
ENVIRONMENTAL PROTECTION BRANCH 

ENVIRONMENTAL  PROTECTION SERVICE 

PAC IF IC REGION 

The Impact of Sewage Disposal on t h e  

Water  Qual i t y  and Standing  Crop of Plankton 
i n  Lynx  Lake 

Regional  Program  Report No. 81-19 

G. Derksen 

December 1981 

-,/ LIBRARY ‘s 

ENVIRONMENT  CANADA 
CONSERVATION AND PROTECTION 

PACIFIC REGION 



ABSTRACT 

Water  chemistry and b i o l o g i c a l   i n d i c e s   d i d   n o t   i n d i c a t e   t h a t  

the  domest ic  sewage e f f l u e n t   e n t e r i n g  Lynx  Lake  through an unnamed creek 

was having a d e t e c t a b l e   e f f e c t .  It i s   t h e o r i z e d   t h a t   n u t r i e n t   r e g e n e r a -  
and, as 

1 gal  blooms o f  

t i o n   w i t h i n   t h i s   t y p e   o f   s m a l l   l a k e   i s  a natura l   occurrence 

evidenced i n   E r i c k s o n  Lake, the   con t ro l   lake ,   can   suppor t  a 

100 ug/ l   ch l   o rophy l  1 -a. 
A1 though  blue-green  algae made up  a dominant p o r t  i o n   o f   t h e  

p h y t o p l a n k t o n   i n   b o t h   l a k e s ,   t h e   o v e r a l l   v a r i e t y   o f   p h y t o p l a n k t o n  was 

g r e a t e r   i n  Lynx  Lake.  Zooplankton  standing  crop was a l s o   g r e a t e r   i n  Lynx 

Lake and t h i s  rllay be a t t r i b u t e d   t o   t h e  more d iverse   phy top lank ton   f lo ra .  

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

l a k e s  and the  development o f  a n o x i c   c o n d i t i o n s   d u r i n g   t h e   l a t e  summer, 

f i s h   h a b i t a t i o n  would  be r e s t r i c t e d   t o   t h e   u p p e r   r e g i o n   o f   t h e   w a t e r  

c o l  umn. 



Sel  on l e s   i n d i c e s  de l a  composi . t ion  ch imique  e t   b io log ique de 

1 'eau, l e s   e f f l u e n t s   p r o v e n a n t  des  Ggouts e t  se d6versant  dans un 

r u i  sseau p u i s  dans 1 e 1 ac Lynx,  n'  ont pas d '   e f fe t   no tab le   su r   ce   de rn ie r .  
On admet que l a  r i iggni i ra t ion des subs tances   nu t r i t i ves  dans  ce  type de 

1 ac aux d imens ions   rgdu i tes   es t  un  phGnornGne nature1  e t ,  comme l e  montre 
l e   l a c  Er ickson,   qu i   est  un 1 ac t h o i n ,   c e t t e  r'egGn'eration  expl  ique 

pourquoi l a   p r o d u c t i o n   d ' a l g u e s   p e u t   a t t e i n d r e  100 u g / l  de 

chl   orophyl   le-a.  

B ien que l e  phytopl  ancton a i t  6tG c o n s t i t u g  en ma jeu re   pa r t i e  

de cyanophyc'ees  dans l e s  deux lacs,   on en a re1 ev'! une p l  us grande 

d i v e r s i t G  dans l e  1 ac Lynx. On a d 'au t re   pa r t   re lev 'e  une p l  us grande 

produc t   ion  de  zoopl  ancton  dans  ce  rnhe 1 ac Lynx,  ce que 1 ' on peut 

a t t r i b u e r  Z l a   p l  us g rande  d ivers i  t G  de 1 a f l  ore  phytopl  anctonique. 

La g r a n d e   p r o d u c t i v i t s   n a t u r e l l e  de c e s   l a c s   e t   l ' a p p a r i t i o n  2 
l a  f i n  de 1 ' 6 t G  de c o n d i t i o n s   f a v o r i s a n t   l ' a n o x i e   o n t  pour  effet de 

r i i d u i r e  1 ' h a b i t a t  du Poisson aux rGgions  supgrieures  de l a  nappe  d'eau. 
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SUMMARY AND CONCLUSIONS 

The more eu t roph ic   na tu re   o f   E r i ckson  Lake cou ld  be a t t r i b u t e d  
t o   i t s   l a n d l o c k e d   n a t u r e   w h i l e   t h e   d e f i n e d   i n f l o w / o u t f l o w   o f  Lynx  Lake 

1 i k e l y   c o n t r i b u t e s   t o  a less   eu t roph ied  system. The w a t e r   q u a l i t y  o f  t h e  

n o r t h  end o f  Lynx  Lake was s i m i l a r   t o   t h e   s o u t h  end  even  though c h l o r i n -  

ated  secondary  treated  domestic sewage i s  d ischarged  to   the  former.  
N u t r i e n t   r e g e n e r a t i o n   w i t h i n   t h e   l a k e s   s e d i m e n t   i s   t h e o r i z e d   t o  

be a n a t u r a l   c h a r a c t e r i s t i c   o f   t h i s   t y p e   o f   l a k e  and i s  capab le   o f  sup- 
p o r t i n g   a l g a l  blooms o f  100 ug / l   ch lo rophy l l -a .  

