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WATER LICE:ICES -cLake K a t h l y n

Lake K a t h l y n  i s  approx imate ly  3 / 4  m i l e s  l o n g  and -It m i l es  w i d e .  I t  i s  q u i t e  s h a l l o w
over most o f  i t s  a rea  w i t h  a  maximum depth o f  31 f e e t  and mean dep th  o f  15 f e e t .
The o n l y  cont inuous f l o w i n g  i n l e t  s t ream i s  a n  unnamed s t ream,  l o c a l l y  c a l l e d
Club Creek ,  wh ich  f l o w s  i n t o  t h e  l a k e  o n  t h e  wes t  s i d e .  The B u l k l e y  Va l l e y  Rod and
Gun Club own p r o p e r t y  near  Lake K a t h l y n  th rough  which  Club Creek f l o w s .  T h e  Rodmand
Gun Club own and opura te  a  f i s h  h a t c h e r y  on  t k  i t s  p r o p e r t y  and wa te r  f o r  same i s
obtained f r o m  the  Creek_ under c o n d i t i o n s  o f  a  "Ester L icence h e l d  b y  the  F i s h  and W i l d l i f e
Branch.

Lake K a t h l y n  i s  a lmos t  comp le te l y  surrounded b y  p r i v a t e  p r o p e r t y  wh ich  c o n t a i n  some
permanent res idences and many summer homes. A . l a r g e  percentage o f  t h e  l a n d  around t h e
Lake t h a t  i s  i n  use i s  p a r t l y  inundated d u r i n g  t h e  s p r i n g  f r e s h e t  each y e a r.

Ceem ,some yea rs  ago (19557)  t h e  B .C .  Game DeTAz=ement made a  s t u d y  o f  Lake K a t h l y n  w i t h
the i n t e n t i o n  o f  a t t emp t i ng  a  r e h a b i l i t a t i o n  program. The o n l y  reasonable l o c a t i o n _ f o r
a b a r r i e r  t o  p reven t  r e i n t r o d u c t i o n  o f  undes i reab le  f i s h  s p e c i e s  was a t  o r  nea r  t h e
o u t l a t  i n  Ka th l yn  Creek (Ch icken Creek) .  T h i s  would have meant r a i s i n g  t h e  w a t e r  l e v e l
i n  the  Lake b y  t h ree  o r  f o u r  f e e t  and permanent ly  i n u n d a t i n g  a  number o f  ac res  o f
p r i v a t e l y  owned l a n d  around t h e  l a k e s h o r e .  Some o f  t h e  l a n d  owners were con tac ted  b u t
none would  a l l o w  t h e  f l o o d i n g  o f  t h e i r  l a n d .

In  t he  p r e s e n t  wa te r  use c o n t r o v e r s y  i t  se ,6Mcthat  a  number o f  homeowners around Lake
Kathlyn/ and a long K a t h l y n  Creek a re  seek ing  a u t h o r i t y  t o  d i v e r t  wa te r  f r o m  G l a c i e r
G u l c h  Creek,  t r i b u t a r y  t o  Tobaggan Creek,  i n t o  Lake K a t h l y n  th roy, ;h  Club Creek .  The
idea here  i s  t h a t  t h i s  f l o w  o f  c o l d  wa te r  f r o m  the  g l a c i e r  would  t,!-2.±11;1,2,. t h e  w a t e r
temperature i n  Lake K a t h l y n ,  r a i s e  t h e  wa te r  l e v e l  t h roughou t  t h e  sys tem and s t o p  t h e
growth o f  weeds. I  b e l i e v e  t h i s  i s  a  f a n c y .  F o r  One reason) the  i n l e t  o f  Club Creek  t o
the Lake and  t h e  o u t l e t  o f  Ka th l yn  Creek f r om t h e  Lake a r e  d i r e c t l y  across  t h e  l a k e
from one a n o t h e r,  n e a r  t h e  wes t  end o f  t he  Lake and  t h e  deep p a r t  o f  t h e  l a k e  connec ts
them so t h e r e  would be l i t t l e ,  i f  a n y, -m ix i ng  o f  wa te r  un less  a  b a r r i e r  was p laced
to  r a i s e  t h e  w a t e r  l e v e l  o f  Lake K a t h l y n .

The i n t r o d u c t i o n  o f  t o o  much c o l d  wa te r  t o  C lub  Creek would have i l l  e f f e c t s  o n  t h e
product ion o f  f i s h  i n  t h e  Rod &  Gun Club Hatchery  b u t  I  doub t  t h a t  i t  would have any
e f f e c t  o n  the  remainder  o f  t h i s  system.  To o  much water  t a k e o f f  f r o m  G l a c i e r  Gulch  Creek
rou ld  have a  d e t r i m e n t a l  a f f e c t  on  t he  Tobaggan Creek f i s h e r y  w h i c h  con ta ind  game f i s h ,
steelhead and salmon spawning f a c i l i t i e s .

There i s  t h e  l e g a l  aspec t  o f  f l opdod  l a n d  wh ich  need n o t  concern u s .
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'/More information
3'11

required before trying
creek diversIon

SMITHERS — The amount of
water disappearing from the
Glacier Gulch Creek system
must be determined before
any Lake Kathlyn diversion
plan is approved, says region-
al water managet—T- Dre-

Dreher says beaver dams
and underground seepage are
removing an unknown quan-
t i ty o f  w a t e r  f r o m  t h e
creek system each year. •

"It's difficult for us to come
up with an acceptable diver-
sion rate for  Lake Kathlyn
arid Toboggan Lake until the
question of creek flow losses
is dealt with," said Dreher.

He said the main concen-
tration o f  beaver dams i s
located about .5km past the
present diversion point o f
Glacier Gulch Creek into Club
Creek.

"Those beaver dams a re
presently storing a consider-
able amount o f  water and
would have to be removed,"
he said. "That, in turn, may

also cause flooding problem.
for people l iving along the
shoreline o f  the creek sys-
tem."

The destination of the creek
flow escaping underground,
he said, is "anybody's guess".

"We have to  know where
that groundwater i s  going
before implementing a diver-
sion into Lake Kathlyn."

Dreher says he hasn't yet
received any information re-
garding a Glacier Gulch Creek
preliminary water diversion
proposal for Lake Kathlyn by
a Prince Rupert consulting
firm.

The plan, drawn up by Ker
Priestman and Associates
Ltd., ca l ls  f o r  a  cement
structure t o  b e  instal led
below the  water  tab le  o f
Glacier Gulch Creek at a cost
of $100,000.

Dreher says  h e  w o n ' t
dispute the technical aspects
of a n y  proposal  i f  t h e
steelhead fishery at Toboggan
Lake receives the required

flow rates, .
"We've started a study this

summer t o  f ind  o u t  what
percentage o f  t h e  w a t e r
volume in  Toboggan Lake
comes from the Glacier Gulch
Creek system," he said.

The steep gradient of the
creek, he says, wil l  make i t
very unmanageable.

"It's a raging stream which
carries with it,a considerable
bedrock load, so any diversion
structure w i l l  have t o  en-
compass the entire width of
the channel," said Dreher.

He c la ims i t ' s  s t i l l  a
guessing game in determining
if the diverted creek water
will have an effect on Lake
Kathlyn.

" I t  wou ld  b e  a n  idea l
system for the lake because
the creek water flow is at its
highest during h o t  climate
periods when the cold water
influx is needed most," said
Dreher. "There  a re  s t i l l ,
however, a  l o t  o f  stored
nutrients in the lake bottom."1
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I Lake Kathlyn
/  Diverting creek

could solve lake
weed problems

SMITHERS —  Fol lowing a
meeting w i t h  representatives
from the m i n y -   of environ-
ment a n d d s ,  t h e  - rake
Kathlyn Protection Society has
decided on a scheme to rid Lake
Kathlyn of its weed problem.

Society president D r.  Mi tch
Greene says the society has begun
working toward getting an ap-
proval to divert Glacier Creek so
it w i l l  f l o w  t h r o u g h  L a k e
Kathlyn. x • •  —  sto,-iT.1:"--
7According t o  Greene,,`--Mel
Maxnuk, a  V e r n o n -based
biologist w i t h  t h e  ministry's
water management branch who.
specializes in weed control, sug-
gested to the society that "every
attempt be made" to flush the
lake continuously w i t h  c o l d
water, a method which has pro-
ven to keep weed growth down.

Provincial b io log is t  B r i a n
:Wilkes reported at the meeting
that the watei in Lake Kathlyn is
clearer this year, algae growth is
down and there is less waste and
pollution in the lake as a whole.
-,:"The executive felt there was

less weed growth this year due to
a higher l ake  level o f  co ld
water," said Greene.
7 Of the six options discussed at
the July 21 meeting between the
society's executive and represen-
tatives from the environment and
parks ministry and the regional
district, Greene said the executive •
decided the cold water flushing
method would be the most effec-
tive in ridding the lake of its weed
problem.

ket* 64/.1012
it 6 Y-  ic /7

The Lake Kathlyn Protection . ;
Society was formed by lakeside .1
property owners four years ago
to look at the question of weed
growth in the fake.

Aside f rom being unsightly, .
the weeds make boating difficult
or impossible, and they prevent
swimming and  fishing i n  the
lake.

A three-year-old engineering '1
study shows the cost of putting in
a silo with exit valve on the creek
for selective water release into
the lake a t  between $75,000-
$100,000, according to Greene.

He said regional district ad-
ministrator Gary McIntyre and
regional district rural area " A "
representative, A r t  Mortensen,
were enthusiastic about the cold
water diversion proposal.

The f o r m a l  d ivers ion  o f
Glacier Creek could be extended,
for a permanent drinking water
supply a n d  t o  p r o v i d e  a
firefighting supply, thus bringing
insurance rates down for proper-
ties i n  the Lake Kathlyn area,
said Greene.

Greene s a i d  t h e  J u l y  2 1
meeting was the society's f i rst
opportunity . t o  m e e t  w i t h
ministerial representatives.
'• Other methods looked at, but

rejected, included:
• mechanical harvesting o f  the
weeds —  considered cosmetic

, and ineffective because it leaves
the roots behind and regrowth
will occur;
• mechanical de-rooting — con-
sidered unsuitable to the weeds in
Lake Kathlyn because, when cut,
they would simply sink to -the

bottom and regrow;
• bottom barriers —  materials
are specially woven on the lake
bottom to occlude sunlight, but
although i t  i s  effective, t h e
method is very expensive;
• herbicides — commonly used in
the U.S., yet very controversial;
rejected because Lake Kathlyn's
water is  a  source o f  drinking
water, making an application for
a herbicide use licence from the
pesticide control branch difficult
if not impossible; .-. -  •
• drainage o f  lake —  a  1970s
study showed. that weed growth

--could be stopped by haying the
lake's water level lowered in the

.,-winter to allow the algae roots to
freeze and die; rejected because
recent studies show not all weeds
would be killed off, and because
there would be a loss of fish and
an absence of drinking water.

Glacier Creek already f lows
partially i n t o  L a k e  Kathlyn,
where i t  continues o n  t o  the
Bulkley R i ve r  down  Chicken
Creek, bu t  part o f  the glacier
stream-also drains into Toboggan
Lake a n d  t h e  sa lmon a n d
steelhead bear ing  Toboggan
Creek.

"Our bagic question is: 'what
can be done about the weeds in
Lake Kathlyn?'" asks Greene.

The next annual meeting of the
society w i l l  b e  held i n  m id -

, October. -  . "  -  •



CORRECTION:

Since comple t ion  o f  t h e  f o l l o w i n g  r e p o r t ,  i t  has come t o  o u r  a t t e n t i o n

tha t  t h e  names g i v e n  t o  some streams i n  t h i s  r e p o r t  do  n o t  conform t o

o f f i c i a l  names. T h e  st ream l a b e l e d  and r e f e r r e d  t o  as  "C lub  Creek" i s

o f f i c i a l l y  known as  Ka th l yn  Creek,  and  t h e  wa te r  course l e f t  unnamed

but r e f e r r e d  t o  as  t h e  " D i v e r s i o n  channel  f r om G l a c i e r  Creek"  i n  t h e

repor t  i s  o f f i c i a l l y  known a s  C lub  Creek.

B.R. B a i l l i e

R.J. Buchanan
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LEGEND

I .  S i t e  o f  proposed d i v e r s i o n  works and c o n t r o l
gate t o  d i v e r t  wa te r  f r om G l a c i e r  Creek t o
Kathlyn Lake.

2. S i t e  o f  proposed d i v e r s i o n  works and c o n t r o l
gate t o  d i v e r t  " C l u b "  . : reek t o  Simpson Creek.

3. P r o p o s e d  d i v e r s i o n  cana l  t o  d i v e r t  " C l u b "
Creek t o  Simpson Creek o r  v i c e  ve rsa .

4. S i t e  o f  proposed d i v e r s i o n  works and c o n t r o l
gate t o  d i v e r t  Simpson Creek t o  "C lub  Creek.
S i te  o f  proposed channel deeneni ng and
con t ro l  works t o  enable  draw-down o f  Ka th l yn
Lake.

5,

6

\  1 i

( '  \ ' ‘  Smithers
d'-'1 \  r.:- A b  hey
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No. 8EE 11 .

Sampling s t a t i o n s ,  K a t h l y n  Lake.

- v i  -



RESUME

A f i e l d  s u r v e y  o f  t h e  p h y s i c a l ,  chemica l  and b i o l o g i c a l  c o n d i t i o n

of  Ka th lyn  Lake was c a r r i e d  o u t  i n  August 1973. T h e  d i s t r i b u t i o n  o f

var ious spec ies  o f  weeds around t h e  margin o f  t h e  l a k e  was determined.

The predominant spec ies  were found t o  be Nuphar s p . ,  Potamogeton p e c t i n a t u s ,

and Ranunculus s p .  T h e  g r e a t e s t  number o f  spec ies  were encountered i n

the e a s t  and t h e  no r t heas t  bays ,  w h i l e  t h e  sou th  bay and t h e  r e g i o n  o f

the mun ic ipa l  beach had t h e  l e a s t  number o f  spec ies .  N o  measurements o f

biomass p e r  u n i t  a rea  were at tempted.

The t h e o r e t i c a l  aspects  and t h e  e c o l o g i c a l  i m p l i c a t i o n s  o f  t h e

var ious p h y s i c a l  and chemical  v a r i a b l e s  i s  d iscussed i n  some d e t a i l ,  w i t h

p a r t i c u l a r  re fe rence  t o  Ka th lyn  Lake.

The p lank ton  a lgae were sampled i n  Ka th l yn  Lake a t  f i v e  d e p t h s .

The numbers o f  each spec ies  p e r  m i l l i l i t r e  and t h e  t o t a l  number o f  s p e c i -

mens p e r  m i l l i l i t r e  were determined b y  mic roscop ic  coun t ing .  T h e  a l g a l

species i n  Ka th l yn  Lake a r e  more o r  l e s s  t y p i c a l  o f  e u t r o p h i c  l a k e s ,  b u t

the abundance o f  a lgae  was l o w e r  t h a n  commonly found i n  e u t r o p h i c  l a k e s .

