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Abstract 

Biweek ly  s u r v e y s  of Scirr>ua am- g r o w t h  w e r e  c o n d u c t e d  on t h e  
F r a s e r  and Skagi t -St i l laguamish e s t u a r i e s  t o  determine d i f f e r e n c e s  w i t h i n  and 
between t h e  two e s t u a r i e s .  A d e s t r u c t i v e  sampling was undertaken a t  peak s t e m  
l eng th  t o  determine t h e  r e l a t i o n s h i p s  between growth i n d i c e s  and biomass. The 
t h r e e  t r a n s e c t s  s u r v e y e d  on t h e  F r a s e r  E s t u a r y  s u p p o r t e d  t h r e e  d i s t i n c t  
S. aleticanus c o m m u n i t i e s ,  r e f l e c t i n g  d i f f e r e n c e s  i n  key e n v i r o n m e n t a l  
f a c t o r s .  Those f a c t o r s  l i k e l y  i n c l u d e  s a l i n i t y ,  t i d a l  i n u n d a t i o n / e x p o s u r e  
r a t i o ,  and Snow Goose and swan g r a z i n g  p r e s s u r e .  Compared t o  g r o w t h  on t h e  
F r a s e r  E s t u a r y ,  S. grew v e r y  p o o r l y  a t  t h e  two t r a n s e c t s  on t h e  
S k a g i t - S t i l l a g u a m i s h  E s t u a r y .  Tha t  poor  g r o w t h  c o u l d  have  b e e n  d u e  t o  t h e  
r e l a t i v e l y  high Snow Goose g raz ing  p r e s s u r e  a n d / o r  t h e  h i g h  s a l i n i t y  t h e r e .  
S t e m  d e n s i t y  explained most of t h e  va r i ance  i n  above- and belowground p l a n t  
b i o m a s s  v a l u e s  i n  e a r l y  August on t h e  F r a s e r  E s t u a r y .  To i m p r o v e  t h e  
r e l a t i o n s h i p s  even f u r t h e r ,  d e s t r u c t i v e  sampling a t  peak s t e m  d e n s i t y  should 
be undertaken. 

L e s  a u t e u r s  ont e f f e c t u ;  des  leve 's  t o u t e s  l e s  deux s e m a i n e s  d a n s  l e 6  
estuaires du F r a s e r  e t  du complexe Skagi t -St i l laguamish pour d'eterminer les  
d i f f g r e n c e s  d a n s  l e  t a u x  d e  c r o i s s a n c e  d e  ScirPua d'un e n d r o i t  'a 
l'autre. 11s on t  procCd6 B un 6chant i l lonnage d e s t r u c t i f  au  moment o'u l a  t i g e  
des p l a n t e s  a t t e i g n a i t  une hauteur  maximale pour 6 t a b l i r  des  r e l a t i o n s  e n t r e  
les  i n d i c e s  de c ro i s sance  e t  l a  biomasse. Le t r o i s  t r a n s e c t s  de l'estuaire du 
F r a s e r  6 t a i e n t  c a r a c t 6 r i s C s  pa r  les  communaut6s d i s t i n c t e s  de  S. -9 

c e  q u i  i n d i q u e  q u e  l e s  z o n e s  6 t a i e n t  s o u m i s e s  B d e s  c o n d i t i o n s  
environnementales d i f f i k e n t e s  (notamment l a  s a l i n i t g ,  l 'exposit ion aux marges 
e t  l e  p Q t u r a g e  p a r  d e s  o i e s  d e s  n e i g e s  e t  d e s  cygnes) .  Dans l e s  deux 
t r a n s e c t s  g t a b l i s  dans l'estuaire du complexe Skagi t -St i l laguamish,  l e  taux de 
c r o i s s a n c e  d e  l'esp'ece e ' t u d i g e  B t a i t  t r2s f a i b l e .  Cela p o u r r a i t  P t r e  
a t t r i b u a b l e  a u  pPturage r e l a t i v e m e n t  i n t e n s e  p r a t i q u 6  p a r  l es  o i e s  des  neiges  
ou 1 l a  f o r t e  s a l i n i t e '  de l'eau, ou B c e s  deux f a c t e u r s  'a l a  fo is .  La  densi te '  
des  t i g e s  e x p l i q u a i t  l a  m a j e u r e  par t ie  des  v a r i a t i o n s  de l a  biomasse v6ge'tale 
dans l'estuaire du F r a s e r  en a o c t ,  t a n t  au-dessus qu'au-dessous de l a  surface.  
I1 f a u d r a i t  e f f e c t u e r  des  6chant i l lonnages d e s t r u c t i f s  a u  moment 06 l a  densi te '  
d e s  t i g e s  a t t e i n t  un sommet p o u r  d E t e r m i n e r  l e s  r e l a t i o n s  a v e c  p l u s  d e  
p r &  i s  ion. 



ii 

Table of Contents 

Abs t rac t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Resume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i s t  of Figures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i s t  of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.1 Data Co l l ec t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  
2.2 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . R e s u l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.1 S . americanus Growth P a t t e r n s  and V a r i a t i o n  Between Transects  on 

t h e  F r a s e r  Estuary . . . . . . . . . . . . . . . . . . . . . . . .  
3.1.1 Aboveground Ind ices  . . . . . . . . . . . . . . . . . . . .  

StemDens i ty  . . . . . . . . . . . . . . . . . . . . . . . .  
Mean Stem Length . . . . . . . . . . . . . . . . . . . . . .  
Maximum Stem Length . . . . . . . . . . . . . . . . . . . .  
R e l a t i v e  Seed Abundance . . . . . . . . . . . . . . . . . .  
Stem Mor ta l i t y  and Loss . . . . . . . . . . . . . . . . . .  
Addi t iona l  P l a n t  Ind ices  . . . . . . . . . . . . . . . . . .  

3.1.2 Belowground I n d i c e s  . . . . . . . . . . . . . . . . . . . .  
Top Versus  Bottom Subsamples . . . . . . . . . . . . . . . .  
Dif fe rences  Across Transects  . . . . . . . . . . . . . . . .  

3.1.3 Biomass and Ra t ios  . . . . . . . . . . . . . . . . . . . . .  
3.1.4 Pa tch iness  . . . . . . . . . . . . . . . . . . . . . . . . .  
3.1.5 P o t e n t i a l  Growth . . . . . . . . . . . . . . . . . . . . . .  
3.1.6 Dif fe rences  Within Each Transect . . . . . . . . . . . . . .  

3.2 Rela t ionsh ips  Between Se lec t ed  Ind ices  and S . & Biomass . 
3.2.1 Aboveground Biomass . . . . . . . . . . . . . . . . . . . .  
3.2.2 Belowground Biomass . . . . . . . . . . . . . . . . . . . .  

3.3 Sur face  S a l i n i t i e s  . . . . . . . . . . . . . . . . . . . . . . . .  
4 . Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.2 S . americanus Growth V a r i a t i o n  Between t h e  F r a s e r  Estuary and the  
Skagi t -St i l laguamish Estuary . . . . . . . . . . . . . . . . . . .  

4.3 Rela t ionsh ips  Between . Growth Ind ices  and Biomass . . 
L i t e r a t u r e c i t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.1 S . americanus Growth V a r i a t i o n  on t h e  F r a s e r  Estuary . . . . . . .  

i 
i 

iii 
i v  
v i  
1 
2 
2 
3 
4 

4 
4 
4 
5 
6 
6 
6 
7 
7 
7 
8 
8 
8 
9 

10 
10 
10 
11 
11 
12 
12 

14 
14 
15 



iii 

1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13.  

14. 

15. 

16. 

1 7 .  

18. 