It i s  s u r m i s e d   t h a t   f i s h   h a b i t a t   i s   r e s t r i c t e d   t o   t h e  upper  two 
meters o f  the  water  column i n   t h e  summer due t o   t h e   l o w   d i s s o l v e d  oxygen 

saturat ion  leve ls   be low  those  depths.  
B1 ue-green  algae were common t o   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   o f  

bo th   l akes   bu t  even  more so i n  Er ickson Lake. The presence o f  Aphanizo- 
menon i n   E r i c k s o n  Lake d u r i n g   t h e  summer per iod   shou ld  be  confirmed. 

The la rge r   s tand ing   c rop   o f   zoop lank ton   i n  Lynx  Lake cou ld  be 

a t t r i b u t e d   t o  a more d iverse   phy top lank ton   popu la t ion  as many blue-greens 

are  not   grazed upon, thus   reduc ing   the   ava i lab le   food  fo r   zoop lank ton .  

In genera l ,   for   both  lakes,   the  dominant   c ladoceran was Daphnia  and t h e  

dominant Copepoda was Cyclops. The d i p t e r a n  Chaeoborus was found i n   b o t h  
basins. The l a r g e   p o r t i o n  o f  Daphnia  compared t o  Bosmina i s  an i n d i c a t i o n  
o f  l o w   f i s h   p r e d a t i o n .  

The f i s h   p o p u l a t i o n   o f   t h e s e   l a k e s  has no t  been de f i ned   bu t  

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

these  types  of  1 akes. 

c 
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1 INTRODUCTION 

Lynx Lake, located 39 km west of Prince George, British 
Columbia, i s  the  receiving water body for chlorinated secondary treated 
domestic sewage effluent  discharged i n t o  an unnamed creek from Canadian 
Forces Base, Baldy Hughes. 

In  order  to document the  possible impact of the C. F. B. Bal dy 
Hughes  Sewage Treatment Plant  discharge on  Lynx Lake, the Environmental 
Protection  Service conducted  water quality  assessment  surveys on June 11, 
1975, and Augus t  12, 1975. Erickson Lake,  which i s  the  C.F.B. Baldy 
Hughes water  supply and i s   s imi la r  i n  location and morphometry t o  Lynx 
Lake b u t  does n o t  receive any form of discharge  or  recreational  use, was 
monitored as a control. 

The scope of  the study included  the measurement o f  the s t a n d i n g  
crop of  phytoplankton and zooplankton and the chemical and physical  water 
chemistry o f  the  lakes. 
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2 DESCRIPTION OF STUDY AREA 

Lynx  Lake and Er ickson  Lake  are  located  approximately 39 km west 

o f   P r i n c e  George i n   t h e   N o r t h e r n   I n t e r i o r  P1 ateau 1 imnologica l   reg ion  o f  

B r i t i s h  Columbia  (Northcote and La rk in ,  1956) (F igu re  1). The r e g i o n  con- 

s i s t s   m a i n l y   o f   s e d i m e n t a r y  and v o l c a n i c   r o c k s   t h a t   a r e   e x t e n s i v e l y   g l a c i -  
a ted and w i t h  a m a n t l e   o f   l u c u s t i n e   s i l t s   i n  many areas. The topography 

i s  m o s t l y   g e n t l y   r o l l i n g   u p l a n d s   a t   e l e v a t i o n s  of  915 km t o  1830 km. 

Both 1 akes a r e  humic i n   n a t u r e   w i t h  a dark  brown  water  col  ora- 

t i o n  and a r e   t y p i c a l   o f  smal l l a k e s   o f   t h e  area. The areas o f  Lynx  Lake 

and Erickson  Lake  are  approximately 24 ha  and  28 ha respec t i ve l y .  The two 

lakes   a re   morphomet r i ca l l y   s im i l a r  and a r e  shown i n   F i g u r e  2 a long   w i th  
t h e   l o c a t i o n   o f   t h e  sample s ta t i ons .   Wh i le  Lynx  Lake  has a d e f i n e d   i n f l o w  
and  outf low,  Er ickson Lake  appeared t o  be landlocked.  Four  sample  sta- 

t i o n s  were es tab l i shed  on Lynx  Lake,  one i n   t h e  deepest  basin (E), one a t  

an  in termediate  depth (D) and  two a t   t h e   s h a l l o w   n o r t h  end  where an un- 
named c reek   con ta in ing  sewage e f f l   uen t   d i scha rged   f rom  the  C. F.B. B a l  dy 

Hughes secondary  t reatment   p lant   enters   the  lake (B and  C). Two s t a t i o n s  

were es tab l   i shed on Er ickson Lake,  one i n   t h e  deepest  ba.sin ( G )  and one a t  

an  in termediate  depth  (F) .  