This may be a  r e s u l t  o f  l i m i t i n g  growing c o n d i t i o n s  o r  o f  i n t e n s e  f e e d -

ing b y  p l a n k t o n i c  an ima ls .

I t  i s  concluded t h a t  Ka th l yn  Lake i s  e u t r o p h i c .  T h e  a l t e r n a t i v e

means o f  aqua t i c  weed c o n t r o l  a r e  considered w i t h  respec t  t o  t h e i r  approp-

r ia teness f o r  Ka th l yn  Lake. H e r b i c i d e s ,  h a r v e s t i n g  and b i o l o g i c a l  c o n t r o l

arc r e j e c t e d  f o r  va r i ous  reasons.  W h i l e  f l u s h i n g  wou ld  be  e f f e c t i v e  i n

- v i i



the c o n t r o l  o f  a lgae ,  i t  i s  n o t  expected t o  reduce es tab l i shed  roo ted

weed popu la t i ons ,  and  i t  has t h e  p o t e n t i a l  f o r  c o o l i n g  t h e  l a k e  more

than des i r ed  and i n c r e a s i n g  su r f ace  t u r b i d i t y  i f  f l u s h i n g  i s  con t inuous .

The most p romis ing  method appears t o  be  a  combinat ion o f  s p r i n g  and f a l l

f l u sh ing  and  w i n t e r  drawdown. T h i s  method would be  expected t o  c o n t r o l

both a lgae  and r o o t e d  p l a n t s  and would g i v e  p o s i t i v e  o p e r a t o r  c o n t r o l .

I t  s u f f e r s ,  however,  i n  n e c e s s i t a t i n g  r e c o n s t r u c t i o n  o f  numerous domest ic

water I n t a k e s ,  and  s i z a b l e  expendi tures  o n  h y d r a u l i c  c c ' . t r o l  works.  T h e

e f f ec t s  a long  t h e  streams whose f l o w s  wou ld  be  a l t e r e d  have n o t  been

estimated e i t h e r .  D r e d g i n g  i s  b r i e f l y  cons ide red  as  a  p u r e l y  weect c o n t r o l

measure. I t  was judged  t o  b e ' i n f e r i o r  t o  drawdown and f l u s h i n g .  I t

would e n t a i l  b o t h  r e c o n s t r u c t i o n  work f o r  domest ic  wa te r  i n t a k e s ,  and

i n t e r r u p t i o n  o f  s e r v i c e  d u r i n g  dredg ing  w h i l e  c r e a t i n g  s p o i l  d i s p o s a l

problems and n o t  a f f e c t i n g  a l g a l  p r o l i f e r a t i o n .  D r e d g i n g  i s  cons idered

to he  a  v i a b l e  a l t e r n a t i v e  f o r  p u r e l y  weed c o n t r o l ' i f  drawdown and f l u s h -

ing i s  r e j e c t e d .  T h e  r e l a t i v e  c o s t s  o f  t h e  two b e s t  o p t i o n s  i s  n o t  known.



An I n v e s t i g a t i o n  o f  t h e  Cond i t i on
o f  Ka th l yn  Lake,   w i th

Suggestions f o r  R e h a b i l i t a t i o n

1. INTRODUCTION

As e a r l y  as  1970,  and  c o n t i n u i n g  i n t o  t h e  y e a r  1973, concerned

c i t i z e n s  o f  t h e  Smi thers  a rea  b rough t  t o  t h e  a t t e n t i o n  o f  t h e  Water

Resources Se rv i ce  t h e  f a c t  t h a t  nuisance.weed growths were o c c u r r i n g

(and i n c r e a s i n g )  i n  Ka th l yn  Lake.  I n  response t o  t h i s  concern ,  t w o

b i o l o g i s t s  f r o m  t h e  Ecology D i v i s i o n ,  Water  I n v e s t i g a t i o n s  Branch,

v i s i t e d  Ka th l yn  Lake i n  August 1973. T h i s  r e p o r t  i s  a n  a n a l y s i s  o f  t h e

data c o l l e c t e d .

2. OBSERVATIONS

2.1 go l lphomet ry

The f o l l o w i n g  s t a t i s t i c a l  d a t a  were ob ta ined  f r o m  maps o f  Ka th lyn

Lake s u p p l i e s  b y  t h e  F i s h  and W i l d l i f e  Branch, Department o f  Recreat ion

and Conservat ion:

E levat ion 1 , 5 4 5  f e e t

Surface a rea  4 2 0  acres

Volume 6 , 3 0 0  a c r e - f e e t

Mean depth  •  15 f e e t

Maximum depth 3 1  f e e t

Perimeter 2 0 , 0 6 4  f e e t

Figure 1  i n d i c a t e s  t h e  number o f  acres  between v a r i o u s  wa te r  depths
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in Ka th l yn  Lake. F i g u r e  1  a l s o  i nc l udes  a  P l o t  o f  depth  a g a i n s t  t h e

t o t a l  a r e a  ( a c r e s )  t o  t h a t  dep th .

Kathlyn Lake i s  f e d  by  Club Creek which beg ins  a t  approx imate ly

the 5 ,000- f o o t  e l e v a t i o n  on  Hudson Bay Mountain.  T h e r e  have been occasions

when G l a c i e r  Creek has been d i , : e r t ed  i n t o  Ka th l yn  Lake b u t  t hese  were

temporary d i v e r s i o n s  o n l y.  K a t h l y n  Lake i s  d ra ined  b y  Ka th l yn  Creek which

f lows u l t i m a t e l y  i n t o  t h e  B u l k l e y  R i v e r.  S i m p s o n  Creek f l o w s  f r o m  t h e

slopes o f  Hudson Bay Mountain i n t o  Ka th l yn  Creek downstream f rom Ka th lyn

Lake.

Water temperatures i n  Ka th l yn  Lake range f rom 0°C ( i n  w i n t e r )  t o

at  l e a s t  19°C ( i n  summer). D u r i n g  t h e  summer, t h e  l a k e  becomes t y p i c a l l y

s t r a t i f i e d ;  t h e  the rmoc l ine  o c c u r r i n g  between t h r e e  and f i v e  mete rs  i n

depth. .  Approx imate ly  54% o f  t h e  t o t a l  a rea  w i t h i n  t h e  l a k e  l i e s  above t h e

f i v e -mete r  . ( 1 6 . 4  f e e t )  c o n t o u r.

2.2 Weed D i s t r i b u t i o n

The f o l l o w i n g  p l a n t s  were c o l l e c t e d  f r om  Ka th l yn  Lake on  August

13, 1973:

Brasenia s p .  P o t a m o g e t o n  sp .

Ceratophyllum demersum R a n u n c u l u s  a q u a t i l i s

N i t e l l -  s p .  R a n u n c u l u s  s p .

Potamogeton b e r c h t o l d i i  S a g i t t a r i a  l a t i f o l i a

Potamogeton gramincus S p a r g a n u m  sp .
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Potamogeton natans T y p h a  sp .

Potamogeton nodosus

These p l a n t s  were i d e n t i f i e d  b y  D r.  P. R .  Newroth o f  t h e  Environmental

Studies D i v i s i o n .  T h r e e  o t h e r  specimens were t e n t a t i v e l y  i d e n t i f i e d  b y

Dr. Newroth as  I s o e t e s  s p . ,  Juncos s p .  and  L i l a e a  sp .

Table I  shows t h e  p l a n t  spec ies  d i s t r i b u t i o n  throughout  t h e

s ta t ions  samples. S p e c i e s  i n c l u d e d  i n  Tab le  I  b u t  n o t  i n c l uded  i n  t h e

l i s t  above, mere seen and t e n t a t i v e l y  i d e n t i f i e d  b y  D r.  R . J .  Buchanan.

The. loca t ion  o f  each s t a t i o n  i s  i n d i c a t e d  on  t h e  map o f  Ka th lyn  Lake

(see F i g u r e  1 4 ) .

From Tab le  I  i t  i s  seen t h a t  Nuphar sp .  and  Potamogeton p e c t i n a t u s

are t h e  two  p l a n t  spec ies  most w i d e l y  d i s t r i b u t e d  i n  t h e  l a k e .  E a c h

occurs a t  seventeen o f  t h e  t w e n t y - f i v e  s t a t i o n s  sampled. The genus

Potamogeton i s  f ound  a t  a l l  b u t  two  s t a t i o n s .  T h e  genus Ranunculus

is  a l s o  w e l l  represented ,  o c c u r r i n g  a t  n ine teen  o f  t h e  t w e n t y - f i v e  s t a t i o n s .

The o t h e r  spec ies  l i s t e d  occu r  a t  one o r  more s t a t i o n s .

There i s  no  obv ious d i s t r i b u t i o n  p a t t e r n  and i n  a l l  p r o b a b i l i t y ,

most spec ies  occu r  a t  most s t a t i o n s  i n  t h i s -sma l l  l a k e .  T h e  spec ies

most f r e q u e n t l y  encountered a r e  N u h a r  s p . ,  Potamogeton pec t i na tus  ( o r

some o t h e r  spec ies  o f  Potamogeton) and Ranunculus s p .

Stat ions 8  and 12 have t h e  g r e a t e s t  number o f  spec ies  whereas
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s ta t ions  4  and 25  have t h e  l e a s t  number. A l l  o t h e r  s t a t i o n s  show va ry i ng

numbers o f  spec ies  p resen t .

2.3 W a t e r  Q u a l i t y

Figures 2 ,  8 ,  9  and 10 show t h e  v a r i a t i o n  w i t h  depth  o f  t h e var -

ious chemica l  v a r i a b l e s  i n  Ka th l yn  Lake, I t  shou ld  be  noted t h a t  t h e r e

is  a  cons iderab le  change i n  s c a l e  o f  t h e  f o u r  graphs.

Table I I  compares t h e  wa te r  chemis t ry  o f  Ka th l yn  Lake w i t h  t h a t

of  Ka th l yn  Creek, Simpson Creek,  G l a c i e r  Creek and Club Creek.

2.3.1 Te m p e r a t u r e

Figure 2  i n d i c a t e s  t h a t  Ka th l yn  Lake becomes t y p i c a l l y  s t r a t i f i e d

in  t h e  summer; t h e  the rmoc l ine  o c c u r r i n g  between t h r e e  and f i v e  mete rs

in  death .  T h e  waters  above t h e  the rmoc l i ne  ( e p i l i m n i o n )  a r e  warmed b y

the sun ,  t h u s  t h e y  become l e s s  dense. T h e  waters  be low t h e  the rmoc l ine

(hypolimnion) a r e  c o l d e r  and t h e r e f o r e  more dense t han  t h e  waters  i n  t h e

epi imnion. T h u s  t h e  waters  o f  Ka th l yn  Lake become s t r a t i f i e d  i n t o  an

upper r e g i o n  o f  warm, c i r c u l a t i n g  wa te r  ( f r e e  t o  c a r r y  on  gas exchange

wi th t h e  atmosphere) and deeper,  c o l d e r ,  r e l a t i v e l y  u n c i r c u l a t i n g  wa te r

(which cannot  c a r r y  on gas exchange w i t h  t h e  atmosphere).  T h e  r e g i o n  o f

rap id  decrease i n  temperature separa t i ng  t h e  e p i l i m n i o n  f rom t h e  hypol imnion

is  c a l l e d  t h e  t ' e r m o c l i n e  ( s e e  F igu res  2  and 3 ) .

The es tab l ishment  o f  t h e  the rmoc l i ne  i s  v e r y  impo r t an t  t o  t h e

understanding o f  t h e  va r i ous  processes o c c u r r i n g  i n  Ka th l yn  Lake.



2.3.2 D i s s o l v e d  Oxygen

_Figure 2  i n d i c a t e s  t h e  d i s s o l v e d  oxygen concen t ra t i on  o f  Ka th lyn

Lake remains r e l a t i v e l y  cons tan t  th roughout  t h e  e p i l i m n i o n ,  t h e n  decreases

rap id l y  th rough  t h e  the rmoc l ine  t o  l e s s  t h a n  one p a r t  p e r  m i l l i o n  (ppm)

i n  t h e  hypo l imnion.  T h i s  has t h r e e  e f f e c t s  o f  immediate concern;  one  i s

to r e s t r i c t  most an imal  l i f e  ( e s p e c i a l l y  f i s h )  t o  t h e  e p i l i m n i o n  (most

f i s h  r e q u i r e  a t  l e a s t  4 . 0  ppm o f  oxygen (14cCarren, 1972 p . 1 4 ) ;  t h e  second

i s  t h a t  o f  n e c e s s i t y,  t h e • a  must be  warm-water  f i s h ;  t h e  t h i r d  i s  t o

r e s t r i c t  p l a n t  g rowth  t o  .those areas above t h e  f i v e  m e t e r  ( p r o b a b l y

above t h e  t h r e e  meter)  c o n t o u r.

The e p i l i m n i o n  rece i ves  oxygen f rom t h e  atmosphere and a l s o  as

a by -p roduc t  o f  photosynthes is .  by t h e  Tthytoplankton. T h y w n r m  t n m p o r n -

tures and abundant s u n l i g h t  o f  t h e  e p i l i m n i o n  s t i m u l a t e  phy top lank ton

growth and photosynthes is .  A n y  oxygen d e f i c i e n c i e s  w h i c h  migh t  occu r

in  t h e  e p i l i m n i o n  can be removed b y  d i f f u s i o n  o f  oxygen f rom t h e  atmosphere

i n t o  t h e  wa te r.

The oxygen i n  t h e  waters  o f  t h e  hypol imnion i s  c o n s t a n t l y  removed

by r e s p i r a t i o n  o f  p l a n t s  and animals  and b y  o rgan i c  decomposi t ion.  I t  i s

r a r e l y  renewed u n t i l  t h e  f a l l  t u r n -over.  E v e n t u a l l y ,  t h e s e  processes w i l l

remove a l l  t h e  oxygen f rom t h e  hypol imnion,

The thermoc l ine  prevents  t h e  oxygen- r i c h  e p i l i m n i o n  waters  f r om

mixing w i t h  t h e  oxygen- d e f i c i e n t  hypo l imn ion  wate rs .
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2.3.3 S p e c i f i c  Conductance

Spec i f i c  Conductance i s  a  measure o f  t h e  a b i l i t y  o f  wa te r  t o

conduct e l e c t r i c i t y .  T h i s  a b i l i t y  inc reases  a s  t h e  i o n i c  s a l t  concent ra -

t i o n  inc reases .  T h e  s p e c i f i c  conductance i s  d i r e c t l y  r e l a t e d  t o  t h e

dissolved s o l i d s  c o n t e n t  o f  t h e  wa te r.  I t  i n d i c a t e s  n e i t h e r  t h e  i o n s

present n o r  t h a t  t h e  i o n s  a r e  n u t r i e n t s .  B e c a u s e  n a t u r a l  Waters c o n t a i n

a v a r i e t y  o f  bo th  i o n i c  and und issoc ia ted  spec ies  ( t h e  amounts and p r o -

por t ions  o f  which may vary g r e a t l y )  t h e  conductance i s  n o t  r e l a t e d  i n  a

simple manner t o  i o n  concen t ra t i on  o r  t o  t o t a l  d i s s o l v e d  s o l i d s .  I t  g i v e s

only a  genera l  i n d i c a t i o n  o f  t h e  d i s s o l v e d  s o l i d s  concen t ra t i on  ( see

Figures 4 - 7 ) .