L i s t  of Figures 
Page 

F r a s e r  Estuary t r a n s e c t s .  . . . . . . . . . . . . . . . . . . . . .  
Skagi t -St i l laguamish Estuary t r a n s e c t s .  . . . . . . . . . . . . . .  
Stem d e n s i t y  ( l i v e  stems only) of ScirDus americanus on t h e  F r a s e r  
E s t u a r y  1 9 8 7 .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Frequency h is tograms of ( t o t a l )  s t e m  l eng th  of ~ ~ L Q W  americanus 
measured i n  t h e  same non-random quadra ts ,  R e i f e l  Refuge t r a n s e c t  
1987. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Frequency h is tograms of ( t o t a l )  s t e m  l eng th  of &i.xgua aw&anw 
measured  i n  t h e  same non-random q u a d r a t s ,  L u l u  I s l a n d  t r a n s e c t  
1987. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Frequency h is tograms of ( t o t a l )  s t e m  l e n g t h  of ScirPus americanus 
measured i n  t h e  same non-random quadra ts ,  Brunswick Po in t  t r a n s e c t  

Mean ( t o t a l )  s t e m  l e n g t h  of  ScirEJLLi am- on t h e  F r a s e r  
E s t u a r y  1987. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maximum ( t o t a l )  stem l e n g t h  of  Sc i rgua  am- on t h e  F r a s e r  
E s t u a r y  1987. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Relative seed abundance of ScirDus americanua on t h e  F r a s e r  Estuary 

Stem d e n s i t y  ( l i v e  stems only) of ScirDus americanus on t h e  F r a s e r  

Mean ( t o t a l )  stem l e n g t h  of  Scirpus am- on t h e  F r a s e r  

Maximum ( t o t a l )  s t e m  l e n g t h  of  am- on t h e  F r a s e r  

"Potent ia l"  stem d e n s i t y  (number of l i v e  stems pe r  quadrat ;  mean of 
f i v e  h i g h e s t  v a l u e s )  of  ScirPus am- on t h e  F r a s e r  E s t u a r y  

"Potent ia l"  mean ( t o t a l )  s t e m  l eng th  (mean of f i v e  h i g h e s t  values)  

" P o t e n t i a l "  maximum ( t o t a l )  stem l e n g t h  (mean of  f i v e  h i g h e s t  

Scirpus am- i n d i c e s  measu red  on t h e  F r a s e r  E s t u a r y  1987:  
non-random quadra t s  only. . . . . . . . . . . . . . . . . . . . . .  
S c a t t e r p l o t  showing t h e  r e l a t i o n s h i p  b e t w e e n  S_cirDus am- 
l i v e  rhizome biomass per  c o r e  and s t e m  d e n s i t y  ( l i v e  stems only) on 
t h e  F r a s e r  E s t u a r y  1987 . . . . . . . . . . . . . . . . . . . . .  

1 9 8 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1987. . . . . 
Estuary 1987: random ve r sus  non-random q u a d r a t s  . . . . . . . . . .  
Estuary 1987: random ve r sus  non-random q u a d r a t s  . . . . . . . . . .  
E s t u a r y  1987: random ve r sus  non-random q u a d r a t s  . . . . . . . . . .  
1 9 8 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

of a alp- on t h e  F r a s e r  E s t u a r y  1987. 

v a l u e s )  of a am- on t h e  F r a s e r  E s t u a r y  1987. . . . . .  
. . . . . . . . .  

Surface  wa te r  s a l i n i t i e s  a c r o s s  t h e  F r a s e r  Estuary 1987 . . . . . .  

16 
17 

18  

1 9  

20 

21 

22 

23 

24  

25  

26 

27 

2 8  

29  

30 

31 

32 
33 



i v  

List of Tables 
Page 

1. 

2 .  

3. 

4. 

5. 

6. 

7 .  

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

americanus stem d e n s i t y  (no. stems quadrat- l ;  l i v e  stems 
only;  Z+SE) by t r a n s e c t ,  F r a s e r  Estuary 1987. . . . . . . . . . . .  
k i x . ~ ~ ~  a p l m  g r o w t h  i n d i c e s  (Z+SE), S k a g i t - S t i l l a g u a m i s h  
Estuary 1987. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ameticanus mean s t e m  l e n g t h  ( c m ;  l ive  s t e m s  only; Z+SE) by 
t r a n s e c t ,  F r a s e r  E s t u a r y  1987 . . . . . . . . . . . . . . . . . . .  
ScirPus maximum stem l e n g t h  (cm; l i v e  stems only; Z+SE) 
by t r a n s e c t ,  F r a s e r  E s t u a r y  1987 . . . . . . . . . . . . . . . . .  
ScirPus an- p e r c e n t a g e  of  stems c o n t a i n i n g  s e e d h e a d s  ( X ;  

americanus s t e m  m o r t a l i t i e s  (no. dead stems quadr;tLi and 
p e r c e n t a g e  of l i v e  p l u s  dead  stems; x'+SE) by t r a n s e c t  d u r i n g  
s u r v e y s  6 and 7 ,  F r a s e r  E s t u a r y  1987. (11-32 p e r  t r a n s e c t  f o r  
s u r v e y  6 and n=16 f o r  s u r v e y  7 ;  n=96 f o r  t h e  e n t i r e  e s t u a r y  f o r  
s u r v e y  6 and n=48 f o r  s u r v e y  7.). . . . . . . . . . . . . . . . . .  

aboveground growth i n d i c e s  ( l i v e  stems only; fi 
+SEI by t r a n s e c t  d u r i n g  s u r v e y  7 ,  F r a s e r  E s t u a r y  1987. (n=16 p e r  
t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  e s t u a r y ) .  . . . . . . . . . . . . . .  

americanus belowground i n d i c e s  (g  core-l; EASE) f o r  t op  and 
bottom c o r e  subsamples dur ing  survey 7,  F r a s e r  Estuary 1987. (n=96 
f o r  a l l  i n d i c e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Scirr>us arnericanua belowground i n d i c e s  (g  core'l; I+SE) f o r  top  and 
b o t t o m  c o r e  s u b s a m p l e s  d u r i n g  s u r v e y  7 ,  R e i f e l  Refuge  t r a n s e c t  
1987. (n-32 f o r  a l l  i n d i c e s )  . . . . . . . . . . . . . . . . . . .  
ScirDus americanus belowground i n d i c e s  (g  core'l; IkSE) f o r  t o p  and 
bottom c o r e  subsamples dur ing  survey 7 ,  Lulu I s l and  t r a n s e c t  1987. 
(n=32 f o r  a l l  i n d i c e s ) .  . . . . . . . . . . . . . . . . . . . . . .  
Scirr>us americanus belowground i n d i c e s  (g core'l; f+SE) f o r  top  and 
bottom c o r e  subsamples dur ing  s u r v e y  7 ,  Brunswiclc P o i n t  t r a n s e c t  
1987. (n=32 f o r  a l l  i n d i c e s )  . . . . . . . . . . . . . . . . . . .  

americanus belowground i n d i c e s  (g  core'l; ZkSE) by t r a n s e c t  
d u r i n g  s u r v e y  7 ,  F r a s e r  E s t u a r y  1987. The t o p  and b o t t o m  c o r e  
subsamples were added and t h e  two c o r e s  per  quadra t  averaged. ( ~ 1 6  
p e r  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  e s t u a r y ) .  . . . . . . . . . . . .  

americanus belowground i n d i c e s  (g core'l; &SEI f o r  bottom 
c o r e  subsamples by t r a n s e c t  dur ing  survey 7, F r a s e r  Estuary 1987. 
The two b o t t o m  c o r e  s u b s a m p l e s  p e r  q u a d r a t  were ave raged .  (n=16 
p e r  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  e s t u a r y ) .  . . . . . . . . . . . .  
SCirPlls am- be lowground  i n d i c e s  ( g  core ' l ;  Z+SE) f o r  t o p  
c o r e  subsamples by t r a n s e c t  dur ing  survey 7, F r a s e r  Estuary 1987. 
The two top  co re  subsamples per  quadra t  were averaged. (n=16 per  
t r a n s e c t ;  u s48  f o r  t h e  e n t i r e  e s t u a r y ) .  . . . . . . . . . . . . . .  

a m & u  b i o m a s s  and r a t i o  v a l u e s  (Z+SE) by t r a n s e c t  
dur ing  survey 7,  F r a s e r  Estuary 1987. (n=16 per  t r a n s e c t ;  n=48 f o r  
t h e  e n t i r e  e s t u a r y )  . . . . . . . . . . . . . . . . . . . . . . . .  

americanus s t e m  dens i ty ,  mean s t e m  length ,  and m a x i m u m  s t e m  
l e n g t h  ( l i v e  stems o n l y ;  x'+SE) by t r a n s e c t ,  F r a s e r  E s t u a r y  1987. 
A l l  data  were c o l l e c t e d  from non-random quadra ts  (see text)  . . . .  

l i v e  s t e m s  o n l y ;  ZkSE) by t r a n s e c t ,  F raser  E s t u a r y  1987 . .  

