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ABSTRACT 

Increasing  land  development i n   t h e  Shuswap Lake  watershed, 

p a r t i c u l a r l y   a r o u n d   t h e   m u n i c i p a l i t y   o f  Salmon Arm, has created  concern 

r e g a r d i n g   t h e   s t a t e  o f  e u t r o p h i c a t i o n   i n  Shuswap Lake. I n  1978  and  1979 a 

two-year  program was conducted t o  document t h e   s t a t e   o f   e u t r o p h i c a t i o n  o f  

t h e  Salmon A r m  s e c t i o n  o f  Shuswap Lake. The s tud ies   i nc luded   phys i ca l ,  

chemical and b i o l o g i c a l   m o n i t o r i n g   i n   t h r e e   m a i n  zones o f  t h e   l a k e :  Zone A 

- Tappen Bay area; Zone B - t h e   m a i n   s e c t i o n  o f  t h e  Salmon Arm; Zone C - 
one t r a n s e c t   i n  Seymour Arm. 

Another  study was c o n d u c t e d   c o n c u r r e n t l y   i n   t h e   s u m e r   o f  1978 t o  

i d e n t i f y   t h e  phosphorus  sources  and  loadings  around  the Salmon A r m  s e c t i o n  

o f  Shuswap Lake  where  land  devel oprnent was grea tes t .  The Salmon R i v e r  and 
t h e  District  of  Salmon Arm sewage t reatment  p lant   appeared t o  be   the   ma jor  

sources of t o t a l  phosphorus  loading.   Both  sources  d ischarged  in to   lake 

s tudy Zone A. The area  around Zone B was less   deve loped  than  the   watershed 

around Zone A and no  major   sources  o f   phosphorus  inputs   were  ident i f ied.  

Zone C was 1 ocated i n  a r e l a t i v e l y  undeveloped  area. 

Chemical  and b i o l o g i c a l   d a t a   i n d i c a t e d   t h a t :  Zone A was 

mesotrophic;  Zone B was o l igo-mesotrophic ;  and  Zone C was o l i g o t r o p h i c .  

The Salmon A r m  sewage t rea tmen t   p lan t   cou ld  b e   e n h a n c i n g   e u t r o p h i c a t i o n   i n  

Zone A. 

a 
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Le dgveloppement croissant des te r res  dans l e  bassin versant du 
l ac  Shuswap, particuligrement pres de l a  municipaliti de  Salmon Arm, a cr66 
des  inqui5tudes  regardant l ' i i t a t  d'eutrophisation du lac  Shuswap. En 1978 
e t  1979, u n  programme  de  deux ans f u t  conduit pour documenter 1 ' 6 t a t  
d'eutrophisation de la   sect ion de Salmon Arm du l ac  Shuswap. Les Etudes 
ont compris u n  contrdle  physique, chimique e t  biologigue de t r o i s  
principal  es zones du lac: Zone A - region de l a  baie Tappen; Zone B - 1 a 
principale  section de Salmon Arm; Zone C - une section  transversale de 
Seymour Arm. 

En i t 6  1978, une autre 6tude a i t 6  conduite  simultaniment a f i n  
d ' ident i f ier   les   sources   e t   les   charges  de phosphore aux  environs de l a  
section de  Salmon Arm du 1 ac Shuswap oir 1 e dgveloppement des te r res  f u t  l e  
plus intense. La r iv ie re  Salmon e t   l ' u s i n e  de traitement des eaux usges 
du d i s t r i c t  de Salmon Arm semblerent  6tre  les  majeures  sources de l a  charge 
en phosphore t o t a l .  Ces  deux sources  dgversaient dans l a  Zone A de 1 'Etude 
du 1 ac. La r6gion autour de 1 a Zone B i t a i  t moins diveloppie que 1 e bassin 
versant  autour de l a  Zone A e t  aucune source  majeure d'inputs de phosphore 
ne f u t  identifi6e.  La Zone C i t a i t  situ6e dans une region  relativement 
non-dhel  oppie. 

Les donnees chimiques e t  biologigues dPmontrent que: l a  Zone A 

C t a i  t mesotrophe; l a  Zone B ol igo-mgsotrophe; e t  1 a Zone C 01 i gotrophe. 
L'usine de traitement  des eaux usees de  Salmon Arm pourrait  contribuer i 
l 'accroissement de l 'eutrophisation de l a  Zone A.  
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1. INTRODUCTION 

I 

I 

r 

Shuswap Lake, a l a r g e   l a k e   s i t u a t e d   i n   t h e   s o u t h - c e n t r a l   r e g i o n  

o f  B.C., supports a r e c r e a t i o n a l   f i s h e r y  and prov ides  an impor tan t   rea r ing  

area   fo r   severa l   spec ies   o f   commerc ia l  salmon (Figure  1).  Concerns 

r e l a t i n g   t o   t h e   w a t e r   q u a l i t y  and t h e   w e l f a r e   o f   t h e   f i s h e r y   r e s o u r c e  have 

been i n c r e a s i n g   o v e r   t h e   p a s t  decade a long   w i th   i nc reas ing   l and   deve lopmen t  

i n   t h e   l a k e ' s  watershed. 

The  Shuswap Lake  system  supports  annual  runs  of  approximately 

5,100 coho  (Oncorhynchus  kisutch), 13,100 chinook (0. - tshawytscha) and 

342,000 sockeye  salmon (0. " nerka) ,   acco rd ing   t o   t en   yea r   ave rage  escapement 

da ta  from 1968 t o  1977  (Graham  and Russell ,   1979)  (Appendix  I) .  I n  

a d d i t i o n ,   t h e r e   a r e   r e s i d e n t   p o p u l a t i o n s  o f  r a i n b o w   t r o u t  (Salmo - 
gairdner i ) ,   moun ta in   wh i te f i sh   (P rosop ium  w i l l i amson i ) ,   Do l l y  Varden char 

( S a l v e l i n u s  malma)  and  kokanee (0. " nerka).  

Large numbers o f   j u v e n i l e   f i s h  appear t o   m i g r a t e  and r e a r   i n  

1 i t t o r a l   a r e a s  

po r t i ons   o f  Sa 

t i p  of Seymour 

Salmon, Anesty 

i n   t h e   v i c i n i t y   o f  Mara  Lake - Sicamous  Narrows,  southern 

lmon Arm, t h e   s o u t h e r l y   r e g i o n s   o f   A n s t e y  Arm, t h e   n o r t h e r n  

A r m  and t h e   o u t l e t  of Shuswap Lake. The  Shuswap, Eagle, 

, Seymour and  Adam  River  are a l l  used  for  spawning  areas 

(Russel 1 e t  a1 ., 1981). 

Fa i r l y  good  escapements  were  observed i n  t h e  Salmon River i n  t h e  

f a 1  1 o f  1978 (350  chinook,  1500  coho  and  434  sockeye)  (Brown,  Musgrave and 

Marshal, 1979). However, ex tens ive   sha l lows  charac ter ized   by   h igh  

t e m p e r a t u r e s   a n d   t u r b i d i t y   i n   t h e   v i c i n i t y   o f  Salmon Arm probab ly  limit t h e  

use o f   t h i s   a r e a   b y   r e a r i n g   f i s h .   A p p a r e n t l y ,   j u v e n i l e  salmon u t i l i z e   t h e  

Salmon A r m  f o r e s h o r e   a r e a s   o n l y   b r i e f l y   i n   A p r i l  and e a r l y  May b e f o r e  

m i g r a t i n g   t o   o t h e r   b a s i n s   i n   t h e  Shuswap Lake  sys tem  (Russe l l   e t  al., 

1981).  Sockeye  salmon  beach spawn i n  dominant   years   a long  the   nor th   shore  

o f   t h e  Salmon Arm, the  east   shore  o f   Anesty  A r m  and throughout   the  Main 

Arm. There i s   l i t t l e  beach  spawning i n  Seymour A r m  (Stewart ,  DFO, pers. 

corn.,  1984) . 
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LOCATION MAP I 

Scole in Kilomettor 

F I G U R E  I SHUSWAP LAKE WATERSHED 
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Very l i t t l e  work  has  been  done on t h e   w a t e r   q u a l i t y   o r   l i m n o l o g y  

o f  Shuswap Lake. Ward (1957),   reported on zooplankton  populat ions i n   t h e  

lake. A smal l   study,  conducted  by  the B.C. P o l l u t i o n   C o n t r o l   B r a n c h  (now. 

B.C. Waste Management Branch) i n  1971 and  1972, i n d i c a t e d   t h a t  Shuswap Lake 

was o l i g o t r o p h i c   e x c e p t   p e r h a p s   i n   t h e  Tappen Bay a r e a   o f   t h e  Salmon A r m  

s e c t i o n  o f  t h e  1 ake. 

The Salmon Arm s e c t i o n   o f   t h e   l a k e   r e c e i v e s   n u t r i e n t   i n p u t s   f r o m  

a g r i c u l t u r a l   d r a i n a g e ,   l a n d  development,  and mun ic ipa l  wastes. A t  t h e   t i m e  

t h i s   s t u d y  was i n i t i a t e d ,   t h e   t o w n  of Salmon A r m  was a n t i c i p a t i n g   m a j o r  

improvements i n   i t s  waste  t reatment  p lant .  The study was t h e r e f o r e  

designed t o   b e t t e r  document t h e   p r e s e n t   s t a t e   o f   e u t r o p h i c a t i o n   i n   t h a t  

p a r t  o f  t he   l ake ,  and t o  i den t i f y - the   phosphorus   sou rces  and l o a d i n g s   i n  

t h e  Salmon Arm area of t h e  Shuswap Lake  watershed. 
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2. STUDY AREA 

2.1 Watershed 
The  Shuswap Lake  watershed  drains  approximately 15,570 km2 

(F igu re   1 ) .  The  Adams, Eagle,  and Shuswap R i v e r s   f l o w   f r o m   t h e  Monashee 

Mountain Range,  and e v e n t u a l l y  empty i n t o  Shuswap Lake. The Salmon R ive r  

f l o w s   d i r e c t l y   i n t o  Shuswap Lake  from a sub-basin t o  the  south.  Shuswap 

Lake i t s e l f  i s  the   headwater   fo r   the   South  Thomspon River  watershed  which 

d r a i n s   t h e   s o u t h   c e n t r a l   r e g i o n  o f  B r i t i s h  Columbia. 

Some d r a i n a g e   b a s i n   c h a r a c t e r i s t i c s   a r e   l i s t e d   i n   T a b l e  1. 

