g
i n  l e s s  f l o o d i n g  o f  t h e i r  p r o p e r t i e s .  H o w e v e r ,  s u c h  r e m o v a l
c o u l d  p o s s i b l y  commence a  s c o u r i n g  a c t i o n  o f  t h e  r i v e r  b e d
u p s t r e a m  t o  L a k e l s e  L a k e  i t s e l f ,  o n e  e n d  r e s u l t  b e i n g  a
q u a g m i r e  f o r  w a t e r f r o n t a g e  o n  t h e  l a k e .
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6. L O G G I N G

I n  t h e  p a s t  y e a r s ,  e x t e n s i v e  l o g g i n g  o p e r a t i o n s  h a v e
been u n d e r t a k e n  i n  t h e  L a k e l s e  a r e a .  I m m e d i a t e l y  a f t e r  s u c h
f o r e s t  h a r v e s t i n g  c e r t a i n  f a c t o r s  c a n  r e s u l t .  T h e  d e c a y  o f
s l a s h  m a t e r i a l s  m a y  i n c r e a s e  n u t r i e n t  l o a d s  t o  a  c e r t a i n  d e g r e e .
As t h e  l a k e  i s  i n  a  p a r t i a l  w e s t  c o a s t a l  c l i m a t i c  z o n e  o f
h e a v y  p r e c i p i t a t i o n ,  d e f o r e s t a t i o n  m a y  r e s u l t  i n  t e m p e r a t u r e
i n c r e a s e s  i n  t h e  s t r e a m  d u r i n g  p e r i o d s  o f  l o w  s u m m e r  f l o w
and f r e e z i n g  o f  s p a w n i n g  g r o u n d s  d u r i n g  t h e  w i n t e r .  T h e
l o s s  o f  c o v e r  c a n  a d v e r s e l y  a f f e c t  t i m i n g  a n d  q u a n t i t y  o f
t h e  w a t e r s h e d  r u n o f f  t o . t h e  l a k e ,  i n c r e a s i n g  e r o s i o n  a n d
t h e r e b y  i n d u c i n g  s t r e a m  t u r b i d i t y  a n d  s e d i m e n t a t i o n .  T h e
snowpack  i t s e l f  m a y  m e l t  a t  a n  a c c e l e r a t e d  r a t e  w h e n  t h e  f o r e s t
canopy  i s  r e m o v e d ,  i n c r e a s i n g  t h e  c h a n c e s  o f  u n c o n t r o l l e d  s p r i n g
r u n o f f  f l o w s ' a n d  a  l o s s  o f  w a t e r s h e d  s t o r a g e  f o r  l a t e r  m o n t h s .

The a n n u a l  r a t e  o f  c u t  o f  t h e  L a k e l s e  L a k e  w a t e r s h e d
i s  p r e s e n t l y  r e d u c e d  f r o m  p r e v i o u s  y e a r s .  T h i s  d e c r e a s e
i n  d e f o r e s t a t i o n  w i l l  l e s s e n  t h e  n i t r o g e n  n u t r i e n t  i n p u t
i n t o  L a k e l s e  L a k e  a n d  h e l p  t o  d e c r e a s e  t h e  t r o p h i c  l e v e l  o f
t h e  l a k e .

7. -  T R O P H I C  LEVEL

N u t r i e n t  l o a d i n g  i n t o  L a k e l s e  L a k e  c o u l d  o n l y  b e
measu red  a t  t w o  s o u r c e s ,  t h e  i n f l o w i n g  s t r e a m s  a n d  t h e
h o t  s p r i n g s  c a n a l .  N u t r i e n t  l e a c h i n g  f r o m  t h e  s h o r e l i n e  c o u l d
n o t  b e  e s t i m a t e d .  N u t r i e n t  l o a d i n g  f r o m  t h e  s t r e a m s  i s  c o m -
p u t e d  a t  0 . 0 1 9  g r a m s  o f  p h o s p h o r u s  p e r  s q u a r e  m e t e r  o f  l a k e .
The h o t  s p r i n g s  c a n a l  l o a d i n g  i s  c o m p u t e d  a t  0 . 0 2  g r a m s  o f
p h o s p h o r u s  p e r  s q u a r e  m e t e r  o f  l a k e ,  w h i c h  i s  a s  m u c h  a s  a l l
t h e  s t r e a m s  c o m b i n e d .  H o w e v e r ,  t h e s e  f i g u r e s  a r e  b a s e d  o n
t h e  e n t i r e  s u m m e r.  A c c o r d i n g  t o  t h e  E n v i r o n m e n t  D i r e c t o r a t e
(1971)  l o a d i n g  s h o u l d  b e  c o m p u t e d  f o r  s p r i n g  n u t r i e n t  i m p u t

when n u t r i e n t  l o a d i n g  s h o u l d  b e  a t  a  p e a k .  I f  w e  c o n s i d e r e d
o n l y  s p r i n g  v a l u e s  t h e  n u t r i e n t  i m p u t  w o u l d  b e  m u c h  l o w e r
i n d i c a t i n g ,  t h e r e f o r e ,  t h a t  t h e  p e a k  n u t r i e n t  i m p u t  c o m e s  d u r i n g
t h e  s u m m e r.

The n u t r i e n t  i m p u t  o f  t h e  s t r e a m s  ( 0 . 0 1 9  g m s .  P / m )
i n d i c a t e s  l o w  e n r i c h m e n t  f r o m  t h e  w a t e r s h e d  a s  a  r e s u l t  o f
d e f o r e s t a t i o n  a n d  n a t u r a l  s o i l  l e a c h i n g .  I f  o n l y  s p r i n g  v a l u e s
a r e  c o n s i d e r e d ,  t i e  n u t r i e n t  i m p u t  i s  o n l y  s l i g h t l y  h i g h e r
a t  0 . 0 2 2  g m s .  P / m  .  P h o s p h o r u s  i m p u t  a t  t h i s  l e v e l  ( 0 . 0 1 9  -
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0 . 0 2 2  g m s .  P / m 2 )  w o u l d  l i k e l y  p r o d u c e  a n  o l i g o t r o p h i c  l a k e .

The L a k e l s e  L a k e  h o t  s p r i n g s  c a n a l  h a d  t h e  g r e a t e s t
d e t e c t e d  n u t r i e n t  i m p u t  d u r i n g  t h e  s a m p l i n g  p e r i o d .  T h e
n u t r i e n t  i m p u t  i n t o  t h e  l a k e  f r o m  t h e  c a n a l  i n c r e a s e d  d u r i n g
m i d - s u m m e r,  w h e n  t h e  g r e a t e s t  r e c r e a t i o n a l  u s e  o f  t h e  a r e a
O c c u r s .

The c o m b i n e d  t o t a l  l o a d i n g  o f  t h e . s t r e a m s  a n d  t h e
h o t  s p r i n g s  i s  0 . 0 3 9  g r a m s  o f  p h o s p h o r u s  p e r  s q u a r e  m e t e r ,
w h i c h  i s  a l s o  a  l o w  e n r i c h m e n t  l e v e l .  T h e r e f o r e  t h e  m a j o r i t y
o f  n u t r i e n t  i m p u t  m u s t  c o m e  f r o m  a n o t h e r  s o u r c e .  T h e  o n l y
o t h e r  r e a s o n a b l e  s o u r c e  i s  f r o m  s h o r e l i n e  l e a c h i n g .  E s t i m a t e s
o f  t h e  a m o u n t  o f  i m p u t  f r o m  t h i s  s o u r c e  i s  i m p o s s i b l e  t o
measure  d u e  t o  t h e  c o n s t a n t  m i x i n g  i n  t h e  l a k e  a n d  t h e  r a p i d
exchange  r a t e .  I f  i t  w e r e  n o t  f o r  t h e s e  t w o  f a c t o r s  t h e
t r o p h i c  l e v e l , o f  t h e  l a k e  w o u l d  b e  m u c h  h i g h e r ,  p o s s i b l y
e u t r o p h i c .