34 

35 

36 

37 

38 

3 9  

40  

41 

42 

4 3  

44  

45  

46 

47 

4 8  

49 



V 

L i s t  of Tables (cont’d) 
Page 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

H i g h e s t  s t e m  d e n s i t y ,  mean s t e m  l e n g t h ,  and maximum s t e m  l e n g t h  
values recorded f o r  by t r a n s e c t ,  F r a s e r  Estuary 
1987. (Z+SE of f i v e  h i g h e s t  v a l u e s  (maximum v a l u e  i n  b r a c k e t s ) ;  

Summary of h ighes t  va lues  recorded f o r  s e l ec t ed  ScirPus 
growth ind ices  by t r a n s e c t  dur ing  survey 7,  F r a s e r  Estuary 1987. (Z 
- +SE of  f i v e  h i g h e s t  v a l u e s  (maximum v a l u e  i n  b r a c k e t s ) ;  n=16 p e r  

C o r r e l a t i o n s  b e t w e e n  SCirPlls am- g r o w t h  i n d i c e s  d u r i n g  
survey 7 , F r a s e r  E s t u a r y  1987. ( P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t ;  

Cor re l a t ions  between &it= aboveground biomass va lues  
and growth i n d i c e s  dur ing  survey 7,  F r a s e r  Estuary 1987. (Pearson 

M u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t s  of MXJUU an- 
aboveground b i o m a s s  a g a i n s t  g r o w t h  i n d i c e s ,  F r a s e r  Estuary 1987. 

M u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t s  of  Scirr>us am- 
aboveground biomass a g a i n s t  s t e m  dens i ty  and mean s t e m  l e n g t h  ( l i ve  
p o r t i o n ;  cubed) ,  F r a s e r  E s t u a r y  1987. ( s u r v e y  7 ;  n=16 p e r  
t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  e s t u a r y ) .  . . . . . . . . . . . . . .  
M u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t s  of  ScirDus alp- mean 
s t e m  biomass a g a i n s t  growth ind ices ,  F r a s e r  Estuary 1987. (survey 

M u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t s  of ScirPus am- mean 
s t e m  b i o m a s s  a g a i n s t  mean s t e m  l e n g t h  ( l i v e  p o r t i o n ;  cubed)  and 
s t e m  b a s a l  d i a m e t e r ,  F r a s e r  E s t u a r y  1987. ( s u r v e y  7 ;  11x16 p e r  
t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  e s t u a r y ) .  . . . . . . . . . . . . . .  
Cor re l a t ions  between belowground biomass values 
and growth ind ices  dur ing  survey 7,  F r a s e r  Estuary 1987. (Pearson 
c o r r e l a t i o n  c o e f f i c i e n t ;  p robab i l i t y ;  n=48 f o r  a l l  i nd ices )  . . . 
belowground biomass a g a i n s t  g r o w t h  i n d i c e s ,  F r a s e r  E s t u a r y  1987. 

M u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t s  of  ScirDus an- 
be lowground  b i o m a s s  a g a i n s t  s tem d e n s i t y ,  F r a s e r  E s t u a r y  1987. 

Sur face  water s a l i n i t i e s  (ppt ;  Z+SE(n)) by t r a n s e c t ,  F r a s e r  Estuary 

n=16 f o r  s u r v e y s  1 and 7 ;  n=24 f o r  s u r v e y s  2 t h r o u g h  6 ) .  . . . . .  

t r a n s e c t ) .  Aboveground i n d i c e s  a r e  f o r  l i v e  stems o n l y .  . . . . .  
p r o b a b i l i t y ;  n=48 f o r  a l l  i n d i c e s ) .  . . . . . . . . . . . . . . . .  
c o r r e l a t i o n  c o e f f i c i e n t ;  p robab i l i t y ;  n=48 f o r  a l l  i nd ices )  . . . .  
(survey 7; n=16 per  t r a n s e c t ;  n 4 8  f o r  t h e  e n t i r e  es tuary) .  . . . .  

7 ;  n=16 p e r  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  e s t u a r y ) .  . . . . . . . .  

M u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t s  of alpSLkUU 

(survey 7 ;  n=16 p e r  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  es tuary) .  . . . .  
(survey 7; n=16 per  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  estuary).  . . . .  
1 9 8 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

50 

51 

52 

53 

54 

55  

56 

57 

58 

59 

60 

61 



v i  

Acknovledgememts 

Shaun Freeman,  B a r b a r a  S m i t h ,  and T r a c y  Covey a s s i s t e d  w i t h  d a t a  
c o l l e c t i o n  i n  t h e  f i e l d  and they,  along w i t h  a crew managed by Tony Barnard of 
t h e  B r i t i s h  Columbia Conservation Foundation, helped process  p l a n t  samples in 
t h e  l a b .  J o h n  S m i t h  and 
N e i l  D a w e  gave advice on s t a t i s t i c a l  procedures. John Smith, N e i l  D a w e ,  Gerry 
Towasend, A u s t i n  Reed, A l t o n  H a r e s t a d ,  I a n  Hu tch inson .  and J e a n - F r a n c o i s  
G i roux  p r o v i d e d  comments on a n  e a r l i e r  v e r s i o n  of  t h e  r e p o r t .  Moi ra  Lemon 
produced t h e  study area maps  and Susan Garnham typed t h e  r epor t .  I thank them 
all. 

Shaun Freeman e n t e r e d  t h e  d a t a  i n t o  o u r  compute r .  



1. Introduction 

A r e l a t i v e l y  l a r g e  p o p u l a t i o n  of Lesser Snow Geese caerulescens 
w i n t e r s  on t h e  Puge t  Trough, a l t e r n a t i n g  b e t w e e n  t h e  F r a s e r  

E s t u a r y  ( B r i t i s h  Columbia) and the  Skagi t -St i l laguamish Estuary (Washington) 
from e a r l y  October t o  l a t e  A p r i l .  The geese g raze  heav i ly  on t h e  rhizomes of 
t h r e e - s q u a r e  b u l r u s h  (Scirr>us am- Pers . ) ,  a b r a c k i s h  marsh  s p e c i e s  
t h a t  g rows  i n  l a r g e  homogeneous s t a n d s  on b o t h  e s tua r i e s .  In r e c e n t  y e a r s ,  
b o t h  t h e  peak number of Snow Geese and t h e  number of Snow Goose-days 
e x p e r i e n c e d  by t h e  two e s t u a r i e s  h a v e  i n c r e a s e d  c o n s i d e r a b l y  ( B o y d ,  
unpub l i shed  data) .  

High concen t r a t ions  of w in te r ing  geese can have profound e f f e c t s  on t he  
s t r u c t u r e  and composition of marsh communities (Lynch &t al. 1947, Smith and 
Odum 1981, Smith 1983, Giroux 1986). I f  a marsh’s food r e s e r v e s  a r e  depleted 
t o  t h e  e x t e n t  t h a t  c a r r y i n g  c a p a c i t y  i s  exceeded ,  t h e  g e e s e  a r e  f o r c e d  t o  
d i s p e r s e  t o  o t h e r  l o c a t i o n s ,  i n c l u d i n g  s u i t a b l e  f a r m l a n d  i f  p r e s e n t .  The 
marsh on t h e  Skagi t -St i l laguamish Estuary has  probably been under cons ide rab le  
g raz ing  pressure f o r  years.  Snow Goose numbers have h i s t o r i c a l l y  been much 
h i g h e r  t h e r e  t h a n  on t h e  F r a s e r  E s t u a r y  ( J e f f r e y  and Kaiser 1979). A l s o ,  t h e  
g e e s e  have  u t i l i z e d  f a r m l a n d  on t h e  S k a g i t - S t i l l a g u a m i s h  E s t u a r y  t o  a much 
g r e a t e r  ex ten t ,  e s p e c i a l l y  from mid-December t o  l a t e  April .  The marsh loca ted  
a t  t h e  George C. R e i f e l  B i r d  S a n c t u a r y  on t h e  F r a s e r  E s t u a r y  i s  of c o n c e r n  
because Snow Geese have concentrated t h e r e  i n  high numbers during pas t  hunting 
s e a s o n s ,  p a r t i c u l a r l y  i n  t h e  e a r l y  y e a r s  a f t e r  t h e  e s t a b l i s h m e n t  of t h e  
s a n c t u a r y  i n  1963 ( R o b e r t  Husband and  R u s s e l l  Young, p e r s .  comm.). S i n c e  
a b o u t  1980, t h e  g e e s e  have  a l s o  f e d  e x t e n s i v e l y  on f a r m l a n d  l o c a t e d  a t  and 
ad jacen t  t o  t h e  Alaksen Nat ional  W i l d l i f e  Area on Westham I s l and ;  they have 
appa ren t ly  reduced t h e i r  u s e  of t h e  Westham I s l a n d  f o r e s h o r e  a t  t h e  same t i m e .  

The above scena r io ,  e s p e c i a l l y  t h e  perceived r e c e n t  swi t ch  from fo reshore  
t o  f i e l d  u s e  by Snow Geese, raises q u e s t i o n s  about t h e  s t a t e  of t h e  marsh on 
t h e  F r a s e r  E s t u a r y  f o r e s h o r e .  To w h a t  e x t e n t  h a v e  t h e  g e e s e  i m p a c t e d  t h e  
3. americanua community? What i s  t h a t  community’s ca r ry ing  capac i ty?  What 
are t h e  consequences of an inc reas ing  goose population? 