Gef f   Ch is le t   (persona l   communica t ion ,   Br i t i sh   Co lumbia ,   F ish  and 

W i l d l i f e   B r a n c h )   r e p o r t s   t h a t   r a i n b o w   t r o u t  and  coarse f i s h   ( C y p r i n i d a e  

and  Catostomidae)  are  thought t o  be r e s i d e n t   i n   t h e  srnall  lakes  such  as 

Lynx  Lake i n   t h e   P r i n c e  George  area. 
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3 METHODS AND MATERIALS 

3.1 Phys ica l  and  Chemical 
Tempera ture   p ro f i les  were  taken  wi th a YS1 te le- thermometer and 

1 i y h t   p e n e t r a t i o n  was measured w i t h  a standard  Secchi  disc. 

Water  samples  were c o l l e c t e d   i n  3 1 i t r e  Van Dorn  water   bot t les 

a t  1 meter, 3 meters and a t  e i t h e r  5 meters  or  8 meters  depending on t h e  

s t a t i o n .  A t  each  depth a 300 ml  sample f o r   d i s s o l v e d  oxygen was preserved 

immedia te ly   w i th  manganous su l   f a te  and a1 ka l i - iod ide-az ide   reagents  and 
t i t r a t e d   a g a i n s t  a 0.025 N sodium t h i o s u l p h a t e   s o l u t i o n   w i t h i n  8 hours. A 

sample f o r   c o n d u c t i v i t y ,   t u r b i d i t y  and pH  was s t o r e d   i n  a 500 ml  po l ye thy -  

1 ene sample b o t t l  e  and was ana lyzed  w i th in  8 h o u r s   u t i 1   i z i n g  a Siebold 

Model LTB conduc t i v i t y   me te r ,  Hach  Model  1860A t u r b i d i m e t e r  and  a  Radio- 

meter Model 29  pH meter ,   respec t ive ly .  Samples f o r   t o t a l   o r g a n i c   c a r b o n  

(T.O.C.) and t o t a l   i n o r g a n i c   c a r b o n  (T.I.C.) were s t o r e d   i n  a  100 ml  p o l y -  

e t h y l  ene b o t t l e   w h i l e  samples f o r   t o t a l  phosphate (TPO4), ammonia n i t r o g e n  

(NH3+NH4+), n i t r a t e   n i t r o g e n  (NO3-N) and hardness  were s t o r e d   i n  a 500 ml  

p o l y e t h l e n e   b o t t l e .  A sample f o r   t o t a l   d i s s o l v e d  phosphate was f i e l d  fil- 

te red   t h rough  a d i s t i l l e d   w a t e r  washed 0.45 u c e l l u l o s e   a c e t a t e   f i l t e r  and 

s t o r e d   i n  a 125 m l  po lyethy lene sample b o t t l e .  A1 1 samples  were  shipped 

i n   i c e   c o o l e r s   t o   t h e  E.P.S. l a b o r a t o r y  i n  West Vancouver.  Analyses  were 

per fo rmed  a t   the   F isher ies  and  Enviranment Canada, Cypress  Creek  Labora- 
t o r y  (Anon., 1976). 

3.2 B i o l   og i   ca l  

Two one- 1 i t r e  samples  and a 250 ml  sarnpl e were c o l l e c t e d   a t  

d e p t h   i n t e r v a l  s o f  0, 1, 2 ,  3, 4 o r  5 ,  8  and 10  meters  where  possible f o r  
ch lo rophy l   l -a   ana lys is ,   ash- f ree   d ry   we igh t   de termina t ion  and a lga l   iden-  

t i f  i c a t i o n  and  enunerat i on. The ch l   orophyl  1 sampl  es  were k e p t   i n   t h e   d a r k  
and f i l t e r e d   w i t h i n  8 hours  through a  0.45 u c e l l   u l  ose n i t r a t e  membrane 

f i l t e r ,   t r e a t e d   w i t h  MgC03 and f rozen  over   d ry - ice .  The ash - f ree   d ry  
weight samples  were  shipped i n   i c e   c o o l e r s   t o   t h e  E. P. S. - F i s h e r i e s  

