






































































s i m i l a r  zoobenthic assoc ia t ions  c l u s t e r  together ,  and the d i f f e r e n c e  i n  

s i m i l a r i t y  c o e f f i c i e n t  between c l u s t e r s  a t  t h e i r  f u s i o n  po in t s  can be 

used as a  r e l a t i v e  measure of the degree of s i m i l a r i t y  (or d i s s i m i l a r i t y )  

between c l u s t e r s .  

The basic  e f f e c t  o f  PCA i s  t o  change the o r i g i n a l  samples-by- 

i n v e r t e b r a t e  taxa  m a t r i x  i n t o  a  samples-by-components ma t r i x  where the 

number o f  components i s  much smal le r  than the  number o f  i n v e r t e b r a t e  

taxa. Each component, a  simple l i n e a r  compound o f  the transformed 

p ropo r t i ona te  abundances, has an associated eigenvalue g i v i n g  the amount 

o f  v a r i a t i o n  i n  i nve r teb ra te  taxa accounted f o r  by the  component, and an 

e igenvector  o f  component c o e f f i c i e n t s  g i v i n g  the  we igh t ing  o f  each 

i n v e r t e b r a t e  taxon i n  the  l i n e a r  compound. Successive components account 

f o r  unique, p rog ress i ve l y  smal ler  p o r t i o n s  o f  the  t o t a l  v a r i a t i o n  i n  

i n v e r t e b r a t e  taxa, the  first two o r  th ree  u s u a l l y  accounting f o r  most o f  

the  v a r i a t i o n .  Eigenvector values prov ide ,  f o r  each component, a  measure 

o f  the importance o f  i n d i v i d u a l  taxa. Therefore, taxa w i t h  h igh  p o s i t i v e  

o r  negat ive  e igenvector  values can be used t o  charac ter ize  each 

component. The benth fc  i nve r teb ra te  taxa  which t y p i f y  a  sample or a  

c l u s t e r  o f  samples can be der ived from the p o s i t i o n  o f  t h i s  sample o r  

sample c l u s t e r  on the o r d i n a t i o n  graph. 

I n t e r - s i t e  d i f f e rences  i n  score values are p r i m a r i l y  r e l a t e d  t o  

i n t e r - s i t e  d i f f e rences  i n  the dens i t y  o f  taxa w i t h  h igh  load ing  values. 

I d e a l l y  i t  i s  poss ib le  to g i v e  an eco log i ca l  i n t e r p r e t a t i o n  t o  these 

i n t e r - s i t e  d i f f e rences  on the  bas is  o f  the  knowledge o f  the requirements 

o r  preferences o f  these taxa. Taxa w i t h  an e r r a t i c  occurrence and w i t h  

low d e n s i t i e s  were excluded from the analyses. 



3.3 HYDROLOGY 

The hydro log ic  desc r ip t i on ,  which i s  l i m i t e d  t o  the  Love t t  

R iver ,  i s  based on cont inuous discharge data obta ined from Water Survey 

o f  Canada for s t a t i o n  07BA003, loca ted  near the mouth o f  the Love t t  

R iver .  I n  add i t i on ,  the  Water Survey Sect ion, A lbe r ta  Environment 

conducted instantaneous stream v e l o c i t y  measurements a t  hydrometr ic 

s t a t i o n  07BA903, loca ted  immediately downstream of Highway No. 40 br idge 

(near LRl ) .  Measurements were recorded approximately weekly from 26 

A p r i l  to 23 October 1984. us ing  a Gurley 622 c u r r e n t  meter. Se lec t i on  o f  

meter ing  l o c a t i o n s  was determined by a c c e s s i b i l i t y ,  u n i f o r m i t y  o f  

subs t ra te ,  absence o f  weeds and obs t ruc t i ons ,  cons i s ten t  f l o w  p a i t e r n ,  

and convenient depth. Discharges were then determined us ing  procedures 

o u t l i n e d  i n  Hydrometric F i e l d  Procedures Manual I11 (Water Survey o f  

Canada 1977). 

The remaining d a i l y  discharges a t  07BA903 were est imated through 

t h e  use o f  a regress ion  equat ion between upstream and downstream f lows 

( A l b e r t a  Environment 1985): 

Qu/s = 0.4571 Qo/s 1.5181 

where Qu/s was the measured discharge f o r  the  Love t t  R iver  a t  07BA903 

(m'*s-I)  and Qo/s was the recorded discharge f o r  the Love t t  R iver  a t  the 

mouth ( s t a t i o n  07BA003). The ana lys i s  i nd i ca ted  t h a t  92 percent  o f  the 

var iance cou ld  be expla ined by the above r e l a t i o n s h i p  (n=27). 