To da te ,  only one study of Snow Goose u s e  of t h e  F r a s e r  Estuary has been 
conducted (Burton 1977). That study involved a small populat ion of geese and 
o n l y  a s s e s s e d  c h a n g e s  i n  a. r o o t  and r h i z o m e  b i o m a s s  o v e r  one 
winter .  I a m  proposing t o  undertake a longer-term inves t iga t ion .  Exclosures 
w i l l  b e  used over several y e a r s  t o  determine g raz ing  rates,  p l a n t  r egene ra t ion  
rates,  m a x i m u m  p o t e n t i a l  biomass v a l u e s ,  e n v i r o n m e n t a l  i n f l u e n c e s  on p l a n t  
growth, e tc .  P l a n t  growth w i l l  b e  monitored a t  p r e c i s e l y  t h e  same l o c a t i o n s  
( i .e .  t h e  same q u a d r a t s )  f r o m  o n e  y e a r  t o  t h e  n e x t ;  h e n c e ,  a n o n - d e s t r u c t i v e  
s a m p l i n g  t e c h n i q u e  i s  r e q u i r e d  s o  t h a t  t h e  p l a n t s  a r e  n o t  d i s t u r b e d .  G i roux  
(1986) used such a technique in h i s  s tudy of Greater Snow Goose u t i l i z a t i o n  of 
m a r s h e s  on t h e  S t .  Lawrence  E s t u a r y .  The t e c h n i q u e  r e q u i r e s  t h a t  t h e  
r e l a t i o n s h i p s  (i.e. r e g r e s s i o n  e q u a t i o n s )  b e t w e e n  aboveground p l a n t  g r o w t h  
i n d i c e s  and biomass be e s t ab l i shed .  Once known, only those  i n d i c e s  t h a t  a re  
capable  of p r e d i c t i n g  biomass need t o  b e  measured. The technique a l s o  a l l o w s  
f o r  g r e a t e r  s ample  s i z e s  compared  t o  d e s t r u c t i v e  s a m p l i n g  s i n c e  i t  i s  n o t  
n e a r l y  as time-consuming. 
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The p resen t  study was undertaken t o  develop t h e  above r e l a t i o n s h i p s .  In 
add i t ion ,  d a t a  were c o l l e c t e d  t o  d e s c r i b e  growth cu rves  and t o  determine t h e  
v a r i a b i l i t y  of S. growth i n d i c e s  and above- and belowground biomass 
w i t h i n  a n d  b e t w e e n  t h e  F r a s e r  a n d  S k a g i t - S t i l l a g u a m i s h  e s t u a r i e s .  
2. i s  t h e  f o c u s  of a t t e n t i o n  b e c a u s e  o t  i t s  i m p o r t a n c e  as t h e  
p r e f e r r e d  food of Snow Geese. Also, because i t s  d i s t r i b u t i o n  and t h a t  of t h e  
win te r ing  geese co inc ide ,  a. may be a good i n d i c a t o r  of t he  impact 
Snow Geese a r e  having on t h e  e n t i r e  fo re shore  marsh and i t s  a s soc ia t ed  p l a n t  
communities. 

2. Hethods 

2.1 Data Collection 

Three t r a n s e c t s  were e s t a b l i s h e d  through p u r e  s t ands  of 2. americanus on 
t h e  F r a s e r  E s t u a r y  ( F i g u r e  1). The R e i f e l  Refuge  and Brunswick  P o i n t  
t r a n s e c t s  were a l i g n e d  i n  a s o u t h w e s t  t o  n o r t h e a s t  d i r e c t i o n ,  a l m o s t  
perpendicular  t o  t h e  dyke, whereas t h e  L u l u  I s l a n d  t r a n s e c t  was a l igned  n o r t h  
t o  south,  paral le l  t o  t h e  dyke. Those a l ignmen t s  r e f l e c t  t h e  width o t  t h e  s. 
americanus zone a t  each t r a n s e c t .  

Eight semi-permanent p l o t s ,  divided i n t o  f o u r  pa i r s ,  were d e l i n e a t e d  w i t h  
wooden s t a k e s  along each t r a n s e c t  w i t h  approximately 50 m i n t e r v a l s  between 
p a i r s .  The d i m e n s i o n s  of e a c h  t r a n s e c t  were a p p r o x i m a t e l y  150  m ( l o n g )  by 
25 m (wide). Surveys were conducted every two weeks t o  c o i n c i d e  w i t h  d a y l i g h t  
low t i d e  c y c l e s  f rom mid-May t o  e a r l y  Augus t  1987. During s u r v e y s  2 t o  6, 
t h r e e  r andomly  s e l e c t e d ,  25 cm by 25 cm q u a d r a t s  were sampled  non- 
d e s t r u c t i v e l y  a t  e a c h  p l o t  t o r  a t o t a l  of 2 4  q u a d r a t s  per  t r a n s e c t .  Each 
quadrat  was loca ted  using a combination of two "over-the-shoulder" t o s s e s  of a 
p e n c i l .  The q u a d r a t s  were g e n e r a l l y  w i t h i n  10 m of t h e i r  a s s o c i a t e d  p l o t  
markers. The fo l lowing  p l a n t  d a t a  were c o l l e c t e d  from each quadrat :  number of 
l i v e  and a e a d  stems; mean t o t a l  (Le.  l i v e  p l u s  dead p o r t i o n )  l e n g t h  of 1 0  
random, l i v e  stems; maximum t o t a l  s tem l e n g t h ;  and t h e  number of s tems 
support ing seedheads. If  l e s s  than 10 stems were p r e s e n t  i n  a quadrat ,  stems 
c l o s e s t  t o  i t  were measu red  f o r  l e n g t h .  A stem was c o n s i d e r e d  dead i f  i t  
lacked any g reen  colour. Also, r e s i d u a l  s u r f a c e  water s a l i n i t y  was measured 
from depres s ions  i n  t h e  marsh p l a t fo rm,  using a hand-held r e f r ac tomete r .  

During t h e  t i r s t  survey, only two random quadra t s  p e r  p l o t  were sampled, 
as above. During t h e  las t  ( o r  seventh) survey, two random q u a d r a t s  p e r  p l o t  
were sampled  u s i n g  a d e s  t r u c t i v e  t e c h n i q u e ;  t h a t  i s ,  a l l  aboveground p l a n t  
m a t e r i a l  was c l i p p e d  a t  t h e  s u b s t r a t e  s u r f a c e  and two 12.5 cm d i a m e t e r  by 
30 cm long s u b s t r a t e  c o r e s  were excavated. The c o r e s  were loca ted  d i agona l ly  
ad jacen t  t o  one another. They were taken using a metal p ipe  s e r r a t e d  a t  i t s  
c u t t i n g  edge. A 30 cm c o r e  l eng th  was used because i t  held more than 95% of 
t h e  t o t a l  l i v e  rhizome biomass during a previous sampling e f f o r t  (unpublished 
d a t a ) .  A l s o ,  e x c e p t  f o r  c o n s i d e r a b l e  r o o t  b i o m a s s  a t  L u l u  I s l a n d  and some 
r o o t  and r h i z o m e  b i o m a s s  w i t h i n  h i g h  stem d e n s i t y  z o n e s  a t  R e i f e l  Refuge,  
l i t t l e  belowground p l a n t  material was p r e s e n t  below 30 cm i n  t h e  m a j o r i t y  of 
c o r e  ho le s  excavated du r ing  survey 7. 
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The above s a m p l e s  were f r o z e n  u n t i l  t h e y  c o u l d  b e  p r o c e s s e d .  A t  t h a t  
t i m e ,  t h e  aboveground m a t e r i a l  was s o r t e d  i n t o  l i v e  and dead s tems and each 
l i v e  stem was measured  f o r  b a s a l  d i a m e t e r ,  l i v e  p o r t i o n  l e n g t h ,  and t o t a l  
l eng th  ( l i v e  p l u s  dead port ions) .  A l l  stems were thoroughly washed, d r i e d  i n  
a f o r c e d - a i r  oven t o r  24 h o u r s  a t  100°C, and weighed  t o  t h e  n e a r e s t  0.001 g. 
The belowground m a t e r i a l  was s p l i t  i n t o  top 15  cm and bottom 15  cm subsamples, 
hand-massaged and spray-rinsed over a 0.5 mm mesh screen,  s o r t e d  i n t o  l i v e  and 
dead r h i z o m e s ,  r o o t s ,  and m i s c e l l a n e o u s  p l a n t  m a t e r i a l ,  and t h e n  d r i e d  and 
weighed as  above. F i n a l  r e s u l t s  f o r  aboveground biomass v a l u e s  were expressed 
on g quadrat-’ and g m-2 bases. Belowground biomass va lues  were expressed on 
g core” and g m-2 bases. 