1 aboratory  i n  West Vancouver f o r   a n a l y s i s  (Anon., 1976). 
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The a1 gal  samples  were preserved  wi th   Lugol  ' s s o l   u t i o n  and 

i d e n t i f i c a t i o n  and enumerations  were  determined on  samples f rom  s ta t i ons  
B, E ,  G, and F. Samples from  depths 0, 1, 2 and 3 meters  were  combined 

i n t o  one compos i te   except   fo r   the  June 11, 1975, s t a t i o n  B sample which 

was  made up o f  0, 1 and 2 meter  depths. The Utermohl  inverted  microscope 

technique was used i n   t h e   i d e n t i f i c a t i o n  and enumeration and the  counts  

a r e   t h e   a v e r a g e   o f   t w o   f i e l d s   e x t r a p o l a t e d   t o   c e l l  s per m l  . 
A t  each s ta t i on   t h ree   zoop lank ton  sarnples  were co l l ec ted   f rom a 

t o t a l   v e r t i c a l   w a t e r  column with a 25 cm diameter  Wisconsin #20 net (76 u 

w i t h  a 5% concentrat ion of forma- 
the   water  and c e l l   l y s i n g   w i t h   p i g -  

a1 1 t h e  samples  on a #10 n e t t i n g  

c loudiness.   Wi th   the  except ion  o f  

i f e r a  would  be washed th rough  the  

aper ture)  The samples  were preserved 
Due t o   t h e   h i g h   a l g a l   c o n t e n t   o f  

re lease, it was necessary t o  wash 

u a p e r t u r e )   t o  remove some o f  t h e  

1 a rge r  Asp1  anchna, t h e  smal 1 e r   r o t  
n e t t i n g   t h u s ,   t h i s   g r o u p  was excluded  from  the  enumeration. The r o t i f e r a  

d i d   n o t  seem t o  be an impor tan t   cons t i t uen t   o f   t he   zoop lank ton  community 

i n   t h e  t w o   l a k e s ,   j u s t i f y i n g   t o  some ex ten t   t he i r   o rn i ss ion  (A. Federenko, 

personal cornmuni c a t  i on) 

I 
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4 RESULTS AND DISCUSSION 

4.1  Water  Chemistry 

4.1.1 Phys ica l  and  Chemical.  Thermal p r o f i l e s  o f  t h e  deep b a s i n s   o f  
Lynx  Lake  (Stn. E )  and Er ickson Lake  (Stn. G)  show a summer thermal   s t ra-  

t i f i c a t i o n   w i t h   t e m p e r a t u r e s   o f  4-6°C below 5 meters  (Figure 3).  For 
sha l l ower   s ta t i ons  ( 4 m) i n  June,  surface  temperatures  approximated 16°C 

decreasing t o  about 8°C a t  4 meters. I n  August  these  stat ions  were  gener- 
a l l y  w e a k l y   s t r a t i f i e d .  

Secch i   d isc   read ings   fo r  Lynx  Lake  were r e l a t i v e l y   f i x e d   a t  

1.3 meters i n  both  June and  August (F igu re  3 )  wh i le   fo r   Er ickson  Lake 

t h e  Secchi d i sc   read ing  o f  2 meters i n  June was reduced to   app rox ima te l y  

1 meter i n  August, t h e   r e s u l t   o f  a heavy  blue-green a1 gal bloom. 

The v e r t i c a l   d i s t r i b u t i o n   o f   d i s s o l v e d  oxygen i n  bo th   lakes  
c l e a r l y  shows tha t   anox ic   cond i t ions   deve lop   (F igure  4). Ox ic   cond i t ions  

appear t o   e x i s t   i n   t h e   u p p e r   1 - 2   m e t e r s  i n  both  lakes. The d isso lved  oxy-  
gen maxima (10.4-10.9  mg/l) a t  1 meter i n  Erickson  Lake i n  August co in -  

c i d e d   w i t h  a heavy  blue-green  algal bloom. Barcia  (1975a) and Ayles - e t  
- a1 ( 1 9 7 6 )   h a v e   r e p o r t e d   t h a t ,   p r i o r   t o   t h e   c o l l a p s e   o f  an  Aphanizomenon 

bloom i n  some smal l   eu t roph ic   lakes   o f   cen t ra l  Canada, the  a1 g a l   c o l l  apse 
i s preceded  by a peak i n   c h l   o r o p h y l  1 -a  and d i sso l ved  oxygen l e v e l  s and i s  

fo l l owed   by  a r a p i d   d r o p   i n   d i s s o l v e d  oxygen and  a cons ide rab le   re lease   o f  
t o x i c   u n - i o n i z e d  ammonia. For   Lynx  Lake,   the  percent   saturat ion o f  d i s -  

solved  oxygen a t  3 meters  ranged  between 0 t o  43.8%  and a t  5-9 meters  from 
0 t o  3.5%. For  Er ickson Lake, t he   pe rcen t   sa tu ra t i on  a t  3 meters  ranged 

between 7.5 t o  19.8% and a t  4-9  rrleters 0 t o  11.8%. 
For   bo th   lakes ,   d isso lved oxygen  percent  saturat ion  reached  lev- 

e l s   t h a t   a r e  known t o  be s t r e s s f u l   t o   t r o u t   ( D a v i s ,  1975). Low d i sso l ved  
oxygen 1 eve1 s (be l  ow 60% sa tu ra t i on )   a re   repo r ted   t o   reduce   b lood   sa tu ra -  

t i o n   w i t h  oxygen,  reduce  swimming  speed  and  lower  tolerance  levels t o  sev- 

era l   chemical   parameters  inc lud ing ammonia (Davis,  1975).  For  both  lakes 