The s o u r c e  o f  n u t r i e n t s  f r o m  t h e  s h o r e l i n e  a p p e a r s
t o  i n c r e a s e  i n  m i d -summer  i n  c o n j u n c t i o n  w i t h  t h e  i n f l u x  o f
r e c r e a t i o n a l  a c t i v i t i e s .  E s t i m a t e s  ( f r o m  W.  S i n c l a i r )  o f  t h e
human p o p u l a t i o n .  a t  L a k e l s e  L a k e  a r e  4 3  p e r m a n e n t  r e s i d e n C O S
and 1 0 0  s e a s o n a l  r e s i d e n a e s . ( e a c h  w i t h  a n  a v e r a g e  o f  4  p e o p l e ) ,
1 7 6 , 2 2 0  o v e r n i g h t  v i s i t o r s ,  a n d  2 4 3 , 7 1 0  d a y  v i s i t o r s .
E s t i m a t i n g  p h o s p h o r u s  i m p u t  f o r  o n l y  t h e  o v e r n i g h t  v i s i t s  a t
10 p p m .  t o t a l  p h o s p h o r u s  a n d  2 5  g a l l o n s  o f  w a t e r  p s r  p e r s o n  p e r
d a y  w o u l d  e q u a l  a  t o t a l  s u m m e r  l o a d i n g  o f  2 . 2  x  1 0  K g m s .  I f
t h e  t o t a l  n u t r i e n t  i m p u t  f r o m  a l l  t h e  a b o v e  s o u r c e s  a r e
e s t i m a t e d  t h e  t o t a l  i m p a c t  o n  t h e  t r o p h i c  l e v e l  o f  t h e  l a k e
can  b e '  a p p r e c i a t e d .  T h e  p r o b l e m  w o u l d  b e  c o m p o u n d e d  i f  t h e  l a k e
d i d  n o t  t o t a l l y  e x c h a n g e  i t s  e n t i r e  w a t e r  m a s s  1  2 / 3  t i m e s
d u r i n g  t h i s  p e r i o d .

8. C O N C L U S I O N

L a k e l s e  L a k e  i s  a  r e l a t i v e l y  s m a l l ,  w a r m  w a t e r  l a k e .
I t  i s  u t i l i z e d  b y  s u b s t a n t i a l  n u m b e r s  o f  a l l  f i v e  s a l m o n i d
s p e c i e s ,  a n d  s i n c e  i t  i s  t h e  o n l y  w a r m  w a t e r  l a k e  i n  t h e  a r e a ,
has  a  r e l a t i v e l y  l a r g e  r e c r e a t i o n  p o t e n t i a l .

C u r r e n t  e v i d e n c e  d o e s  n o t  i n d i c a t e  t h e  e x a c t  s o u r c e
o f  n u t r i e n t  l o a d i n g ,  b u t  s h o w s  t h a t  t h e  s t r e a m s  h a v e  a  l o w
n u t r i e n t  i m p u t  a n d  t h a t  t h e  h o t  s p r i n g s  c a n a l  h a s  a  s u m m e r
l o a d i n g  g r e a t e r  t h a n  a l l  t h e  s t r e a m s  c o m b i n e d .  H o w e v e r ,  t h e s e
two s o u r c e s  s t i l l  d o  n o t  h a v e  a .  s u b s t a n t i a l  n u t r i e n t  i m p u t ,

C o n t i n u e d  .  .  .  •
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t h e r e f o r e  a  t h i r d  s o u r c e  ( s h o r e l i n e  l e a c h i n g )  m u s t  b e  c o n -
s i d e r e d .  E x t r a p o l a t i n g  t h e  human p o p u l a t i o n  a n d  n u t r i e n t
imput  i n d i c a t e s  t h a t  a n  a p p r e c i a b l e  amoun t  o f  n u t r i e n t s  c o u l d
come f r o m  t h i s  s o u r c e .

I n  c o n c l u s i o n ,  a l t h o u g h  a b s o l u t e  e v i d e n c e  i s  n o t
p r e s e n t ,  t h e  r e c r e a t i o n a l  a c t i v i t i e s  o n  t h e  l a k e  o r  l a k e  s h o r e
must b e  c o n s i d e r e d  a s  h a v i n g  t h e  m a j o r  i n f l u e n c e  o n  t h e  l a k e
t r o p h i c  l e v e l .  I f  t h e  w a t e r  exchange  r a t e  w e r e  l e s s  i t  i s
ve ry  l i k e l y  t h a t  t h e  l a k e  w o u l d  h a v e  a  l u x u r i a n t  g r o w t h  o f
p l a n t s  w i t h  i t s  r e p e r c u s s i o n s  o n  t h e  l a k e  m e t a b o l i s m .
The re fo re  u n l e s s  some ad&qua te  measures  a r e : t a k e n  t o  r e g u l a t e
p r e s e n t  d e v e l o p m e n t ,  t h e  t r o p h i c  l e v e l  w i l l  i n c r e a s e  a n d
e v e n t u a l l y  c a u s e  s e v e r e  e u t r o p h i c a t i o n  w i t h i n  t h e  l a k e .



Province of
British Columbia

- i n  comparing t h e  da ta  t h e  on l y  s i g n i f i c a n t  d i f f e r e n c e  was i n  t h e  s p r i n g  o v e r t u r n
values f o r  t o t a l  phosphorous

CLEUGH f r o m  t a b l e  12,  p .  ?0 A B L E S O N  foam t a b l e  C, p . 2 5
DATE: May 2C, 1075 n a y  3 ,  1074

Stat ion TOTAL PROS. STATION DESCRIPTION STATION TOTAL PROS. (mg/1)

I I 0. 0' op e 1 -  c t  2r, 1-,lar :',:-S 1 h 11:
po n t

A5 Sfc. 5 . 007
:7,t. 0.007

. I I I 0. VC 'pen —ater, deep,72-_-, n o r t h
end o f  l a k e . . .  STNS. I I I  &

., Sfc. 0 .  000
I n t .  0 . 0 0 7

J '  l o c a t i o n s  correspond
c lose ly

open wa te r  o f f  M u l l e r

7,ot. 0 . 0 2 2

Sfc. 0 . 0 0 7
Day I n t .  0 . 0 0 0

Dot. 0 . 0 0 9

To: A l  Ed ie

PE: Cleugh vs .  Ab leson

DATA

,nistry of
Recreation and
Conservation
FISH A N D  W I L D L I F E  B R A N C H

MEMORANDUM
Date: J u n e  0 ,  1900.

open wa te r  ,  m i d  l a k e

IV O .  044 h o t  sp r i ngs  o u t f l o w

V 0 . 0 1 7  N O .  S k u i l y  C r.

3.007 a l l  d e p t h s

0. 007 r  /ts ctcsc io o,,,&,)
l4 cAE4k s 7 A 9

(17

- the  above a re  l i s t e d  f o r  you r  convenience, a s  sample s t a t i o n s  w i t h  c l o s e l y
corresponding l o c a t i o n s . . . ,

Comments

- the  most suiMn3; d iscrepancy i s  i n  t h e  open wa te r  s t a t i o n s  as  l i s t e d  above . . . .
Ablesons bot tom r a l u e  o f  0 .022 a t  S tn  i'!*? would i n d i c a t e  t h a t  t h e  l a k e  had n o t

yet  t u rned  ove r  T l i t r o g e n  da ta  ( p .  21:-) does  n o t  suppor t  t h i s  i d e a  however. . . .  as t h e
N concentat ions  o v e r  depth a r e  q u i t e  homogenannus- / 1  Odc.50 Ai . 4  So t 0  f i t 6 t 1  0 0 , 0 3 ?

06.D ( 3 0 7 7 0  (`'‘ e  e14-0 LA) 6 441-7- Saw? k = d & D  . „  2-both au thors  nen 122_L,..-ii2 va lues  f o r  PlIOS. &  Dec. 3 c - 7 7 . 4 / A k ,

Autho:rs.,‘ Int r, ro,

A,h. S'AmAi2s-17-,c(4-Ci feZer. /7  F 1 6 . 2
(p,A#0.9 / t r u e s t : A )  p  7  p c ,



•  •
Ableson

-bases h i s  c o n c l u s i o n s ( i . e .  t h a t  t h e  l a k e  i s o l i g ,  t r o p h i c ,  p o o r  i n  n u t r i e n t s  e t c . )
On t h e  c l a s s i f . i c a t i o n s  o f  t w  A u t h o r s

(1945) sug,gestnd" ( f r o m  .:2)ie.son p .  ?2)

i f  t o t a l  i n o r g a n i c Phos. >  0 . 0 1 5  n g l l  ,  a l g a l  blooms cou ld  be expected.