Timing f o r  t h e  d e s t r u c t i v e  s a m p l i n g  was p l anned  t o  c o i n c i d e  w i t h  peak 
s t e m  length,  s i n c e  i t  was thought t o  be a reasonably good po in t  on t h e  growth 
c u r v e  a t  which  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p s  b e t w e e n  g r o w t h  i n d i c e s  and 
b iomass .  A f t e r  e a c h  s u r v e y ,  mean and maximum stem l e n g t h s  were  p l o t t e d  
a g a i n s t  date .  When i t  a p p e a r e d  t h a t  peak l e n g t h s  w e r e  b e i n g  a p p r o a c h e d ,  a 
d e c i s i o n  was made t o  proceed w i t h  t h e  d e s t r u c t i v e  technique during t h e  next  
d a y l i g h t  low t i d e  c y c l e  (survey 7). 

Al though  t h e  above q u a d r a t s  a t  e a c h  semi -pe rmanen t  p l o t  w e r e  l o c a t e d  
r andomly ,  t h e  p l o t  m a r k e r s  t h e m s e l v e s  were no t .  They were a r r a n g e d  i n  
r e l a t i v e l y  s t r a i g h t  l i n e s  about 50 m apar t  f o r  ease of r e l o c a t i n g  them during 
peak growth. Their exact  p o s i t i o n i n g  was b i a sed  away from f e a t u r e s  such as 
depres s ions ,  channels,  and hummocks. During surveys 1 and 7 ,  non-destructive 
p l a n t  d a t a  were c o l l e c t e d  from two quadra t s  pos i t i oned  side-by-side a t  each 
p l o t  marke r .  During s u r v e y s  2 t o  6 ,  o n l y  one  o t  t h o s e  q u a d r a t s  p e r  p l o t  
( c o n s i s t e n t l y  t h e  same one) was used. The r e s u l t i n g  d a t a  on i n d i v i d u a l  s t e m  
l e n g t h s  w e r e  used t o  h e l p  e v a l u a t e  c h a n g e s  i n  s t e m  d e n s i t y  by p l o t t i n g  
f r e q u e n c y  h i s t o g r a m s .  A l s o ,  p l a n t  g r o w t h  i n  t h e  a d j a c e n t  q u a d r a t s  were 
compared b e t w e e n  s u r v e y  1 and s u r v e y  7 t o  assess  h a n d l i n g  e f f e c t s  ( i .e.  t h e  
impact of measuring t h e  same p l o t s  every two weeks). F i n a l l y ,  t h e  non-random 
p l a n t  da ta  were compared w i t h  t h e  randomly c o l l e c t e d  d a t a  t o  a s s e s s  p o t e n t i a l  
g r o w t h  and p a t c h i n e s s  a t  e a c h  t r a n s e c t .  Wire m a t  e x c l o s u r e s  (1.25 x 2.5 m;  
mesh s i ze=5  x 5 cm) were placed f l a t  over t h e  non-random p l o t s  i n  September 
1987; t h e  p l o t s  w i l l  b e  monitored annual ly  t o  determine t h e  maximum p o t e n t i a l  
growth of S. m r i c a w  wi thou t  t h e  d i r e c t  e f f e c t  of goose o r  swan grazing on 
rhizome material. 

The non-destructive sampling technique was conducted along two t r a n s e c t s  
on two d i f f e r e n t  d a t e s  i n  t h e  Skagi t -St i l laguamish Estuary (Figure 2). Each 
t r a n s e c t  c o n t a i n e d  e i g h t  p l o t s ,  g rouped  i n  p a i r s  a p p r o x i m a t e l y  50 m a p a r t ,  
e x c e p t  t h e  n o r t h  t r a n s e c t  d u r i n g  t h e  f i r s t  s u r v e y  wh ich  c o n t a i n e d  1 2  p l o t s .  
Four random quadra t s  were sampled a t  each plot .  

2.2 Data Analysis 

The S. americanus d a t a  were summarized by t h e  e n t i r e  F r a s e r  E s t u a r y  (Le. 
a l l  t r a n s e c t  d a t a  p o o l e d )  and by i n d i v i d u a l  t r a n s e c t .  Aboveground g r o w t h  
i n d i c e s  were p l o t t e d  a g a i n s t  d a t e  t o  d e s c r i b e  changes over t h e  growlng season. 
Non-pa rame t r i c  ( K r u s k a l l - W a l l i s )  One-way ANOVAs i n  c o n j u n c t i o n  w i t h  non- 
parametr ic  m u l t i p l e  range tes ts  were used t o  de t e rmine  s t a t i s t i c a l  d i f f e r e n c e s  
b e t w e e n  t r a n s e c t s  f o r  t h e  aboveground i n d i c e s .  P a r a m e t r i c  P a i r e d - s a m p l e  
T t e s t s  and One-way ANOVAs were used t o  d e t e r m i n e  t h e  d i f f e r e n c e s  i n  
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belowground ind ices  between t h e  t o p  and bottom c o r e  subsamples and d i f f e r e n c e s  
b e t w e e n  t r a n s e c t s ,  r e s p e c t i v e l y .  M u l t i p l e  r e g r e s s i o n  a n a l y s i s  was used  t o  
d e t e r m i n e  t h e  r e l a t i o n s h i p s  b e t w e e n  s e l e c t e d  growth ind ices  and above- and 
belowground biomass. The S t a t i s t i c a l  Package f o r  Soc ia l  Sciences (SPSS:X) was 
used  f o r  mos t  of t h e  above  a n a l y s e s .  A s i g n i f i c a n c e  l e v e l  of 5 %  was c h o s e n  
p r i o r  t o  analyses.  

3. Results 

Because t h i s  r e p o r t  is l a r g e l y  "descr ip t ive"  i n  na tu re ,  some r e p e t i t i o n  
was n e c e s s a r y  i n  t h e  p r e s e n t a t i o n  of t h e  r e s u l t s .  Most of t h e  i n f o r m a t i o n ,  
including t h e  means, s tandard  e r r o r s ,  sample s i z e s ,  and resu l t s  of s t a t i s t i c a l  
t e s t s ,  a r e  p r e s e n t e d  i n  t h e  t a b l e s .  The f i g u r e s  summar ize  t h e  d a t a  f o r  t h e  
F r a s e r  E s t u a r y  and show d i f f e r e n c e s  i n  mean va lues  between t r ansec t s .  

3.1 E.  Growth Patterns and Variation B e t w e e n  Transects on 
the Fra8er Estuary 

3.1 -1 Aboveground Indices 

With  r e s p e c t  t o  t h e  e n t i r e  F r a s e r  E s t u a r y  (Le .  a l l  t r a n s e c t  d a t a  
p o o l e d ) ,  S. am- stem d e n s i t y  ( l i v e  s tems o n l y )  i n c r e a s e d  s t e a d i l y  
throughout t h e  summer,  from 35.0 stems quadrat'l (562 stems mm2) on 13-19 May, 
t o  a h i g h  of 61.2 stems quadra t ' l  (979 stems m-2> on 7-9 J u l y  ( F i g u r e  3 ;  
Table 1). Density then  dec l ined  by 41% t o  36.2 stems quadrat'l (579 stems m-2) 
by t h e  l a s t  s u r v e y ,  5-7 August.  The m a x i m u m  r a t e  of i n c r e a s e  (0.9 stems 
quadra t ' l  day'l (14 stems m-2 day'l)) o c c u r r e d  b e t w e e n  22-24 J u n e  and 7- 
9 July.  The maximum rate  of decrease  (1.1 stems quadrats1 day'' (17 stems m-2 
day'l)) occurred between 21-23 J u l y  and 5-7 August. 

Stem d e n s i t y  a t  e a c h  t r a n s e c t  v a r i e d  s i m i l a r l y  ( F i g u r e  3 ;  T a b l e  1). 
Peaks were reached on o r  n e a r  7-9 J u l y  and d e c l i n e s  occurred soon a f t e r .  No 
d i s c r e t e  e r u p t i o n s  of  new s h o o t s  were a p p a r e n t  o v e r  t h e  summer. A f t e r  t h e  
main cohor t  o t  stems i n i t i a t e d  growth i n  e a r l y  May, new stems were added a t  a 
r e l a t i v e l y  low b u t  cons t an t  ra te  u n t i l  7-9 July.  That i s  c l e a r l y  demonstrated 
by t h e  frequency his togram p l o t s  of i nd iv idua l  s t e m  l eng ths  measured i n  t h e  
non-random quadra t s  (F igures  4 t o  6). Those same quadra ts  (n=8 p e r  t r a n s e c t )  
were sampled  e v e r y  two weeks.  R e i f e l  Refuge and Brunswick  P o i n t  had 
a p p r o x i m a t e l y  2% new stems (<lo cm) i n  s u r v e y s  3 t h r o u g h  5 ,  8-10 J u n e  t o  7-  
9 July.  L u l u  I s l and  had h ighe r  propor t ions  of new stems during those surveys 
(about  10%). R e i f e l  Refuge and Brunswick Po in t  had no o r  very few new stems 
a f t e r  7-9 J u l y ,  w h e r e a s  L u l u  I s l a n d  s u p p o r t e d  h i g h e r  numbers  of  new stems 
u n t i l  5-7 August. The d e c l i n e s  i n  s t e m  d e n s i t y  (25, 44, and 51% from 7 - 9  J u l y  
t o  5-7 A u g u s t  t o r  R e i f e l  R e f u g e ,  L u l u  I s l a n d ,  a n d  B r u n s w i c k  P o i n t ,  
r e spec t ive ly )  were due t o  t h e  loss o r  b u r i a l  of o l d e r  stems (d iscussed  below). 