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

t h e  surnmer t o   t h e  upper  two  meters  of   the  water column. 
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Wi th   t he   excep t ion   o f   E r i ckson  Lake i n  August, when t h e  pH i n -  

creased t o  a h igh  o f  9.5 a t  1 meter,  both  lakes  had pH va lues   rang ing  

between 6.7 - 7.6 (F igure   4 ) .  The increased pH i s   a t t r i b u t e d   t o  a b lue-  
green a1 gal  bloom  where  the CO2 i n   t h e  water i s  b e i n g   a s s i m i l a t e d   i n t o  

algal  biomass a t  a r a t e   f a s t e r   t h a n  it can   be   rep laced   t hus   resu l t i ng   i n  

a r e - a d j u s t m e n t   o f   t h e   s o l   i d   c a r b o n a t e   e q u i l i b r i a  and an i n c r e a s e   i n  pH 

(Go1  dman, 1971). 

C o n d u c t i v i t y ,   t u r b i d i t y  and hardness showed l i t t l e   d i f -  

ferences  between  s ta t ions  or   lakes.   Conduct iv i ty   va lues  ranged  f rom 97 

t o  126 umhos/cm, t u r b i d i t y   f r o m  1.6 t o   1 2  JTU and  hardness  from 5 1  t o  95 

mg/l  (Table 1). Highest  values o f   c o n d u c t i v i t y  and hardness  were  re- 

p o r t e d   i n   t h e  deep b a s i n   o f  each 1 ake (8  meters) and an i n c r e a s e   i n   t u r -  

b i d i t y   i n   E r i c k s o n  Lake  occurred  a t   the 1 rneter  depth i n  August,  corres- 
ponding  wi th  a b l  ue-green a1 ga l   b l  oorn. 

4.1.2 Nutr ients.   Total   inorganic  carbon  (TIC)  concentrat ions  were 

s i m i l a r   f o r   b o t h   l a k e s   i n  June, w i t h   v a l u e s   g e n e r a l l y   w i t h i n  a range   o f  

26-35  mg/l f o r  Lynx  Lake and 29-36  mg/l f o r   E r i c k s o n  Lake. High  values 

o f  84  mg/l and 44  mg/l f o r  Lynx  Lake and Er ickson  Lake,  respect ively,  

were  detected  a t   the 9 meter  depth. The TIC c o n c e n t r a t i o n s   i n  August 

were  reduced  by  approximately  one-half  throughout  the  water  column of  
both  lakes  (F igure  5) .   Tota l   organic   carbon (TOC) concent ra t ions  were 

a1 so s i m i l a r   f o r   b o t h   l a k e s   i n  June w i th   va lues   rang ing  between  15-21 

mg/l i n  Lynx  Lake and 15-18  mg/l i n   E r i c k s o n  Lake (Table 2). To ta l  

organic   carbon  concentrat ions i n  Auyust  were s i m i l a r   t o   t h e  June l e v e l  s 
f o r  Lynx  Lake b u t   l e v e l s   i n   E r i c k s o n  Lake   i nc reased   s l i gh t l y   t o   17 -25  

mg/ 1 
For  the  deeper  basin  of   each  lake,  the  ther lnocl   ine  remained 

r e l a t i v e l y   f i x e d  a t  t h e  3 meter  depth  (Figure 3) .  The mean t o t a l  phos- 

phate   concent ra t ion   fo r   the   upper   water   co l  umn ( s u r f a c e   t o  3 meter  depth) 

i n  Lynx  Lake and Er ickson  Lake,  respect ively,  was 0.059 mg/l and 0.032 

mg/l i n  June,  and  0.041  mg/l (exc lud ing  0.180 mg/l a t  3 meter   depth  a t  

s t a t i o n  E) and 0.037 mg/l i n  August  (Table 2). The mean t o t a l  phosphate 
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concent ra t ion   fo r   the   bo t tom  water   co lunn  (be low 3 m e t e r s )   i n  Lynx  Lake 
and  Er ickson  lake,   respect ive ly ,  was  0.305 mg/l  and 0.195 mg/l i n  June  and 

0.390 mg/l  and 0.065 mg/l i n  August.  Dissolved  phosphate  concentrations 

r e f l e c t e d  a s i m i l   a r   p a t t e r n   b u t   c o n c e n t r a t i o n s  were approximately one-ha1 f 

t h a t   o f   t o t a l   p h o s p h a t e   c o n c e n t r a t i o n s   i n   t h e   u p p e r   w a t e r  column. The 

mean d isso lved  phosphate   concent ra t ions   fo r   the   upper   water   co lunn  in  Lynx 