Ableson c o n t r a d i c t s  h i m s e l f  here ,  a s  t h e  l a s t  paragraph on  p .22  i n d i c a t e s
tha t  Ablesons f i g u r e s  a r e  >  t h i s  t h e o r e t i c a l  minimum

i i )  h e  a l s o  uses Sakamoto's (1966) .

i f  N g >  1 2 : 1  t h e n  Phos. i s  gene ra l l y  t h e  l i m i t i n g  f a c t o r ,  i e  t h e
Pee a /16P5nt A t i g -  r t o rne i ta lo r  AILsystem i s  l a c k i n g  i n  Phos.

i f  N : P  (  1 2 : 1  p h o s p h o r o u s  i s  l e s s  impor tan t  a n d  o t h e r  f a c t o r s
are o f  increased s i g n i f i c a n c e . _  ie,  t h e z i s  l o t s  o f  phosphorous and something
else , ( I  assume Ni t rogen)  i s  me% s i g n i f i c a n t

i i i )  U s e s  l o w  va lues o f  Ch l .  a  andtcarbon, to  j u s t i f y  l o w  t r o p h i c  s t a t u s . . . . p  47
and poor  amounts o f  phyto  p lank ton

Comment R E :  0 . 0 1 7  mg:71

i )  Ableson obv ious l y  c o n t r a d i c t s  h i m s e l f  hereh i s  da ta  i n d i c a t e s  t h a t  P l e v e l s
are h i g h  enough t o  cause a l g a l  blooms, acco rd ing  t o  Sawyer (1945)

Cleugh  uses Vo l lenwe ider  (  19711 -wh ich  c l a s s i f i e d  l e v e l s  f rom  8.01 - 0 . 0 1  m5,11
Phos. a s  be ing  i n d i c a t i v e  o f   mesa eutIratphic c o n d i t i o n s  ( p .  6 4 )

i i )  R e ;  N:P r a t i o s
F i r s t  o f f ,  Ab leson uses t h e  to=.: May t u r n o v e r  va lues  f o r  c a l c u l a t i o n  o f

these r a t i o s  (  t h e  r a t i o s  a r e  t a b u l a r i z e d  on p  2 3 ) . . t h e s e  I E T I I  r a t i o s
would be much l e s s  i f  u s e d  Cleurt ,s I:ay t u r n o v e r  data  f o r  rhos

Second,pleade no te  a t tached paper  by Mee(197r )

Pitee s t a t e s  t h a t :  N a t u r a l  phy top lank to  con ta i ns  N/P i n  a  r a t i o  o f
about 15:1 b u t j  t h a t  t h i s  racy v a r y  h e  found t h e  r a t i o  i n
Scenedesmus sp .  t o  be  1 0 : 1 . .

i i i )   RE: c h i .  A low

Cleugh. acknowledges C h l .  A  b u t  c i t e s  M a s e r  and Jones (1949) ,  a n d
Vol lenweider  (1961) w h o  i n d i c a t e  t h a t  macrophytes c a n  absorb l a r g e

quan t i t i e s  o f  n u t r i e n t s  which would impover ish t h e  phytoplankton
community( p  64- 65) C l e u g h  s t a t e s  t h a t  t h e r e  has beena
rapid  expansion i n t h e  mac rophy te  and ben th i c  communties

Ab; eson d i d  n o t  i n v e s t i g a t e  theecommuni t ies



To: D r .  R i c k  N o r d i n
Aquat ic  S t u d i e s
Assessment '$ P l a n n i n g  D i v i s i o n

Fr :  B e n  Kangasniemi
Spec ia l  P r o j e c t s  Subsec t i on
Aqua t i c  P l a n t  Management S e c t i o n
I n v e n t o r y  & E n g i n e e r i n g  Branch

Re: '  Review o f  C leugh e t  a l .  ( 1 9 7 8 )  a n d  Ableson (1976)

N u t r i e n t s

Date: J u l y  2 3 ;  1980

F i l e :  0316533-c -6
d-2

Cleugh e t  a l .  ( 1 9 7 8 )  s t a t e  ( page  38)  t h a t  " t h e  a n a l y s i s  i s  based on  t w o
lake s t a t i o n s ,  a n d  comple te  m i x i n g  o f  t h e  l a k e  wate rs  was assumed".  A l l
the o t h e r  s t a t i o n s  were  cons ide red  a s  r e p r e s e n t i n g  t h e  q u a l i t y  o f  t h e
r u n o f f ,  a n d  n o t  t h e  l a k e .  H o w e v e r ,  i n  t h e  d i s c u s s i o n  (page  6 4 ) ,  o n l y
data f r o m  S t a t i o n  I I I  i s  used  t o  assess t h e  t r o p h i c  s t a t u s  o f  t h e  l a k e
i n  g e n e r a l .  A c c o r d i n g  t o  t h e  map on  page 17  i t  appears S t a t i o n s  I I  a n d
I I I  r e p r e s e n t  l a k e  q u a l i t y  away f r o m  t h e  d i r e c t  a f f e c t  o f  r u n o f f .  T h e
f o l l o w i n g  table i s  based o n  t o t a l  P d a t a  f o r  a l l  samp l ing  d a t e s  f r o m
Cleugh e t  a l .  ( 1 9 7 8 ) .

S t a t i o n  n  x  mg/L t o t a l  P

I I  4  0 . 0 2 1
I I I  7  0 . 0 2 3

o v e r a l l  1 1  0 . 0 2 2

Cleugh e t  a l .  ( 1 9 7 8 )  s t a t e  t h a t  0 . 0 2 6  mg/L i s  t h e  mean t o t a l  P  f o r
S ta t i on  I I I  ( p a g e  6 4 ) .

S ta t i ons  2 ,  3 ,  4  and  7  used i n  t h e  Ab leson (1976)  s t u d y  appear  t o  b e
located away f r o m  t h e  i n f l u e n c e  o f  r u n o f f  accord ing  t o  t h e  map o n  page 7 .
The f o l l o w i n g  t a b l e  i s  based o n  Ab leson (1976)  d a t a  f o r  a l l  samp l i ng  d a t e s .

S t a t i o n  n  x  mg/L t o t a l  P

2 2 0 *  0 . 0 1 4
3 2 1  0 . 0 1 3
4 2 1  0 . 0 1 6
7 1 4  0 . 0 1 2

o v e r a l l  7 6  0 . 0 1 4

one anomalous v a l u e  r e j e c t e d

4 . , 1  • I  1" • <eel 7



-2-

According t o  t h e  above m a n i p u l a t i o n  o f  t h e  more e x t e n s i v e  Ab leson (1976)
data,  a n  o v e r a l l  t o t a l  P  o f  0 .014  mg/L p u t s  Lake lse  Lake i n  t h e  m i d d l e  o f
the range  proposed b y  Wetze l  ( 1975 )  f o r  a n  o l i go -meso t roph i c  c o n d i t i o n .

The c o n c l u s i o n  based on  t o t a l  N :  t o t a l  P  r a t i o s  and t h e o r e t i c a l  c h l o r o p h y l l  a
c a r r i e d  o u t  b y  Ab leson (1976)  s h o u l d  b e  t r e a t e d  w i t h  more c a u t i o n .  B a s e d  o n
the  l o w  i n o r g a n i c  N va lues  and  t h e  moderate t o t a l  P  l e v e l s ,  N  may be  l i m i t i n g
phy top lank ton  p r o d u c t i o n .

Macrophytes

The macrophytes documented b y  Cleugh e t  a l . ( 1 9 7 8 )  c a n  u t i l i z e  b o t h  l a k e  w a t e r
n u t r i e n t s  a n d  sed iment  n u t r i e n t s ,  a n d  t h e r e f o r e  may be e i t h e r  a  sou rce  o r
s i n k  o f  l a k e  n u t r i e n t s .  T h e  documenta t ion  o f  spec ies  p r e s e n t  a n d  t h e i r
r e l a t i v e  abundance i s  n o t  d e t a i l e d  enough t o  es t ima te  t h e  o v e r a l l  i m p a c t  o f
the macrophyte community on  t h e  n u t r i e n t  budget  o f  t h e  l a k e .

Conclusion

The d a t a  o f  b o t h  Ab leson  (1976)  a n d  Cleugh e t  a l . ( 1 9 7 8 )  c a n  be  i n t e r p r e t e d
t o  s u p p o r t  t h e  conc lus i ons  o f  Ab leson ( 1 9 7 6 ) .

Ben Kangasniemi

cc:  D r .  P. R .  Newro th



To: R. J .  Buchanan
D i r e c t o r ,  A q u a t i c  S tud ies  Branch
Assessment &  P lann ing  D i v i s i o n

Fr :  R .  N .  N o r d i n
Assessment & P lann ing  D i v i s i o n
Aquat ic  S t u d i e s  Branch

Re: L a k e l s e  Lake

Date: August 1 2 ,  1 9 8 0

F i l e :  0 3 2 8 5 2 6 -Gen.