TABLE 1 DRAINAGE B A S I N  CHARACTERISTICS 

PARAMETER C h a r a c t e r i s t i c s  

Loca t ion   o f   Lake  - most n o r t h e r n   p o i n t  (Seymour Arm) 51'13'45" 

- most  southern  point  (Tappen Bay - town o f  

Salmon Arm) 30'41 '30" 
- most   eastern  po int   (east   shore  o f   Anstey Arm) 

118O53'15" 

- m o s t   w e s t e r n   p o i n t   ( o u t l e t   t o   S o u t h  Thompson 

River)   119'33'30" 

Mean E l e v a t i o n  of  Lake - 347 meters 

C1 imate - semi -a r id   con t i nen ta l  

Area o f   D ra inage   Bas in  - 15,570 km2 

Limnological   Region - 6 - Columbia  Mountains  (Northcote and La rk in ,  

1963) 

Bas in  - open b a s i n  
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2.2 Geology 
The rock  format ions  o f   the  area  surrounding Shuswap Lake  are 

p r i m a r i l y  Pre-Cambrian i n   o r i g i n   ( D a l y ,  1915). G r a n i t i c  masses charac ter -  

f s t i c  of t he   a rea   a t   t he   ex t rem i t y   o f  Salmon A r m  a r e   g e o l o g i c a l l y  more 

recen t  and a r e   b e l i e v e d   t o   b e  of Jurass ic   o r ig in .   There  i s  a large  forma- 

t i o n  o f  l ims tone  on the  northwest  shores o f  Salmon Arm. A few  smal ler  

f o rma t ions   a re   p resen t   a t   o the r   weak ly   separa ted   l oca l i t i es .   Gran i te   f o r -  

mat ions make up  most o f   t he   a rea   su r round ing  Seymour  and Anstey Arms. Most 

o f   t h e   d i s t r i c t   s u r r o u n d i n g   t h e   M a i n  Arm i s  composed of   greenstones  which 

Daly (1915) sugges ts   a re   basa l t i c  (Ward, 1957)  . 
2.3 Morphometry 

Shuswap Lake 's   la rge   sur face   a rea   (Tab le  2 )  i s   c h a r a c t e r i s t i c   o f  

l a k e   b a s i n s   f o r m e d   b y   r i v e r   a c t i v i t y .  The h igh   sho re l i ne   deve lopmen t   ra t i o  

o f  5 i s   a l s o   c h a r a c t e r i s t i c   o f   t h e   d e n d r i t i c   o u t l i n e s  o f  r i v e r s   o c c u p y i n g  

f l o o d e d   r i v e r   v a l l e y s   t h a t   t h e n  become lakes. 

A h igh   sho re l i ne   deve lopmen t   ra t i o  may r e f l e c t   g r e a t   p o t e n t i a l  

f o r  development o f   l i t t o r a l  communities. However l i t t o r a l  development, 

par t   o f   the   eu t roph ica t ion   p rocess ,   i s   dependent   no t   on ly  on s h o r e l i n e  

development  but on depth and sho re l   i ne   s lope  as w e l l  . For  example,  Zone A 

i s   t h e   s h a l l o w e s t   s e c t i o n   o f   t h e   l a k e  and sho re l i ne   s lope  i s  low  (F igure 

2 ) ;   b o t h   c h a r a c t e r i s t i c s  f a v o u r  l i t t o r a l  development.  There i s   n o t  as much 

p o t e n t i a l   f o r   l i t t o r a l  development i n  Zone B o r  C because  these  areas  are 

deeper and t h e   s h o r e l   i n e   s l o p e   i s  much g r e a t e r   t h a n   i n  Zone A. 

R e l a t i v e   d e p t h   i s  measured  as t h e   r a t i o   o f  maximum d e p t h   t o   t h e  

s u r f a c e   a r e a   o f   t h e   l a k e .   I n   t h e   c a s e   o f  Shuswap Lake   t he   sma l l   r e la t i ve  

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

maximum depth . 
The  mean t o  maximum d e p t h   r a t i o   i n d i c a t e s   t h e   a p p r o a c h  o f  a l a k e  

b a s i n   t o   t h a t   o f  a cone. L i k e  most  lakes,  the  value for Shuswap Lake i s  

between 0.33 and 0.5, t h e   v a l u e   f o r  a conica l   depress ion.  
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Volume development i s  a s i m i l   a r   i n d e x   t o   t h e  mean t o  maximum 

d e p t h   r a t i o  and i s  defined  as an index  of  comparison o f   t h e  shape of  t h e  

b a s i n   t o  an i n v e r t e d  cone w i t h  a he ight   equal  t o  maximum depth and  a base 

equal t o   t h e   l a k e ' s   s u r f a c e  area. The average  value  found  for   most  lakes 

i s  1.27 and 1.40 (Cole,  1975). Shuswap Lake  has a s l  i g h t l y  1 ower  volume 

development wi th an i ndex   o f  1.15. 

TABLE 2 MORPHOMETRIC FEATURES OF SHUSWAP LAKE 

PARAMETER DIMENSIONS 

Lake Surface  Area 

Shorel ine  Length 

Shore1 i n e  Development R a t i o 1  

Maximum Depth 

Mean Depth 

Re1 a t i v e  Depth2 

Volume 

Mean Depth/Maximum  Depth3 

Vol ume Devel opment 

310 km2 

312 km 

5 

162 m 

62 m 

0.82 % 

1.91 X 1010m3 

0.38 

1.15 

1Shorel ine  Development  Ratio = r a t i o   o f   t h e   l e n g t h   o f   t h e  shore1 i n e   t o   t h e  

l e n g t h   o f  a circumference o f  a c i r c l e  o f  equal  area. 

*Relat ive  Depth = 88.6 (Maximum Depth)/Surface  Area). 

%can Depth/Maximum  Depth = mean depth   d iv ided by t h e  maximum depth. 
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3.  MATERIAL AND METHODS 

3.1 Phosphorus  Loadings 
Poss ib le   sources   o f   phosphorus   load ings   in to   the  Salmon A r m  

o f  Shuswap Lake  were i d e n t i f i e d   f r o m   l a n d   u s e  maps and s i t e   i n v e s t i g a t i o n s  

i n  May 1978  (Table 3 ,  F igu re  3 ) .  On August  15,  16  and 17,  1978, f low 

measurements  were  recorded w i t h  a Mead V e l o c i t y  Probe,  and s i n g l e   g r a b  

samples f o r   t o t a l  phosphorus   were   co l lec ted   a t   the  sample s t a t i o n s  shown i n  

Table 4 and F igu re  4. The t o t a l  phosphorus  samples  were  sent t o   t h e  

Env i ronmenta l   Pro tec t ion   Serv ice /F isher ies  and  Oceans l a b o r a t o r y   f o r  

ana lys is .  

On December 30, 1981 i n  a memo t o   F i l e ,  R.T. L i t t l e  (Waste 
Management Branch, [WMBI ,  Kamploops) repo r ted   on   t he   compara t i ve   nu t r i en t  

impact  on Shuswap Lake  from t h e  Salmon A r m  sewage t rea tmen t   p lan t  and t h e  

Salmon River.  R. L i t t l e  used n u t r i e n t   c o n c e n t r a t i o n s   f r o m   t h e  sewage 

t r e a t m e n t   p l a n t   e f f l u e n t  and a f l o w   o f  1818 m3jday t o  determine a mean 

d a i l y   n u t r i e n t  1 oad f r o m   t h e  sewage t rea tment   p lan t .  To determine Salmon 

R i v e r   n u t r i e n t   l o a d i n g s   b o t h   o n  an ave rage   da i l y   bas i s  and a t o t a l  annual 

b a s i s ,   L i t t l e  used f i l e   d a t a   f o r   n u t r i e n t   c o n c e n t r a t i o n s  a t  t h e  mouth o f  

t h e  Salmon R i v e r  and h i s t o r i c a l  mean f lows  f rom  f reshet  and non-freshet 

per iods.  

t 

.r 

c 
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TABLE 3 POTENTIAL SOURCES OF NUTRIENTS I N  THE SALMON ARM AREA I N  1978* 

1. Area o f   g r a z i n g   l e a s e s   ( i s s u e d   b y  Columbia-Shuswap R e g i o n a l   D i s t r i c t ) .  

2. Tapp in   San i ta ry   Land f i l l  (31 t o  38 m3/day) . 
3. Sandy P o i n t   R e s o r t   ( s e p t i c   t a n k  - 45,460 l i t r e s l d a y   o f   d o m e s t i c   w a s t e w a t e r  

t o  ground). 

4. Area o f   g r a z i n g   i n  Eden f i r e  area  ( issued  by B.C. Fo res t r y ) .  

I 

I 

I 

I 

5. Bernare and Linda  Petty-,Abattoir  (Grease  removal and sep t i c   t ank  - 1360 
l i t r e s / d a y   o f   a b b a t t o i r   e f f l u e n t   t o   g r o u n d ) .  

6. a)  Salmon Arm Water Po l l u t i on   Con t ro l   Cen t re   ( secondary   ac t i va ted   s ludge  - 
2.7 x 106 1 i t r e s l d a y  - t o  open d i t c h   t o  Salmon  Arm). 

b) Noca D a i r y  (Shuswap  Okanagan D a i r y  Ind.,  Co-op  Assoc.) Creamery (Four 
4 5 4 6 - l i t r e   h o l d i n g   t a n k s  - emptied  once  per  day - Whey t o  open d i t c h   t o  
Salmon Arm) . 

c )  Salmon Arm Meat  and  Produce - Aba t to i  r ( f  1 oor washing t o  storm d r a i n  t o  
open d i t c h   t o  Salmon  Arm). 

7.  Re l iance   Sep t i c  Tank - sep t i c   t ank  pumpage ( e x f i l t r a t i o n   b a s i n  - 2730 
1 i t r e s l d a y  - t o  ground). 

8. Salmon A r m  Land f i  11 (io1 mlday) . 
9. Deep Creek L a n d f i l l  (18 mlday). 

I 

I 

10. Federated Co-op - sawmi 11 (54370 1 i t e r s  o f  coo l   ing   water   every  2 weeks - t o  
Salmon  Arm). 

11 . Si1   ve r  Sands  Beach  Development  (secondary  package STP, 45460 1 i t r e s l d a y   o f  
domestic  wastewater t o  ground) - proposed. 

12. Sicamous L a n d f i l l .  

13. C.D. Dewar - Sep t i c   t ank  pumpage ( e x f i l t r a t i o n  and evaporat ion  lagoon - 400 
IGPD). 

*Refer t o   F i g u r e  3 
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FIGURE 3 POTENTIAL SOURCES OF NUTRIENTS  IN 'THE 
SALMON ARM A R E A  
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TABLE 4 SAMPLE STATON LOCATIONS FOR PHOSPHORUS LOADING STUDY* 

- August 15 to 17, 1978 

STATION NUMBER* 

Rei  necker Ck. 

White Ck. 

Tappen  Ck. 

Salmon R i ver  

Palmer Ck. 

Gordon Ck. 