Lake  and  Erickson  Lake,  respectively, was  0.024 mg/l  and 0.022 rng/l i n  

June,  and 0.020 mg/ l   (excluding 0.150 mg/l a t  3 meter   depth   a t   s ta t ion  E )  
and 0.015 mg/l i n  August.  For  the  lower  water column, t h e  mean d i sso l ved  

phosphate  concentrat ion  for   Lynx  Lake and Er ickson Lake, respec t i ve l y ,  was 

0.290 mg/l  and 0.100 mg/l  (one Val  ue) i n  June  and 0.300 mg/l and 0.045 

mg/l i n  August. The h igher   phosphate  concentrat ions  a t   the 3 meter  depth 

o f  Lynx  Lake ref1  ected  water   qual  i t y  s i m i l a r   t o   t h e   b o t t o m  samples. 
N i t r a t e  (NO3) concentrat ions  were  be low  the  detect ion limit o f  

0.01 mg/l  throughout  the  water  column of b o t h   l a k e s   i n   b o t h  June  and 
August  (Table  2). I n  June t h e  ammonia ( N H p N H ' )  c o n c e n t r a t i o n s   i n   t h e  

upper 5 meters  ranged  between  less  than  0.01 t o  0.03 mg/l f o r  Lynx  Lake 

and a t  9 meters a Va l  ue o f  0.320 mg/l was de tec ted   (F igure   6 ) .   Un l   i ke  

Lynx  Lake, i n  June Erickson  Lake  had ammonia l e v e l  s o f   l e s s   t h a n  0.01  mg/l 

a t  1 m e t e r   i n c r e a s i n g   t o  0.11 - 0.15 m g / l  a t  3 meters and 0.55 - 0.68 ~ng/l 
a t  8 meters. I n  August ammonia l e v e l  s i n  Lynx  Lake  remai  ned  re1 a t i v e l y  

unchanged i n   t h e  upper 3 meters (0.009 - 0.018 mg/l) , w i th   t he   excep t ion  

o f   t h e  deep b a s i n   ( s t a t   i o n  E, 3 meters) where the   concent ra t ion   inc reased 

t o  0.34 mg/l r e f l e c t i n g   w a t e r   q u a l i t y   s i m i l a r   t o   t h e  deeper  samples. A t  
t h e  5 - 8 meter  depths  concentrat ions  increased  over June l e v e l  s t o  0.34 - 
1.3 mg/l.  Unlike  Lynx  Lake, f o r   E r i c k s o n  Lake i n  August t h e   t o t a l  ammonia 

1 evel s a t   t h e  1 meter  depth  appeared t o   i n c r e a s e  (0.020 - 0.027 mg/ l )  

w h i l e   a t  3 - 4 meters ,   concent ra t ions   decreased  subs tan t ia l l y   to  0.026 - 
0.060 mg/ l .   Concentrat ions  again  increased  at   the 8 meter  depth t o  
1 evel  s g r e a t e r   t h a n   i n  June (1.25 mg/l ) . 

S t a t i o n s  B and C, a t   t h e   n o r t h  end of Lynx  Lake,  where t h e  un- 

named c reek   con ta in ing   the   secondary   t rea ted  sewage e n t e r s ,   d i d   n o t   i n d i -  

c a t e  any   apprec iab le   d i f fe rence  f rom  o ther   a reas   o f   the   lake   w i th   respec t  
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t o  water  qual i ty .  In   f ac t ,   d i sso l ved  oxygen l e v e l  s were  cornparabl e a t   t h e  

1 meter  depth and  were genera l l y   g rea te r  a t  3 meters compared t o   o t h e r  

a r e a s   o f  Lynx Lake. 

The l a r g e   i n c r e a s e  in ammonia and phosphorus  concentrat ions i n  
t h e   l o w e r   p o r t i o n   o f   t h e   w a t e r  column o f   b o t h   l a k e s   o f f e r s   p r e s u m p t i v e  

evidence o f   nu t r i en t   regenera t i on   w i th in   t he   l akes   (Go l te rman ,  1977; 
B a r i c a ,   1 9 7 5 ( b ) ;   G r i f f i t h  " e t  al., 1973; Aus t i n  and  Lee, 1975; and Kamp- 

N ie l sen  and Anderson,  1977). The h i g h   n u t r i e n t   l e v e l s  1 i k e l y   r e s u l t   p r i -  
marily f rom  the   decompos i t ion   o f  dead p lank ton   tha t   have  se t t led .  The h i g h  

l e v e l s   o f  ammonia i n   p a r t i c u l a r  would resu l t   f r om  the   con t inuous  

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

a1 gae. These lakes  appear t o  be s i m i l a r   i n   n a t u r e   t o   t h e   s h a l l o w e r   p r a i r i e  
pothole  type  lake  descr ibed  by  Bar ica,   1975(a) .  