Thv tnp lank to r  t h e  e p i l i m n i o n  reduces L i ie  concen t ra t i on

of n u t r i e n t s  above t h e  the rmoc l ine  (wh i ch  prevents  t h e  rep len ishment  o f

n u t r i e n t s  t o  t h e  e p i l i m n i o n  f rom t h e  hypo l imn ion) .  T h e  decomposi t ion o f

dead and dy ing  o rgan i c  m a t t e r  ( d e t r i t u s )  " r a i n i n g "  down f rom t h e  e p i l i m n i o n

(e .g . ,  phy top lank ton ,  zoop lank ton ,  f i s h  e t c . )  o r  i n  t h e  sediments may a l s o

increase t h e  concen t ra t i on  o f  i o n s  i n  t h e  hypo l imnion.

Thus, t h e  s p e c i f i c  conductance i n  t h e  e p i l i m n i o n  shou ld  be l owe r

than t h a t  o f  t h e  hypo l imnion because those  i o n s  (used  as  n u t r i e n t s )  removed

by t h e  phytop lank ton  w i l l  he  more abundant i n  t h e  hypo l imnion. The p r o -

duct ion o f  carbon d i o x i d e  i n  t h e  hypol imnion a l s o  c o n t r i b u t e s  t o  t h e  i o n i c

content o f  t h i s  wa te r  l a y e r .

Figure 2  shows t h e  s p e c i f i c  conductance p r o f i l e  o f  Ka th lyn  Lake



i n  August  1973. T h e  p r o f i l e  i s  n o t  unusual .  " T h e  conductance o f  su r face

and groundwaters has a  wide range,  o f  course,  and  i n  some areas may be

as l o w  as  50  micromhos, where p r e c i p i t a t i o n  i s  l o w  i n  s o l u t e s  and t h e

rocks a r e  r e s i s t a n t  t o  a t t a c k .  I n  o t h e r  areas conductances o f  50,000 o r

more may be reached;  t h i s  i s  t h e  approximate conductance o f  sea  wa te r " .

(Hem, 1970 ,  p . 1 0 2 ) .  B y  t h i s  c r i t e r i o n ,  i t  would appear t h a t  t h e  s p e c i f i c

conductance (and  t hus  t h e  t o t a l  d i s s o l v e d  s o l i d s  g e n e r a l l y )  o f  Ka th l yn

Lake i s  l o w  t o  moderate. T h e  conductances o f  Ka th l yn  Creek, Simpson

Creek, G l a c i e r  Creek and Club Creek would be cons idered l o w  b y  t h e  same

c r i t e r i o n .

The t o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  o f  water  i n d i c a t e s  t h e  amount

of  i n o r g a n i c  chemicals  i n  s o l u t i o n .  D i s s o l v e d  s o l i d s  i n  excess o f  1 ,000

mg/1 may have u n d e s i r a b l e  cooking c h a r a c t e r i s t i c s  o r  may cause adverse

phys io log i ca l  e f f e c t s  i f  consumed and thus  such wa te r  i s  cons idered  u n f i t

f o r  consumption b y  humans. I n  t h e  Un i ted  S t a t e s ,  t h e  g u i d e l i n e s  o f  t h e

U.S. P u b l i c  Heal th  Se rv i ce  and most s t a t e  agencies r e s t r i c t  t h e  concent ra -

t i on  t o  SOO mg/1 (qcCar ren ,  1972,  p . 11 ) .  H o w e v e r,  more t han  one hundred

pub l i c  wa te r  supp l i es  i n  t h e  U.S.  con ta i ned  2,000 mg/1 d i s s o l v e d  s o l i d s

wi thout  apparent  harm t o  t h e  users (AcCarren,  1972,  p . 11 ) .

Because t h e  s p e c i f i c  conductance o f  t h e  waters  o f  K a t h l y n  Lake,

Kathlyn Creek,  Simpson Creek,  G l a c i e r  Creek and Club Creek,  a r e  l ow  t o

moderate, i t  i s  p robab le  t h a t  t h e  t o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  i s

s i m i l a r l y  l o w.



8

2.3.4 T u r b i d i t y

Turbidity i s  an op t ica l  property o f  water; i t  does not  accurately'

indicate t h e  weight o f  suspended mater ia l  i n  a  given volume o f  water

because suspended p a r t i c l e s  show v a r y i n g  p r o p e r t i e s .  I t  i s  expressed i n

t u r b i d i t y  u n i t s .

Figure 2  i n d i c a t e s  t h a t  t h e  t u r b i d i t y  o f  t h e  e p i l i m n i o n  i s  r e -

l a t i v e l y  cons tan t .  T h e  t u r b i d i t y  begins t o  i nc rease  a t  t h e  t o p  o f  t he

thermocl ine.  B e l o w  the t he rmoc l i ne ,  t h e  t u r b i d i t y  inc reases  r a p i d l y ,

even tua l l y  reach ing  approx imate ly  s i x t e e n

There a r e  i n d i c a t i o n s  o f  a  l a r g e  p o p u l a t i o n  o f  p l a n k to n i c  a lgae

in the  thermocline. T h i s  would produce an increase i n  t u r b i d i t y.  A l s o ,

algae and o t h e r  p a r t i c u l a t e  m a t t e r  " r a i n i n g "  down i n t o  t h e  hypol imnion

from t h e  e p i l i m n i o n  may c o n t r i b u t e  t o  t h e  observed t u r b i d i t y  p r o f i l e .  I n

add i t i on ,  b a c t e r i a l  g rowth  (wh ich  r e s u l t s  i n  o r g a n i c  decomposi t ion and

the r e l e a s e  o f  d i sso l ved  s o l i d s )  may e f f e c t  t h e  t u r b i d i t y .

Sulphate and i r o n  i o n s ,  i n  t h e  absence o f  oxygen, may combine t o

form ferrous sulphide p a r t i c l e s  i n  the  water.  A s  t h e  p a r t i c l e s  increase

in size,-  some may s e t t l e -out  i n t o  t h e  sediments,  i m p a r t i n g  a  b l a c k  c o l o u r

to them. B e f o r e  s e t t l i n g ,  however, these p a r t i c l e s  may contr ibute t o

increased t u r b i d i t y.

Analysis o f  samples f r o m  Kalamalka Lake i n  t h e  Okanagan Va l l e y  o f

Bri t ish Columbia i n  1972 resul ted i n  t u r b i d i t y  values o f  2 .1  t o  2 . 3  a t  a

depth o f  1 me te r  and 0 . 8  t o  2 . 4  a t  a  depth o f  33 meters (Kalamalka Lake
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f i l e ,  E c o l o g y  D i v i s i o n ) .  K a l a m a l k a  Lake i s  cons idered t o  have c l e a r  wa te r

by most peop le .  B y  comparison, t h e  e p i l i m n i o n  o f  Ka th lyn  Lake i s  even

c leare r  t h a n  t h a t  o f  Kalamalka Lake. A t  and below t h e  the rmoc l i ne ,  how-

ever, K a t h l y n  Lake i s  more t u r b i d  t h a n  Kalamalka Lake.

I t  shou ld  be noted t h a t  t h e  inc reased  t u r b i d i t y  o f  t h e  the rmoc l ine

and hypol imnion cou ld  decrease t h e  r a t e  o f  photosynthes is  ( and  thus  t h e

product ion o f  oxygen) b y  s c a t t e r i n g  and absorb ing t h e  l i g h t  reach ing  i t .

Thus oxygen d e f i c i e n c y  wou ld  be  enhanced by  inc reased  t u r b i d i t y  w h i l e

there i s  a  l a r g e  oxygen demand f rom decaying m a t e r i a l s .

2.3.5 T o t a l  A l k a l i n i t y

The a l k a l i n i t y  o f  wa te r  i s  t h e  c a p a c i t y  t o  n e u t r a l i z e  a c i d .  I t  i s

the e q u i v a l e n t  sum o f  bases t h a t  a r e  t i t r a t a b l e  w i t h  s t r o n g  a c i d .  I n

most cases,  t h e  main fo rm o f  a l k a l i n i t y  i s  carbonate  a n d  b icarbonate i o n s ,

which a r e  t h e o r e t i c a l l y  i n  e q u i l i b r i u m  w i t h  carbon d i o x i d e  o r  ca rbon ic  a c i d .

Carbon d i o x i d e ,  o n  s o l u t i o n  i n  water  can undergo two  p o s s i b l e  r e -

act ions:

CO2 +  1-120  H 2 5  CO_ c a r b o n i c  a c i d  ( 1 )

or C O 2  +  OH  H C O 3  b i c a r b o n a t e  ( 2 )

The f i r s t  ( 1 )  r e a c t i o n  i s  p r a c t i c a l l y  t h e  o n l y  s i g n i f i c a n t  r e a c t i o n

occurr ing below pH 8 . 0 .  T h e  second r e a c t i o n  ( 2 )  i s  p r a c t i c a l l y  t h e  o n l y

s i g n i f i c a n t  r e a c t i o n  o c c u r r i n g  above p'1 10 .0 .  I n  most n a t u r a l  waters  t h e

a l k a l i n i t y  i s  p r a c t i c a l l y  a l l  produced by  d i sso l ved  carbonate and b i ca rbon -

ate i o n s .
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Carbonic a c i d  d i s s o c i a t e s

H2CO3  +  HCO3 H+ + C O 3  ( 3 )

A l k a l i n i t y  i s :

( A l k a l i n i t y )  ( H C O 3 )  +  ( C O 3  +  ( O H )  -  ( H + )  ( S t u m m  and Morgan,

1970, p .  1 3 2 . )

I t  shou ld  be  remembered, however,  t h a t  o t h e r  ac ids  ( e . g . ,  s i l i c i c ,

phosphoric,  b o r i c ,  o r g a n i c  a c i d s ,  e t c . )  may c o n t r i b u t e  t o  t h e  t i t r a t a b l e

a l k a l i n i t y .  T h e  t r i t r a t e d  a l k a l i n i t y  i s  a  r e s u l t  o f  t h e  t o t a l  e f f e c t  o f

a l l  t h e  an ions wh ich  may r e a c t  on  t h e  a d d i t i o n  o f  s t r o n g  a c i d .  T h u s

a l k a l i n i t y  va lues  may n o t  a c c u r a t e l y  rep resen t  t h e  a c t u a l  i o n i c  spec ies

present.

In t h e  e p i l i m n i o n  o f  Ka th lyn  Lake,  t h e  pH i s  r e l a t i v e l y  cons tan t

(7.6 .at t h e  su r face  t o  7 . 4  a t  2 . 5  meters d e p t h ) .  A t  t h i s  pH,  most, o f  t h e

carbon d i o x i d e  i s  p resen t  as  HCO3 (  9 0 - 9 4 % ) .  S o m e  i s  p resen t  as  H2CO3

( 1 0 - 6 % ) .  N o n e  i s  p resen t  as  CO3. T h e  e p i l i m n i o n  con ta ins  carbon d i o x i d e

from two Major  sources ;  t h e  atmosphere and r e s p i r a t i o n .  T h e  carbon d i o x i d e

is  removed f rom t h e . e p i l i m n i o n  ma in ly  b y  photoSynthesis  and b y  re l ease

in to  .the atmosphere.

Below t h e  the rmoc l i ne ,  r e s p i r a t i o n  r e s u l t s  i n  t h e  p roduc t i on  o f

carbon d i o x i d e  (and  t h e  u t i l i z a t i o n  o f  oxygen) wh i ch  i s  i ncapab le  o f

reaching e q u i l i b r i u m  w i t h - t h e  atmosphere ( u n t i l - t h e  f a l l  t u r n o v e r ) .  A s

more carbon d i o x i d e  i s  produced, more ca rbon i c  a c i d  (wh i ch  d i s s o c i a t e s  t o
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form H4- and HCO3 i o n s )  f o r m s .  T h u s  i n  t h e  hypo l imn ion  t h e  p11 decreases

and t h e  t o t a l  a l k a l i n i t y  i nc reases .

Warren (1971)  s t a t e d ,  " To t a l  a l k a l i n i t i e s  o f  n a t u r a l  wa te rs ,  e x -

pressed as c h e m i c a l l y  e q u i v a l e n t  concen t ra t i ons  o f  ca lc ium carbonate,

vary f rom a lmost  z e r o  t o  seve ra l  hundred m i l l i g r a m s  p e r  l i t e r . "  A l l e n

(1972) cons idered  l ow  a l k a l i n i t i e s  t o  be l e s s  t h a n  10-20 mg CaCO3 p e r

l i t e r .  M a l o n e y  e t  a l   (1972) measured t h e  a l k a l i n i t y  ( a s  CaCO3) o f  n i n e

Oregon l a k e s  and found  t h a t  i t  v a r i e d  f rom 2  ppm t o  54 ppm. T a b l e  I I

shows t h a t  o n l y  i n  Ka th l yn  Lake i t s e l f  d i d  t h e  t o t a l  a l k a l i n i t y  exceed

20 m g / l .  K a t h l y n  Creek,  d r a i n i n g  Ka th l yn  Lake,  had a  h i g h e r  a l k a l i n i t y

than any  o f  t h e  o t h e r  t h r e e  c reek  samples. C l u b  Creek,  G l a c i e r  Creek,

and Simpson Creek had v e r y  l ow  a l k a l i n i t i e s .  B y  comparison, K a t h l y n  Lake,

wi th  a l k a l i n i t i e s  rang ing  f r om 15 .8  t o  23 .9  m g / l  i s  n o t  unusua l .

2.3.6 Ha rdness

The hardness o f  a  wa te r  i s  t h e  sum o f  t h e  concen t ra t ions  o f  a l l

the m e t a l l i c  c a t i o n s  ( e x c e p t  t h e  a l k a l i e s )  expressed as  t h e  e q u i v a l e n t

calCium carbonate concen t ra t i on .  T h e  a c t u a l  presence,  however,  o f  t h e

ind ica ted  number o f  m i l l i g r a m s  p e r  l i t e r  i n  t h e  f o rm  o f  CaCO3 shou ld  n o t

be assumed. T h e  hardness o f  waters  v a r y  due t o  t h e  v a r y i n g  p ropo r t i ons

of t h e  d i f f e r e n t  c a t i o n s  which c o n s t i t u t e  t h i s  p r o p e r t y.