Dennis Abe lson  o f  t h e  Waste Management Branch,  P r i n c e  George made a  r e q u e s t
10 J u l y  1980, a s k i n g  f o r  comments o n  two  r e p o r t s  on  Lake lse  Lake.  - T h e  t w o
r e p o r t s ,  o n e  done b y  Abelson ( 1 9 7 6 ) ,  t h e  o t h e r  done b y  Cleugh e t  a l . ( 1 9 7 8 ) ,
were f e l t  by. Abelson t o  d i f f e r  i n  t h e i r  i n t e r p r e t a t i o n  o f  t h e  t r o p i c  s t a t u s
o f  t h e  l a k e .

Ben Kangasniemi has  made some comments o n  t h e  t w o  r e p o r t s  ( a t t ached )  a n d  t h e
f o l l o w i n g  a r e  a  summary o f  my comments o n  t h e  two  r e p o r t s .

Abe lson 's  main  p o i n t  o f - c o n t e n t i o n  i s  t h e  c l a i m  i n  t h e  f e d e r a l  r e p o r t  t h a t
the t r o p h i c  s t a t u s  o f  Lake lse  s h o u l d  be  d e s c r i b e d  as  e u t r o p h i c .  A b e l s o n
i t  appears ,  i s  j u s t i f i e d  o n  t h i s  p o i n t .  A l l  t h e  parameters wh ich  t h e  F e d e r a l
r e p o r t  c i t e  ( n i t r o g e n ,  p h y t o p l a n k t o n  b iomass,  zoop lank ton  numbers, w a t e r  e x -
change r a t e )  e x c e p t  phosphorus i n d i c a t e  o l i g o t r o p h y  o r  mesotrophy i n  t r o p h i c
s t a t u s .  T h e  phosphorus v a l u e  w h i c h  i s  c i t e d  (66pg /L )  a s  b e i n g  s p r i n g  o v e r -
t u r n  v a l u e ,  i s  p o o r l y  chosen a n d  n o t  r e p r e s e n t a t i v e  o f  e i t h e r  s p r i n g  o v e r t u r n
o r  a  r e p r e s e n t a t i v e  v a l u e  o f  t h i s  p e r i o d .  T h e  v a l u e  was t a k e n  i n  May and  t h e
corresponding o r t h o  phosphorus c o n c e n t r a t i o n  i s  l e s s  t h a n  5  p g / L ,  i n d i c a t i n g
t h a t  t h e  phosphorus i n  t h a t  sample was l a r g e l y  suspended, n o n  a v a i l a b l e  m a t e r -
i a l  and  l i k e l y  a  consequence o f  f r e s h e t  i n f l o w .  A  more r e p r e s e n t a t i v e  mean
t o t a l  phosphorus v a l u e  wou ld  be  o b t a i n e d  u s i n g  t h e  March 3 ,  1975 ,  d a t a  w h i c h
would be  1 7 . 5  p g / L  ( a l l  s t a t i o n s ) .  B y  most  t r o p h i c  r a t i n g  schemes ( i . e .  W e t z e l
1975) t h i s  wou ld  i n d i c a t e  a  meso t roph ic  c o n d i t i o n .  H o w e v e r,  t h e r e  a r e  a  number
o f  problems w i t h  u s i n g  t h e  t o t a l  phosphorus v a l u e s  e s p e c i a l l y  i n  t h e  case  o f
Lakelse.

I f  t h e  o r t h o  phosphorus d a t a  f r o m  t h e  f e d e r a l  r e p o r t  a r e  examined, i t  i s  e v i d e n t
t h a t  t h e  b i o l o g i c a l l y  a v a i l a b l e  phosphorus i s  v e r y  l o w.  O n l y  15 o f  t h e  45
samples t a k e n  had c o n c e n t r a t i o n s  above t h e  l a b o r a t o r y  d e t e c t i o n  l i m i t s  ( 5  p g / L ) .
The mean c o n c e n t r a t i o n  i s  l i k e l y  t o  be  l e s s  t h a n  5  p g / L  o v e r  t h e  sampl ing
p e r i o d .  C l e a r l y  t h i s  wou ld  be  d i f f i c u l t  t o  r e p r e s e n t  as  e u t r o p h i c  s t a t u s .

To a r r i v e  a t  what  m igh t  b e  more reasonab le  f i g u r e s  f o r  t o t a l  phosphorus a t
o v e r t u r n ,  d a t a  f o r  s t a t i o n  3 ,  May  8 ,  1 9 7 4 ,  o f  Abelsons d a t a ,  i n d i c a t e s  a  mean
o f  1 2 . 3  p g / L .  S t a t i o n  3  o f  Cleugh e t  a l . f o r  March 3 ,  1975 ,  i n d i c a t e s  a  v a l u e
o f  20  p g / L  and someth ing i n  between t h e  t w o  p r o b a b l y  would be  t h e  b e s t  a p p r o x -
i m a t i o n  o f  o v e r t u r n  phosphorus.  A s  such,mesot rophy  would be  i n d i c a t e d .  O v e r -
a l l , t h e  f e d e r a l  phosphorus d a t a  a r e  h i g h e r  t han  t h e  p r o v i n c i a l  d a t a  and  t h i s

ic.--;411b)2 - ix-go
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r e f l e c t s  e i t h e r  t h e  d i f f e r e n c e  between y e a r s  o r  d i f f e r e n c e  i n  a n a l y t i c a l
methods. C e r t a i n l y  t h e  minimum d e t e c t i o n  l i m i t s  a r e  d i f f e r e n t .  A n  i n d i c a -
t i o n  o f  t hese  d i f f e r e n c e s  a r e  apparent  f o r  d a t a  c o l l e c t e d  December 10 ,  1974 ,
(p rov ince)  a n d  December 11 ,  1974  ( f e d e r a l )  a t  e q u i v a l e n t  s t a t i o n s  ( # 3 ) .
P r o v i n c i a l  d a t a  f o r  t o t a l  P ( s u r f a c e  i s  1 8  p g / L t h e  f e d e r a l  d a t a  i s  26  p g / L .
The i n o r g a n i c  n i t r o g e n  i s  more d i v e r g e n t ,  t h e  p r o v i n c i a l  r e s u l t  b e i n g  l i g / L
(su r face )  a n d  t h e  f e d i r a l  d a t a  b e i n g  30 p g / L .  "  •  W o u k A e l t  : A t r

-41.-Slt- -k•-% 0 \  e d  T o d  S c t r " P l i ' A c NOf some cons l i de ra t i on  a l s o  t o  t r o p h i c  s t a t u s  i s  the--Tble p l a y e d  b y  a q u a t i c
macrophytes. T h e y  p l a y  a  m a j o r  r o l e  i n  t h e  n u t r i e n t  c y c l e ,  however  whether
they a r e  sou rces  o f  n u t r i e n t s  o r  t r a p  n u t r i e n t s  i n  t h e  l a k e  i s  u n c e r t a i n
s ince n o  i n v e s t i g a t i o n  i n  t h i s  r e g a r d  was done a t  Lake l se .  I t  i s  e v i d e n t
however t h a t  t h e  c o n c e n t r a t i o n  o f  n u t r i e n t s  d i f f e r s  i f  t h e  open w a t e r  s t a t i o n s
are compared t o  t h e s e  s t a t i o n s  n e a r  o r  ad jacen t  t o  weed beds.  I n  t h e  f e d e r a l
r e p o r t  t h e  o n l y  phosphorus v a l u e s  above t h e  minimum d e t e c t i o n  l i m i t  f o r  b o t h
o r tho  and  t o t a l ,  w e r e  a t  s t a t i o n s  I I ,  I I I  and I V  (open w a t e r  s t a t i o n s )  w h e r e -
as a l l  t h e  o t h e r  s t a t i o n s  h a d  concen t ra t i ons  be low d e t e c t i o n  l i m i t s .  T h e  i m -
p l i c a t i o n  f r o m  t h i s  i s  t h a t  t h e  macrophytes a r e  s i n k s  o f  n u t r i e n t s  a l t h o u g h
t h i s  i s  v e r y  s p e c u l a t i v e  on  such f l i m s y  ev idence .