Subsequently, mean monthly discharges a t  s t a t i o n s  LR2, LR3 and 

LR4 were ca l cu la ted .  Mean monthly f lows ca l cu la ted  f o r  the Lovet t  



R i v e r  a t  Highway No. 40 were subt rac ted  f rom the  mean monthly f l ows  

recorded for the  Love t t  R iver  near the  mouth. A dralnage area r a t i o  was 

then used to c a l c u l a t e  the  downstream discharge component o f  each 

i n te rmed ia te  s t a t i o n .  F i n a l l y ,  mean monthly f l ows  were der ived by  adding 

t h e  upstream and downstream discharge components, as shown by  the 

f o l l o w i n g  calculations: 

Where: Qstatl.. i s  the  mean monthly f l o w  for the  area i n  quest ion  
(m3*s-' ) 

Q n o v t k  i s  t h e  mean monthly f l o w  f o r  the  L o r e t t  R i ve r  a t  the  
Mouth (ma-s-') 

Q u w y 4 0  i s  the  mean month ly  f l o w  f o r  the  Love t t  R i ve r  a t  
Highway No. 40 (ma*s-') 

Astatl.. i s  t h e  dralnage area upstream o f  the  s t a t i o n  i n  
quest ion  (kin') 

Au,,~o i s  the  drainage area upstream o f  the  Love t t  R i ve r  a t  
Highway No. 40 (km') 

Amou L )I i s  the drainage area upstream o f  the Love t t  R i ve r  
near the mouth (km') 

3.4 PRECIPITATION 

The 1984 d a i l y  p r e c i p i t a t i o n  da ta  were ob ta ined from the Luscar 

S terco  (1977) Ltd.  p l a n t  s t a t i o n  and f rom t h e  Love t t  Fo res t r y  Tower 

( A l b e r t a  Fores t  Service; see F igure  1). 

3.5  SUSPENDED SEDIMENT 

3 . 5 . 1  F i e l d  Methods 

Measurements o f  suspended sediment loads i n  Canadian r i v e r s  are  



normal ly  made by t h e  Water Survey o f  Canada. The standard sampling 

approach i s  t o  take a v e r t i c a l l y  i n t e g r a t e d  sample i n  o rder  t o  account 

for the  v e r t i c a l  g rad ien t  i n  suspended ma te r ia l  t h a t  o f t e n  charac ter izes  

l a r g e  r i v e r s .  Although d i s c r e t e  (1.e. NFR) samples were employed i n  t h i s  

s tudy  (discussed i n  Sect ion 3.1.1), i t  was seen advantageous t o  generate 

a suspended sediment data base us ing  standard i n teg ra ted  samples f o r  

comparison w i t h  sediment load ing  data  f o r  o the r  nearby r i v e r s .  

Accordingly ,  suspended sediment and d ischarge measurements were conducted 

a t  two hydrometr ic  s t a t i o n s  on the  Love t t  River :  one a t  Highway 40 

( s t a t i o n  07BA903). the second a t  the  Water Survey o f  Canada (WSC) gauging 

s t a t i o n  (07BA003) near t h e  mouth of  the  Love t t  (F igure  1 ) .  

Sediment sampling was conducted approximately weekly a t  bo th  

s t a t i o n s  by the  R iver  Engineering Branch, A l b e r t a  Environment. Samples 

were c o l l e c t e d  f rom 10 May t o  9 October a t  s t a t i o n  07BA903 and from 5 

June t o  9 October a t  s t a t i o n  07BA003. Dur ing  each sampling per iod ,  

i n d i v i d u a l  depth- in tegrated samples were ob ta ined a t  e i t h e r  two or th ree  

l o c a t i o n s  across the  stream channel, depending on discharge. 

Suspended sediment concent ra t ion  was determined f o r  each sample 

a t  the  WSC Sediment ~ a b d r a t o r ~  i n  Regina, Saskatchewan. Size ana lys i s  

was conducted o n l y  on those samples ob ta ined f rom s t a t i o n  07BA003 on 7 

September; suspended sediment concent ra t ions  a t  s t a t i o n  07BA903 were too  

low t o  determine p a r t i c l e  s ize .  Dur ing a l l  o the r  sampling events a t  bo th  

s t a t i o n s  low suspended sediment concentrat ions prevented p a r t i c l e  s i z e  

ana lys is .  