Brunswick Poin t  experienced t h e  h ighes t  rates o t  i n c r e a s e  and decrease  i n  
s t e m  d e n s i t y  (1.5 and 1.5 stems q u a d r a t - I  day'l ( o r  24  and 24 stems m'2 
day' l) ,  r e s p e c t i v e l y )  f o l l o w e d  by L u l u  I s l a n d  (0.9 and 1.2 ( o r  14  and 191, 
r e s p e c t i v e l y ) .  R e i f e l  Refuge  had t h e  l o w e s t  r a t e s  (0.5 and 0.5 ( o r  8 and 81, 
r e s p e c t i v e l y ) .  The h i g h e s t  r a t e s  of i n c r e a s e  f o r  Brunswick  P o i n t  and L u l u  
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I s land  were achieved between 23-24 June and 8-9 J u l y  whereas f o r  Re i f e l  Refuge 
it  occurred e a r l i e r ,  between 8 June and 22 June. 

A l though  t h e r e  was a t r e n d  of h i g h e s t  s t e m  d e n s i t i e s  a t  L u l u  I s l a n d  
throughout t h e  summer,  t h e  non-paramet r ic  One-way ANOVA s u g g e s t e d  o n l y  two 
d i f f e r e n c e s  a c r o s s  t r a n s e c t s  a t  t h e  5% l e v e l  of s i g n i f i c a n c e  (P<O.010 and 
P<0.050 f o r  s u r v e y s  2 and 4 ,  r e s p e c t i v e l y ;  T a b l e  1). S t e m  d e n s i t i e s  were 
s imi la r  f o r  a l l  o t h e r  surveys. 

The t r a n s e c t s  on t h e  Skagi t -St i l laguamish E s t u a r y  had a. americanus s t e m  
d e n s i t i e s  t h a t  were cons iderably  l o w e r  t h a n  t h o s e  r e p o r t e d  above  ( T a b l e  2). 
Transect  A reached only 3.3% whereas t r a n s e c t  B reached 41.9% of the  o v e r a l l  
va lues  f o r  t h e  F rase r  Estuary dur ing  survey 6 ,  21-23 July.  

L 

Over t h e  e n t i r e  F r a s e r  E s t u a r y ,  2. alp- mean s tem l e n g t h  ( l i v e  
stems o n l y ;  t o t a l  l e n g t h )  i n c r e a s e d  f r o m  10.2 c m  on 13-19 May t o  59.1 cm on 
21-23 J u l y  and t h e n  d e c l i n e d  t o  55.7 cm by 5-7 August  ( F i g u r e  7 ;  T a b l e  3) .  
The m a x i m u m  r a t e  of i nc rease  (1.2 cm day'l) occurred between 8-10 June and 22- 
24 June.  

Growth curves were c l e a r l y  d i f f e r e n t  f o r  t h e  t h r e e  t r a n s e c t s  (Figure 7; 
Table 3). L u l u  I s l a n d  had much l o w e r  s tem l e n g t h s  t h a n  t h e  o t h e r  t r a n s e c t s  
throughout t he  summer ,  except during t h e  l as t  survey, 5-7 August. I t s  h ighes t  
r a t e  of s t e m  g r o w t h  was 0.7 cm day'l, o c c u r r i n g  be tween  9 J u n e  and 23 June.  
Tha t  c o i n c i d e d  w i t h  t h e  same p e r i o d  of maximum s t e m  g r o w t h  f o r  t h e  o t h e r  
t r a n s e c t s ,  however  Brunswick  P o i n t  r e a c h e d  1.2 cm day-l  and R e i f e l  Refuge 
a t t a i n e d  1.5 cm day'l, rates t h a t  were 1.7 and 2.2 times g r e a t e r  than t h a t  a t  
L u l u  I s l and ,  respec t ive ly .  

Brunswick  P o i n t  and R e i f e l  Refuge had s i m i l a r  g r o w t h  p a t t e r n s  u n t i l  
8-10 June a f t e r  which they diverged cons iderably ,  w i t h  R e i f e l  Refuge a t t a i n i n g  
h i g h e r  mean stem l e n g t h s  t o r  t h e  r e m a i n d e r  of t h e  s u r v e y  pe r iod .  A l l  
t r a n s e c t s  appeared t o  reach  peak s t e m  l eng th  by 5-7 August and poss ib ly  even 
by 21-23 July.  

The above t r e n d s  were s u p p o r t e d  by t h e  n o n - p a r a m e t r i c  One-way ANOVA 
(Table  3). From 25-27 May t o  21-23 J u l y ,  L u l u  I s l a n d  mean s t e m  l e n g t h  was 
less than t h a t  t o r  t h e  o t h e r  t r a n s e c t s  ( P < O . O O l ) .  Rei fe l  Refuge experienced a 
g r e a t e r  mean stem l e n g t h  t h a n  Brunswick  P o i n t  f r o m  7-9 J u l y  t o  5-7 August  
( P < O . O O l ) .  One a p p a r e n t  anomaly was t h e  c o n s i d e r a b l e  d e c r e a s e  i n  mean s t e m  
l eng th  a t  Brunswick Poin t  from 21-23 J u l y  t o  5-7 August (d i scussed  below). 

Data c o l l e c t e d  from t h e  two t r a n s e c t s  on t h e  Skagi t -St i l laguamish Estuary 
(Table  21, p a r t i c u l a r l y  f r o m  t r a n s e c t  B,  s u g g e s t e d  a s i m i l a r  S. 3m- 
g r o w t h  p a t t e r n  t o  t h e  F r a s e r  E s t u a r y  L u l u  I s l a n d  t r a n s e c t .  T r a n s e c t  A 
achieved an even lower mean s t e m  length.  
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Maximum and mean E. an- stem l e n g t h s  ( l i v e  stems o n l y ;  t o t a l  
l e n g t h s )  were h i g h l y  c o r r e l a t e d  f o r  t h e  n o n - d e s t r u c t i v e  s a m p l e s  ( P e a r s o n  
c o r r e l a t i o n  c o e f f i c i e n t  Rz0.936; P < O . O O l ;  n=408) and f o r  t h e  d e s t r u c t i v e  
samples  (R=0.968; P<O.OOl; ~ 4 8 ) .  It i s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  t hose  
two s t e m  l eng th  parameters  followed t h e  same p a t t e r n  and experienced t h e  same 
r e l a t i v e  v a r i a b i l i t y  f o r  bo th  t h e  F r a s e r  and S k a g i t - S t i l l a g u a m i s h  e s t u a r i e s  
( F i g u r e  8 ;  T a b l e  4 ) .  

The percentage of S. americanue s t e m s  con ta in ing  seedheads ( l i v e  stems 
only) i nc reased  from 4.4% dur ing  13-19 May t o  a peak of 32.5% dur ing  7-9 J u l y  
and t h e n  d e c l i n e d  t o  24.9% by 5-7 August ,  on a n  e n t i r e  e s t u a r y  b a s i s  
(F igu re  9; Table 5). The i n c r e a s e  corresponded t o  stem growth and ma tu ra t ion  
whereas t h e  decrease was a s s o c i a t e d  w i t h  t h e  senescence and loss o r  b u r i a l  of 
o lde r ,  seed-bearing stems from t h e  s t and ing  crop. 

On an  i n d i v i d u a l  t r a n s e c t  b a s i s ,  L u l u  I s l a n d  t e n d e d  t o  have a l o w e r  
percentage of stems con ta in ing  seeds b u t  t h e  d i f f e r e n c e s  were (gene ra l ly )  n o t  
s i g n i f i c a n t  a t  t h e  5% l e v e l  ( F i g u r e  9; T a b l e  5).  Survey 6 ,  21-23 J u l y ,  was 
t h e  o n l y  o c c a s i o n  i n  w h i c h  L u l u  I s l a n d  was d i f f e r e n t  ( f r o m  R e i f e l  Refuge) 
(P<0.050). 