Sewage Treatment P1 ant  Stormdrai n 

Stormdrain 

Stormdrai n 

Canoe Creek 

Shuswap R i v e r  

E a g l e   R i v e r  

Salmon Arm Sewage Treatment  Plant  Discharge 

51 

52 

53 

54 

55 

56 

57 

58 

59 

510 

511 

512 

S TP 

*Refer t o  f i g u r e  4 
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I 3.2 Lake  Study 

The study  area was separa ted   i n to   t h ree   ma in  zones ( F i g u r e  5 )  i n  

o r d e r   t o  condense t h e   l a r g e  amount o f   da ta   co l   l ec ted .  Zone A (Tappen Bay 

A rea )   i nc luded   s ta t i ons  1 t o  11 and was the   a rea   expec ted   t o  show t h e  

g r e a t e s t   i m p a c t   o f   n u t r i e n t  1 oading. Zone 6 , t h e   m a i n   s e c t i o n   o f  Salmon 

A n  arm, i n c l u d e d   s t a t i o n s  12 t o  30. Zone C was one t r a n s e c t   ( S t a t i o n s  31 
t o  33) i n  Seymour A r m  a t   N i n e   M i l e   P o i n t  and served as a c o n t r o l   a r e a   i n  

I 

a 

I 1978. I n  1979, a more i n tens i ve   s tudy  was conducted i n   t h e  Tappen Bay area 

I served  as  the  cont ro l .  Four s h a l l o w   w a t e r   s t a t i o n s  ( S A - S 1  t o  SA-S4)  were 

w i t h   t h e  same s t a t i o n s  1 t o  11 used i n  Zone A w h i l e   S t a t i o n  16 i n  Zone B 

added i n  1979 t o   m o n i t o r   p e r i p h y t o n ;   S t a t i o n  SA-S4 served  as t h e   c o n t r o l  

( F i g u r e  6) . 
I 

3.2.1 Water  Oual i t y .  Samples  were c o l l e c t e d  a t  s t a t i o n s  1 th rough 

t o  33 i n  June  and  September o f  1978. Due t o  adverse  weather  condi t ions i n  

November 1975, o n l y   S t a t i o n s  1 t o  11, 13 and 16 were  sampled. I n  1979, 
s t a t i o n s  1 t o  11 and 16 were  sampled i n   A p r i l ,  June,  August and October. 

Sample s t a t i o n   l o c a t i o n  was d e t e r m i n e d   w i t h   t h e   a i d   o f  a  Veb 

Fre iberger   Praz is ionsrnechanik   yacht   sextant   (ser ia l  no. 108596) and a Model 

FE-502 Furuno  Echo  Sounder.  Surface  temperatures  were  recorded  with a 

f i e l d  thermometer  and  temperature  prof i les  were  recorded  wi th a Kahl 

Scientific  Instrument  Corporation  Bathythermograph. 

Water  samples f o r   c h e m i c a l   a n a l y s e s   w e r e   c o l l e c t e d   w i t h   s i x  1 i t r e  

Van Dorn   water   bo t t les   a t   four   depths :   one  meter   be low  the   sur face ,  1-2 
meters  above  the  thermocl ine,  1-2 meters   be low  the   thermoc l ine  and 1-2 
meters  f rom  the  bottom. The fol lowing  chemical  parameters  were 

analysed: 

PH Tota l   Phosphate   Phosphorus   N i t r i te /N i t ra te   N i t rogen 

Oxygen Total  Dissolved  Phosphate Tota l  n i  sso l  ved N i t rogen  

C o n d u c t i v i t y  Amrnoni a Ni t rogen  S i l i c a   D i o x i d e  

Par t i cu la te   Carbon /N i t rogen  
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S t a l r  in Kilomotror 

FIGURE 5 LAKE SURVEY- STUDY ZONES AND SAMPLE 
STATION LOCATIONS 
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The to ta l   d i sso l ved   phospha te  sample was f i l t e r e d   i m m e d i a t e l y  

through a d i s t i l l e d   w a t e r  washed 0.45 mic ron   Sa r to r i us  membrane f i l t e r .  

A t  t h e  end o f  each  day, p a r t i c u l a t e   c a r b o n  and n i t r o g e n  samples 

were f i l t e r e d   t h r o u g h   r o a s t e d  GF-C Whatman g l a s s   f i l t e r s .   D i s s o l v e d  oxygen 

was determined  according t o   t h e   m o d i f i e d   W i n k l e r   t i t r a t i o n  method.  Samples 

were then  packed i n  wet i c e  and shipped t o   t h e   I n l a n d  Waters   D i rec to ra te  

Water Q u a l i t y   L a b o r a t o r y   i n  West Vancouver i n  1978  and t o   t h e   E n v i r o n m e n t a l  

P r o t e c t i o n   S e r v i c e / F i s h e r i e s  and  Oceans L a b o r a t o r y   i n  1979. The I n l a n d  

Wate rs   Labora to ry   ana lyzed   t he   pa r t i cu la te   ca rbon /n i t rogen  and t o t a l  

d i s s o l v e d   n i t r o g e n  samples i n  1978  and  1979.  Samples c o l l e c t e d  on a 

weekend were  kept  cool and shipped t o   t h e   r e s p e c t i v e  1 a b o r a t o r i e s   t h e  

f o l  1 owi  ng Monday . 
The one meter  water sampl-es c o l l e c t e d   a t   t h e   f o u r   s h a l l o w   w a t e r  

s t a t i o n s   i n  1979  were  analysed for  the   chemica l   parameters   l i s ted  above 

w i t h   t h e   e x c e p t i o n   o f   d i s s o l v e d  oxygen. 

3.2.2 Per i   phy ton  . The sha l low  water   per iphy ton   samplers   were   f i r s t  

i n s t a l l e d  a t  s t a t i o n s  SA-S2 t o  SA-S4 on A p r i l  23, 1979  and a t  s t a t i o n  S A - S 1  

on May 29,  1979. The s t a t i o n s  were  subsequently  sampled a t  t h r e e  week 

i n t e r v a l s   u n t i l   O c t o b e r  23, 1979. The a - r t i f i c i a l   s u b s t r a t e   s a m p l e r s   a t  

each s t a t i o n   c o n s i s t e d   o f   t w o   p l a t e s   o f   r o u g h e n e d   p l e x i g l  ass o f  170 cm2 

surface  area. The p l a t e s  were a t t a c h e d   t o  a f l o a t   o f  wood and Styrofoam 

suspended 1.5 meters  be low  the  sur face and anchored t o   t h e   b o t t o m   w i t h  a 

cab le  and c o n c r e t e   b u i l d i n g   b l o c k   ( T r u s c o t t  and  Kel so, 1979) . 
Per iphy ton   p la tes   were   re t r i eved   eve ry   t h ree  weeks  and new p l a t e s  

were i n s t a l l e d .  The a t tached   ma te r ia l  was scraped o f f   t h e   p l e x i g l a s s   w i t h  

t h e   a i d   o f  a g l a s s   s l i d e   i n t o  a c o n t a i n e r  o f  d i s t i l l e d   w a t e r  and t h e n   s p l i t  

i n t o   t h r e e   a l i q u o t s   u s i n g  a Fo lsom  p lank ton   sp l i t t e r .   One-ha l f  o f  t h e  

sample was sent t o   t h e   l a b o r a t o r y   f o r   a s h - f r e e   d r y   w e i g h t   a n a l y s i s ;  

one-quarter was f i l t e r e d   t h r o u g h  a Whatman  GF/C g l a s s - f i b e r   f i l t e r  and 

shipped  f rozen t o   t h e   l a b o r a t o r y   f o r   c h l o r o p h y l l  -a and pheopigment 

ana lys is ;  and one-quarter was preserved i n   L u g o l ' s   s o l u t i o n  and s e n t   t o   t h e  
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l a b o r a t o r y   f o r   a l g a l   i d e n t i f i c a t i o n  and enumerat ion  as  descr ibed  by  Ennis 

( T r u s c o t t  A Kel so,  1979). 

3.2.3 Phytop lank ton .   S tar t ing  i n  September 1978, an  at tempt was 

made t o   d e t e r m i n e   i n   s i t u   c h l o r o p h y l l - a   p r o f i l e s  a t  s t a t i o n s  1 t o  33 u s i n g  

a Turner  Design Model 10-005R Fie ld   F luorometer .  An e s t i m a t e   o f   t h e   p h o t i c  

zone was de termined  by   mu l t ip ly ing   the   Secch i   d isk   read ing   by  2.5 

(Vol   lenweider,  1971). F l  uorometer  readings  were  taken  f rom  the  surface t o  

t h e   b o t t o m   o f   t h e   e s t i m a t e d   p h o t i c  zone  by  lowering a submersible pump and 

read 

we r e  

s amp 1 

ng  water  from 1 meter   depth   in te rva ls .  To c o r r e l a t e   t h e   f l u o r o m e t e r  

ngs w i t h  a c h l o r o p h y l l - a   v a l u e ,   a d d i t i o n a l  1 o r  2 1 i t r e  grab  samples 

drawn o f f   a t  5 or 6 d e p t h s   a t   e v e r y   t h i r d  or f o u r t h   s t a t i o n .  These 

es  were f i  1 t e red   t h rough  a  Whatman GF/C g l  ass f i b e r  f i  1 t e r  and 

t r a n s p o r t e d   f r o z e n   t o   t h e   l a b o r a t o r y   f o r   c h l o r o p h y l l - a   a n a l y s i s .  

U n f o r t u n a t e l y ,   t h e   c o r r e l   a t i o n  between the   f l uo romete r  and 1 abora to ry  

a n a l y s i s  was l e s s   t h a n  .5; t hus   t he   ac tua l   va lues   f o r   t he   ch lo rophy l l -a  

p ro f  i 1 es  could  not   be  ca l   cu l   a ted.  

Phytoplankton  samples  were  co l lected  a t  4 d e p t h s   w i t h i n   t h e  

p h o t i c  zone over   the   range  where   the   h ighes t   f luoremet r ic   read ings  had  been 

recorded. The samples  were then   p rese rved   w i th   Lugo l ' s   so lu t i on .  

N u m e r i c a l   i d e n t i f i c a t i o n  and b iovolumes  were  then  determined  a t   the EPS 

b i o l o g y  1 a b o r a t o r y   i n   N o r t h  Vancouver  as descr ibed  by   Enn is   (Truscot t  & 

Kel so ,  1979). 
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4. RESIJLTS AND DISCUSSION 

4.1 Phosphorus  Loading 
The t o t a l  phosphorus  concentrat ion  f rom  the Salmon A r m  sewage 

t rea tmen t   p lan t  (STP) was an order   o f   magn i tude  h igher   than  concent ra t ions  

f rom a s tormdra in  i n  t h e   m u n i c i p a l i t y   o f  Salmon Arm and about  two  orders  of  

magnitude  greater  than  most  stream  inputs  (Table 5 )  . 
Total   phosphorus  loadings  were  greatest   f rom Shuswap R iver ,  

Salmon R iver ,  Salmon A r m  sewage t rea tmen t   p lan t  and the   Eag le   R iver ,   (Tab le  

5 ) .  Both   t he  Shuswap R ive r  and the   Eag le   R ive r  empty i n t o  Zone B. The 

s ign i f i can t   sou rces   o f   t o ta l   phosphorus   l oad ing   t o  Zone A were t h e  Salmon 

R i v e r  and t h e  Salmon A r m  sewage t r e a t m e n t   p l a n t .   I n  August 1978, t o t a l  

phosphorus  loadings  from  these  two  sources  were  approximately  equal, and a t  

l e a s t   f i v e   t i m e s   g r e a t e r   t h a n  any o t h e r   l o a d i n g s   t o  Zone A. 