I t  should be noted a l s o  t h a t  s l i g h t  methodological d iscrepancies 

f u r t h e r  weaken the  d i r e c t  comparab i l i t y  o f  suspended sediment and NFR 



data. The NFR measurement represents the s o l i d  ma te r i a l  t h a t  was 

suspended i n  the r i v e r  water and t h a t  was removed from a d i s c r e t e  sample 

by  0.4 pm polycarbonate membrane f i l t r a t i o n  and measured. The suspended 

sediment measurement represents s o l i d  ma te r i a l  g rea ter  than 2.0 pm from 

an i n teg ra ted  sample (R.  Drury, River  Engineering Branch, pers. comm.). 

3.5.2 Sediment Load Ana lys is  

Re la t ionsh ips  between measured discharges and measured su.spended 

sediment concent ra t ions  were developed f o r  each s t a t i o n  us ing regress ion  

techniques. There was l i t t l e  v a r i a b i l i t y  i n  suspended sediment 

concentrat ions between sample u n i t s  taken a t  var ious  l oca t i ons  a t  each 

s t a t i o n .  Therefore, an average concent ra t ion  per s t a t i o n  was developed 

for each sampling event. Using the  mean d a i l y  discharge sequence, and 

t h e  r e l a t i o n s h i p  between d i  scharges and concentrat ions,  d a i l y  suspended 

sediment loads were est imated f o r  the pe r iod  1 May t o  31 October, 1984. 

These d a i l y  loads were then added i n  o rde r  t o  o b t a i n  seasonal and t o t a l  

suspended sediment loads.  

There was one anomaly i n  the  ana lys i s .  Suspended sedlment 

concent ra t ions  measured a t  s t a t i o n  07BA003 on 6 September and 10 

September were r e l a t i v e l y  h igh,  and were n o t  adequately described by the  

reg ress ion  ana lys is .  Therefore, f o r  the  pe r iod  1 September t o  10 
I 

September, suspended sediment loads were est imated by i n t e r p o l a t i o n  us ing  

t h e  measured data  o f  s t a t i o n  07BA003 o n l y  (R. Drury, R i ve r  Engineering 

Branch, pers.  comm.). 



4.0 RESULTS - HYDROLOGIC. PHYSICAL, AND CHEMICAL VARIABLES 

4.1 HYDROLOGY 

The L o v e t t  R i ve r  drainage bas in  discharges i n t o  the Pembina 

R ive r  which en ters  the  Athabasca R iver  near Tieland. A lber ta .  EPEC 

Consu l t ing  Western L td .  (1976) repor ted  t h a t  the Lovet t  R iver  has a 

drainage o f  10 100 ha, a stream leng th  of 34 km and a mean g rad ien t  of  

4.8 m-km-'. The upper reaches of the  Love t t  River  watershed are 

charac ter ized by a l a r g e  marsh and muskeg area and by numerous spr ings.  

Above the  Coal Creek confluence, the r i v e r  w id th  va r ies  between 4.5 and 

7.5 m and t h e  r i v e r  bottom i s  predominant ly rocky  w i t h  extensive r i f f l e  

areas. Below Coal Creek the channel widens t o  nea r l y  10 m, i t s  

c o n f i g u r a t i o n  becomes U-shaped, and the re  are fewer r i f f l e s .  

4.1.1 P r e c i p i t a t i o n  

Based upon the  l ong  term (1951-80) p r e c i p i t a t i o n  record f o r  the 

L o v e t t  Fo res t r y  Tower, the  average t o t a l  p r e c i p i t a t i o n  between May 1 and 

October 31 i s  485.4 mm. The maximum monthly r a t e  u s u a l l y  occurs i n  June. 

b u t  monthly p r e c i p i t a t i o n  can be r e l a t i v e l y  constant  between May and 

August (F igure  2 ) .  P r e c i p i t a t i o n  u s u a l l y  decl  ines du r ing  September and 

October. 

The 1984 t o t a l  monthly p r e c i p i t a t i o n  r a t e  was h ighes t  i n  

September and lowest  i n  October w i t h  values of  approximately 155 and 15 

mm, r e s p e c t i v e l y  (F igures 2 and 3). The data  a l s o  i n d i c a t e  t h a t  the  

t o t a l  monthly p r e c i p i t a t i o n  i n  the area d u r i n g  1984 was notab ly  l ess  than 

the  long-term mean month ly  values. except i n  September. 








































































































































































































