In most waters  ca l c ium and magnesium i o n s  c o n t r i b u t e  p r a c t i c a l l y

a l l  t h e  hardness.  I n  some waters  i r o n ,  aluminum, manganese, s t r o n t i u m  and



other  i o n s  may have t o  be  cons idered.

pH) such  as

12

Hydrolys is  r e a c t i o n s  ( w i t h  decreas ing

CaCO3 +  H2O  C a + +  +  011 +  HCO3 ( 4 )

may i n f l u e n c e  t o t a l  hardness,  pH and t h e  t o t a l  a l k a l i n i t y  o f  wa te r.  C a l -

cium i s  a  common c o n s t i t u e n t  o f  igneous and metamorphic r o c k s ;  t h u s  w a t e r

in  c o n t a c t  w i t h  such rocks  commonly c a r r i e s  ca l c i um.  C a l c i u m  i s  a l s o

found i n  t h e  s k e l e t a l  s t r u c t u r e s  o f  such animals  a s  Fo ram in i f e ra  and f r e s h

water Mol lusca.

In Ka th l yn  Lake,  t h e  hardness remains cons tan t  th roughout  t h e

ep i l imn ion ,  t h e n  inc reases  w i t h  i n c r e a s i n g  depth  t o  t h e  bot tom.  A s  t h e

concentrat ion o f  carbon d i o x i d e  i n  s o l u t i o n  inc reases ,  t h e  pH decreases.

This inc reased  a c i d i t y  r e s u l t s  i n  increased s o l u b i l i t y  o f  bo th  ca lc ium

and ca l c ium carbonate.  A s  t h e  temperature o f  wa te r  decreases,  t h e  s o l u -

b i l i t y  o f  CaCO3 inc reases .  T h u s  i t  may be t h a t  i n  t h e  c o l d e r ,  more a c i d i c

regions o f  t h e  l a k e  ( i . e . ,  t h e  hypo l imn ion ) ,  more ca lc ium i o n s  ( a s  w e l l

as o t h e r s  such as  Fe ,  Mg e t c . )  g o  i n t o  s o l u t i o n .

In t h e  e p i l i m n i o n  c a t i o n s  a r e  e f f e c t i v e l y  removed f rom s o l u t i o n

by i n c o r p o r a t i o n  i n t o  b i o l o g i c a l  systems, b y  s o r p t i o n  o n t o  p a r t i c l e s  and

by c e r t a i n  p r e c i p i t a t i o n  r e a c t i o n s .  I n  t h e  hypo l imn ion,  s e s t o n  " r a i n i n g "

down f rom above and undergoing decomposi t ion may r e t u r n  va r i ous  c a t i o n s

to t h e  wa te r.  I t  shou ld  be  remembered t h a t  magnesium i s  an  e s s e n t i a l  p a r t

o f  t h e  c h l o r o p h y l l  molecu le  and t h a t  photosynthes is  i s  imposs ib le  w i t h o u t

ch lo rophy l l .  T h e  Magnesium concen t ra t ions  (and  t h e r e f o r e  wa te r  hardness)

would be somewhat l o w e r  i n  t h e  e p i l i m n i o n  where t h e r e  i s  much photosynthes is
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and h i g h e r  i n  t h e  hypol imnion where (due  t o  decreased temperatures and

increased t u r b i d i t y )  t h e r e  i s  l i t t l e  o r  no photosyn thes is .  T h e  a c t u a l

magnitude o f  t h i s  par t i t ion ing  e f f e c t  o f  c h l o r o p h y l l  i s  n o t  c e r t a i n ,  and

may i n  f a c t  be i n s i g n i f i c a n t .

According t o  McCarren (1972,  p . 1 2 ) ,  " u p  t o  and i n c l u d i n g  concen-

t r a t i o n s  o f  60 mg/1 o f  hardness,  w a t e r  i s  r a t e d  as  s o f t ;  f r o m  61 t o  120

mg/1, moderately hard ;  f r o m  121 t o  180 mg/1, h a r d ;  and  o v e r  180 mg/1,

very hard". B y  t h i s  c r i t e r i o n ,  a l l  wa te rs  l i s t e d  on  Ta b l e  I I I  a r e  s o f t .

2 3 . 7  T o t a l  Organ ic  Carbon

Organic carbon i s  carbon i nco rpo ra ted  i n t o  l i v i n g  ( o r  once- l i v i n g )

material .  I t  i s  measured d i r e c t l y  by in f ra red  carbon analyzer a f t e r

removing i n o r g a n i c  carbon f rom a  wa te r  sample w i t h  a c i d .

The t o t a l  o r g a n i c  carbon concen t ra t i on  i n  Ka th l yn  Lake remains

constant th rough  t h e  epilmnion, then  e s s e n t i a l l y  inc reases  with  depth t o

the bottom. S e s t o n  "ra in ing"  down i n t o  the  hyplimnion probably gradual ly

increases t h e  organic carbon concentration. B a c t e r i a l  ac t ion  o f  both

autochthonous ( l o c a l  o r i g i n )  and allochthonous ( imported) organic matter

i n  t h e  sediments may re lease  o rgan i c  ma t te r  i n t o  t h e  wa te r.  Hutchinson

(1957, p .882 )  s t a t e s , " I n  v iew o f  t h e  cons iderab le  d i v e r s i t y  o f  t h e  sources

of  a l lochthonous o r g a n i c  ma t t e r  even i n  basins n o t  s u b j e c t  t o  human con-

taminat ion,  and  a l s o  i n  v iew o f  t h e  p o s s i b i l i t y  t h a t  t h e  autochthonous
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organic m a t t e r  v a r i e s  f r om  l a k e  t o  l a k e ,  acco rd ing  t o  whether i t  i s

produced b y  phytop lankton  o r  b y  r oo ted  vege ta t i on  and accord ing  t o  t h e

species o f  e i t h e r  i n v o l v e d ,  t h e r e  i s  eve ry  reason t o  expect  cons ide rab le

d i v e r s i t y  i n  t h e  composi t ion  as  w e l l  a s  t h e  q u a n t i t y  o f  t h e  d i sso l ved

organic ma t t e r  o f  l a k e  w a t e r " .  T h e  same a u t h o r,  c i t i n g  B i r g e  and Juday

(1934) produces a  t a b l e  showing t h e  t o t a l  o r g a n i c  carbon con ten t  o f

waters f r o m  nor theas te rn  Wisconsin t o  v a r y  f rom 1 . 0  t o  25 .9  m g / l .  J a w o r s k i

et a l .  ( 1 9 7 2 )  s t u d i e d  a  : .oneutrophic  es tua ry  i n  V i r g i n i a  and found

" r e l a t i v e l y  h i g h "  concen t ra t i ons  o f  bo th  o rgan i c  carbon ( 5 . 0  t o  1 8 . 0  mg/1)

and i n o r g a n i c  carbon ( 4 . 0  t o  1 0 . 0  mg/1) .

The maximum t o t a l  o r g a n i c  carbon con ten t  o f  Ka th l yn  Lake was 11 . 0

mg/1 w h i l e  t h a t  o f  Ka th l yn  Creek was g  m g / l .  C lash  Creek,  CAPr iPr  Croek

and Simpson Creek had 2 . 0  mg/1,  l e s s  t h a n  1 . 0  mg/1,  and 1 . 0  m g / l .  r e s p e c t i v e l y

of  t o t a l  o r g a n i c  carbon.  T a b l e  V I I  g i v e s  t h e  average t o t a l  o r g a n i c

carbon ( a n d ' t o t a l  i n o r g a n i c  carbon)  concen t ra t i ons  o f  Kalamalka Lake,

Okanagan Lake (Vernon Arm),  Lang fo rd  Lake and Wood Lake.  T h e s e  d a t a  were

obtained f rom Ecology D i v i s i o n  f i l e s .  T h e  samples were ob ta ined  a t  v a r -

ious l o c a t i o n s  i n  t h e  l a k e s  and a t  v a r i o u s  t imes  th roughou t  t h e  years

1972-1974.

By comparison, K a t h l y n  Lake and Ka th l yn  Creek cou ld  be  cons idered

to have moderate t o  h i g h  concen t ra t i ons  o f  t o t a l  o r g a n i c  carbon.  S i m p s o n

Creek, G l a c i e r  Creek and Club Creek would be cons idered t o  have l ow  con -

cent ra t ions  o f  o rgan i c  carbon.
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2.3.8 T o t a l  I n o r g a n i c  Carbon

Inorganic Carbon i s  t h e  carbon p resen t  as  f r e e  CO2' HCO3 i o n s ,

CO i o n s  and H2CO3' O v e r  t h e  pH range encountered ( 6 . 4  t o  7 . 6 ) ,  most  o

the i n o r g a n i c  carbon i s  p resen t  as  HCO3 i o n s .  I n o r g a n i c  carbon i s  t h e

d i f f e rence  between t o t a l  carbon and t o t a l  o r g a n i c  carbon,  a s  measured

by i n f r a r e d  carbon ana l yze r.

The t o t a l  i n o r g a n i c  carbon concen t ra t i on  i n  t h e  e p i l i m n i o n  o f

Kathlyn Lake remains r e l a t i v e l y  cons tan t  ( 2 . 0  mg/1) .  B e g i n n i n g  a t  t h e

thermocl ine,  however,  t h e  t o t a l  i n o r g a n i c  carbon concen t ra t i on  e s s e n t i a l l y

increases w i t h  dep th .  T h e  reasons f o r  t h i s  i n c r e a s e  have been d iscussed

prev ious ly  ( see  To t a l  A l k a l i n i t y ) .  B e l o w  t h e  t he rmoc l i ne ,  r e s p i r a t i o n .

r e s u l t s  i n  an excess o f  CO, which fo rms H_CO, and HCO: i o n s  ( w m r i l  a m i n _6 6
organic fo rms o f  carbon) .  I n  t h e  e p i l i m n i o n ,  i n o r g a n i c  carbon i s  be ing

used b y  t h e  phy top lank ton  i n  photosynthes is  ( t h u s  removing HCO3 i o n s  f r om

the w a t e r ) .  I n  t h e  e p i l i m n i o n  CO2 may a l s o  be  l o s t  t o  ( o r  rece i ved  f rom)

the atmosphere.

Deevey (1972)  g i v e s  t h e  mean HCO3 con ten t  o f  t h e  r i v e r s  o f  t h e

world as  5 8 . 4  ppm. M a l o n e y  e t  a l .  ( 1 9 7 2 ) - s t u d i e d  n i n e  Oregon l a k e s  and

found s o l u b l e  i n o r g a n i c  carbon va lues  t o  v a r y  f r o m  1 . 0  ppm t o  1 3 . 0  ppm.

Edmondson (1972 ) ,  s t u d y i n g  Lake Washington, f ound  t h e  1-ICO3 c o n c e n t r a t i o n s

to v a r y  f rom 22 t o  45  ppm a t  v a r i o u s  s i t e s  and t i m e s .  J a w o r s k i  e t  a l .

(1971) s t u d y i n g  a  noneut roph ic  e s t u a r y  i n  V i r g i n i a  cons idered i n o r g a n i c

carbon concen t ra t i ons  o f  4 . 0  t o  1 0 . 0  mg/ ] . , to  be " r e l a t i v e l y  h i g h " .

The i n o r g a n i c  carbon con ten t  o f  Ka th l yn  Lake and Ka th l yn  Creek

could be  cons idered moderate t o  r e l a t i v e l y  h i g h .  S impson .Creek ,  G l a c i e r
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Creek and Club Creek waters  have p robab ly  reached e q u i l i b r i u m  w i t h  t h e

atmosphere. I n  a d d i t i o n ,  pho tosyn thes is  i n  these  waters  would t end  t o

remove i n o r g a n i c  carbon f rom them more r a p i d l y  t h a n  r e s p i r a t i o n  cou ld

produce i t  ( d u r i n g  s u n l i g h t  hours  o n l y ) .

2.3.9 D i s s o l v e d  Calc ium

Calcium i s  a  common c o n s t i t u e n t  o f  bo th  igneous and  metamorphic

rocks ( e . g . ,  f e l d s p a r ,  s i l i c a t e  m ine ra l s )  and i n  sedimentary rocks  as

CP.0O3. L i m e s t o n e  c o n s i s t s  mos t l y  o f  CaCO3. O t h e r  common ca lc ium s e d i -

ments a r e  gypsum and f l u o r i t e .  C a l c i u m  carbonate i s  a l s o  common i n  sand-

stone. N e g a t i v e l y  charged m i n e r a l  su r faces  o f  s o i l  and rocks  may adsorb

calcium i o n s .  C a l c i t e  ( a  fo rm o f  CaCO3) fo rms  t h e  s k e l e t a l  s t r u c t u r e s  o f

the Fo ramin i fe ra  and a ragon i t e  ( a n o t h e r  f o rm  o f  CaCO3) i s  found  i n  t h e

she l l s  o f  most f r e s h  water  mo l luscs .

Hydro lys is  r e a c t i o n s  (  under  a c i d  c o n d i t i o n s )  such  as  ( 4 )  wou ld

tend t o  i n f l u e n c e  t h e  l e v e l  o f  ca lc ium i n  t h e  wa te r.  C a l c i u m  i s  a  major

cons t i t uen t  o f  wa te r  hardness and t h e  reasons f o r  i t s  i nc rease  w i t h  depth

are d iscussed t h e r e .

The s l i g h t l y  more a c i d i c ,  c o l d e r  c o n d i t i o n s  o f  t h e  hypo l imn ion

favour t h e  s o l u t i o n  o f  CaCO3 f rom s k e l e t o n s ,  s h e l l s ,  sed iments ,  r o c k s  e t c .

This c o u l d  cause t h e  concen t ra t i on  o f  d i sso l ved  ca lc ium t o  i nc rease  w i t h

depth. A n y  c a 2 i u m  conta ined i n  ses ton  " r a i n i n g "  down f rom t h e  ep i lmn ion

could i nc rease  t h e  amount o f  bo th  d i sso l ved  and t o t a l  ca l c ium.  F r o m  Tab le

I I  i t  i s  obv ious  t h a t  most o f  t h e  ca lc ium i s  p resen t  as  d i s s o l v e d  ca lc ium.

Deevey (1972),  c i t i n g  L i v i ngs tone  (1963) ,  s ta tes  t h a t  t h e  mean concen t ra t i on



17

of Ca++ i n  t h e  r i v e r s  o f  t h e  e n t i r e  wo r l d  i s  15  ppm.

-1-+,By t h e  same c r i t e r i a  used t o  determine hardness (because t h e  Ca •

concent ra t ion i s  a  major  c o n s t i t u e n t )  i t  can be  assumed t h a t  t h e  ca lc ium

concentrat ions found  i n  t h e  waters  l i s t e d  on  Tab le  I I  a r e  a l s o  l o w.  L o w

calcium concen t ra t ions  a r e  c h a r a c t e r i s t i c  o f  s o f t  wa te rs .  S i n c e  h i g h  con-

cen t ra t ions  o f  ca lc ium tend  t o  reduce t h e  a v a i l a b i l i t y  o f  phosphorus,

calcium concen t ra t ions  have a  bear ing  on  t h e  p r o d u c t i v i t y  o f  a q u a t i c

p lan ts  i n  a  l a k e .

2.3.10 D i s s o l v e d  Magnesium

Magnesium i s  a  common c o n s t i t u e n t  o f  bo th  igneous and sedimentary

rocks. M o s t  l imes tone  con ta ins  moderate amounts o f  magnesium. I n  l a k e s ,

i t  i s  nbrmal f o r  magnesium t o  be  much l o s s  abundant t h a n  ca lc ium.