4.2 B i o l o g i c a l  

4.2.1 Phytoplankton - Standing  Crop.  Chlorophyl l -a  levels  in  June  were 
q u i t e  comparable  between 1 akes, w i t h  an o v e r a l l   p h o t i c  zone (approx. 2.5 x 

Secchi)  mean o f  11.1 u g / l  and  7.3 u g / l   f o r  Lynx  Lake and Erickson  Lake, 
respec t i ve l y .  An a p p r e c i a b l e   i n c r e a s e   i n   c h l o r o p h y l l - a   o c c u r r e d   i n   b o t h  

1 akes by  August   wi th   Er ickson  Lake  repor t ing  very   h igh  leve ls .   In   August  
t h e   o v e r a l l  mean p h o t i c  zone 1 eve1 s of   ch l   o rophy l   1 -a   were  18.6 u g / l  

(max.  39.8 u g / l )  and  68.1 u g / l  (max. 104 u g / l )   f o r  Lynx  Lake and Er ickson 

Lake, r e s p e c t i v e l y   ( T a b l e  3, F i g u r e   7 ) .   C h l o r o p h y l l - a   l e v e l s   a t   s t a t i o n s  B 

and C were  comparable  with  other  areas  of  Lynx  Lake  for  both  months. The 

h i g h   c h o l o r o p h y l l - a   l e v e l s   a r e   c o m p a r a b l e   t o   v a l u e s   r e p o r t e d   b y   B a r i c a ,  

1975  (c)   for   smal l   pothole  pra i r ie   lakes.   Pheopigment   concentrat ions 
( d e g r a d a t i o n   p r o d u c t   o f   c h l o r o p h y l l )  were g r e a t e s t   i n   t h e   b o t t o m   o f   t h e  

deep   bas ins   i nd i ca t i ng   t he   sed imen t ing   o f   p lank ton   ce l l s .  

Ash - f ree   d ry   we igh t   l eve l s  showed t h e  same p a t t e r n  as chl   oro- 

phy l l -a .  A mu1 t i p l e  1 i n e a r   r e g r e s s i o n   a n a l y s i s   o f   t h e   d a t a  gave a mu1 t i p l e  

c o r r e l a t i o n   c o e f f i c i e n t   o f   r =  0.83. Values a t   s t a t i o n s  B and C were 

comparable t o  other   areas o f  Lynx  Lake f o r   b o t h  months.  For  Erickson  Lake, 

i n  August  an algal   b loom was reco rded   w i th  a r e s u l t i n g   i n c r e a s e   i n   a s h - f r e e  

dry   we igh t .  
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Ch lorophy ta   (g reen  a lgae)   d id   no t   cons t i tu te  a s i g n i f i c a n t   p a r t  

o f  t h e   p h y t o p l a n k t o n   i n  Lynx  Lake and were no t   recorded a t  a l l   i n   E r i c k s o n  
Lake  (Appendix I ) .   F o r  Lynx  Lake, i n  June t h e  Cyanophyta  (blue-green 

a1 gae) made up 53-97% o f   t h e   t o t a l  a1 gae and t h i s   c o n s i s t e d   o f  Anabaena 
and O s c i l l a t o r i a  (Appendix I and  111). The dominant  Baci l lar iophyceae 

(diatoms)  were  Synedra and Dinobryon.  For  Erickson  Lake, i n  June t h e  

b l  ue- greens  consi  sted o f  Aphani zomenon (unconf i rmed) , Anabaena and 

O s c i l l a t o r i a  and the  dominant  diatom was Dinobryon. The dominant  blue- 

green i n  Lynx  Lake f o r  August was Anabaena and the  dominant  diatoms  were 

A s t e r i o n e l l a  and N i tzsch ia .  Aphanizomenon (unconfirmed) was t h e   o n l y   a l g a  

i d e n t i f i e d   i n   t h e  August  sample  from  Erickson Lake. 

N u t r i e n t   l e v e l s   i n d i c a t e  an  ample source o f  phosphate and carbon 
f o r   a l g a l   g r o w t h   b u t   p o s s i b l y  a d e p l e t e d   n i t r a t e   p o o l   ( l e s s   t h a n  0.01 mg/ 

1 i t e r )  It appears t h a t   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   i s   f a v o u r e d   b y   t y p i -  

c a l   n i t r o g e n   f i x i n g  forms o f  blue-greens  such as  Anabaena  and poss ib l y  

Aphanizomenon. It s e e m   r e a l i s t i c   t h a t  due t o   t h e  weak s t r a t i f i c a t i o n   i n  

summer, n u t r i e n t   r i c h  deeper   wa te rs   cou ld   be   eas i l y   c i r cu la ted   w i th in   t he  

l a k e s   t o   s u s t a i n  a h i g h   l e v e l  o f  pr imary  product ion.  For comparat ive  pur-  

poses   severa l   charac ter is t i cs   o f   Lynx  Lake and Er ickson Lake a re  compared 

w i th   two  po tho le  1 akes tha t   f o rm a pa r t i a l   t he rmoc l   i ne   (Ba r i ca ,  1974) and 

an experimental  lake  (Lake  227) o f  northwestern  Ontar io  (Schindler,   1971).  
The s i m i l a r i t y  o f  t he   eu t roph ic   na tu re  o f  these  lakes  i s  q u i t e   e v i d e n t  
(Table 4 ) .  