The weed beds a l s o  e n t e r  i n t o  a n y  c o n s i d e r a t i o n  o f  p roduc t i on  o f  t h e  l a k e .  I f
the macrophytes a r e  i n c l u d e d  i n  t h e  p r o d u c t i v i t y  o f  t h e  l a k e ,  t h e y  would c e r -
t a i n l y  i n c r e a s e  t h e  e s t i m a t i o n  o f  l a k e  p r o d u c t i o n  s i n c e  t h e  phy top lank ton
p roduc t i on  i s  s o  l o w .  S i n c e  p r o d u c t i o n  i s  one o f  t h e  c a t e g o r i e s  wh i ch  wou ld
be used  t o  c o n s i d e r  t r o p h i c  l e v e l ,  t h e  macrophyte p r o d u c t i o n  w o u l d  c e r t a i n l y
change t h e  assessment  were i t  i n c l u d e d .  C e r t a i n l y  t h e  open w a t e r  b y  i t s e l f
appears t o  be  o l i g o - m e s o t r o p h i c ,  t h e  a d d i t i o n  o f  macrophyte p r o d u c t i o n  m i g h t
conce ivab ly  change t h a t  e v a l u a t i o n  o f  t h e  l a k e .

Another p o i n t  f r o m  t h e  d a t a  i s  t h e  v e r y  l ow  N:P r a t i o s  o f  t h e  l a k e .  T h i s  was
p o i n t e d  o u t  b y  C leugh  e t  a l .  and needs emphasiz ing h e r e .  I f  n i t r o g e n  i s
l i m i t i n g  p r o d u c t i o n  ( N : P  appears  t o  be  5 - 6 :  1 )  t h i s  mus t  be  t a k e n  i n t o  account
i n  a n y  wate rshed  p l a n n i n g  c o n s i d e r a t i o n .

I n  summary, i t  appears  t h a t  t h e  f e d e r a l  government r e p o r t  made a  p o o r  cho i ce
i n  t h e  r e p r e s e n t a t i v e  sample f o r  t o t a l  phosphorus.  T h e  v a l u e  o f  6 6  p g / L s h o u l d
n o t  have been used .  I t  appears  f r o m  t h e i r  d a t a  s e t  t h a t  a  v a l u e  o f  17-20
pg/L wou ld  be  more r e p r e s e n t a t i v e .  A b e l s o n ' s  d a t a  tends  t o  i n d i c a t e  a  l o w e r
sp r i ng  phosphorus c o n c e n t r a t i o n  ( 1 2  p g / L )  b u t  a l l  o f  t h e  o t h e r  parameters
( b i o l o g i c a l  and  chem ica l )  f r o m  bo th  r e p o r t s ,  i n d i c a t e  t h e  open w a t e r  areas
o f  t h e  l a k e  s h o u l d  be  more- p r o p e r l y  represen ted  as  o l i g o - m e s o t r o p h i c .

Both r e p o r t s  d o  n o t  address  t h e  q u e s t i o n  o f  t h e  r o l e  o f  macrophytes,  e i t h e r
i n  n u t r i e n t  c y c l e s  o r  more i m p o r t a n t l y  i n  t h e  o v e r a l l  p r o d u c t i v i t y  o f  t h e
lake .

R. N .  N o r d i n

A t tach .
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To: ' A l l a n  Ed ie  D a t e :  September 25 ,  1980
Habi ta t  B i o l o g i s t
Fish &  W i l d l i f e  Branch S i t e # 0 3 4 1
Smither,  B r i t i s h  Columbia

Dear S i r :

Fur ther  t o  r e c e n t  te lephone conversa t ion  and as  a  r e s u l t  o f  ques t ions
ra ised b y  y o u r  o f f i c e  r e g a r d i n g  c o n f l i c t i n g  i n t e r p r e t a t i o n s  o f  s t u d y
r e s u l t s  o n  Lake lse  Lake.  I  have enc losed correspondence f o r  D r.  R . J .
Buchanan, D i r e c t o r  Aquat i c  S tud ies  Branch,  i n  which h i s  s t a f f  r e v i e w -
ed t h e  r e s p e c t i v e  r e p o r t s  on  Lake lse  Lake.

t inderstandedly I  am somewhat g r a t i f i e d  t o  f i n d  t h a t  t h e  conc lus ions
advanced i n  my r e p o r t ,  Ab leson (1976)  have been v e r i f i e d .  C l e a r l y  t h e
water q u a l i t y  s t u d i e s  done t o  d a t e  i n d i c a t e  a  v e r y  l o w  l e v e l  o f  n u t r i -
ent enr ichment ,  w i t h  co r respond ing ly  l ow  l e v e l s  o f  p r ima ry  p r o d u c t i v -
i t y .  A s  such ,  t h e  t r o p h i c  c l a s s i f i c a t i o n  o f  Lake lse  Lake i s  o l i g o  t r o -
phic -  mesot roph ic ,  and  n o t  e u t r o p h i c ,  a s  had been i n d i c a t e d  b y  t h e
Federal  s t u d y.

The i n t e r p r e t a t i o n  o f  t h i s  conc lus ion  shou ld  n o t  l e a d  one t o  p r o j e c t  a
lack o f  concern f o r  lakeshore  development around t h e  fo resho re  o f
Lakelse Lake .  O n  t h e  c o n t r a r y,  a l t h o u g h  n u t r i e n t  l e v e l s  i n  t h e  l a k e
are p r e s e n t l y  l o w  and w i l l  p robab ly  con t inue  t o  remain s o  ( p r i m a r i l y
due t o  a  v e r y  h i g h  f l u s h i n g  r a t e ) ,  t h e  p o s s i b i l i t y  o f  l o c a l i z e d  n u t r i e n t
enrichment l e a d i n g  t o  undes i reab le  weed growth  i n  c e r t a i n  areas o f  t h e
lake,  canno t  be  i g n o r e d .  C o n s i d e r i n g  t h e  v e r y  l i m i t e d  l a k e  r e c r e a t i o n a l
p o t e n t i a l  i n  t h e  a rea ,  a s  w e l l  as  t h e  v e r y  h i gh  f i s h e r i e s  s i g n i f i c a n c e
of  Lake lse Lake ,  e v e r y  e f f o r t  must be  made t o  ensure t h e  p r e s e r v a t i o n
o f  t h e  e x i s t i n g  wa te r  q u a l i t y .  I n  t a k i n g  t h i s  p o s i t i o n  i t  i s  i m p e r i t -
ive t h a t  t h e  government s tand  i s  based on c o r r e c t l y  i n t e r p r e t a t e d  d a t a ,
Hopefu l l y  t h e  enc losed rev iews have r e c t i f i e d  t h e  con fus ion  which had
exis ted o v e r  t h e  r e p o r t s  o f  kb leson  (1976)  and  Cleugh, e t .  a l l  ( 1978) .

I f  t h e r e  a r e  any  f u r t h e r  ques t i ons ,  p l ease  do  n o t  h e s i t a t e  t o  con tac t
t h i s  o f f i c e .  I n  t h e  meantime, t h a n k  you f o r  drawing t h i s  m a t t e r  t o
my a t t e n t i o n .

S ince re l y,

D.H.G. k b l e s o n
Regional F i s h e r i e s  B i o l o g i s t
Omineca Peace Region

DHG/dl

cc:  T .  Robe r t s
Waste Management Branch
S r i t h e r s



To: M r .  D.  Ableson
Regional B i o l o g i s t
Waste Management Branch
Ministry o f  Environment
1011 Fourth Avenue
Prince George, B.C.
V2L 3H9

Re: Rev iew o f  repor ts  on Lakelse Lake

Date: September 12, 1980
0328526 -  Gen

In response t o  your request dated 10 Ju ly  1980 f o r  a review o f
your 1976 repo r t  and t h a t  o f  Cleugh e t  a l .  (1978),  I  have secured
comments f rom Dr.  R.  N.  Nordin i n  my Branch and Mr. B .  J .  Kangasniemi
in t he  Inventory and Engineering Branch. I  am forwarding herewith
the i r  comments f o r  your in format ion.

I l ook  forward t o  another opportuni ty  t o  ass is t  you o r  others i n
your Regional o f f i c e .

R. .  Buchanan, Ph.D.
Director
Aquatic Studies Branch

RECE.. it/ED
SEP 18 1980
PRINCE G E O R G E

M I N I S T RY O F  E N V I R O N M E N T
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February 5 ,  1982.