Magnesium i s  a n  e s s e n t i a l  m i c r o n u t r i e n t  e lement  f o r  p l a n t  g rowth .

I t  i s  a  coenzyme necessary f o r  c e r t a i n  enzymatic r e a c t i o n s  and i n  a d d i t i o n ,

i t  i s  an  e s s e n t i a l  p a r t  o f  t h e  c h l o r o p h y l l  molecu le .  L i k e  ca l c ium,  mag-

nesium concen t ra t ions  a f f e c t  t h e  a v a i l a b i l i t y  o f  phosphorus, and  t h e  grow-

ing c o n d i t i o n s  f o r  p l a n t s .

In  Ka th l yn  Lake t h e  magnesium concen t ra t i on  i n  t h e  e p i l i m n i o n  i s

e s s e n t i a l l y  cons tan t  and l ower  t han  t h a t  o f  t h e  hypo l imnion.  I n  t h e

hypol imnion, t h e  magnesium concen t ra t i on  increases  s l i g h t l y .

The phytop lankton  i n  t h e  e p i l i m n i o n  i nco rpo ra te  magnesium f rom

the wa te r  i n t o  t h e i r  c e l l s  t o  fo rm coenzymes and c h l o r o p h y l l .  T h i s  reduces

the concen t ra t i on  o f  magnesium. I n  t h e  hypo l imn ion,  phy top lank ton  decompose,
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re leas ing  magnesium i n t o  t h e  wa te r.  T h i s  cons tan t  " r a i n "  o f  ses ton  f rom

the ep i lmn ion  i n t o  t h e  hypo l imnion r e s u l t s  i n  t h e  magnesium be ing  s l o w l y  I

removed f rom t h e  e p i l i m n i o n  and concent ra ted  i n  t h e  hypo l imnion.

2.3.11 P h e n o l p h t h a l e i n  A l k a l i n i t y

The pheno lph tha le in  a l k a l i n i t y  i s  a  measure o f  t h e  carbonate (CO3)

f r a c t i o n  o f  a l k a l i n i t y .  F o r  CO3 t o  e x i s t  ( a t  normal  temperatures and

pressures) t h e  pH must exceed 8 . 3 .  T h i s  c r i t e r i o n  was n o t  f u l f i l l e d  i n

Kathlyn Lake (maximum pH was 7 . 6 ) .  M o s t  o f  t h e  carbonate  p resen t  was i n

the HCO3 fo rm.  T h u s  t h e  pheno lph tha le in  a l k a l i n i t y  i s  z e r o .

2.3.12 N i t r o g e n

An exp lana t i on  o f  t h e  comp lex i t i es  o f  t h e  a q u a t i c  n i t r o g e n  c y c l e

i s  beyond t h e  scope o f  t h i s  r e p o r t .  M o s t  l i b r a r i e s  c o n t a i n  e x c e l l e n t

source m a t e r i a l  f o r  i n t e r e s t e d  i n d i v i d u a l s .

Ni t rogen i s  found  i n  r ocks ,  o r g a n i c  m a t e r i a l  and t h e  atmosphere.

Atmospheric n i t r o g e n  can be f i x e d  b y  t h e  a c t i o n  o f  some b lue-g reen  a lgae

and some b a c t e r i a  t o  f o rm  p r o t e i n .  O r g a n i c  m a t e r i a l  and f e r t i l i z e r s  can

also c o n t a i n  n i t r o g e n  which  can be c a r r i e d  i n t o  l a k e s  and streams b y  r u n -

o f f  waters .  T h e  o x i d i z e d ,  n i t r a t e ,  f o r m  i s  e s p e c i a l l y  mob i le  i n  su r face

and ground wa te rs .

P r a c t i c a l l y  a l l  h e t e r o t r o p h i c  b a c t e r i a  produce ammonia as a  r e s u l t

o f  o rgan i c  decomposi t ion o f  p r o t e i n s  ( b y  deaminat ion) .  A  cons iderab le  p a r t

of  t h e  ammonia produced ( i n  t h e  presence o f  oxygen) i s  n i t r i f i e d  ( o x i d i z e d )

in  two  s tages t o  n i t r i t e  ( formed f i r s t )  t h e n  t o  n i t r a t e .  T h i s  o x i d a t i o n
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process i s  accompanied b y  a  r e d u c t i o n  i n  f r e e  energy,  and i s  t h e r e f o r e

a p o s s i b l e  energy source f o r  n i t r i f y i n g  b a c t e r i a .  Ammon ia ,  n i t r i t e  and

n i t r a t e  a r e  a l l  p o s s i b l e  n i t r o g e n  sources f o r  most green p l a n t s  ( e . g . ,

phytoplankton) and  uptake b y  such organisms p reven ts  accumulat ion i n  t h e

environment.

In l a k e  w a t e r,  n i t r o g e n  i s  p resen t  as

1) M o l e c u l a r  n i t r o g e n  gas (N2)

2) O r g a n i c  n i t r o g e n  compounds -  e . g . ,  u r e a ,  p r o t e i n s  and amino ac ids

3) Ammonia ,  m a i n l y  as  NE1+4 (ammonium i o n )  and  NH4OH

4) N i t r i t e ,  m a i n l y  as  NO2

5) N i t r a t e ,  m a i n l y  as  NO3

Because n i t r o g e n , l i k e  phosphorus, is  an  e s s e n t i a l  n u t r i e n t  f o r

p lan t  g rowth ,  i t  i s  p o s s i b l e  t h a t  l o w  l e v e l s  may i n h i b i t  such growth .

2.3.12.1 T o t a l  N i t r o g e n

Tota l  n i t r o g e n  i s  t h e  sum o f  ammonia ( N ) ,  o r g a n i c  ( N ) ,  n i t r a t e  (N )

and n i t r i t e  (N )  o r  t h e  sum o f  t h e  t o t a l  K j e l d a h l  ( N )  and  n i t r a t e  (N )  and

n i t r i t e  ( N ) .  T o t a l  K j e l d a h l  n i t r o g e n  measures t h e  ammonia and o r g a n i c

n i t rogen b u t  does n o t  i n c l u d e  n i t r a t e  o r  n i t r i t e  n i t r o g e n .

To ta l  n i t r o g e n  i n  Ka th l yn  Lake inc reases  w i t h  depth  f rom t h e  su r f ace

to seven meters From seven meters t o  e i g h t  meters i n  depth  t h e r e  i s  a

s l i g h t  d e c l i n e  i n  t o t a l  n i t r o g e n .  F r o m  F igu re  9  i t  can be  seen t h a t

ammonia n i t r o g e n  remains a t  o r  near  t h e  d e t e c t i o n  l i m i t  f r om ze ro  t o  f i v e
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meters, t h e n  increases  r a p i d l y  w i t h  depth .  O r g a n i c  n i t r o g e n  g e n e r a l l y

increases w i t h  depth  t o  f i v e  m e t e r s ,  t h e n  decreases r a p i d l y  w i t h  depth .

The increased ammonia n i t r o g e n  and decreased o rgan i c  n i t r o g e n  r e s u l t s  i n

the t o t a l  K j e l d a h l  n i t r o g e n  p r o f i l e  f o u n d  i n  F i gu re  9 .

From ze ro  t o  two  and o n e - h a l f  meters dep th ,  o r g a n i c  n i t r o g e n  i s

the l a r g e s t  component o f  t o t a l  n i t r o g e n .  F r o m  two and o n e - h a l f  meters t o

f i v e  meters  i n  dep th ,  t h e  amount o f  o rgan i c  n i t r o g e n  i nc reases ,  p robab l y

due t o  " r a i n i n g "  o f  ses ton  f rom t h e  e p i l i m n i o n  i n t o  t h e  hypo l imnion.  A t

a depth o f  f i v e  m e t e r s ,  t h e r e  i s  a  d ramat ic  i nc rease  i n  o rgan ic  n i t r o g e n

co inc ident  w i t h  a  dramat ic  i nc rease  i n  ammonia n i t r o g e n .  T h i s  i s  p robab ly

the r e s u l t  o f  t h e  decomposi t ion o f  o rgan i c  m a t e r i a l  b y  h e t e r o t r o p h i c

bac te r i a  whir l )  r e s u l t s  i  n t h e  p roduc t i on  o f  ammonia.

Nitrogen i n  t h e  f o rM  o f  ammonia (NH3) i s  v e r y  l ow  i n  concen t ra t i on

from t h e  su r face  t o  a  depth  o f  f i v e  me te rs .  T h e  ammonia produced i n  t h e

ep i l imn ion i s  e i t h e r  i nco rpo ra ted  i n t o  l i v i n g  organisms,  conver ted  t o

n i t r a t e  and t hen  used b y  p l a n t s  o r  exchanged w i t h  t h e  atmosphere. I t  has

most p robab ly  been exhausted b y  a lgae i n  t h e  e p i l i m n i o n .

From seven meters t o  e i g h t  meters i n  dep th ,  t h e  r a t e  o f  ammonia

concentrat ion decreases. I t  i s  p o s s i b l e  t h a t  on  reach ing  e i g h t  meters i n

depth, a n  organism has l o s t  most o f  i t s  o rgan i c  n i t r o g e n  (due  t o  t h e  a c t i o n

o f  b a c t e r i a )  hence A s l i g h t  d e c l i n e  i n  t h e  r a t e  o f  ammonia p roduc t i on .

The increased t u r b i d i t y  below f i v e  mete rs  ( due  t o  o rgan i c  r es i due  and

b a c t e r i a l  popu la t i ons )  f u r t h e r  suppor ts  t h i s  hypo thes is .
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2.3.12.2 D i s s o l v e d  N i t r a t e  p l u s  N i t r i t e

From F igu re  9  i t  i s  seen t h a t  t h e  n i t r a t e  p l u s  n i t r i t e  f r a c t i o n

of  t h e  i n o r g a n i c  n i t r o g e n  con ten t  o f  t h e  wa te r  remains a t  o r  near  t h e

detec t ion  l i m i t  th rough  t h e  e n t i r e  depth  o f  t h e  l a k e .

Although t h e r e  a r e  h i g h  concen t ra t i ons  o f  ammonia below f i v e

meters i n  dep th ,  t h e r e  i s  no  oxygen, t h u s  t h e  ammonia cannot  be  o x i d i z e d

( n i t r i f i e d )  t o  n i t r i t e  and n i t r a t e .  T h u s ,  be low f i v e  m e t e r s ,  a l t hough

the ammonia concen t ra t i on  i nc reases ,  t h e  n i t r a t e  p l u s  n i t r i t e  concen t ra t i on

does n o t .

In t h e  e p i l i m n i o n ,  t h e  n i t r a t e  and n i t r i t e  a r e  used f o r  m e t a b o l l i c

processes b y  phytop lankton.  T h i s  consumption b y  p l a n t s  has p robab ly  e x -

hausted t h e  s u p p l y.

2.3.13 Phosphorus

To ta l  phosphorus ( a l l  t h e  phosphorus i n  a  sample) i s  composed

mainly o f :

1) O r g a n i c ,  p a r t i c u l a t e ,  u n r e a c t i v e  phosphorus -  p a r t i c u l a t e  phosphorus

o r g a n i c a l l y  combined i n  e i t h e r  l i v i n g  o r  dead m a t e r i a l .

2) O r g a n i c ,  s o l u b l e ,  u n r e a c t i v e  phoSphorus -  phosphorus i n  s o l u t i o n  which

is  o r g a n i c a l l y  combined ( e . g . ,  s u g a r s ,  A . T. P.  ( t h e  "energy-conve r t i ng "

molecules o f  c e l l s )  o r  che la ted .

3) I n o r g a n i c  s o l u b l e  r e a c t i v e  phosphorus -  may be p resen t  as  H3P01, H2PO4,

HPO4 o r  PO4  depending upon t h e  pH o f  t h e  s o l u t i o n  ( "o r thophosphate"  -

see F igu re  1 0 ) .  I n  Ka th l yn  Lake,  H,PO4 would be  t h e  most common fo rm
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but some would be  p resen t  as  HPO4.

To ta l  s o l u b l e  phosphorus i s  composed o f  i n o r g a n i c  s o l u b l e  r e a c t i v e

phosphorus p l u s  t h e  o rgan i c  s o l u b l e  un reac t i ve  phosphorus. T o  some e x t e n t ,

the i nc rease  i n  t o t a l  s o l u b l e  phosphorus w i t h  dep th  i s  due t o  t h e  decom-

p o s i t i o n  o f  ses ton  and t h e  subsequent l i b e r a t i o n  o f  i n o r g a n i c  and o rgan i c

soluble phosphorus. A n o t h e r  important possible cause, however, o f  the

increase i n  t o t a l  soluble  phosphorus w i th  depth i s  t h e  l i b e r a t i o n  from the

sediments o f  inorganic,  so lub le ,  r e a c t i v e  phosphorus. F i g u r e  10  shows

that t h e  concentration o f  organic,  so lub le ,  unreactive-phosphorus remains

almost constant w i th  depth. T h i s  f r a c t i o n  i s  probably not  very ac t i ve

b io log ica l ly.

The oxygen def ic iency i n  the  hypolimnion would r e s u l t  i n  the  d i s -

appearance o f  the  oxidized microzone a t  t h e  mud-water in te r face .  When

present, t h i s  microzone prevents t h e  f r e e  passage o f  phosphate ions i n t o

the water;  when removed, d i f f u s i o n  o f  phosphate from the  mud can occur.

Disturbances o f  the  mud may a lso  re lease phosphorus i n t o  t h e  water under

these c o n d i t i o n s .  T h u s ,  t h e  concen t ra t i on  o f  s o l u b l e  r e a c t i v e  phosphorus

would i nc rease .  I n  a d d i t i o n ,  some phosphorus re leased  f rom decomposing

seston may be i nc l uded  i n  t h i s  f r a c t i o n  on a n a l y s i s .  T h e  b i o l o g i c a l l y

ac t ive  forms o f  s o l u b l e  phosphorus t e n d  t o  be consumed i n  t h e  su r face

waters o f  t h e  l a k e .

Thus, t o t a l  s o l u b l e  phosphorus inc reases  w i t h  dep th ;  t h e  concent ra -

tion. o f  i n o r g a n i c ,  s o l u b l e ,  r e a c t i v e  phosphorus inc reases  w h i l e  t h e  concen-

t r a t i o n  o f  o r g a n i c ,  s o l u b l e ,  u n r e a c t i v e  phosphorus remains cons tan t .
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Phosphorus concen t ra t i ons  i n  t h e  ep i lmn ion  a r e  g e n e r a l l y  l owe r

than those  i n  t h e  hypo l imnion because i n  t h e  e p i l i M n i o n ,  phosphorus i s

removed b y  i n c o r p o r a t i o n  i n t o  b i o l o g i c a l  systems and a l s o  b y  t h e  s i n k i n g

o f  ses ton  i n t o  t h e  hypo l imnion.  I n  t h e  hypo l imn ion  phosphorus i s  re leased

from t h e  ses ton  ( b y  decomposi t ion)  and  f r om  t h e  sediments ( u n d e r  p roper

cond i t i ons ) .