The number of dead S. a~l-pya stems r e c o r d e d  p e r  q u a d r a t  i n c r e a s e d  
from n i l  o r  very few dur ing  t h e  f i r s t  f i v e  surveys (13-19 May t o  7-9 Ju ly )  t o  
4.3 ( 6 9  s t e m s  m-2> by s u r v e y  7 (5-7 Augus t ) ,  on a n  e s t u a r y - w i d e  b a s i s  
(Table  6) .  F o r  s u r v e y  7 ,  t h a t  r e p r e s e n t e d  5.6% of t h e  t o t a l  number of l i v e  
p l u s  dead stems p r e s e n t .  M o r t a l i t i e s  of 1.7 ,  5.4, and 5.7 stems quadra t ' l  
(27 ,  86, and 91 sterns m-2) were r e c o r d e d  d u r i n g  s u r v e y  7 a t  R e i f e l  Refuge,  
L u l u  I s l a n d ,  and B r u n s w i c k  P o i n t ,  r e s p e c t i v e l y  ( T a b l e  6 ) .  Those numbers  
corresponded t o  3.2, 6.9, and 6.8% of t h e  t o t a l  number of l i v e  p l u s  dead stems 
p r e s e n t  a t  each t r a n s e c t .  The above percentages,  i n  t u rn ,  were s m a l l  compared 
t o  t h e  d e c l i n e s  a l r eady  noted i n  stem d e n s i t i e s  from 7-9 J u l y  t o  5-7 August. 
It appears t h a t ,  even b e f o r e  reaching peak l eng th ,  stems began t h e i r  senescent  
p h a s e  ( f r o m  t h e  t o p  down). Once n e a r l y  o r  c o m p l e t e l y  w i t h o u t  g r e e n  g r o w t h ,  
they were broken by t i d e  and wave a c t i o n  and many were subsequently bu r i ed  o r  
washed o u t  of t h e  marsh a l toge the r .  

The loss of stems a t  Brunswick  P o i n t  by s u r v e y  7 d e s e r v e s  s p e c i a l  
a t t e n t i o n .  Dur ing  t h a t  s u r v e y ,  mats  of f i l a m e n t o u s  a l g a e  were o b s e r v e d  t o  
cover  l a r g e  areas of t h e  t r ansec t .  The a l g a e  held back receding t i d a l  water, 
thereby submerging and water-logging t h e  S. amnricanua stems, causing them t o  
become b r i t t l e  and e a s i l y  broken.  T h a t  o b e e r v a t i o n  was s u b s t a n t i a t e d  by a 
comparison of t h e  p ropor t ion  of broken stems counted du r ing  processing f o r  t h e  
d e s t r u c t i v e  technique. Brunsw i c k  Po in t  had 13.3% broken stems whereas R e i f e l  
Refuge had only 6.5% and L u l u  I s l and  9.2%. Therefore,  n o t  only d i d  Brunswick 
P o i n t  have  p r o p o r t i o n a l l y  more stems l o s t  f r o m  t h e  s y s t e m  t h a n  t h e  o t h e r  
t r a n s e c t s  by survey 7 ,  i t  a l s o  had stems miss ing  p r o p o r t i o n a l l y  more length. 
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Mats of a l g a e  in c o m b i n a t i o n  w i t h  s a l i n i t y  s t r e s s  c o u l d  have c a u s e d  t h o s e  
d i f f e r e n c e s  a t  Brunswick Point. 

Re i f e l  Refuge had fewer stem m o r t a l i t i e s  than t h e  o t h e r  t r a n s e c t s  on both 
survey 6 (P<O.OOl) and s u r v e y  7 (P<O.OOl) ( T a b l e  6). I t s  m o r t a l i t i e s  were 
only 21 and 16% of those encountered during 21-23 J u l y  and only 32 and 30% of 
t h o s e  d u r i n g  5-7 August a t  L u l u  I s l a n d  and Brunswick  P o i n t ,  r e s p e c t i v e l y .  

Those t r a n s e c t  d i f f e r e n c e s  were r e f l e c t e d  i n  t h e  s t e m  d e n s i t y  d e c l i n e s  between 
7-9 J u l y  and 5-7 August. 

i t i o n a l  P l a n t  Ind* . .  

During t h e  l a s t  s u r v e y ,  R e i f e l  Refuge was d i f f e r e n t  f rom t h e  o t h e r  
t r a n s e c t s  f o r  seven of t e n  i n d i c e s  and i t  was d i f f e r e n t  from Brunswick Point  
f o r  two of t h e  r e m a i n i n g  t h r e e  i n d i c e s  ( T a b l e  7) .  In f a c t ,  S. 
s t e m s  g r o w i n g  a t  R e i f e l  Refuge were  l o n g e r  (P<O.OOl), had g r e a t e r  b a s a l  
d i a m e t e r s  (P<O.OOl), and w e r e  ( t h e r e f o r e )  h e a v i e r  (P<O.OOl) t h a n  stems 
growing a t  t he  o t h e r  t r a n s e c t s .  S t e m  biomass ( l i v e  and t o t a l )  was a l s o  higher  
a t  R e i f e l  Refuge but  t h e  d i f f e r e n c e  was only s i g n i f i c a n t  w i t h  r e spec t  t o  L u l u  
I s l a n d  (P<0.025). Stem d e n s i t y  was t h e  only i n d e x  n o t  d i f f e r e n t  a c r o s s  
t r a n s e c  t s ( P >0.250). 

Resu l t s  tor t h e  l a s t  s u r v e y  (5-7 August)  a t  Brunswick  P o i n t  m u s t  b e  
i n t e r p r e t e d  w i t h  caution. A s  noted, t h a t  t r a n s e c t  experienced reduced stem 
d e n s i t i e s  and stem leng ths  a t  t h a t  t i m e  which were out of c h a r a c t e r  i n  terms 
of t h e  previous s i x  surveys. 

3.1.2 Belawground Indicee 

-us B o t w  Subs- 

W i t h  r e s p e c t  t o  t h e  e n t i r e  F r a s e r  E s t u a r y  ( i . e .  a l l  t r a n s e c t s  
a m a l g a m a t e d ) ,  a l l  E. be lowground  i n d i c e s ,  e x c e p t  l i v e  and t o t a l  
rhizome biomass, were g r e a t e r  i n  t h e  t o p  c o r e  subsamples (P<O.OOl) (Table 8). 
Excep t  f o r  t o t a l  r h i z o m e s  p l u s  r o o t s ,  t h e  same top -bo t tom d i f f e r e n c e s  were 
apparent  a t  Re i f e l  Refuge and Brunswick Po in t  (Tables 9 t o  11). The top  c o r e  
s u b s a m p l e s  had g r e a t e r  b i o m a s s  v a l u e s  f o r  a l l  i n d i c e s ,  i n c l u d i n g  l i v e  and 

’ t o t a l  rhizomes (P4.004 and P-0.019, r e s p e c t i v e l y ) ,  a t  L u l u  Island. 

The t o p  and b o t t o m  c o r e  s u b s a m p l e s  were f a i r l y  h i g h l y  c o r r e l a t e d  
(R=0.759; P < O . O O l ;  n=96), i n  s p i t e  of t h e  f a c t  t h a t  t h e  t o p  s u b s a m p l e s  would 
h a v e  b e e n  unde r  p r o p o r t i o n a l l y  more g r a z i n g  p r e s s u r e  f r o m  g e e s e  and swans. 
A l so ,  t h e  d i f f e r e n c e  b e t w e e n  t o p  and b o t t o m  c o r e s  w i t h  r e s p e c t  t o  r h i z o m e  
biomass would l i k e l y  have been s i g n i f i c a n t  i n  t h e  absence of grazing;  i n  o t h e r  
words, p o t e n t i a l  rhizome biomass i s  probably h ighe r  i n  t h e  t o p  15 cm s u b s t r a t e  
layer. 
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Differences Across Tr- 

When t h e  top  and bottom c o r e  subsamples were added and t h e  two c o r e s  p e r  
quadra t  averaged (Table 121, l i v e  rhizome biomass d i d  n o t  vary (P=O.861) from 
t r a n s e c t  t o  t r a n s e c t  (x'12.589, 2.165 and 2.378 g core"  f o r  R e i f e l  Refuge,  
L u l u  I s l and ,  and Brunswick Point ,  r e spec t ive ly ) .  Root biomass a t  L u l u  I s l a n d  
(Z=10.764 g core ' l )  and a t  R e i f e l  Refuge (Z-88.274 core ' l )  were h i g h e r  
( P < O . O O l )  t h a n  a t  Brunswick  P o i n t  (ir'=4.632 g core-!) .  S i m i l a r l y ,  t o t a l  
rhizome p l u s  r o o t  biomass and t o t a l  belowground p l a n t  biomass were h ighes t  a t  
L u l u  I s l a n d  f o l l o w e d  by R e i f e l  Refuge and t h e n  Brunswick  Point; o n l y  Lu lu  
I s l and  and Brunswick Po in t  were d i f f e r e n t  (P=O.O11 and P10.014, r e s p e c t i v e l y ) ,  
however 