I n  a memo t o   f i l e   d a t e d  Oecember 30, 1981, R. L i t t l e  (WMB, 

Kamloops) repo r ted  on the   compara t i ve   nu t r i en t   impac t   t o  Shuswap Lake  from 

t h e  Salmon A r m  STP and t h e  Salmon River .  A mean d a i l y   n u t r i e n t   l o a d   f r o m  

t h e  STP was determined  using mean e f f l u e n t   n u t r i e n t   c o n c e n t r a t i o n s  and 

mean da i l y   recorded  f lows.   Average  da i l y  and t o t a l  annual n u t r i e n t  

load ings   f rom  the  Salmon R i v e r  were   ca lcu la ted   us ing  WMB n u t r i e n t  

c o n c e n t r a t i o n   d a t a   f o r  Salmon R i v e r  and  Water  Survey  of Canada (WSC) 

h i s t o r i c a l  mean f l o w s   f o r   f r e s h e t  and  non-freshet  per iods  (Table 6).  

The percentage  o f   phosphorus  loading,   by  the STP as compared t o  

t h e  Salmon R i v e r  was ca l cu la ted   f rom R. L i t t l e ' s  data.   Dur ing  f reshet  

p e r i o d s   t h e  STP on ly   con t r ibu ted   about  3% o f   t h e   t o t a l  phosphorus  loading 

and 12% o f   t h e   t o t a l   d i s s o l v e d   p h o s p h o r u s   l o a d i n g   t o  Zone A. D u r i n g   i n t e r -  

m e d i a t e   f l o w   p e r i o d s   t h e  STP con t r i bu ted   abou t  21% of   the   to ta l   phosphorus  

l oad ing  and 23% of  the  d issolved  phosphorus  loading.  More  important ly,  

du r ing   l ow   f l ow   pe r iods   i . e .   ea r l y   sp r ing  and l a t e  summer, t h e  STP made a 

much more s i g n i f i c a n t   c o n t r i b u t i o n   t o  phosphorus  loading: 40% o f   t o t a l  

phosphorus 1 oading  and 41% of   d isso lved  phosphorus  loading.  
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TABLE 5 CONCENTRATIONS AND LOADINGS OF TOTAL PHOSPHORUS SOURCES TO SHUSWAP 
I 

LAKE - AUGUST 15 TO 17, 1978 

I STATION ( see F i   gu re  4)  CONCENTRATION OF SINGLE  SAMPLE (mg/ l )  

S TP 

S8 

s2 

s4 
s5 

s10 

s3 

s9 
s12 

s11 
S6 

s1 

Salmon Arm STP 

Stormdrai  n 

White  Creek 

Salmon R i  ver 

Pal mer Creek 

Canoe Creek 

Tappen Creek 

Stormdrain 

Eagle R i  ver  

Shuswap R ive r  

Gordon  Creek 

Reinecker  Creek 

STATION a 

s11 

s4 

S TP 
a SI2 

a 

s2 

I s3 
s10 

s5 

S8 

s1 
S6 

I 

rl 

Shuswap R i v e r  

Salmon H i ver 

Salmon A r m  STP 

Eag le   R iver  

U h i t e  Creek 

Tappen Creek 

Canoe Creek 

Palmer  Creek 

Stormdrain 

Reinecker  Creek 

Gordon  Creek 

5-82 
0 -562 
0.090 

0.069 

0.068 

0.0604 

0.040 

0.021 

0.0152 

0.012 

0.0050 

< 0.0050 

LOADING (kg/day) 

71.64 
10.43 

10.22 

4.68 

1.93 

1.40 

0.86 

0.61 

0.17 

0.08 

0.03 

S9 Stormdrai n 
II 

0.004 
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TABLE 6 COMPARATIVE NUTRIENT IMPACT ON SHUSWAP LAKE  FROM THE SALMON 
ARM STP AND THE SALMON R I V E R  

- Memo t o   F i l e  December 30,  1981, By R.T. L i t t l e  (W.M.B., Kamloops) 

1. Salmon A r m  STP - a v e r a g e   d a i l y   f l o w  1818  m3/day  (400,000 GPO) . 
(a)  Total  Phosphorus 

mean concent ra t ion  = 5.17 mg/l 

l oad  = 5.17 2 x 1818 m3 = 9.4 kg./d 
(R = 3.56 - 8.89; S.D. = 1.63 n = IO)* 

m3 d aY 
- 

( b )  Ortho  Phosphorus ( D i s s o l  ved) 
mean concen t ra t i on  = 3.57 mg/l 

l oad  = 3.87 2 x 1818 m3 = 7.0 kg./d 
(R = 2.87 - 4.80; SD. = 6.2; n = 7 )  

m3 day 
- 

(c)   To ta l   I no rgan ic   N i t rogen  as (NH4+ + NO3) 
mean concent ra t ion  = 19.42 mg/l 

l oad  = 19.42 E x 1818 - m3 = 35.3 kg./d 
(R = 11.1 - 26.83, S.D. = 5.54; n = 9)  

m3 d aY 

2. Salmon R i v e r  - f lows  determined  from  monthly means from  Water  Survey  of 
Canada data 1961-1979. 

i . Freshet  F1 ow (May, June) - mean f l o w  = 15.4 m3/sec. 

(a)  Total  Phosphorus 
mean concent ra t ion  = .233 mg/l 

l oad  = .233 2 x 15.4 m3 x 86400  sec. = 
(R = .lo8 - .398 mg / l )  

m3 see. d aY 
- - 310  kg./d 

*R = range S.D. = s tandard   dev ia t ion  n = no. o f  sample's 
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TABLE 6 COMPARATIVE NUTRIENT IMPACT ON SHUSWAP LAKE  FROM  THE  SALMON 
ARM STP AND THE SALMON R I V E R  

(Continued) 

( b )  Tota l   D isso l  ved  Phosphorus 
mean concen t ra t i on  = -038  mg/l 

l o a d  = .038 CJ x 15.4 m3 x 86400  sec. = 
( R  = .027 - -046; S.D. = .008; n = 5) 

- 
m3 ' sec. d aY 

- 50.6 kg./d 

( c )   T o t a l   N i t r o g e n  (NH4' + NO3) 
mean concen t ra t i on  = .097 mg/l 

1 oad = -097 gm x 15.4 - m3 86400  sec. = 132.7 kg./d 
( R  = .038 - -161; S.D. = .044, n = 5) 

m3 see . d aY 
- 

ii. In te rmed ia te   F low   (Ap r i l ,  J u l y )  - and mean f low = 4.4 m3/sec. 

(a)  Total  Phosphorus 
mean concen t ra t i on  = .092 mg/l 

l o a d  = -092 CJ x 4.4 - m3 x 86400  sec. = 35.0 kg./d 
( R  = .062 - .139; S.D.  = -034; n = 4) 

m3 see . day 
- 

( b )  Tota l  Dissol ved  Phosphorus  (Ortho) 
mean concen t ra t i on  = .063 mg/l 

1 oad = .063 gm x 4.4  m3 x 86400  sec. = 
( R  = .051 - .085; S.D. = .019; n = 3 )  

m3 see . d aY 
- - 24.0 kg./d 

( c )   T o t a l   N i t r o g e n  
mean concen t ra t i on  = -071  mg/l 

l oad  = .071 gm x 4.4 - m3 86400 sec. = 27 kg./d 
( R  = .036 - -160; S.D. = -050, n = 5)  

7 

m3 sec . d aY 
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TABLE 6 COMPARATIVE NUTRIENT IMPACT ON SHUSWAP LAKE  FROM  THE  SALMON 
ARM STP AND THE  SALMON R I V E R  

(Cont i nued) 

i i i .  Non Freshet  Flow  (January t o  March,  August t o  December) - 
mean f l o w  = 2.43 m3/sec. 

( a )  Total  Phosphorus 
mean concent ra t ion  = .066 mg/ l  

1 oad = -066 2 x 2.43 - m3 x 86400 sec. = 13.9 kg./d 
( R  = .054 - .085; S.D. = .010; n = 11) 

m3 see . d aY 
- 

(b)  Tota l  Di ssol ved  Phosphorus  (Ortho) 
mean concent ra t ion  = .049 mg/l 

1 oad = .049 pp! x 2.43 m3 x 86400 sec. = 
(R = .043 - .051; S.D. = .003; n = 10) 

m3 see . d aY 
- - 10.3 kg./d 

( c )   To ta l   N i t rogen  

i. Winter  
mean concent ra t ion  = .211 mg/l 

l oad  = .211 CJJ x 2.43 - m3 x 86400 - sec. = 44.3 kg./d 
( R  = -072 - .237, S.D. = .117, - n = 6) 

ii. Non-winter 
mean concen t ra t i on  = .034 mg/l 

1 oad = -034 x 2.43 - m3 x 86400 - sec. = 7.14 kg./d 
(R = -007 - -050, S.D. .034, n = 6) 

m3 sec . d aY 
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4.2 Lake  Study 

4.2.1 Phys i ca l   Charac te r i s t i cs .  

4.2.1.1 Temperature. Shuswap Lake i s  monom i c t i c ,   c i r c u l a t i n g   f r e e  1Y 
i n   t h e   w i n t e r  and s t r a t i f y i n g   i n   t h e  summer. Dur ing   t he  1978-79  study,  the 

l a k e   s t r a t i f i e d   i n   l a t e   A p r i l l e a r l y  May, and tu rned   ove r  sometime i n   e a r l y  

November. Typ ica l   tempera ture   p ro f i les   a re   represented   by   S ta t ion  2  and 6 
i n  Zone A and S t a t i o n  16 i n  Zone B ( F i g u r e  7). 

Most o f   t h e   l a k e   s t a t i o n s  were s t i l l   i s o t h e r m a l   i n   t h e   e a r l y  

s p r i n g   ( A p r i l  1979) and had s t r a t i f i e d  by   ea r l y  summer (June  1979);   there- 

f o r e   s t r a t i f i c t i o n   o f  Shuswap Lake  p robab ly   cor responded  c lose ly   w i th   the  

peak f l o w s   o f   t h e  Salmon R i v e r   ( F i g u r e   8 )   w h i c h   o c c u r r e d   i n   l a t e   s p r i n g ,  

near   the  end of May. I n   e a r l y  summer (June)   the   depth   o f   the   ep i  1 imnion 

was between 5 and 10  meters. By the   fa l l   (Oc tober ) ,   tempera tures   d ropped 

and t h e   e p i l i m n i o n  deepened t o  between 15 and 20 meters. By l a t e   f a l l ,  

e a r l y   w i n t e r  (November  1978) t h e   l a k e  was i so thermal ;  so f a l l   t u r n o v e r  

p robab ly   occur red  sometime i n   e a r l y  November. 