Seston " r a i n i n g "  f r om t h e  e p i l i m n i o n  (where phosphorus was removed

from s o l u t i o n )  causes t h e  concen t ra t i on

phosphorus t o  i nc rease  w i t h  depth .  T h e

wi th  depth  ( f o r  reasons a l r e a d y  g i v e n ) .

o f  o r g a n i c ,  p a r t i c u l a t e ,  u n r e a c t i v e

t o t a l  s o l u b l e  phosphorus inc reases

Because t o t a l  phosphorus i s  t h e -

sum o f  t h e  o r g a n i c ,  p a r t i c u l a t e ,  u n r e a t i v e  phosphorus and t h e  t o t a l  s o l u b l e

phosphorus. i t  i nc reases  w i t h  depth  a l s o .

The t o t a l  phosphorus concen t ra t i ons  i n  l a k e  waters  v a r y  f rom un-

detectab le  amounts ( l e s s  t h a n  0 .01  ppm) t o  immense q u a n t i t i e s (78 ppm

in  Owens Lake,  C a l i f o r n i a  o r  208 ppm i n  Goodenough Lake,  B r i t i s h  Columbia)

according t o  Hutchinson (1957) .  Phospho rus  i s  common i n  igneous and

sedimentary r o c k s ,  f e r t i l i z e r s ,  sewage and de te rgen ts .  L i k e  n i t r o g e n ,  i t

i s  an  e s s e n t i a l  e lement  f o r  p l a n t  g rowth  and may l i m i t  g rowth  under  c e r t a i n

cond i t ions .  P o w e r s  e t  a l .  ( 1971 )  s t u d i e d  v a r i o u s  l a k e s  i n  Minnesota and

Oregon t o  determine a l g a l  response t o  n u t r i e n t  a d d i t i o n s  i n  n a t u r a l  wa te rs . -

They s t a t e  "We b e l i e v e  o u r  d a t a  i l l u s t r a t e  t h a t ,  i n  a  v a r i e t y  o f  l a k e s ,  i n

widely d i f f e r e n t  geograph ica l  a reas ,  phosphorus was t h e  element most o f t e n

c r i t i c a l  t o  p r imary  p r o d u c t i o n  and t h a t  carbon was r a r e l y ,  i f  e v e r,  l i m i t -

ing" .
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In 1970, Powers e t  a l .  s tudied three  lakes o f  varying t rophic

levels. Wa l d o  Lake i n  the  Cascade Mountains was an  a lp ine  l ake  wi th  ex -

tremely low primary product iv i ty.  T r i a n g l e  Lake i n  the  Oregon Coast

mountains was moderately productive.  C l i n e ' s  Pond i n  the  Wil lamette Va l l e y,

Oregon, was h igh ly  eutrophic.  T h e  chemical analysis  o f  the  th ree  lakes

is included i n  Tables I I I ,  I V  and V.

A comparison o f  Kathlyn Lake and three  lakes studied by Powers

et a l .  ( 1971 )  i n d i c a t e s  t h a t :

1) W i t h  respect t o  both ni trogen leve ls  and t o t a l  inorganic carbon

levels,  Kathlyn Lake most c lose ly  resembles t h e  moderately

eutrophic Tr iangle  Lake (see  Tables I I I ,  I V  and V)

2) W i t h  respect t o  both phosphorus l e v e l s  and t o t a l  organic carbon

levels,  Kathlyn Lake most c lose ly  resembles t h e  h ighly  eutrophic

Cline's Pond.

In conc lus ion ,  i t  would seem t h a t  Kath lyn .Lake has moderate t o  h i g h  l e v e l s

of both ni trogen and phosphorus.

Comparing C lub Creek chemical  p r o p e r t i e s  w i t h  those  o f  Glac ier

Creek and Simpson Creek (Tab le  I I )  i t  i s  seen t h a t  Club Creek has t h e

lowest ammonia ni trogen l e v e l  and t h e  highest n i t r a t e  plus n i t r i t e  n i t r o -

gen l e v e l s ,  organic ni trogen leve ls  and t o t a l  n i t rogen l e v e l s .  T h e

dissolved orthophosphate o f  Club Creek i s  very  low but  t h e  t o t a l  phosphorus

(0.10 ppm) i s  very  high; j u s t  s l i g h t l y  less  than the  maximum phosphorus

levels found i n  C l i n e ' s  Pond ( 0 . 1 6  ppm) b y  Powers e t  a l .  ( 1 9 7 1 ) .  I t  i s

probable t h a t  most o f  t h i s  phosphorus i s  i n  par t i cu la te  form, being car r ied
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from t h e  mountains a s  r o c k  p a r t i c l e s .  O n  reach ing  Ka th l yn  Lake,  t h e s e

p a r t i c l e s  would r a p i d l y  s i n k  t o  t h e  bot tom un less  t h e y  a r e  ex t remely

small ( e . g . ,  c l a y - s i z e ) .

3, STREAM FLOW AND LAKE LEVELS

. F igu re  11  shows t h e  month ly  mean d ischarge ( c . f . s . )  o f  Ka th lyn

Creek above Simpson Creek f o r  t h e  years  1967 t o  1972. I n  gene ra l ,  h i g h

discharges occu r  i n  Simpson Creek and Ka th lyn  Creek i n  May t o  J u l y ,

w i th  peak f l o w s  i n  June. T h e  wa te r  l e v e l  r eco rd  f o r  Ka th l yn  Lake ( F i g u r e

13) shows t h e  maximal i n f l o w  o c c u r s  i n  March o r  A p r i l ,  w i t h  a  second

peak du r i ng  October  o f  some yea rs .

4 PHYTOPLANKTON

Plankton i s  t h e  assemblage o f  micro-organisms,  b o t h  p l a n t  and

animal, wh ich  l i v e  ( f l o a t i n g ,  d r i f t i n g  o r  swimming) i n  t h e  open water

region o f  l akes  and r i v e r s .  P h y t o p l a n k t o n  i s  t h e  p l a n t  p o r t i o n  o f  t h e

plankton ( u n i c e l l u l a r  a lgae  o f  va r i ous  k i n d s ) .  ( C a m p b e l l ,  ( e d . ) ,  1969) .

Table V I I I  i s  a  l i s t  o f  t h e  c l a s s ,  genus and spec ies  (where

poss ib le)  o f  t h e  phytop lankton  found a t  va r i ous  depths i n  Ka th lyn  Lake

on August 1 3 ,  1973 T h i s  t a b l e  a l s o  i n c l u d e s  t h e  number o f  each p e r  m i l l i -

meter o f  wa te r.  The  a l g a l  spec ies  -found a r e  more o r  l e s s  t y p i c a l  o f  a

eutrophi.c l a k e .  H o w e v e r,  t h e  numbers recorded a r c  r e l a t i v e l y  l ow  i n  com-

par ison w i t h  many e u t r o p h i c  l a k e s .  T h i s  may be  a  man i fes ta t i on  o f



26

l i m i t a t i o n s  i n  growing c o n d i t i o n s  ( e . g . ,  n u t r i e n t s ,  l i g h t ,  e t c . )  o r  o f

intense g raz ing  b y  he rb i vo rous  an imals  ( zoop lank ton ) .

S. DISCUSSION

I t  i s  t h e  cons idered o p i n i o n  o f  t h e  au thors  t h a t  Ka th l yn  Lake

i s  i n  a  e u t r o p h i c  s t a t e .  T h i s  problem has a  number o f  p o s s i b l e  s o l u -

t i ons .  T h e  u l t i m a t e  cho ice  o f  which s o l u t i o n  t o  employ w i l l  depend

upon seve ra l  f a c t o r s  such as  c o s t ,  e c o l o g i c a l  consequences and t h e  e f f e c t -

iveness o f  t h e  method. S e l e c t i o n  o f  t h e  d e s i r e d  c h a r a c t e r i s t i c s  t h e  l a k e

should have f o l l o w i n g  t rea tmen t  i s  a l s o  an  impor tan t  c o n s i d e r a t i o n  when

chnnsing- t rea tmen ts .  T h i s  s e l e c t i o n  i s  p robab ly  b e s t  made by  t h e  use rs ,

a f t e r  hav ing cons idered t h e  a l t e r n a t i v e s  a v a i l a b l e  and t h e  u s e r s '  means.

5.1 Weed  Con t ro l  Methods_ •

5.1.1 H e r b i c i d e s

Several d i f f e r e n t  t ypes  o f  he rb i c i des  ( v a r y i n g  i n  s p e c i f i c i t y ,

t o x i c i t y  and e f f e c t i v e n e s s )  a r e  a v a i l a b l e  commerc ia l l y.  F a c t o r s  t o  be

considered when s e l e c t i n g  chemicalS a r e  cos t s  o f  t r ea tmen t ,  danger  t o -

the a p p l i c a t o r ,  l ong - range  e f f e c t s  on  non-- target  organ is ims ( i n c l u d i n g

domestic wa te r  users )  and t h e  e f f e c t i v e n e s s  o f  t h e  chemical  on  t h e  t a r g e t

p l an t .

Before any  h e r b i c i d e  ( o r  any  o t h e r  chemica l )  c a n  be added t o

na tu ra l  w a t e r s ,  s e v e r a l  government agencies must be  consu l ted  and an

app l i ca t i on  p e r m i t  must be  ob ta ined .
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I t  i s  n o t  recommended t h a t  chemicals  be  used i n  Ka th l yn  Lake a t

t h i s  t i m e ,  u n l e s s  i n te ragency  co -ope ra t i on  can be secured f o r  s m a l l - s c a l e

experimental h e r b i c i d e  a p p l i c a t i o n s .  S u c h  exper iments would be  necessary

before any  l a r g e - s c a l e  a p p l i c a t i o n  were a t tempted.  A d m i n i s t r a t i v e

compl icat ions a l s o  make t h i s  a n  u n a t t r a c t i v e  a l t e r n a t i v e  a t  t h i s  t i m e .

5.1.2.  H a r v e s t i n g

Excessive growth o f  a q u a t i c  p l a n t s  ( e . g . ;  Myr ionhy l lum s i . ,

Ceratophyllum s p . )  c a n  be overcome ( t e m p o r a r i l y )  b y  t h e  use o f  weed

harvesters wh ich  c u t  and remove t h e  p l a n t s  f r om  t h e  w a t e r,  i n  a  manner

analagous t o  mowing a  lawn.

Un fo r tuna te l y,  t h e  i n i t i a l  (and  o p e r a t i n g )  c o s t  o f  t h e  ha rves te r

is  h i g h .  I t  does n o t  c u t  a l l  t h e  weeds -  some a r e  i n v a r i a b l y  missed -

nor remove a l l  o f  t h e  weeds i t  does c u t .  T h e  r o o t s  o f  t h e  c u t  weeds a r e

l e f t  i n  t h e  mud. T h e  o p e r a t i o n  o f  t h e  machine produces many p l a n t  f r a g -

ments capab le  o f  r e c o l o n i z i n g  an a rea  once i t  has been c lea red .  H a r v e s t e r s

can o n l y  remove those  p l a n t s  growing above approx imate ly  two meters i n

depth because t h e  c u t t i n g  b a r  cannot  reach  much deeper.  T h u s ,  s h a l l o w

areas may become r e -popula ted f r om sur rounding deeper areas.  E x p e r i m e n t s

w i th  weed harves te rs  i n  Okanagan Lake have shown t h a t  t h e  s t a t u r e  o f  weeds

in  harves ted  areas can be  s u b s t a n t i a l l y  g r e a t e r  t h a n  i n  unharvested a reas ,

in  t h e  growing 7,eason f o l l o w i n g  h a r v e s t i n g .

Harvest ing roo ted  p l a n t s  would have l i t t l e  e f f e c t  on  a lgae .

5.3 .3 .  F l u s h i n g

Temporary d i v e r s i o n s  o f  G l a c i e r  and Simpson Creeks i n t o  Ka th l yn



28

Lake cou ld  be  used t o  " f l u s h "  t h e  l a k e  w i t h  l ow - n u t r i e n t  w a t e r.

This wou ld ;

1) r e d u c e  t h e  n u t r i e n t  l e v e l s  i n  t h e  l a k e  -  p a r t i c u l a r l y  t h e

level o f  n i t r o g e n  and phosphorus, and  perhaps a l s o  t r a c e

element ( s )  t o  t h e  p o i n t  where t h e y  l i m i t  a l g a l  g rowth .

2) c a u s e  some o f  t h e  a lgae  t o  be removed f rom Ka th l yn  Lake more

r a p i d l y,  t h u s  reduc ing  t h e  s tand ing  c r o p .

A s i m i l a r  pro ject  car r ied  out  on Green Lake i n  S e a t t l e ,  Washington

by Oglesby f rom 1962 t o  1967 d e t e r m i n e d , " . . i t

more phosphate phosphorus was present i n  1959

The same author s ta tes ,"Var ia t ions  i n  n i t r a t e

i s  apparent t h a t  g e n e r a l l y

than i n  1965 o r  1 9 6 6 , . . . "

nitrogen between the  years

under comparison a re  even more s t r i k i n g . "  ( O g l e s b y,  1969 ) .  H e  a l s o

repor ts  t h a t , " . . .  w i t h  t h e  excep t i on  o f  t h e  months o f  September and October,

the t ransparency  has improved s i g n i f i c a n t l y  s i n c e  the  addi t ion  o f  d i l u -

t i on  w a t e r . "

Because Glac ier  Creek i s  very  cold  and very t u r b i d ,  i t  may not  be

considered desirable  t o  d i v e r t  water from i t  i n t o  Kathlyn Lake continuously.

A l t e r n a t i v e l y,  i t  may b e  d e s i r a b l e  t o  d i v e r t  i t  f o r  o n l y  a  v e r y  s h o r t

per iod o f  t i m e .  I t  i s  conce ivab le  t h a t  i f  G l a c i e r  Creek wa te r  i s  d i v e r t e d

in to  Ka th l yn  Lake continuously, t h e  l ake  may become too  c o l d  f o r  swimming.

However, decreased-temperatures would p robab ly  be b e n e f i c i a l  t o  s p o r t  f i s h ,

and may impede t h e  growth o f  r oo ted  p l a n t s .

Flushing would n o t ,  however,  b e  l i k e l y  t o  e r a d i c a t e  t h e  es tab l i shed

populat ion o f  r oo ted  p l a n t s ,  s i n c e  t h e y  would have access t o  t h e  p o o l  o f
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n u t r i e n t s  i n  t h e  sediments.  T h e  bes t  t h a t  cou ld  be  hoped f o r  would b e  a

reduct ion i n  a lgae  due t o  reduced n u t r i e n t s  and l o w  temperatures,  and

reduced growth r a t e  b y  roo ted  p l a n t s  due t o  l owe r  temperatures and r e -

duct ion i n  d i s so l ved  n u t r i e n t s .