A l  E d i e ,
Regional H a b i t a t  P r o t e c t i o n  B i o l o g i s t ,
F i sh  and W i l d l i f e  Branch,
Bag 5 ,000
Smithers,  B .  C .  V O J  2N0

A l :

Re: L a k e l s e  Lakeshore Development P lann ing

I  was a t  a  meet ing as  p e r  o u r  d i s c u s s i o n  on  t h e  phone t h i s  P.M.  w i t h
Hermann Delyea,  Conrad Skaa l rud ,  J o h n  Hipp and Randy Nelson r e g a rd i n g
the s t a t u s  o f  Lake lse  Lake w i t h  r e s p e c t  t o  development and
environmentAl i n p u t .

* o u g h t  up a t  t h e  meet ing  were t h e  f o l l o w i n g  p o i n t s .

1. D e v e l o p m e n t  p ressure  on  t h e  l a k e  i s  h i g h  c u r r e n t l y .
2. F i s h  and W i l d l i f e  andRecrea t iona l  va lues a r e  eno.uuius.
3. T h e  c a r r y i n g  c a p a c i t y  o f  t h e  l a k e  i s  l i m i t e d  and we d o n ' t  know

what t h a t  l i m i t  i s .  I t  i s  l i m i t e d  f o r  e f f l u e n t  l o a d i n g  and by
i n f e rence ,  human days o f  useage. I t  a l s o  has a n  upper  l i m i t  on
l o c a t i o n  and number o f  d i f f e r e n t  t y p e s  o f  developments t o  p r o t e c t
Pub l i c  Access e t c .

4 T h e  F rase r  F o r t  George Regiona l  D i s t r i c t  has developed g u i d e l i n e s
t o  hand le  such  con t i genc ies ,  we  h a v e n ' t  ( i n  s u f f i c i e n t  d e t a i l ) .
We l a c k  s u f f i c i e n t  d a t a  t o  approve f u r t h e r  development because o f
these h i g h  va lues  and areas  o f  ignorance .

' 6 .  P r o t e c t i o n  o f  t h e  b i l l i o n  d o l l a r / c e n t u r y  f i s h e r y  e t c .  demands t h a t
a c a r r y i n g  capac i ty /deve lopment  t y p e  s t u d y  be done t o  p r o v i d e  a
r a t i o n a l  d a t a  based method o f  a r r i v i n g  a t  development approva ls  b y
those agenc ies  e n t r u s t e d  w i t h  t h e  c a r e  o f  t h i s  resou rce .  T h e  F r a s e r
F o r t  George Gu ide l i nes  m i g h t  se rve  as  a  p r e l i m i n a r y  model.  .

To p r o p e r l y  address t h e s e  ques t i ons ,  i t  was agreed b y  t h e  p a r t i c i p a n t s
t h a t  Reg iona l  D i s t r i c t  shou ld  be approached w i t h  these  concerns and
t h a t  t h e  s u c c e s s f u l  s o l u t i o n  o f  these_ quest ions was e s s e n t i a l  toyaBaggya,1
s f - f u t u r e  developments i n  t h e  Lake lse  Lake A rea .

This has  been done and Bob M a r c e l l i n  and E a r l  Hami l ton ,  b o t h  w i t h  t h e
Regional D i s t r i c t ,  a r e  t o  address t h e  m a t t e r  f u r t h e r  a t  a  T. P. C .  mee t i ng
on t h e  1 0 t h  o f  February.
%,
YOurs t r u l y ,

Jorman Jyrkkanen,
H a b i t a t  P r o t e c t i o n  Techn i c i an .  / 2
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CHANGES I N  PHOSPHORUS CONCENTRATIONS
DUE TO MIXING BY MOTORBOATS I N

SHALLOW LAKES
YOUSEF A. YOUSEF,* WALDRON M. MCLELLON* and HERBERT H. ZEFiUTHt

University of Central Florida, Engineering and Industrial Experiment Station.
College of Engineering. P.O. Box 25000, Orlando, FL 32816 U.S.A.

(Received Nocemher 1979)

Abstract—Recreptional motorboats equipped with engines varying from 28 to 165 horsepower were
operated at three selected Central Florida lakes. Also, a pair of isolation chambers representing aquatic
habitats were placed in each lake for control and mixing studies. Mixing in isolation chambers was
performed by small electrical motors connected to two blade propellers.

Agitation of the water column in the lake mixing stations and inside the isolation chambers increased
water turbidities and phosphorus concentrations. The increase in turbidity and phosphorus content
occurred at a much higher rate than the rate of decline after cessation of mixing. The increase in
phosphorus content could result in an increase in lake productivity as noticed from the increase of
chlorophyll a concentrations in lake mixing stations.

INTRODUCTION

Phosphorus has usually been considered the limiting
nutrient in most aquatic systems (Fitzgerald, 1970;
Syers, 1973, and USFPA, 1976). The amount of phos-
phorus present in most aquatic organisms has been
found t  p e r c e n t a g e  of  their total
weight. However, phytoplanki5ton can a -Fs-6713 mor
than ten times their normal content of  phosphorus
and store it for future use. Zooplankton and littoral
macrophytes also absorb and store orthophosphate
directly from the water column.dn r-Ciiii:OiTments rich

phosphorus;-the-toxuryphosphorus is  usually
stored in the form of polyphosphates which have been
found to comprise up to 20% of the cell dry weight
(Hooper, 1973).

The suspended plankton in a water column settle
and become part of  the sediment. Sediment phos-
phorus content has been observed to be generally
highest near the sediment-water interface and de-
creasing with depth as illustrated by sediment phos-
phorus profiles i n  several Florida lakes (Stewart,

`1976). Phosphorus in the sediment is present in both
the soluble and insoluble states (Syers et al., 1973;
Williams & Mayer, 1972; Williams et al., 1971).

Mixing of  the sediments and the overlying water
occurs due to natural and man-made processes. Prin-

presented to 1979 North American Lake Management
Cdnference. Kellogg Center for Continuing Education,
Michigan State University, East Lansing, Michigan. April
16-18.1979.

* Professors of Engineering, Civil Engineering and En-
vironmental Sciences Department, University of Central
Florida, Orlando, Florida.

t  Environmental Specialist, Florida Department o f
Transportation. Deland, Florida.

cipal processes of natural mixing have been found to
result from thermal gradients, wind and pressure
waves, mobility of organisms, such as insect larvae
and worms, and the formation of  gas bubbles and
pockets, either methane, carbon dioxide, or oxygen.
Man-made mixing results from recreational activities
such as boating and artificial mixing of the lake. Mix-
ing of the sediments and the overlying water would
have a'number of effects on the phosphorus concen-
trations and forms present in the sediment. Interstitial
water, containing up to fifty times the concentration
of soluble ortho-PO4, would be mixed with the over-
lying water. After resettling, phosphorus contained in
lower sediments and interstitial waters could diffuse
upward, replacing the supply of orthophosphate lost
to the water column. I t  has been reported that
19-65% o f  the inorganic phosphorus absorbed by
bottom sediments is exchangeable (Li et al., 1973).
Continued mixing would increase the rate of phos-
phate exchanged (Kuo &  Lotse, 1974). Also, contact
with aerobic lake water would cause some ortho-PO4
to be lost to the water column with the conversion of
ferrous hydroxide associated with sediments to ferric
oxyhydroxide and the resultant decrea!se in its adsorp-
tive capacity. In addition, bacteria on the now aerobic
particles would exhibit a rapid uptake of inorganic
phosphorus. Soluble organic phosphorus is released
from both phytoplankton and bacteria (Lean, 1973;
Hays, 1958). The rapid conversion of sediment ortho-
phosphate to organic phosphorus in a water column
is supported by Carter et al. (1974) studies.

Little work has been done to determine what role,
if any, the increased use o f  outboard motors has
played in the increased rate of eutrophication of many
lake systems. Casey et at. (1974) and Neilson (1974)
were interested in the rate of transfer of oxygen from

W.R. 14/7
841



Province of
British Columbia

Ministry of
Environment

.4,06h and Wildlife Branch
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563-1181

1982-02-10

Jorma Jyrkkannen
4825 Kei th  Avenue
Terrace, B r i t i s h  Columbia
V8G IK7

Dear S i r :

YOUR FILE
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Re: Lakeshore Guidelines and Developmental Capacity

Further t o  your recent telephone i nqu i r y  I  have taken the  l i b e r t y
of photostating por t ions o f  the manual used by the Province o f
Ontario f o r  assessing lakeshore development. Yo u r  a t tent ion  i s
respect fu l ly  d i rected towards pages 15-30, where the theory f o r
each step o f  the management scheme f o r  southern Ontario Lakes
is out l ined.  W i t h  spec i f i c  regard t o  the ca lcu la t ion  o f  phosphorus
leading t o  the lake ,  I  would st ress the  fo l lowing points  from
Dil lon:

1) I f  a development s i g n i f i c a n t l y  a l t e r s  the amount o f  cleared
land i n  a  watershed then an appropriate change i n  t he  export
value must be made.