4.2.1.2 Pho t i c  zone. The p h o t i c  zone, approximately  equal t o  2.5 x 

secchi  depth  (Vol lenweider,  1971)  increased  from Zone A t o  Zone C ( F i g u r e  

9)  a l o n g   w i t h  a corresponding  decrease i n   t u r b i d i t y   ( F i g u r e  10) and 

decrease in   phy top lank ton   b iomass   (Sec t i on  4.2.3.1, Table  12). 

Seasonal v a r i a t i o n s  a s  we1 1 as  zonal   d i f ferences  were  noted i n  

t h e   p h o t i c  zone. The p h o t i c  zone was s h a l l o w e s t   i n   t h e   s p r i n g   ( J u n e  1978 

and 1979), soon a f t e r   t h e   s p r i n g   f r e s h e t  peak f l ow ;  and then  increased 

through t o   f a l l  (June to November 1978 and June t o  October  1979) i n   a l l  

t h r e e  zones. 

4.2.1.3 Tu rb id i t y .   Tu rb id i t y   dec reased   f rom Zone A t o  Zone C ( F i g u r e  

10) a l o n g   w i t h   t h e  amount o f  suspended m a t t e r   i n   t h e   w a t e r .  Zone A i s  a 

smal le r ,   sha l lower   body   o f   water   than  bo th  Zone B o r  C. Therefore,   the 
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sediment   load  f rom  runof f  and from  anthropogenic  sources, compared t o   t h e  

volume o f   t h e   r e c e i v i n g   w a t e r   i s   p o s s i b l y   g r e a t e r   i n  Zone A t h a n   i n  Zone B 
o r  C. Phytoplankton  biovolume was a l s o  more  abundant i n  Zone A a t   t h e   t i m e  

o f  sampl ing  (Sect ion 4.2.3.1, Table 12) which  would  have  increased 

t u r b i d i t y .  

Seasonal v a r i a t i o n ,  as w e l l  as  zonal v a r i a t i o n  was ev ident .  

T u r b i d i t y  was h i g h e s t   i n   a l l   t h r e e  zones d u r i n g   t h e   s p r i n g  and summer and 

decreased i n   t h e   f a l l .   I n   t h e   s p r i n g ,   t u r b i d i t y  was probably  caused  by 

ab io t i c   sou rces ,  i.e.  an i nc rease   i n   sed imen t   l oad ing  and d i s t u r b a n c e   o f  

s e t t l e d   p a r t i c u l a t e   m a t t e r   b y   s p r i n g   r u n o f f .   F o r  example, i n   A p r i l  1979, 

approximately a  week b e f o r e  peak f r e s h e t   f l o w ,  when S t a t i o n s  1-3 were 

s t r a t i f i e d ,   t u r b i d i t y  was h ighe r  i n  the   hypo l imn ion   t han   t he   ep i l imn ion .  

Sediment, o r  a b i o t i c   p a r t i c l e s ,  may have s e t t l e d   o u t  and become t rapped 

b e l o w   t h e   t h e r m o c l i n e ,   i n c r e a s i n g   t u r b i d i t y   i n   t h e   h y p o l i m n i o n .  By summer, 

r i ve r   f l ows   dec reased ,   phy top lank ton   popu la t i ons   i nc reased  and t u r b i d i t y  

was g r e a t e r   i n   t h e   e p i l i m n i o n   t h a n   t h e   h y p o l i m n i o n .   I n  Zone A, i n  October 

1979, a f t e r   p h y t o p l a n k t o n   p o p u l a t i o n s   d e c l i n e d   s h a r p l y ,   s i n k i n g   a l g a e  and 

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

it g r e a t e r   t h a n   e p i l m n e t i c   t u r b i d i t y .  

4.2.2 Chemical   Character is t ics .  

4.2.2.1 pH. By d e f i n i t i o n ,  pH values  cannot  be  averaged 

a r i t h m e t i c a l l y ,   b u t  mus t   be   es t ima ted   by   t he   l og r i t hm  o f   t he   rec ip roca ls  

(Wetzel ,   1975) .   the  fo l lowing  equat ion was used t o   c a l c u l a t e  mean  pH; 

Log 10 1 

1 + 1 + 1  

lOpHl 10pH2 lOpHn 

n 

- 

Mean  pH d i d   n o t   v a r y   g r e a t l y .  The waters  were s l i g h t l y   a l k a l i n e   w i t h   z o n a l  

averages  ranging  between 7.3 and 8.1 (Tab le  7). 
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No tab ly ,   t he   d i f f e rence   be tween   ep i l imne t i c  and hypo l imne t i c  pH 

va lues was g rea tes t  i n  t h e  1 a t e  summer (August)  when phy top lank ton   b io -  

volume i n  Shuswap Lake was h ighes t   (Sec t i on  4.2.3.1, Table 12). Genera l l y  

as the   phy top lank ton   g rowing   season  p rogresses ,   photosynthe t ic   ac t i v i t y  

increases i n   t h e   e p i l m n i o n   w h i c h   r e s u l t s   i n  an i n c r e a s e   i n  oxygen (02) 
l e v e l s  and  a decrease i n  carbon  d iox ide  (CO2) leve ls .   Consequent ly   the pH 

increases when CO2 i s  taken up  by t h e   a l g a e   a t  a f a s t e r   r a t e   t h a n  it can  be 

replaced  through  atmospher ic C02 d i f f u s i o n ,   r e s p i r a t i o n ,   o r   r e a d j u s t m e n t   o f  

s o l i d   c a r b o n a t e   e q u i l   i b r u i m .   W i t h   t h e   i n c r e a s e   i n   p h y t o p l a n k t o n   g r o w t h   i n  

t h e   e p i l i m n i o n ,   t h e r e   i s  a subsequent  increase i n   o r g a n i c   d e g r a d a t i o n   i n  

the  hypol imnion;   the  decrease i n  02 l e v e l s  and i n c r e a s e   i n  CO2 l e v e l s ,  

l owers   t he  pH. There fo re ,   w i th   i nc reas ing   phy top lank ton   p roduc t i v i t y   i n  a 

system, t h e   d i f f e r e n c e   b e t w e e n   e p i l i m n e t i c  and hypo l imnet ic  pH values can 

increase  (Wetzel  , 1975). 

4.2.2.2 Oxygen (pe rcen t   sa tu ra t i on ) .  The degree o f  oxygen s a t u r a t i o n  

can   be   a f fec ted   by   p r imary   p roduc t i v i t y .   Wh i le   no t .  a d i r e c t  measure o f  

pr imary  productvi ty,   phytoplankton  biovolume,  does  measure  the  standing 

c rop   o f   p r imary   p roducers  and  can  be  used t o   i n d i c a t e   t h e   t r o p h i c   s t a t u s   o f  

a lake. When p h y t o p l a n k t o n   p r i m a r y   p r o d u c t i v i t y   ( a s   i n d i c a t e d  by  increased 

b i o v o l u m e s )   i n c r e a s e s ,   t h e   p h o t o s y n t h e t i c   a c t i v i t y   i n   t h e   w a t e r   i n c r e a s e s  

and  oxygen leve ls   i nc rease .  The e p i l i m n i o n  became s a t u r a t e d   o r   n e a r   s a t u r -  

a ted   dur ing   the   phy top lank ton   g rowing  season. As e a r l y  as Apr i  1 i n  1979, 

when t h e r e  was a l ready  a no t i ceab le   i nc rease  i n  phytoplankton  b iovolume,  

t h e   e p i l i m n i o n   i n  Zone A a t   S t a t i o n s  1-3 was sa tura ted   (Tab le  8 ) .  
Supersaturat ions i n   t h e   e p i l i m n i o n   c o r r e s p o n d e d   w i t h   p e r i o d s  o f  increased 

p r o d u c t i v i t y ,   i e .  June  and  August  (Figure 11). 

I n  all zones,  oxygen sa tu ra t i on   dec reased   i n   t he   hypo l imn ion   f rom 

summer t o  f a l l  and t h e   d i f f e r e n c e  between e p i l i m n e t i c  and hypol i rnnet ic  

oxygen  va lues   inc reased  dur ing   th is   per iod .  As the  growing  season 

progressed,   more  phytoplankton  d ied  o f f  and  sank a long wi th o t h e r   d e t r i t u s ;  

decompost ion  increased  below  the  thermocl ine  and  oxygen  levels  decreased 

I 

correspondingly .  
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FIGURE I I  PERCENT SATURATION OF OXYGEN A T  REPRESENTATIVE 
SITES IN SHUSWAP L A K E  DURING 1978 A N D  1979 
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4.2.2.3 C o n d u c t i v i t y .   S i n c e   c o n d u c t i v i t y   i s   p r o p o r t i o n a l   t o   t o t a l  

d i sso l ved   so l i ds   (Wetze l ,   1975) ,   t he   dec rease   i n   conduc t i v i t y   f rom Zone A 

t o  Zone C ( F i g u r e   1 2 )   i m p l i e s  a respect ive  decrease i n   t o t a l   d i s s o l v e d  

s o l i d s .   B o t h   t h e  Salmon R i v e r  and t h e  Salmon A r m  sewage t r e a t m e n t   p l a n t  

may b e   r e s p o n s i b l e   f o r   t h e   g r e a t e r   t o t a l   d i s s o l v e d   s o l   i d   l e v e l s  and 

t h e r e f o r e ,   t h e   h i g h e r   c o n d u c t i v i t y   i n  Zone A. Zone C had t h e   l o w e s t  

c o n d u c t i v i t y  where m a j o r   r i v e r s   o r   a n t h r o p o g e n i c   s o u r c e s   c o n t r i b u t e d   t o  

t o t a l   d i   s s o l  ved s o l   i d  1 evel  s . 
The h ighes t   conduc t i v i t i es   t h roughou t   t he   s tudy  were  recorded i n  

the   hypo l imn ion  a t  t h e   t h r e e   s t a t i o n s   n e a r e s t   t o   t h e  STP (1 t o  3) i n  Zone A 

i n   A p r i l  1979. Dur ing   the   sampl ing   per iod ,  Salmon River   f lows  were a t  

t h e i r   l o w e s t  and t h e  STP c o n t i n u e d   t o   d i s c h a r g e   a t  i t s  average  annual  rate. 