5.1.4 D r a w i n g  Down

I t  appears p o s s i b l e  t o  e l i m i n a t e  t h e  a q u a t i c  weed f rom l a r g e

areas o f  Ka th l yn  Lake b y  l ower i ng  t h e  wa te r  l e v e l  o f  t h e  l a k e ,  expos ing

the r o o t s  o f  t h e  p l a n t s  t o  d r y i n g  and /o r  f r o s t .  T h e  e x i s t i n g  band o f

barren sediments a long  t h e  sha l l ow  o f  much o f  t h e  eas te rn  shore may be

a t t r i b u t a b l e  t o  normal drawdown e f f e c t s .  T h e  b e s t  t i m e  f o r  such a  draw-

down would be i n  t h e  f a l l  j u s t  p r i o r  t o  t h e  onse t  o f  severe f r o s t .  B y

f reez ing  t h e  r o o t s  o f  t h e  p l a n t s  i n  t h e  sediments,  t h e  p l a n t s  can  be

e f f e c t i v e l y  k i l l e d .

The drawing-down o f  Ka th lyn  Lake cou ld  be  accomplished b y :

1) Te m p o r a r i l y  d i v e r t i n g  Club Creek elsewhere and

2) Pump ing  wa te r  f r om Ka th l yn  Lake i n t o  Ka th l yn  Creek,  o r

3) D e e p e n i n g  t h e  o u t f l o w  o f  Ka th l yn  Lake and i n s t a l l i n g  c o n t r o l

works.

Rapid r e f i l l i n g  o f  t h e  l a k e  i n  s p r i n g  cou ld  be  accomplished by

1) R e t u r n i n g  Club Creek t o  i t s  o r i g i n a l  course

2) Te m p o r a r i l y  d i v e r t i n g  G l a c i e r  Creek i n t o  Ka th l yn  Lake

3) Te m p o r a r i l y  d i v e r t i n g  Simpson Creek i n t o  Ka th l yn  Lake ( v i a

Club Creek) .

I t  mus t  be  po in ted  o u t ,  however,  t h a t  when t h e  l a k e  i s  r e f i l l e d
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in  t h e  s p r i n g ,  t h e  n u t r i e n t s  re leased  f rom t h e  dead and decaying p l a n t s

w i l l  be  i nco rpo ra ted  i n t o  t h e  wa te r.  T a b l e  V I  shows t h e  t o t a l  n i t r o g e n

and phosphorus c o n t e n t  (measured i n  Wisconsin)  o f  some o f  t h e  spec ies

of  a q u a t i c  p l a n t s  found  i n  Ka th l yn  Lake. N a t u r a l l y ,  t h e  decay o f  these

p lants  would r e l e a s e  n u t r i e n t s  t o  t h e  wa te r  whether o r  n o t  t h e  l a k e  was

drawn down.

I t  i s  l i k e l y  t h a t  dewater ing  sediments would promote t h e  re l ease

of  some n u t r i e n t s  f r o m  t h a t  source a l s o .  C o n s e q u e n t l y,  i t  may be a d v i s -

able t o  f l u s h  t h e  l a k e  a f t e r  drawdown and aga in  p r i o r  t o  r e f i l l i n g .

I f ,  a f t e r  t h e  drawdown has been accomplished, a  heavy snow f a l l s ,

f r o s t  p e n e t r a t i o n  may be  l i m i t e d  so  few  p l a n t s  d i e .  I t  m igh t  be  f e a s i b l e

to remove t h e  snow i n  t h i s  s i t u a t i o n  ( e . g . ,  b y  b lowing  i t  toward  t h e

centre o f  t h e  l a k e )  b u t  i t  would r e s u l t  i n  increased c o s t  o f  t h e  program.

Because p l a n t s ,  l i k e  most organisms,  r e q u i r e  o x y g e n  i n  o r d e r  t o

surv ive ,  t h e y  cannot  grow i n  anox ic  areas.  F o r  t h i s  reason,  p l a n t  growth

in -Kath lyn  Lake i s  r e s t r i c t e d  t o  areas above t h e  f i v e  m e t e r  con tour  ( p r o -

bably t h e  t h r e e  meter  c o n t o u r ) .  B y  drawing down u n t i l  t h o s e  vegetated

areas were exposed, a l l  p l a n t s  m igh t  be  e rad i ca ted  (depending on  t h e i r

s e n s i t i v i t y  t o  d r y i n g  and f r o s t ) .

The combinat ion o f  w i n t e r  drawdown. w i t h  s p r i n g  and f a l l  f l u s h i n g
1

is  e c o l o g i c a l l y  p r e f e r a b l e  s i n c e  i t  would be e f f e c t i v e  i n  t h e  s h o r t - t e r m

and would be  c o r r e c t i n g  some o f  t h e  unde r l y i ng  causes o f  t h e  p resen t  eu t ro -

phi c c o n d i t i o n

Engineering s t u d i e s  o f  c o s t s ,  h y d r a u l i c  and h y d r o l o g i c  f a c t o r s
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would be necessary be fo re  t h e  t r u e  f e a s i b i l i t y  o f  such a  program would be

necessary t o  determine t h e  b e s t  drawdown t i m e ,  f l u s h i n g  schedu le ,  amount,

o f  drawdown and o t h e r  l a k e  ope ra t i ng  procedures.  S u c h  eng ineer ing  i n -

ves t i ga t i ons  a r e  n o t  w i t h i n  t h e  scope o f  t h i s  r e p o r t .

5 .1.5.  D r e d g i n g

I t  i s  p o s s i b l e  t o  remove t h e  m a j o r i t y  o f  o f f e n d i n g  weeds f r o m

Kathlyn Lake b y  dredg ing.  I t  i s  p robab le ,  however,  t h a t  t h e  c o s t s  o f

such a  program would be  excess ive .  C o s t s  would i n c l u d e  dredg ing  and

recons t ruc t i on  o f  numerous domest ic  wa te r  i n t a k e s .  W a t e r  users  would be

inconvenienced f o r  t h e  d u r a t i o n  o f  t h e  p r o j e c t  b y  i n t e r u p t i o n  o f  s e r v i c e .

The u l t i m a t e  d i s p o s a l  o f  t h e  sediments and a l s o  t h e  changed con tou r  o f

the l a k e  would be  f a c t o r s  o f  concern i n  such a  program. I f  drawdown and

f l ush ing  i s  r e j e c t e d ,  t h i s  a l t e r n a t i v e  may war ran t  f u r t h e r  c o n s i d e r a t i o n ,

though t h i s  would n o t  c o n t r o l  a l gae .

5.1.6.  B i o l o g i c a l  C o n t r o l

B io log i ca l  c o n t r o l  i s  perhaps t h e  i d e a l  way o f  c o n t r o l l i n g  t h e

weed p o p u l a t i o n  i n  Ka th l yn  Lake. T h i s  c o u l d  i n v o l v e  t h e  use o f  e i t h e r

indigenous o r  e x o t i c  organisms. T h e  d e t a i l s  o f  b i o l o g i c a l  c o n t r o l  a r e

beyond t h e  scope o f  t h i s  r e p o r t  and i n t e r e s t e d  i n d i v i d u a l s  can  f i n d  e x -

c e l l e n t  m a t e r i a l  on  t h i s  s u b j e c t  i n  most l i b r a r i e s .

Before a  b i o l o g i c a l  c o n t r o l  program cou ld  be  recommended, much

more ex tens ive  and i n t e n s i v e  research  would have t o  be  c a r r i e d  o u t .

B io log i ca l  c o n t r o l  methods a r e  u s u a l l y  r t i v e l y  s low (and can he  e c o l o g i -

c a l l y  d i s a s t r o u s  i f  n o t  c a r e f u l l y  researched and c o n t r o l l e d ) .
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Because t h e  au thors  b e l i e v e  t h a t  t h e  c i t i z e n s  o f  Smithers and

the sur round ing  a rea  want a  r e l a t i v e l y  r a p i d  s o l u t i o n  t o  t h e  problem o f

excessive weed growth  i n  Ka th l yn  Lake,  b i o l o g i c a l  c o n t r o l  i s  n o t  r e -

commended a t  t h i s  t i m e .

5.1 .7 .  F a c t o r s  i n  Dec is ion  Making

No ma t t e r  wh ich  method i s  chosen t o  overcome t h e  problem o f

weed growth i n  Ka th lyn  Lake,  some o t h e r  f a c t o r s  wh ich  must be  cons iderab le

are:

1) T h e  e f f e c t s  o f  any d i v e r s i o n s  o r  drawdown on e x i s t i n g  wa te r  l i c e n c e s .

2) T h e  e f f e c t  o f  d i v e r s i o n s  on  s t ream e ros ion .

3) T h e  e f f e c t  o f  c o n s t r u c t i o n  phase d i s r u p t i o n s .

41 T h e  e f f e c t  o f  t h e  downstream t r a n s p o r t a t i o n  o f  nmt r i nn t s

5) T h e  e f f e c t  o f  d i v e r s i o n s ,  drawdown and c o n s t r u c t i o n  phase d i s r u p t i o n s

on t h e  l o c a l  and r e g i o n a l  f i s h e r y .

The s o l u t i o n  t o  t h e  problem shou ld  n o t  e n t a i l  t h e  complete removal

or death  o f  a l l  o f f e n d i n g  weed popu la t i ons .  S o m e  d e s i r a b l e  o r  advantageous

aspects o f  t h e  weeds a r e  ( M u l l i g a n ,  1969) :

1) T h e y  produce oxygen as  a  by -p roduc t  o f -photosynthes is .

2) T h e y  shade and c o o l  t h e  sediments o f  t h e  l i t t o r a l  zone.

3) T h e y  p rov ide  h a b i t a t s  f o r  s e s s i l e  b e n t h i c  organisms.

4) T h e y  p rov ide  su r faces  f o r  t h e  at tachment  o f  b a c t e r i a ,  p e r i p h y t o n

and a q u a t i c  i n s e c t s .

5) T h e y  se rve  as  f o o d ,  n e s t - b u i l d i n g  m a t e r i a l  and s i t e s  f o r  egg a t tachment ,
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6) T h e y  p r o t e c t  sma l l  f i s h  f r o m  p r e d a t i o n .

7) T h e y  anchor  t h e  s o i l  i n  p l ace  b y  means o f  t h e i r  r o o t  system.

In a d d i t i o n ,  M u l l i g a n  (1969)  s t a t e s , " A l t h o u g h  Potamogeton pec t i na tus

i s  t h e  most nox ious weed i n  i r r i g a t i o n  and dra inage d i t c h e s ,  where

i t  r e t a r d s  wa te r  movement (Timmins,  1966 ) ,  i t  i s  t h e  most impo r tan t

duck food  p l a n t  i n  t h e  Un i ted  S ta tes  ( M a r t i n  and U h l e r,  1 9 3 9 ) . "

Thus t h e  u l t i m a t e  s o l u t i o n  t o  t h e  presence o f  excess ive weed

growth i n  Ka th lyn  Lake w i l l  r e q u i r e  v e r y  c a r e f u l  c o n s i d e r a t i o n  by  a l l

concerned c i t i z e n s .
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TABLE I

SPECIES DISTRIBUTION I N  KATHLYN LAKE

S t a t i o n  Number ( s e e  F i g u r e  1 4 )

P l a n t s 1 2  3  4  5  6  7  3  9  1 )  11  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 3  2 4  2 5

B r a s c n i a  s p .  X
C e r a t e h y l l u m  demersum X  X  X  X
C e r a t o h y l l u m  s p .
Chw:a  s o .
E q u i s c , t u m  s p .  X  X  X
I s o c t e s  S P.  X
J:111:-.us s p .  X
1  L1;:o s p .  X
N i i : T i a  s p .  X  X
Ntmhall s p .  X  X  X  X  X  X  X  X  X X X X X X X X
P o t a c t o n  b e r c h t o l d i i  X  X  X
P o t : H c t o n  g r a m i n e u s  X  X
P o t o o t o n  n a t a n s  X  X  X  X  X  X
P - o t t o n  nodosus  X  X  X  X  X
P o t e t o n  p e c t i n a t u s  X  X  X  X  X  X X X X X X  X X X X X X
P o t = c t e n  s p .  X  X  X  X  X  X  X  X  X  X  X  X
P o t a e t o n  z o s t e r i f o r m i s  X
Ranunculus a q u a t i l i s  X  X  X  X  X  X  X
Ranunculus s p .  X  X  X  X  X  X  X  X  X  X  X  X
S a l t r i a  l a t i f o l i a  X
S a g i t t a r i a  s p .  X
S ' o n r r a  S P.  X  X
T v p h a  s .  X

X



TABLE I I

Va r i a b l e s

KATHLYN LAKE -  1 3 . V I I I . 7 3
S a r p l i n g  Dep ths K a t h l y n  C r .

1 4 . V I I I . 7 3

Simpson C r .

1 4 . V I I I . 7 3

G l a c i e r  C r .

1 4 . V I I I . 7 3

" C l u b "  C r .

1 3 . V I I I . 7 30.0  m 2.5  IT 5.0 m 7.5 m 8.0  m

P h e n o l p h t h a l e i n  A l k a l i n i t y  (CaCO3) 0 .0 0 .0 0.0 0.0 0.0 0 .0 0 .0 0 .0 0.0
A l k a l i n i t y :  T o t a l  (CaC07) 15.8 15.4 21.3 23.9 23.9 17 .8 8.3 4.9 8.0
Calc ium:  U n f i l t e r e d  ( C a l 4 .9 4 .9 5.7 6 .4 6 .5 5 .0 3 . 0 2.4 2.9
Calc ium:  D i s s o l v e d  ( C a ) 4 .9 4 .9 5.5 6 .2 6 .3 5 .0 3 .0 1.7 2 .8
Carbon: T o t a l  O r g a n i c  ( C ) 6. 6. 9. 9. 11. 8. 1. <1. 2.
Carbon: T o t a l  I n o r g a n i c  ( C ) 2. 2. 6. 8. S. 3. 1. <1. 1.
Hardness:  T o t a l  (CaC0.0 16.6 16.6 18.6 20.9 21.3 17.2 9.01 5.07 8.84
To t a l  S o l u b l e  Phosphor i l s 0.006 0.010 0.012 0.020 0.030 0.008 0.004 0.009 0.005
Magnesium: D i s s o l v e d  ( M g ) 1.05 1.05 1.18 1.32 • 1 . 3 5 1.15 0.37 0.20 0.45
N i t r o g e n :  A m m o n i a  ( N ) <0.01 <0.01 0.01 0.24 0.25 0.03 0.03 0.03 <0.01
Nit rogen:  D i s s o l v e d  N i t r a t e  +  N i t r i t e  ( N ) <0.02 <0.02 <0.02 <0.02 <0.02 0.02 < 0 . 0 2 ' 0 .04 0.05
N i t r o g e n :  O r g a n i c  ( N ) 0.24 0 .27 0.39 0.32 0.28 0 .28 <0.01 <0.01 0.06
N i t r o g e n :  T o t a l  ( N ) 0.24 0.27 0.40 0.56 0.53 0.31 0.03 0.04 0.11
ph ( u n i t s ) 7 .6 7 .4 6 .6 6 .6 6 .6 7 . 3 6 .9 6 .4 6 . 8
Phosphorus:  D i s s o l v e d  O r t h o  Phosphate ( P ) <0.003 <0.003 0.006 0.014 0.023 <0.003 <0.003 0.005 0.003
Phosphorus: T o t a l  ( P ) 0.009 0.011 0.035 0.051 0.071 0.014 0.005 168.0* 0.10
S p e c i f i c  Conduc tance  (umhos /cm) 44. 44. 51. 58. 60. 45. 25. 18. 25.
T u r b i d i t y  ( u n i t s ) 0 . 8 1.0 4 . 3 11.0 16.0 1 .7 0 .7 160.* 8 .0
C h l o r i d e :  D i s s o l v e d  ( C l ) 1 .0 <0.5 <0.5
Magnesium: U n f i l t e r e d  ( M g ) 1.13 0.44 0.41
Potass ium:  D i s s o l v e d  ( K ) 0 .5 0.1 0.3
Residue:  T o t a l  ( 1 0 5 ° C ) 42. 2. 222.
Residue:  N o n f i l t e r a b l e  ( 1 0 5 ° C ) 1.2 1.6 217.
Residue:  F i x e d  N o n f i l t e r a b l e  ( 5 5 0 ° C ) <1. 1 .2 214.
Residue:  V o l a t i l e  N o n f i l t e r a b l e <1. 4 1 . 2 .2
S i l i c a :  R e a c t i v e  ( 5 i 0 , ) 4 .1 2.9 1.6
Sodium: D i s s o l v e d  ( N a y 1.6 0 .4 0 . 6
Su lpha te :  D i s s o l v e d  (SO4) 5 .0 5 .0 5.5
Tempera tu re :  ( ° C ) 19.1 18.6 12.1 9 .8 9 .6 15 .8 6 .0 5 .0 11.0
Dissolved 02(ppm) 8 . 8 8 . 6 <1.0