2) T h e  t o t a l  amount o f  phosphorus supplied t o  the lake from the
land i s  calculated as the sum o f  the area o f  each drainage
basin t imes i t s  phosphorus export  co- e f f i c i e n t .

3) A  complicating f ac to r  ar ises i f  any t r i bu ta r i es  i n  the
watershed have addi t ional  lakes i n  i t s  course; these lakes
w i l l  a c t  as nu t r i en t  t raps ,  decreasing the  actual amount o f
phosphorus transported from the drainage area t o  the lake.

. . / 2
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I would s t ress t h a t  the  deta i led Ontario calculat ions remain
untested i n  B.C.;  many o f  the var iables such as the  phosphorus
export co- e f f i c i e n t ,  and the phosphorus re tent ion  co- e f f i c i e n t
for  lake sediments are probably d i f f e ren t .

I would a lso s t ress ,  as you have rea l ized,  the  overwhelming
signif icance o f  the high f lush ing r a t e  o f  Lakelse Lake.

Please contact me i f  I  can be o f  f u r t he r  assistance. I  would
also suggest R. Nordien o f  Aquatic Studies i n  V i c to r i a  as a
knowledgeable resource person.

Yours t r u l y ,

D.H.G. Ableson
Fisheries B io log is t
Omineca Peace Region

DHA/mh

attachments





To: T .  R o b e r t s
Regional Manager
Waste Management Branch
Smithers,  B . C .

Date: M a r c h  9 ,  1 9 2

F i l e :  5 0 . 6 0 0 3

Re: A d d i t i o n a l  S t u d i e s  a t  L a k e l s e  Lake

Studies o f  Lake l se  Lake b y  Ab leson  (1976)  a n d  C leugh  (1978)
developed a  reasonab ly  good f i r s t  c u t  e v a l u a t i o n  o f  t h e  t r o p h i c  s t a t u s
o f  t h e  l a k e .  T h e  s t u d i e s  were  n o t  d i r e c t e d  a t  d e v e l o p i n g  l a k e  c a p a c i t y
gu ide l i nes  o r  management p r e s c r i p t i o n s  i n  o r d e r  t o  p r o t e c t  o r  enhance
the v e r y  m a j o r  f i s h e r i e s  a n d  r e c r e a t i o n a l  resou rces  i n  t h e  l a k e  and
system.

I t  has  been s i x  yea rs  s i n c e  t h e  l a k e  was s t u d i e d ,  d u r i n g  wh ich
t ime t h e r e  has  been some m ino r  r e c r e a t i o n a l  development .  H o w e v e r ,  t h e
issue o f  t h e  new Ma i l box  p o i n t  s t r a t a  t i t l e  s u b d i v i s i o n  ( 2 7  l o t s )  p l u s
the a t t e m p t  t o  r e s u r r e c t  t h e  H o t s p r i n g s  H o t e l ,  r a i s e s  new and i m p o r t a n t
quest ions o f  l a k e  c a p a c i t y.

The s u b d i v i s i o n  i s  wor r i some i n  s e v e r a l  r e s p e c t s .  F i r s t ,  w i l l
i t  cause a d d i t i o n a l  n u t r i e n t  l o a d i n g  t o  t h e  l a k e ?  S e c o n d ,  a r e  t h e r e
o ther  l a n d  owners a w a i t i n g  t h e  outcome o f  t h i s  p r o p o s a l  b e f o r e  jump ing
i n  w i t h  t h e i r  own? T h i r d ,  i s  t h e r e  a  h a b i t a t  l o s s  s i t u a t i o n  when c o t t a g e
owners c l e a r  t h e i r  w a t e r f r o n t  o f ,  weeds f o r  a e s t h e t i c  purposes .  F o u r t h ,
i s  t h e r e  n u t r i e n t  en r i chment  f r o m  b o a t  a c t i v i t y  i n  s h a l l o w  wa te rs
(Yousef., e t  a l  1980)?

I t  i s  t h e r e f o r e  suggested t h a t  a d d i t i o n a l  s t u d i e s  g e t  underway
which a re  more management o r i e n t e d  and a s k  t h e  u l t i m a t e  c a r r y i n g  c a p a c i t y
ques t ion .

Suggested components o f  t h e  i n v e s t i g a t i o n s  i n c l u d e :

' I tem R e a s o n

1. n u t r i e n t s  i n  groundwater

2. n u t r i e n t  i n  i n l e t  s t reams

changes i n  t h e  watershed w i l l  v a r y
n a t u r a l  &  an th ropogen ic  l o a d i n g s  o f
n u t r i e n t

changes i n  t h e  watershed w i l l  v a r y
n a t u r a l  &  an th ropogen ic  l o a d i n g s  o f
n u t r i e n t

3. r o l e  o f  r o o t e d  macrophytes. t o  e v a l u a t e  t h e  i m p a c t  o f  macrophyte
as a  sou rce  o r  s i n k - o f . 1 1 : i s  l o s S , a s  a  r e s u l t  o f  mechan ica l
n u t r i e n t s  r e m o v a l  b y  c o t t a g e r s

, •
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Freshwater and S p t x t f i s h  i n  Lake lse  Lake and T r i b u t a r i e s  (C leugh,  e t .  a l .  1978)

Steelhead

Cut th roa t  t r o u t
Rainbow t r o u t
D o l l y  varden c h a r
Squafish
Whi te f i sh
Peamouth chub
Large-sca le  suckers
Redside s h i n e r s
Threespine s t i c l l e b a c k s
P r i c k l y  s c u l p i n
River  lamprey e e l s

Hab i ta t  Use

Summer Run
Winter  Run

200
700

Hab i ta t  use by  t h e  above spec ies  i s  complex w i t h  r e s p e c t  t o  t i m e
o f  y e a r  and t ypes  be ing  used.

P o t e n t i a l  Impac ts  o f  Developments Changing Troph ic  Regimes

Changes i n  spec ies  abundance r e l a t i v e  t o  each o t h e r  would be t h e
most l i k e l y  impact .  P r e d a t o r y  anadromous f i s h  w o u l d  show a  numer ica l
response t o  any changes i n  p r e y  spec ies  abundance. T h i s  would have i m p l i c .
to t h e  commercial  f i s h e r y.  I t  m igh t  be  p o s s i b l e  t o  model t h e  dynamics o f
the p o s s i b l e  changes t o  p r o j e c t  t h e  general  d i r e c t i o n  o f  t h e  impact ,  a n d
poss ib l y  c r u d e l y  approximate i t s  magnitude.

Avian p reda to r s  l i k e  Mergansers and Red necked grebes,  wou ld  a l s o  be
a f fec ted  by  any changes i n  t h e  r e l a t i v e  abundance o f  c e r t a i n  p rey  spec ies .

Cleugh e t .  a l .  r e p o r t s  i n  h i s  a b s t r a c t  t h a t  "  . . . R e l a t i v e  t o  a  1946
repo r t  t h e  b e n t h i c  community inc reased  t h r e e f o l d  p e r  square meter  o f  s u b s t r , c e
i n  a  l i m n e t i c  zone o f  n e a r l y  t w i c e  t h e  d e p t h . . . " .  I s  t h i s  f i n d i n g  i n d i c a t i v e
o f  a  t r e n d  towards a  h i g h e r  t r o p h i c  s t a t u s ?  I f  so ,  i s  t h e  t r e n d

(a) Con t inu ing?  ( b )  Caused by  e f f l u e n t  l e a c h a t e s  o r  o t h e r  watershed
developments? ( c )  L i k e l y  t o  cause a  change i n  f i s h e r y  p o p u l a t i o n  dynamics
o f  a  Socio-economic na ture?

J. Jy rkkanen
Hab i ta t  P r o t e c t i o n  Techn i c i an
F ish  and W i l d l i f e  Branch
Terrace.
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/AJ. L

. -  To t a l  development i n  t h e  Lake lse  Lake system needs some
pre- e s t a b l i s h e d  upper  bound t o  p r o t e c t  f i s h  a n d  f i s h  h a b i t a t .