By m i d - A p r i l ,   s t a t i o n s  1 t o  3 were t h e   o n l y   s t a t i o n s   t h a t  had s t a r t e d   t o  

s t r a t i f y   t h e r e b y   p r e v e n t i n g   f r e e   m i x i n g   o f   t h e   w a t e r  column. To ta l  

d i s s o l v e d   s o l i d s   f r o m   p o s s i b l y   b o t h   t h e  Salmon R i v e r  and t h e  STP may have 

s e t t l e d  and become t rapped   be low  the   f o rm ing   t he rmoc l i ne   t o   i nc rease  

c o n d u c t i v i t y  1 evel s. 
The small  decrease i n   c o n d u c t i v i t y   i n  each  zone  from  spring t o  

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

4.2.2.4 Phosphorus.  Phosphorus leve ls   decreased  f rom Zone A t h rough  
t o  Zone C ( F i g u r e s  13 and 1 4 ) .  Two m a j o r  sources o f  phosphorus l o a d i n g ,  

t h e  Salmon A r m  sewage t r e a t m e n t   p l a n t  and t h e  Salmon R ive r ,  empty i n t o  Zone 

A. I n   c o n t r a s t ,  no   ma jo r   r i ve rs  empty i n t o  Zone C and the   shores   a re  

sparsely  populated. 

A long  w i th   zona l   var ia t ion ,   seasona l   var ia t ion   in   phosphorus  

l e v e l s   o c c u r r e d .   I n  Zone A t o t a l  phosphorus  leve ls  i n   t h e   e p i l i m n i o n  

decreased  over   the summer wi th   phytoplankton  b iovolume  increases.  However 

by l a t e  summer o r   e a r l y   f a 1  1 phosphorus  leve ls  i n  Zone 8 and C had  remained 

t h e  same or   inc reased.  

Prev ious  s tud ies  have  po inted  out   that   us ing  ambient  and l o a d i n g  

models t o   p r e d i c t   t h e   t r o p h i c   s t a t e  o f  a l a k e   i s   n o t   e n t i r e l y   s a t i s f a c t o r y .  
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Use and incorpora t ion   o f   phosphorus   in to   phy top lank ton   b iomass  var ies  

s i g n i f i c a n t l y   f r o m   l a k e   t o   l a k e   d e p e n d i n g  on a v a i l a b i l i t y   o f   l i g h t ,  

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

phosphorus  species  (Hern, e t   a l ,  1981). However, genera l   re la t ionsh ips   can  

be  used t o   h i g h l i g h t   d i f f e r e n c e s  between  zones.  Wetzel  (1975)  categorized 

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

1 i m n o l o g i c a l   c h a r a c t e r i s t i c s   i n c l u d i n g   t o t a l   p h o s p h o r u s  (Tab1 e 9 )  . The 

e p i l i m n e t i c   t o t a l   p h o s p h o r u s   v a l u e s   f o r  June  1978,  and  June  and  August  1979 

i n  Shuswap Lake  suggest  Zone A was mesotrophic t o  meso-eutrophic,  Zone B 

was o l i g o t r o p h i c   t o   o l i g o - m e s o t r o p h i c ,  and  Zone C was o l i g o t r o p h i c .  

Eutrophicat ion  appeared more advanced i n  Zone A t han  B o r  C. 

4.2.2.5 N i t r a t e / N i t r i t e   N i t r o g e n .   N i t r a t e - n i t r i t e   c o n c e n t r a t i o n s   a r e  

considered more a r e f l e c t i o n   o f   n i t r a t e   l e v e l s   t h a n   n i t r i t e   l e v e l s  because 

of  t he   ve ry   l ow   n i t r i t e   concen t ra t i ons   f ound   i n   f reshwa te r   (Wetze l ,   1975) .  

There  can  be a s i g n i f i c a n t   d r o p   i n   l e v e l s   w i t h  an i n c r e a s e   i n   p h y t o p l a n k t o n  

p r o d u c t i o n   b e c a u s e   n i t r a t e   i s   r e a d i l y   a s s i m l a t e d   b y   a l g a e .   I n  June  and 

September  1978, n i t r a t e   l e v e l s   i n   b o t h   t h e   e p i l i m n i o n  and hypol imnion 

increased  f rom Zone A t o  Zone C (F igu res  15 and 16)  perhaps a r e f l e c t i o n   o f  

a respect ive  decrease i n  p h y t o p l a n k t o n   p r o d u c t i v i t y  as  measured by  

biovolume. By September  1978, a f t e r   t h e  summer growing season, t h e  

e p i l i m n e t i c   v a l u e s  had  decreased i n  a l l  t h e  zones. The e p i l i m n e t i c   v a l u e s  
i n  Zone A and B were  reduced t o   l e s s   t h a n   t h e  2 u g / l   d e t e c t i o n  limit. By 

November 1978,  under  isothermal  condit ions and low   p r imary   p roduc t i on ,  Zone 

A and  Zone B mean n i t r a t e   c o n c e n t r a t i o n s  had inc reased   to   app rox ima te l y  73 

u g / l  . 
I n  A p r i l  1979, mean n i t r a t e   c o n c e n t r a t i o n s   a t   S t a t i o n s  4 t o  11 i n  

Zone A and a t   S t a t i o n  16 i n  Zone 6 were s i m i l a r .  However, a t   S t a t i o n s  1 t o  

3 i n  Zone A, where phytoplankton  b iovolume  had  increased,   the  ep i l imnet ic  

value  had  already  dropped t o  42.6 u g / l  and n i t r a t e   l e v e l s  had b u i l t  up i n  

t h e   h y p o l i m n i o n   t o  a  mean c o n c e n t r a t i o n   o f  142.8 ug / l .  
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I n  June 1979, a f t e r   t h e r e  had a l ready  been a m a j o r   i n c r e a s e   i n  

phytoplankton  biovolume i n  Zone A ,  t h e   e p i l i m n e t i c  mean n i t r a t e  

c o n c e n t r a t i o n   i n  Zone A was abou t   ha l f   t ha t   o f  Zone B. I n  August  1979, a t  

t h e  end o f   the   phy top lank ton   g rowing  season, t h e  mean e p i l i m n i o n   v a l u e s   i n  

bo th  Zone A and B had  decreased t o  be low  the   de tec t ion  limit o f  2 u g / l ,   b u t  

t h e   h y p o l i m n e t i c   v a l u e s   c o n t i n u e d   t o   i n c r e a s e   t o   o v e r  100 ug/ l .  

N i t r a t e   l e v e l s  were  lowest i n   t h e   e p i l i m n i o n   i n   l a t e  summer, a t  

t h e  end o f   t he   g row ing  season, as a r e s u l t   o f   u p t a k e   o f   n i t r a t e   b y   t h e  

algae.  Zone C had the   lowest   phy top lank ton   b iovo l  ume and t h e   h i g h e s t  

n i t r a t e   l e v e l s   p o s s i b l y  because   t he re   were   l ess   nu t r i en ts   be ing   u t i l i zed   by  

t h e  smal 1 e r  a1 gal   popul   a t   ion.  

N i t r a t e  can be t rapped  be low  the  thermocl ine when a l a k e   i s  

s t r a t i f i e d .   D y i n g   a l g a e  and o t h e r   d e t r i t u s   s i n k   t o   t h e   h y p o l i m n i o n  where 

they  decompose  and  add to   the   n i t rogen  poo l .   Nonethe less ,   hypo l imnet ic  

n i t r a t e   v a l u e s  appear t o  be  unusual l y  h i g h   i n  Zone A i n  October.  Perhaps 

i n p u t   o f   n i t r a t e   f r o m   a l l o c t h o n o u s   s o u r c e s  such as t h e  Salmon R ive r  and 

Salmon A r m  sewage t r e a t m e n t   p l a n t   c o n t r i b u t e   t o   t h e   h i g h   l e v e l s .  

4.2.2.6  Ammonia Ni t rogen. Ammonia (NH3) l e v e l s   d i d  v a r y  

s i g n i f i c a n t l y  between zones o r  from  month t o  month ( f i g u r e s  15 and  16). 

However, ammonia l e v e l s   i n   t h e   e p i l i m n i o n  o f  Zone A decreased  by  almost 

h a l f   f r o m   e a r l y  summer (June) t o   l a t e  summer (August) ,  when p h y t o p l a n k t o n  

popu la t ions   inc reased.  By f a 1  1 (September  1978;  October  1979) ammonia 

1 eve1 s doubled i n   t h e   e p i   l m n i o n   o f  Zone A again. The sewage t reatment  

p lan t   d i scha rge  and a g r i c u l t u r a l   r u n o f f ,   v i a   t h e  Salmon R iver ,   p rov ided a 

cont inued  supply  o f  ammonia i n   t h e   l a t e  summer and f a l l .   L i t t l e  NH3 was 

u t i l i z e d   b y   a l g a e   a f t e r   t h e   p h y t o p l a n k t o n   p o p u l a t i o n  had dec l i ned  so NH3 

leve ls   inc reased  over   the   w in te r .   Compara t ive ly ,   there  was l i t t l e  

f l u c t u a t i o n  i n  ammonia l e v e l s   i n  Zone B. 

4.2.2.7 Nitrogen/Phosphorus  Ratio.  Waters  having a t o t a l   n i t r o g e n :  

t o t a l  phosphorus r a t i o  by we igh t   o f   g rea te r   t han  15 t o  17 are  cons idered 
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phosphorus l i m i t i n g   w h i l e   w a t e r s   w i t h  a N:P r a t i o   o f   l e s s   t h a n  9 t o  10 are  

n i t r o g e n   l i m i t i n g .   I n   w a t e r s   h a v i n g  a N:P r a t i o   o f  9 t o  15, n i t r o g e n  and 

phosphorus   concen t ra t i ons   a re   nea r l y   ba lanced   w i th   t he   ra t i o   requ i red   f o r  

phytoplankton  growth  (Sakamoto, 1966) . Shuswap Lake  appears t o  be 

phosphorus l i m i t i n g   w i t h  a N:P r a t i o   g r e a t e r   t h a n  15 t o  17 throughout  most 

o f   t h e   y e a r   ( T a b l e  10). The N:P r a t i o  was between 9 t o  15 i n  Zone A on 

four  occasions:  June,  September and November 1978 and  June 1979; and t h e  

N:P r a t i o  was never   less   than 9 t o  10. Therefore, Shuswap Lake  does  not 

appear t o  b e   n i t r o g e n   l i m i t i n g .  