. _

*Suspect D a t a

Comparison o f  Wa t e r  C h e m i s t r y,  K a t h l y n  L a k e  and  N e a r b y  S t reams



TABLE I I I

Measurement June 23 Ju ly  24 August 19 September 22

NH3-N ( m g / l i t r e ) <0.01 <0.01 <0.01 0.01

NO2-N ( m g / l i t r e ) <0.01 <0.01 <0.01 <0.01

NO3-N ( m g / l i t r e ) <0.01 <0.01 <0.01
Kje ldah l -N ( m g / l i t r e ) 0.2 <0.1 0.4
To ta l  phosphate ( a s  P)  ( m g [ d t r e ) 0.002 <0.01 0.003
Ortho phosphate ( a s  P)  ( m g / l i t r e ) 0.002 0.003 0.006 <0.002

To t a l  o r g a n i c  carbon ( m g / l i t r e ) 3.0 <1.0 2.0 <1.0
To t a l  i n o r g a n i c  carbon ( m g / l i t r e ) 0.5 0.5 0.5 0.5

pH 5.7  5 . 8 5.7 6.0
To ta l  a l k a l i n i t y  ( m g / l i t r e ) 2.5 6.0
Tota l  hardness ( m g / l i t r e ) 3.0 1.0

To ta l  i r o n  ( m g / l i t r e ) <0.04
Dissolved oxygen ( m g / l i t r e ) 10.9 10.8 10.6 9.3
Temperature ( ° C ) 6.5 7.6 8.8 9.4
Submarine photometer:
Percent o f  su r face  i l l u m i n a t i o n

Neutra l  f i l t e r 24. 27. 22. 21.5
Green f i l t e r 24. 22. 23.

Secchi d i s c  (m) 24. 29. 29. 22.
Chlorophy l l  a  (mg/m3 ) 0.12 0.04 0.07 0.35

Chemical-Phys i ca l  P rope r t i es  o f  Waldo Lake
(extremely l o w  p r o d u c t i v i t y )

on Dates o f  14C Experiments a t  20  m Depth

From: P o w e r s  e t  a l .  (1971)



TABLE I V

on Dates o f  I4C  Experiments a t 4 m Depth

Measurement Ju l y  7 August 5 September 2

NH3-N ( m g / l i t r e ) 0.01 <0.01 0.01

NO2-H ( m g / l i t r e ) <0.01 <0.01 <0.01

NO3-N ( m g / l i t r e ) <0.01 <0.01 <0.01

Kje ldahl -N ( m g / l i t r e ) 0.3 0.4 0.4

To ta l  phosphate ( a s  P)  ( m g / l i r e ) 0.017 0.009

Ortho phosphate ( a s  P)  ( m g / l i t r e ) 0.007 <0.002 0.003

To t a l  o r g a n i c  carbon ( m g / l i t r e ) <1. <1.

To t a l  i n o r g a n i c  carbon ( m g / l i t r e ) 5.0 4.4 2.8

pH 7.3 7.4 6.8

To t a l  a l k a l i n i t y  ( m g / l i t r e ) 17. 16. 15.

To t a l  hardness ( m g / l i t r e ) 14. 13.
To t a l  i r o n  ( m g / l i t r e ) <0.05
Dissolved oxygen ( m g / l i t r e ) 9.6 8.4

Temperature ( ° C ) 19,0 21.7 20,5

Submarine photometer:
Percent o f  su r f ace  i l l u m i n a t i o n

Neutral  f i l t e r 11.2 22.4 11.0
Green f i l t e r 13.7 15.6

Secchi d i s c  (m) 2.2 3.5 2.5

Chlorophy l l  a  (mg/m3) 4.7 3.6 3.5

Chemical-Phys ica l  P r o p e r t i e s  o f  Tr i a n g l e  Lake
(moderately p roduc t i ve )

From: P o w e r s  e t  a l .  ( 1971 )
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Measurement Ju l y  14 Ju l y  29 August 11 September

NH3-N ( m g / l i t r e ) 0.03 0.04 <0.01 <0.01

NO2-N ( m g / l i t r e ) <0.01 <0.01 <0.01 <0.01

NO3-N ( m g / l i t r e ) <0.01 <0.01 <0.01 '<0.01

Kje ldahl -N ( m g / l i t r e ) 1.4 1.1 1.1

To ta l  phosphate ( a s  P)  ( m g / l i t r e ) 0.16 0.04 0.006
Ortho phosphate (As  P)  ( m g / l i t r e ) <0.01 0.007 0.009 0.273

To ta l  o r g a n i c  carbon ( m g / l i t r e ) 7. 5. 7. 5.

To ta l  i n o r g a n i c  carbon ( m g / l i t r e ) 18. 13. 11. 14.

pH 10.9 7.7 8.8 7.8

To ta l  a l k a l i n i t y  ( m g / l i t r e ) 61.0 46.8 41.3 56.0

To ta l  hardness ( m g / l i t r e ) 39. 36. 43.

To ta l  i r o n  ( m g / l i t r e ) 0.50 0.60 3.3

Dissolved oxygen ( m g / l i t r e ) 13.6 7.6 8.6 2.8

Temperature ( °C ) 21.0 22.0 23.0 19.5

Submarine photometer:
Percent o f  s u r f a c e  i l l u m i n a t i o n

Neutra l  f i l t e r 9.0 40.9 26.7 20.8
Green f i l t e r 38.5 15.7

Secchi d i s c  (m) 0.4 1.1 1.4 1.2

Chlorophy l l  a  (mg/m3) 21.1 13.9 8.3 13.2

Chemical-Phys i ca l  P roper t i eS  o f  C l i n e ' s  Pond
(h igh ly  e u t r o p h i c )

on Dates o f  14C Experiments a t  0 . 5  m Depth

10

From: P o w e r s  e t  a l .  ( 1971 )



TABLE V I

Plant Species June 29 July 22 August 18 September 14

N P N P N P N P

Ceratophyilum demersum 4.43 0.75 2.11 0.51 2.17 0.56 3.41 0.71

Heteranthera dubia 3.79 0.55 3.24 0.69 2.32 0.51 2.67 0.58

Myriophyllum spp. 2.72 0.41 2.42 0.35 2.63 0.35 2.77 0.41

Potamogeton r ichardsoni i 3.73 0.45 3.24 0.32 2.59 0.23

Potamoceton z o s t e r i f o r m i s 3.65 0.42 3.70 0.35 3.65 0.59 3.37 0.44

Va l l i s r e r i a  americana 3.85 0.42 2.88 0.42 2.34 0.43 1.98 0.37

From: G e r l o f f  (1969)

Total Nitrogen and Phosphorus Contents o f  Samples
of Higher Aquatic Plants Col lected a t  I n t e r v a l s

During Growing Season from Lake Mendota, 1964 (%)

Dates Sampled

•



TABLE V I I

Kalamalka Lake 30 5 11 7.5 30 .28 56 34

Langford Lake 27 3 ' 12 6.4 20 9 15 10.9

Wood Lake 28 7 20 11.7 28 22 41 30.4

O k a n a g a n  L a k e 35 5 i y 8.9 35 13 30 23.6

Kathlyn Lake 5 6 11 8.5 5 2 8 5

To t a l  Organ ic  Carbon and To t a l  I n o r g a n i c  Carbon Concent ra t ions
i n  Se lec ted  Lakes i n  B r i t i s h  Columbia

To t a l  Organ ic  Carbon T o t a l  I n o r g a n i c  Carbon

Number R a n g e  N u m b e r  R a n g e
o f   A v e r a g e  o f

Samples L o w  H i g h  S a m p l e s  L o w  H i g h
Average



TABLE V I I I

Plankton A lgae Species Recorded i n  Ka th l yn  Lake on  August 1 3 ,  1973

Numbers i n  Columns a r e  Number o f  Specimens p e r  M i l l i l i t r e

Cosmarium sp . 40
Crucigenia t e t r a p e d i a 40 40 40
Oocystis c f .  l a c u s t r i s 60
Scenedesmus a rcua tus 140
Schroederia s e t i g e r a .20 10 20

EUGLENOPHYCEAE
Trachelomonas s p . 40 10 40 200 20

BACILLARIOPHYCEAE
Ni tzsch ia  sp . 20
Ta b e l l a r i a  f e n e s t r a t a 80 80 40

CHRYSOPHYCEAE
Mallomonas s p . 40 60

CRYPTOPHYCEAE
Cryptomonas o v a t a 40 40 120 40 10
Rhodomonas minuta 580 520 280 40 30

CYANOPIIYCEAE
Anabaena sp . 20 170

TOTAL SPECIMENS/m1 820 650 920 380 160

Species S a m p l i n g  Depths

(Grouped b y  Class)  0 . 0  m 2 . 5  m 5 . 0  m 7 . 5  m 8 . 0  m

CHLOROPHYCEAE
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Water S u r f a c e

EPILIVINION -  t h e  w a r m  (  l i g h t e r )  u p p e r  l a y e r  o f  w a t e r .

T H E R M O C L I N E  — t h e  t r a n s i t i o n  l a y e r  o f  r a p i d  t e m p e r a t u r e  c h a n g e  b e t w e e n
the u p p e r  w a r m  w a t e r  l a y e r  a n d  t h e  d e e p  c o l d  w a t e r .

H Y P O L I M  N ION -  t h e  d e e p  c o l d  ( h e a v i e r )  w a t e r  z o n e  b e l o w  t h e  t h e r m o c l i n e .

SECTION OF TYPICAL L A K E  DURING SUMMER, SHOWING T H E
3 ZONES RESULTING FROM THERMAL STRATIFICATION F i g u r e  3
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TEMPERATURE EFFECTS ON SPECIFIC CONDUCTANCE
OF 0.01 M. POTASSIUM CHLORIDE SOLUTION F i g u r e  5



5000

Ui

0  u.).
_j

2 w
0  0cc v.)

W
ct

Z

41
z

<
D cr

W
Z w  2000

U
LT. w
F3

4000

3000

1000

0
0 500 1 0 0 0  1 5 0 0  2 0 0 0  2 5 0 0

DISSOLVED SOLIDS, IN MILLIGRAMS PER LITER

NOTE • From Hem ( i 7 0 )  , p.  100.

3000 3500

AN EXAMPLE O F
SPECIFIC CONDUCTANCE V S  DISSOLVED SOLIDS F i g u r e  6
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APPENDIX I

Chemical an..1 Phys i ca l  Data  f rom t h e  Nor thwest  Bas in  (K2)
of Ka th l yn  Lake Co l l ec ted  a f t e r  Augus t ,  1973

Var iab les 13.V.74
1.0 m

13.V.74
8.0 m

22.VI I .74  2 2 . V I I . 7 4
. 1 .0  m 4 . 0  m

22.V11.74
6.0 m

22.VI I .74

8.0 m

A l k a l i n i t y :  T o t a l  (CaCO3) 18.3 18.1 15.0 14.5 16.5 20.0
Calcium: D i s s o l v e d  (Ca) 5.6 5.7 4.8 4.6 5.2 5.8
Carbon: T o t a l  Organ ic  (C ) 12. 11. 7. 6. 7. 7.
Carbon: T o t a l  I n o r g a n i c  (C ) 4. 5. 2. 2. 4. 7.
To t a l  So lub le  Phosphorus 0.009 0.011 0.006 0.005 0.006 0.013
Magnesium: D i s s o l v e d  (Mg) 1.49 1.47 1-.17 1.12 1.15 1.27
Ni t rogen:  D i s s o l v e d  N i t r a t e  +  N i t r i t e  (N ) 0.05 0.08 <0.02 <0.02 <0.0.2 0.02
Ni t rogen:  T o t a l  K j e l d a h l  (N ) 0.41 0.39 0.11 0.28 ' 0.31 0.53
Ni t rogen:  T o t a l  ( N ) 0.46 0.47 0.11 0.28 0.31 0.55
pH ( u n i t s ) 7.2 7.0 7.4 7.0 6.7 6.6
Phosphorus: D i s s o l v e d  Or tho  Phosphate (P ) <.003 0.003 <.003 <.003 <.003 0.007
Phosphorus: T o t a l  ( P ) 0.022 0..026 0.010 0.015 0.017 0.026
Spec i f i c  Conductance (umhos/cm) 52. . 51. 45. 43. 48. 56.
Tu r b i d i t y  ( u n i t s ) 2.8 3.3 1.2 1.8 3.8 8.7

Cadmium: U n f i l t e r e d  ( C d ) <.0005 <.0005 <.0005 <.0005
Copper: U n f i l t e r e d  ( C u ) 0.003 0.002 0.003 0.003
I ron:  U n f i l t e r e d  ( F e ) 0.2 0.3 0.5 0.5
Lead: U n f i l t e r e d  ( P b ) <.001 <.001 <.001 <.001
Mercury: U n f i l t e r e d  ( H g )  ( u g / l ) <0.05 <0.05 <0.05 <0.05
Nicke l :  U n f i l t e r e d  ( N i ) <0.01 <0.01 <0.01 <0.01
Zinc: U n f i l t e r e d  ( Z n ) <.005 <.005 <.005 <.005

Temperature ( ° C ) 7.3 6.2 17.3 14.0 10.0 9.8
Oxygen: D i s s o l v e d  (mg/1) 10.1 9.3 9.5 8.5 1.1 <0.8
Conuuct iv i ty  ( F i e l d ) 65. 60. 52. 50. 55. 61.