4.2.2 Zooplankton. Copepoda made up t h e   g r e a t e r   p o r t i o n   o f   t h e  zoo- 

p l a n k t o n   f o r   b o t h   l a k e s   i n  June  and f o r   E r i c k s o n  Lake i n  August.  Cyclops 

was the  dominant genus i n  Lynx  Lake w h i l e  Diaptomus was f o r   E r i c k s o n  Lake 

i n  June  (Appendix  11). C1 adocera  were  present a t   a l l   s t a t i o n s  and  Daphnia 

was the  dominant genus. Bosmina was p r e s e n t   o n l y   i n  Lynx  Lake f o r  June. 

Diptera  (Chaeoborus)  were  present  only a t  t h e  deep b a s i n   ( s t a t i o n  E) i n  
Lynx  Lake b u t  were ev ident  a t  bo th   s ta t ions   on   Er ickson Lake. For  Lynx 

Lake, i n  August t h e  C1 adocera  general ly  increased i n  number and cons is ted  

s o l e l y   o f  Daphnia.  Cyclops was s t i l l   t h e  dominant Copepoda and  Chaeoborus 
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was found a t  a l l  s ta t ions w i t h  increased  counts a t  s ta t ion E. For Erick- 
son Lake, i n  August the C1 adocera greatly  increased i n  numbers and Bosmina 
was reported a t  s ta t ion G. Cyclops made up  the dominant portion of cope- 
poda and the Diaptomus popul ation decl  ined. The  number of  Chaeoborus 
declined sl igh t ly .  

The r o t i f e r  Asplanchna was recorded i n  both lakes  in June b u t  
was not  found i n  Erickson Lake i n  August. To the  generic  level  there 
appears t o  be  be 1 i t t l e   d i f f e rence  i n  the zooplankton  population of the 
two lakes. 

The total  number of  organisms  per m3 was greater i n  June t h a n  i n  
August a t  a l l  s ta t ions b u t  G and values i n  Lynx  Lake were greater t h a n  
those for Erickson Lake. Li t t le   dif ference i n  the zooplankton  population 
was noted a t  s ta t ion B where the unnamed creek  enters  the  lake,  except i n  
June when the  percent C1 adocera was approximately 5 times  greater  than a t  
D and E (Appendix 111). 

The smaller  zooplankton  population i n  Erickson Lake can 1 ikely 
be attr ibuted  to  the  fact  blue-green  algae make up a dominant portion of 
the phytoplankton. As bl  ue-greens are not  grazed upon a t   a l l  , t h i s  re- 
duces the  avail  able food. Richardson, 1971, and Brooks, 1969, reported 
t h a t  intense fish predation  lowers  the  size and composition of  the zoo- 
plankton  population, l a r g e  Daphnia being replaced w i t h  smal l e r  Bosmina. 
Generally, the larger Daphnia have a greater f e e d i n g  effectiveness t h u s  
suppressing  the p o p u l a t i o n  o f  smaller Bosmina. Bosmina d i d  not  make u p  a 
dominant portion o f  the zooplankton i n  either  lake and was not reported a t  
a l l  i n  Lynx Lake i n  August .  This suggests a low ra te  of fish  predation 
for Lynx Lake and Erickson Lake.  Most freshwater fish (excluding  fresh- 
water  populations o f  anadromous marine species)  are  facultative  plankti- 
vores,  they  feed on zooplankton when large forms (especially Daphnia) are 
plentiful , b u t  switch t o  some other food source  (small fish or  benthic i n -  
vertebrates) when the  supply of large  zooplankters  fail s (Brooks, 1969). 
I n  general, 1 arge  zooplankters  are  preferred  to small ones, C1 adocera are  
preferred t o  cal anoid copepods o f  the same visual  size, and cyclopoids  are 
a n  intermediate  choice  (Brooks, 1969). 
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APPENDIX I 

PHYTOPLANKTON IDENTIF  ICATION (# cell s/ml ) 
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APPEND1 X I I 

ZOOPLANKTON  IDENTIFICATION 
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A P P E N D 1  X I I I 

P E R C E N T   D I S T R I B U T I O N  OF M A J O R   O R D E R S  - 
PHYTOPLANKTON  AND  ZOOPLANKTON 



- 31 - LC 

00000 
0 
cc 

0 m r ) o o  m 

00000 
0 
cc 

o c c m o o  
a m  

oaoo* 
m N N  

-I 
L L  t 

k z 

0 
0 
N 

l - lmmo 

e m w o  . .  0 

N h O  
hN 

m w m m  
m c c o r )  

OIJ 

. . a .  

a m  d . .  
m - l  

m 

n a  

w 

w 

#r 

Y 


	Table of Contents