4.2.2.8 P a r t i c u l a t e   C a r b o n / P a r t i c u l a t e   N i t r o g e n   R a t i o .  The PC:PN 

r a t i o   i s  used to   ind icate  whether   the  major   source  o f   carbon f o r  a l a k e  i s  

autochthonous or  al lochthonous.  Autochthonous  organic  matter i s  produced 

by  decomposition o f   p l a n k t o n   w i t h i n   t h e   l a k e  and conta ins  about  24% crude 

p r o t e i n   w i t h  a C:N r a t i o   o f   a b o u t  12:l (Wetzel, 1975). Al lochthonous 

organ ic   mat te r  has  most o f  t h e  N removed  and conta ins  about  6% crude 

p r o t e i n   w i t h  a C:N r a t i o  o f  45:l t o  50:l (Hutchinson, 1957). 
The e p i l i m n e t i c  C:N r a t i o   f o r  Zones A, B, and C i n   b o t h  1978 and 

1979 were a l l   l e s s   t h a n   o r   e q u a l   t o  12:l sugges t ing   t ha t  Shuswap Lake 's  

m a j o r   s o u r c e   o f   o r g a n i c   m a t t e r   i s   f r o m   w i t h i n   t h e   l a k e   i t s e l f   b y  

decomposi t ion o f  p l a n t  and animal m a t e r i a l  (Tab le  11). 

4.2.2.9 S i l i c o n   D i o x i d e .   S i l i c o n   d i o x i d e   c o n c e n t r a t i o n s   i n  Shuswap 

Lake  were  comparable t o   o t h e r  B.C. lakes  such  as Okanagan Lake  where t h e  

range was between 3.5 t o  5.3 mg/ l   (Truscot t  & Kelso, 19791, and  Kamloops 

Lake  where the  annual  range was from 4.0 t o  6.9 mg/ l   (St .   John  e t   a l ,  

1976) . 
S i l i c o n   d i o x i d e   i n   e p i l i m n e t i c   w a t e r s   r a n g e d   f r o m  an average o f  

3.5 mg/l f o r  Zone B a t  S t a t i o n  16 i n  August 1979 t o  an average o f  7 mg/l 

f o r  Zone A i n  June 1978 ( F i g u r e  17). As expected,   the  concentrat ions were 

l o w e s t   d u r i n g   t h e   l a t e   s p r i n g  and summer  when s i l i c o n   d i o x i d e  was u t i l i z e d  

by  diatoms. 
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TABLE 11 PARTICULATE  CARB0N:PAKTICULATE NITROGEN R A T I O  BY WEIGHT I N  SHUSWAP 

LAKE DURING 1978 AND 1979 

1 9 7 8   1 9 7 9  

ZONE 3 UNE SEPT. NOV. APRIL JUNE AUG. OCT. 

A 

B 

E P I  8: 1 8:l 

E P I  9 : l  8 : l  

9 : l  

10: 1 

C E P  I 12:l 9 : l  ” 

8: l  10: 1 

10: 1 4 : l  

9 :  1 

9 : l  

9 :1  

9 :  1 

NOTE: See Tabl e 22 f o r   P a r t i c u l a t e  Carbon Resu l ts  and  Tabl e 18 f o r   P a r t i c u l a t e  

Ni t rogen  Resul ts  

l i l  

L 

E P I  = e p i l i m n i o n  
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4.2.3 Ri o l   o g i   c a l   C h a r a c t e r i s t i c s .  

4.2.3.1 Phytoplankton. A decrease i n   p h y t o p l a n k t o n   b i o v o l  ume (Table 

121, i n d i c a t e s  a s h i f t   i n   t r o p h i c   s t a t u s  from  Zone A t o  Zone C a c c o r d i n g   t o  

Wetzel 's   (1975)   categor izat ion  (Table  9) .   Phytoplankton  b iovolumes i n  June 

1978  and  August  1979  suggest Zone A was mesot roph ic   to   meso-eut roph ic ,  Zone 

8 was o l igo-mesotrophic  and  Zone C was u l t r a - o l i g o t r o p h i c   t o   o l i g o t r o p h i c .  

T h i s   t r o p h i c   c a t e g o r i z a t i o n   o f   t h e   t h r e e   s t u d y  zones  based  on phy top lank ton  

b iovo lume  cor responds  w i th   the   ca tegor iza t ion   based on t o t a l  phosphorus 

concent ra t ions   (Sec t ion  4.2.2.4) . 
Phytoplankton  biovolume  decreased i n  all t h r e e  zones  between  June 

1978  and  September  1978 (F igu re   18 )  . A f t e r   t h e  summer a l g a l  bloom, t h e  

phy top lank ton   popu la t ion   dec l ined when n u t r i e n t s  were  depleted. The 

popu la t i on   t hen   rema ined   l ow   because   o f   l i gh t / t empera tu re   l im i t i ng  

fac to rs .  

A was 

b i ovo 

Apr i  1 

b i  ovo 

I n   A p r i l  1979, phy top lank ton  b 

a l ready   h igh  and was comparable t o  

i o v o l  ume a t   S t a t i o n s  1 t o  3 i n  Zone 

t h e  Zone A average  phytoplankton 

lume i n  June 1979. Phy top lank ton   b iovo lume  a t   S ta t ions  4 t o  11 i n  

1979 was approx imate ly   one-hal f   o f   the  average  June Zone A average 

1 ume . 
Phytoplankton i n  Zone A c o n t i n u e d   t o   i n c r e a s e   f r o m   e a r l y  summer 

1979 (June) t o   l a t e  summer (August)   possibly  because  of   increased 

anthropogenic   nut r ient   sources,   then  dec l ined  sharp ly  i n   t h e   f a l l   ( O c t o b e r )  

when l i g h t  and temperature  were  l imi t ing.   Phytoplankton  b iovolume i n  Zone 

B peaked i n   e a r l y  summer (June)   and  had  a l ready  dec l ined  by  la te  summer 

( A u g u s t )   p o s s i b l y   b e c a u s e   o f   l a c k   o f   n u t r i e n t s .  

The s h i f t   i n   t h e   m a j o r   a l g a l   g r o u p s   f r o m  Zone C t o  Zone A (F igu re  

1 9 )   a l s o   r e f l e c t s  a s h i f t   f r o m   o l i g o t r o p h y   t o   m e s o - e u t r o p h y  or eutrophy. 

As o l i g o t r o p h i c   c o n d i t i o n s  become e u t r o p h i c ,   t h e r e   i s  a s h i f t   i n   t h e  

dominant  phytoplankton  populat ions  from  Chrysophyceae,  Cryptophyceae, 

1 
1 
YPI 
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I 

D i  nophyceae  and  Baci  11 a r i  ophyceae t o  Baci 11 a r i  ophyceae,  Cyanophyceae, 

Chlorophyceae  and  Euglenophyceae. 

I n  Zone A (Table  13),  cryptomonads  predominated  only i n   t h e  

sp r ing  ( Apri  1  1979) . D i  atoms  (Baci 11 a r i  ophyceae) and b l  ue-green 

(Cyanophyceae)  dominated  during  the summer and f a l l  . I n  Zone B (Table  14),  

cryptomonads  predominated  only i n   t h e   s p r i n g   ( A p r i l  1979).  Diatoms and 

d i  nof  1 age1 1 a tes  ( D i  nophyceae)  dominated  during  the summer and fa1 1 . 
Blue-greens  did  not  make up  more than 40% o f   t h e   t o t a l   p o p u l a t i o n   u n t i l   t h e  

l a t e  summer (August  1979)  and f a l l  (October  1979). By e a r l y   w i n t e r  

(November 1978)  diatoms  predominated  again. I n  Zone C (Table 15), diatoms 

dominated i n   t h e  summer (June  1978) and f a l l  (September  1978). 

Chrysophytes,  often  associated  with  ol igotrophic  waters,  were  abundant i n  

t h e  summer; cryptomonads, a l so   assoc ia ted   w i th   o l i go t roph ic   wa te rs ,  were 

abundant i n   t h e   f a 1  1 . 
I n d i v i d u a l  genera  and/or  species o f  a lgae  can  ind ica te   the  

t r o p h i c   s t a t u s   o f  a  lake  (Hutchinson,  1967).  Three  dominant  genera  were 

found t o   c o n s t i t u t e  between 50% t o  80% o f   t h e   t o t a l   p h y t o p l a n k t o n   b i o v o l u m e  

i n  each  zone (F igu re  20 and 21) .  Plank ton   o f ten   assoc ia ted   w i th   eu t roph ic  

l akes  and t h a t  were among the  dominant  algae i n  Zone A and B were 

Frag i  1 a r i a   c r o t o n e n s i  s, Synedra spp.,  an-d Anabaena (Round, 1973). However, 

the  b iovolumes  of   these  algae  were  greater i n  Zone A than Zone B. 
S u r i r e l l a  ovata,  Synedra  del icat issima, and As ter ione l la   fo rmosa  were   a l l  

p rominent   a lga l   spec ies   in  Zone A and are  also assoc ia ted   w i th   eu t roph ic  

waters ( Pa l  mer, 1977). 

C y c l o t e l l a  - comta, the  prominent  a lga  found i n  Zone C i n  June and 

September 1978, i s   t h e  dominant  alga  most  often  found i n   o l i g o t r o p h i c   l a k e  

water  (Wetzel , 1975) . 
The ch lo rophy l l -a   va lues   (Tab le  16) cannot  be  compared w i t h  

va lues  f rom  other   lakes  because  an  er ror  was  made i n   t h e   c h l o r o p h y l l  

analys is .  However, t h e   e r r o r  was consis tent ;   therefore,   the  va lues  can  be 

used q u a l i t a t i v e l y   t o  compare  between  zones w i t h i n  Shuswap Lake. 
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Chlorophy l l -a   va lues  were t w i c e  as h i g h   i n   t h e  summer as they  were i n   t h e  

fall. Zone A had the  h ighest   ch lorophyl l -a   va lues  throughout   the  s tudy.  

4.2.3.2 Per iphy ton .   Eu t roph ica t ion  o f  a system as  a r e s u l t   o f  

i n c r e a s e d   n u t r i e n t   l o a d i n g   i s   n o t   o n l y   r e f l e c t e d   b y  an i n c r e a s e   i n  

p h y t o p l a n k t o n i c   p r o d u c t i v i t y   b u t   c a n   a l s o  be r e f l e c t e d  by an i n c r e a s e   i n  

l i t t o r a l   p r o d u c t i v i t y .  Development o f   l i t t o r a l  communities may be a 
s i g n i f i c a n t   p a r t   o f   t h e   e u t r o p h i c a t i o n   p r o c e s s   i n  Shuswap Lake  because 

shorel ine  development i s  high. 

I n   t h e   i n i t i a l  s tages   o f   eu t roph ica t i on ,  submerged  macrophytes, 

and p h y t o p l a n k t o n   a r e   i m p o r t a n t   t o   t o t a l   p r i m a r y   p r o d u c t i v i t y .  Once t h e  

l a k e  i s  sub jec ted   t o   seve re   l i gh t   a t tenua t ion ,   usua l l y   assoc ia ted   w i th  

in tense  phy top lank ton   p roduc t iv i t y ,   emergent   vegeta t ion  assumes g r e a t e r  

dominance i n   t h e   l a k e  ecosystem.  Attached  algae  (periphyton)  develop i n  

s t r o n g   a s s o c i a t i o n   w i t h  emergent f lo ra .   There fore ,  i n  t h o s e   l i t t o r a l  zones 

where  emergent  vegetation i s   p r e v a l e n t ,   l a r g e r   p o p u l a t i o n s   o f   p e r i p h y t o n  

are  expected. 