I  am n o t  e x p e r t  enough t o  de te rmine  what  c r i t e r i a  c o u l d
determine t h a t  uppe r  bound so  I  am be ing  asked t o  comment o n
a r e f e r r a l  o u t s i d e  my a r e a  o f  gene ra l  knowledge.

Thus, u n t i l  I  r e c e i v e  f u r t h e r  d i r e c t i o n  f r om  my s u p e r i o r s
on t h i s  complex m a t t e r  I  w i l l  have t o  d e f e r  comment. A  s i t e
w i t h  t h e  deve lope r  has been t e n t a t i v e l y  scheduled f o r  t h i s  sp r ig ; ;
and f u t h e r  c l a r i f i c a t i o n  o f  o u r  Branch 's  p o s i t i o n  shou ld  r e s u l t .

I n  s h o r t ,  I  suggest  p u t t i n g  t h e  Lake lse  Lake Mai lbox  P o i n t
Proposal  o n  h o l d  u n t i l  f u r t h e r  M i n i s t r y  d i s c u s s i o n s  c r y s t a l i z e
i n t o  f i r m  o b j e c t i v e s  and p o l i c i e s  f o r  t h e i r  imp l imen ta t i on .

A m u l t i -agency d i s c u s s i o n  a f t e r  t h e  s i t e  i n s p e c t i o n  shou ld
be f r u i t f u l .  My Regiona l  Manager has i n d i c a t e d  i n t e r e s t  i n  such
a meet ing.  Perhaps  t h e  30 th  o f  A p r i l ,  1300 hou rs ,  a t  t h e  Regional.
D i s t r i c t  O f f i c e  would be a  good t ime,  f o l l o w i n g  a  morning s i t e
inspection.

Would t h a t  b e  accep tab le  t o  a l l ?

Yours t r u l y ,

JJ
f  t h e  reg  mgr

CC: AE ,  RG, J H  B W,  BB,  HD, M r.  I n s e l b e r g - 1 2 9 - 9 t h  S t . - P r i n c e  Ruper t ,  B . C .
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1.

BACKGROUND

Sinc la i r  (June, 1974) mentions i n  h i s  summary on t h e  Socioeconomic

study o f  Lakelse Lake t h a t  " T h e  planning and development o f  Lakelse

Lake must be based on the  concept t h a t  i t  has a  l i m i t e d ,  and i d e n t i f i a b l e ,

capacity t o  accomodate shorel ine and water-oriented a c t i v i t i e s . "

H i s t o r i c a l l y,  t h e r e  i s  a  po int  i n  t h e  l i f e  o f  developed lakes where

pol lut ion,  a l t e r a t i o n  and a l iena t ion  s i g n i f i c a n t l y  a f f e c t  the  capab i l i t y

of  those lakes t o  provide q u a l i t y  resource u t i l i z a t i o n .  The  sequential

changes a r e  o f ten  subt le  but  t h e  ne t  e f f e c t  i s  gross.

Pol lut ion i s n ' t  j u s t  phosphorous. I t  can be chemical leachates,

accidental s p i l l s ,  temperature changes, f l o w  t iming  a l t e r a t i o n s ,  debr is

in f lux ,  changed p lant  communities o r  introduct ion o f  a  predatory species

more po l lu t ion  to le ran t .  I n  Canada, t h e  Ontario government recognized

that lakes  a re  a  f i n i t e  resource a f t e r  the  col lapse o f  the  Great Lakes

Fishery,  r e h a b i l i t a t i o n  o f  which may never be complete even wi th  grea t

capi ta l  o u t l a y,  much t o  t h e  detriment o f  a l l  Canadians. They subsequently

implimented l ake  development guidel ines t o  contro l  maximum lake  development

(MTR Report, March, 1975 ) .

Lakelse Lake and i t s  associated Lakelse R iver  have s u f f i c i e n t l y  h igh

f isher ies  values t o  warrant some form o f  l i m i t i n g  process t o  protect

these same values. C u r r e n t l y,  i t  has only zoning which i s  a r b i t r a r y  and

only vaguely based on ecological  values.  There i s  no mandatory minimum

l o t  s i z e ,  establ ished r a t i o  o f  publ ic  access t o  p r i v a t e  waterfront  o r  boat l i m i t .



LAKELSE LAKE CAPACITY

LAKELSE CARRYING CAPACITY ANALYSIS

The Ontario repor t  c i t e s  a  number o f  ways t o  assess the  capacity o f

a l a k e  f o r  development. These methods i n d i r e c t l y  consider the  e f f e c t s  o f  t o t a l

watershed development o n  water qua l i t y  and on the  a b i l i t y  o f  the  resource

to supply c e r t a i n  socioeconomic opportunit ies.  The method i s  c o l l e c t i v e l y

called t h e  'Lake A l e r t  Study'(Hough, Stansbury and Associates L t d . ,  1972 ) .

I  make a  crude appl icat ion o f  i t s  methods below.

Boat L i m i t  Method . (BLM)

The BLM method recognizes t h a t  boats a r e  a  r e f l e c t i o n  o f  human

pressure on a  lake .  The  r u l e  o f  thumb t h a t  i s  suggested i s  t h a t  there

be 3 . 3  Acres o f  useable l a k e  surface p e r  motor boat and by inference,

per cottage.

Lakelse Lake has 3501.4 Acres o f  surface area  and 250 property owners

according t o  S i n c l a i r  i n  1974. Assume t h a t  ( 2 / 3 )  a r e  useable surface area

and addi t iona l  pressure has added another 50 boats. T h i s  y ie lds  an A / B

rat io  o f  7 . 7 8 ,  s t i l l  over  2  t imes as  high as  t h e  3 . 3  A/B l i m i t  suggested,

possibly ind icat ing  an increased capacity f o r  development. T h i s  value needs

periodic reassessment.

Shoreline Development Method (SDM)

Another check on the  sa fe ty  o f  the  Lake i s  t o  compare ex is t ing

Shoreline development wi th  l e v e l s  suggested t o  protect  t o t a l  shorel ine

from in tens ive  development (Regional D i s t r i c t  o f  FraseCFort George, Lakeshore

Guidelines, 1980) .

The suggested al lowable shorel ine development f o r  a  l ake  l i k e  Lakelse i s

50% (pg.16)  w i t h  an absolute maximum o f  75%. Lakelse current ly  has 67% i n

pr ivate  lands and 27% t i e d  up i n  Parks. Thus without adding Parks t o  t h e

shoreline developed, t h i s  index i s  c lose t o  t h e  maximum. Wi th  Parks, t h e

l i m i t  has been exceeded s i g n i f i c a n t l y  and no addi t iona l  room ex is ts  f o r  developmeni
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I t  i s  o f  course reasonable t o  consider Parks as developments.

Thus, according t o  t h e  SDM, 94% i s  committed and no more development

should be allowed. There  ex is ts  a  197. over-run.

Chlorophyll- a  Limit ing Method (CLAM)

Maximum permissable chlorophyl l - a  values f o r  protect ion o f  cold

3

water f i s h e r i e s  a r e  i n  t h e  range 2  C h l o r - a  ( 5  ( D i l l o n  and R i g l e r,  1975) .

However, ch lorophyl l -  a l eve ls  a r e  re la ted  t o  phosphorous so t h i s  method

(CLAM) i s  not  independent o f  another method described below which uses j u s t

a few, more parameters.
-1

Actual summer average ch lor -a  was 2 . 4  micrograms/I w h i c h
_3 3  3  - 3  - 3

translates t o  2 . 4  mg/m ,  e x :  (  microgiL x10 L/m x  10  mg/microg.).. .  mg/m . ) .

This value i s  w i t h i n  the  maximum permissable l e v e l  and could

even be doubled and s t i l l  conform. Thus, t h e  CLAM supports more

development capaci ty.

The key question about using t h i s  index seems t o  be. . .How much

additional phosphorous i s  needed t o  br ing  t h i s  index over  the  permissable?

I t  could be computed from a  regression curve r e l a t i n g  t h e  two var iables

and t h i s  should be done.

Morpheodaphic and Other Parameters Method (PPM)

This more sophisticated method was developed i n  Ontario,  adapted

to s u i t  t h e  PraserPort George Lakeshore Planning Guidelines, b u t  has

never been used i n  B r i t i s h  Columbia. The  reason, according t o  Abelson

(Abelson, Dennis, 1982,  Personal communication), i s  t h a t  t h e  cost  o f

getting parameters i s  too proh ib i t i ve .  However, most o f  the  parameters

are ava i lab le  f o r  Lakelse Lake since so many studies e x i s t  on the  system.
