S t a t i o n s  SA-S1, SA-S2 and SA-S3  were  located i n  Zone A near 

marshy  areas  dominated  by  emergent f l o r a   ( F i g u r e  7). The sho re l i ne   s lope  

was v e r y   l o w   a l l o w i n g   f o r   f u r t h e r   d e v e l o p m e n t   o f   t h e   l i t t o r a l   a r e a .  The 

muddy, s i l t y   b o t t o m  may have r e f l e c t e d   t h e   a c c u m u l a t i o n   o f   d e t r i t u s  f rom 
anthropogenic  sources and organ ic   mater ia l   f rom  decay ing   p lan t   mat te r .  

S t a t i o n  SA” i n  Zone B served as t h e   c o n t r o l   s i t e  f o r  the   sha l low  water  

s t a t i o n s .   I n   c o n t r a s t  t o  t h e   f i r s t   t h r e e   s h a l l o w   w a t e r   s t a t i o n s ,   t h e r e  

were  no  emergent or submergent  macrophytes i n   t h e  area and pe r iphy ton  

growth was n o t   r e a d i l y   v i s i b l e  on the  rocks.   Shore l ine  s lope was much 

grea ter .  The bottom was rocky and the   wa te r   c lea r .  

Dry weight i s   o f t e n  used as  an i n d i c a t o r   o f   b i o l o g i c a l   p r o d u c t i o n  

and i s  a measure o f   t h e   s t a n d i n g   c r o p  or biomass o f   p e r i p h y t o n  a t  any  given 

time. However, ash - f ree   d ry   we igh t ,   t he   o rgan ic   f rac t i on   o f   t he  dry weight 

measurement, i s  a b e t t e r   e s t i m a t e  o f  s tanding  crop.   Ash- f ree  dry   weight  

was g r e a t e s t   a t   S t a t i o n  SA-S1  (F igu re   22 ) .   Bo th   s ta t i ons  S A 4 1  and SA-S2, 
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t h e   t w o   s t a t i o n s   c l o s e s t   t o   t h e  sewage d ischarge and  Salmon River,  had 

sudden  peaks i n  ash-free  weight i n  mid t o   l a t e  summer. S t a t i o n s  SA-S3 and 

SA-S4 ( con t ro l )   rema ined   re la t i ve l y   cons tan t   t h roughou t   t he   s tudy .  

Per iphy ton   b iovo lume  fo l lowed much t h e  same p a t t e r n  as ash- f ree  

d ry   we igh t  measurements ( F i g u r e  23).  Biovolume  peaked i n  August a t  a l l  

f o u r   s t a t i o n s   w i t h   t h e   l e a s t   f l u c t u a t i o n   i n   b i o v o l u m e   a t   S t a t i o n  SA-S4. 

Genera l l y  mean seasonal   per iphyton  b iovolume  va lues  o f   over  0.2 mm3/cm2/ 

t h r e e  week p e r i o d   a r e   c h a r a c t e r i s t i c   o f   e u t r o p h i c   a r e a s   o f  a l a k e  and 

seasonal   per iphyton  biovolumes  under 0.2 mm3/cm2 a r e   c h a r a c t e r i s t i c   o f  

o l i go t roph ic   t o   meso t roph ic   a reas   (Enn is ,  1972).  Mean b iovolurnes  d id   not  

exceed 0.2 mm3/cm2 (Tab le  17)  . However per iphyton  b iovolume a t  S t a t i o n  

SA-S1 (0 .16 mm3/cm2) approached 0.2 mm3/cm*.  Mean values  decreased  from 

S t a t i o n  SA-S1 t o  SA-S4 ( c o n t r o l ) .  

The l a t e  summer a l g a l  assemblages a t  a1 1 f o u r   s t a t i o n s  were 

dominated   by   the   ch lo rophy tes ,   U lo th r ix  and Spirogyra.  Cladophora was 

p r e v e l a n t  a t  S t a t i o n s  SA-S1 ( F i g u r e  24)  and SA-S2 ( F i g u r e  25) i n  t h e  f a l l  . 
Spi rogyra   con t inued  . to   dominate   the  a1 gal  assernbl  age a t  SA-S3 ( F i g u r e  26) 

i n   t h e  f a l l .  There was no c lear   dominant   spec ies   a t  SA-S4 ( F i g u r e  27) i n  

t h e  f a l l .  
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FIGURE 23 PERIPHYTON BIOVQLUME AT SHALLOW W A T E R  IC 

STATIONS IN SHUSWAP LAKE  DURING 1979 
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5 00 SUMMARY AND CONCLUSIONS 

1) Eutrophication in Shuswap  Lake was more advanced in Zone A (Tappen Bay 
area) than in Zone B (Salmon Arm) and C  (Seymour Arm) . 

According to general ranges of various limnological 
characteristics such as total phosphorus, phytoplankton  biovolume and 
dominant  phytoplankton  measured in 1978 and 1979, the  trophic status of: 

Zone A was  mestrophic to eutrophic 
Zone B was oligotrophic to meso-eutrophic 
Zone C was  ultra-oligotrophic to oligotrophic 

2) The two major  sources of phosphorus loading to  Zone A were identified 
in 1978 as the Salmon Arm sewage  treatment plant  and the Salmon River. 

3) The District of Salmon Arm's sewage treatment pl ant could be 
responsible f o r  enhancing  eutrophication in Zone A by supplying 
additional phosphorus to  the system at critical times o f  the  year 
(early-spring and 1 ate-summer) and thereby  lengthening the 
phytoplankton growing season. 

Generally, before  spring freshet and after  winter  mixing, 
phosphorus levels are high and biovolume is  low. However, both phosphorus 
levels and phytoplankton  biovolume seemed unusually high in the spring at 
Stations 1 to 3 (Zone A). Approximately a week  before peak flow from the 
Salmon River in April, 1979, these stations  were weakly stratified and 
total dissolved phosphorus  levels in the epilimnion  were the highest 
recorded throughout the study. Correspondingly, the phytoplankton 
biovolume in April at Stations 1 to 3 was already as high as post-freshet 
(June  1979) biovolumes in Zone 8. During Apri 1,  before freshet, the sewage 
treatment plant contributed  approximately 21% o f  the total dissolved 
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1 

I 

phosphorus  loading t o  Zone A. Th is  added phosphorus  load f rom t h e  STP may 

have  been s u f f i c i e n t   t o  a1 1 ow  a1 gae t o  bloom  sooner i n  Zone A t h a n   i n  Zone 

B or C. The 1 a t t e r  zones rece ived  an a1 loch thonous  supp ly   f rom  the   r i vers  

alone. As expected,  phytoplankton  biovolumes i n  Zone 6 d i d   n o t   i n c r e a s e  

u n t i l   a f t e r   s p r i n g   f r e s h e t   ( J u n e  1979) when t h e r e  was an i n c r e a s e   i n  

phosphorus 1 oadi ng f r o m  t h e   r i v e r s .  

Our ing   t he   pos t - f reshe t   f l ow   pe r iod ,   t he  Salmon Arm sewage 

t rea tment   p lan t   con t r ibu ted   approx imate ly  40% of   the   to ta l   phosphorus  

l oad ing  and 41% o f  the   d isso lved  phosphorus   load ing   to  Zone A. 

Phytoplankton  biovolume i n  Zone A was h i g h e r   i n  August  than i n  June 1979; 

whereas  phytoplankton  biovolume i n  Zone B was e q u i v a l e n t   t o   t h e   l o w e r  

pre-freshet  b iovolumes. When t h e   p o s t - f r e s h e t   a l g a l   p o p u l a t i o n   i n  Zone B 
appeared t o  have  dec l ined  f rom  lack  o f   nut r ients ,   the  addi t ional   phosphorus 

l o a d i n g   t o   t h e   l a k e   f r o m   t h e  sewage t rea tmen t   p lan t  may have  been  enough t o  

a1 low  phytoplankton i n  Zone A t o   c o n t i n u e   t o  grow i n t o   t h e   l a t e  summer. 
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APPENDIX I 

I FISHERIES RESOURCES I N  SHUSWAP LAKE 

( a )  Commercial  Salmon Species Found i n  t h e  Shuswap Lake  System 
I 

( b )  Est imates of Annual  Salmon  Escapements By S p e c i e s   t o   t h e  Shuswap Lake 
a System 
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COMMERCIAL  SALMON SPECIES FOUND I N  THE SHUSW AP LAKE SYSTEM 

Sockeye - The area i s  known p r i m a r i l y   f o r   i t s   l a r g e  sockeye  runs. The 

m a j o r i t y   o f   t h e  sockeye spawn i n   t h e  adams and L i t t l e   R i v e r s   w i t h  

smaller  runs  spawning i n   t h e  Seymour, Lower Shuswap and Eagle 

Rivers.  Sockeye p o p u l a t i o n s   i n   t h i s  system e x h i b i t   c y c l i c  

dominance ( 4  years)  which  causes  wide  var iat ions i n  spawning 

populat ions.  

Chinook - Chinook  salmon spawn i n  most  streams t r i b u t a r y   t o   t h e  Shuswap 
Lake  system with m a j o r   r u n s   o c c u r r i n g   i n  the  Lower Shuswap and 

Adams Rivers. 

- Coho - Coho salmon spawn i n   t h e  most  streams t r i b u t a r y   t o   t h e  Shuswap 

Lake  system w i th   ma j ro   runs   occu r r i ng  i n  t h e  Upper Adams, 

Besset te  and Eagle  Rivers.  

- Pink - Pink Salmon o n l y   o c c a s s i o n a l l y   i n   t h e  Shuswap Lake  system. 

*Taken from Graham and Russel l ,  1979 
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APPENDIX I 1  

SUMMARY TABLES OF PHYSICAL AND CHEMICAL DATA 

FROM ZONES A, B ,  AND C 

( a )  Temperature  Readings 

(b) Secchi  Readings/Photic Zones 

(c )   Tu rb id i t y   Read ings  

(d )   Conduct iv i t y   Read ings  

(e)  Total  Phosphorus  Concentrat ions 

( f )  Tota l  D i  sso l  ved  Phosphorus  Concent r a t   i o n s  

( 9 )   N i t r a t e / N i t r i t e   C o n c e n t r a t i o n s  

(h )  Amnonia Concentrat ions 

( i )   T o t a l   D i s s o l v e d   N i t r o g e n   C o n c e n t r a t i o n s  
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APPENDIX I I I 

PHYSICAL AND CHEMICAL DATA 

FROM SHALLOW WATER STATIONS 
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APPENDIX V 

PERIPHYTON  ASH-FREE  WEIGHT 

A T  SHALLOW WATER S T A T I O N S  

I N  SHUSWAP LAKE 

DUR I NG 1979 
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