The b o t t o m  c o r e  s u b s a m p l e s  ( a v e r a g e d  f o r  e a c h  q u a d r a t )  v a r i e d  a c r o s s  
t r a n s e c t s  i n  e x a c t l y  t h e  same manner as above, t h e  only d i f f e r e n c e  being t h e  
magnitude of t h e  i n d i c e s  (Table 13). The t o p  c o r e  subsamples v a r i e d  s i m i l a r l y  
w i t h  t h e  e x c e p t i o n  of r o o t  b i o m a s s  ( T a b l e  14). The t h r e e  t r a n s e c t s  had 
d i f f e r e n t  r o o t  b i o m a s s  va lues  (P<O.OOl), a g a i n  w i t h  Lu lu  I s l a n d  h a v i n g  t h e  
h i g h e s t  va lue  followed by R e i f e l  Refuge and then  Brunswick Point. 

3.1.3 B i o u 8 8  and Ratios 

As noted, d i f f e r e n c e s  e x i s t e d  between t r a n s e c t s  w i t h  respect t o  above- 
and belowground biomass du r ing  5-7 August (Table  15). For t h e  former,  B e i f e l  
Refuge had h i g h e r  v a l u e s  t h a n  o n l y  B r u n s w i c k  P o i n t  (P<0.025). For  t h e  
l a t t e r ,  L u l u  I s l a n d  had h i g h e r  v a l u e s  t h a n  o n l y  Brunswick  P o i n t  (P-CO.025). 
D e s p i t e  those d i f f e r e n c e s ,  however, t o t a l  biomass d id  n o t  vary from t r a n s e c t  
t o  t r a n s e c t  (PX.050). L u l u  I s l and  had t h e  h i g h e s t  t o t a l  biomass 
(Z=1256 g m-2) f o l l o w e d  c l o s e l y  by R e i f e l  Refuge (Z=1181 g me2>  and t h e n  
Brunsw i c k  Point  (+768 g m-2>. 

Aboveground biomass was n o t  highly c o r r e l a t e d  w i t h  belowground biomass 
(R=0.539; P<O.OOl; n=48) o r  r o o t  b i o m a s s  (Rz0.367; P5O.OlO; n=48) b u t  i t  was 
r e l a t i v e l y  h i g h l y  c o r r e l a t e d  w i t h  l i v e  r h i z o m e  b i o m a s s  (R10.726; P < O . O O l ;  
11x48). The r a t i o  of above- t o  be lowground  b i o m a s s  was h i g h e r  (P<O.OOl) a t  
R e i f e l  Refuge  (x'=0.284) t h a n  a t  L u l u  I s l a n d  (X's0.122) and B r u n s w i c k  P o i n t  (x' 
~ 0 . 1 9 5 ) .  The same d i f f e r e n c e s  were a p p a r e n t  f o r  t h e  r a t i o  of aboveground 
b i o m a s s  t o  l i v e  r h i z o m e  b i o m a s s  (PC0.005). Those d i f f e r e n c e s  were probably 
d u e  more t o  t h e  h ighe r  aboveground biomass at R e i f e l  Refuge r a t h e r  t han  t o  i t s  
below ground b iomas 8. 

3.1.4 Patchine88 

Brunswick Po in t  was observed t o  have a "patchier" environment than t h e  
o t h e r  t r a n s e c t s .  I ts  p l a t f o r m  was p i t t e d  by depressions of v a r i o u s  s i z e s  and 
depths i n  which v e g e t a t i o n  was completely absen t  ( r e c e n t  Snow Goose or swan 
feeding c r a t e r s )  o r  s p a r s e  ( o l d e r ,  r e g e n e r a t i n g  craters). Those c r a t e r s  were 
o f t e n  ad jacen t  t o  very lu sh ,  dense clumps of S. -. By c o n t r a s t ,  t h e  
p l a n t  communities a t  L u l u  I s l a n d  and R e i f e l  Refuge were much more uniform i n  
appearance. 
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The above o b s e r v a t i o n s  were s u b s t a n t i a t e d  by a c o m p a r i s o n  of t h e  
c o e f f i c i e n t s  of v a r i a t i o n  (CV) of almost a l l  p l a n t  i n d i c e s  (except  percentage 
of s t e m s  w i t h  s e e d h e a d s  and s t e m  m o r t a l i t i e s  which  a r e  i n d e p e n d e n t  of 
topography). The most obvious index, s t e m  d e n s i t y  CV, was h ighe r  a t  Brunswick 
P o i n t  t h a n  a t  t h e  o t h e r  t r a n s e c t s  t h r o u g h o u t  t h e  e n t i r e  s u m m e r .  A t  peak 
d e n s i t y  (7-9 J u l y ) ,  Brunswick  Point 's  s t e m  d e n s i t y  CV was 88.5% compared t o  
66.1% a t  Re i f e l  Refuge and only 48.8% a t  L u l u  Island. During t h e  f i n a l  survey 
(5-7 Augus t ) ,  s t e m  d e n s i t y  CV was 108.0% a t  Brunswick  P o i n t ,  55.9% a t  R e i f e l  
Refuge, and 59.6% a t  L u l u  Island. 

Stems growing i n  c r a t e r s  were submerged under 5-10 cm of s tanding water 
a t  low t i d e .  They u s u a l l y  grew w i t h l i t t l e v i g o u r  compared  t o  stems on t h e  
h i g h e r ,  d r i e r  p o r t i o n s  of t h e  marsh  p l a t f o r m .  A s  a r e s u l t ,  stem l e n g t h  and 
b a s a l  d i a m e t e r  CVs i n c r e a s e d  w i t h  t h e  number and d i s t r i b u t i o n  of c r a t e r s  
present.  Mean s t e m  l eng th  CV was h ighe r  a t  Brunswick Po in t  t han  a t  t h e  o t h e r  
t r a n s e c t s  throughout t h e  summer. Dur ing  t h e  l a s t  s u r v e y  (5-7 Augus t ) ,  mean 
stem leng th  CV was 44.6% a t  Brunswick Po in t ,  13.5% a t  R e i f e l  Refuge, and 13.9% 
a t  L u l u  I s l a n d .  Maximum stem l e n g t h  CV f o l l o w e d  t h e  same p a t t e r n .  A l s o  
during t h e  last  survey, stem b a s a l  d i ame te r  CV was 38.7% a t  Brunswick Po in t ,  
9.5% a t  R e i f e l  Refuge, and 12.9% a t  L u l u  Island. 

S i m i l a r  d i f f e r e n c e s  between t r a n s e c t s  were p resen t  w i t h  r e spec t  t o  above- 
and belowground biomass values.  During t h e  l a s t  survey, l i v e  s t e m  biomass CV 
w a s  128.3% a t  Brunswick  P o i n t ,  61.4% a t  R e i f e l  Refuge,  and 59.4% a t  L u l u  
I s l and ;  l i v e  rhizome biomass CV was 122.5% a t  Brunswick Point ,  70.1% a t  R e i f e l  
Refuge,  and 74.6% a t  L u l u  I s l a n d ;  f i n a l l y ,  r o o t  b i o m a s s  CV was 73.9% a t  
Brunswick Po in t ,  48.8% a t  R e i f e l  Refuge, and 43.2% a t  L u l u  Island. 

A c o m p a r i s o n  of t h e  p l a n t  d a t a  c o l l e c t e d  i n  t h e  random v e r s u s  t h e  non- 
random q u a d r a t s  a l s o  s u b s t a n t i a t e d  t h e  g r e a t e r  d e g r e e  of p a t c h i n e s s  a t  
Brunswick Po in t  (Figures  10 t o  12; Table 16). Not only were stem d e n s i t y  and 
stem l e n g t h  va lues  g r e a t e r  i n  t h e  non-random q u a d r a t s  ( a  r e s u l t  of p l o t  
l o c a t i o n  s e l e c t i o n  away f rom t o p o g r a p h i c  i r r e g u l a r i t i e s ) ,  t h e  . d i f f e r e n c e s  
b e t w e e n  t h e  random and  non-random q u a d r a t s  were much g r e a t e r  a t  Brunswick  
Point  than a t  t h e  o t h e r  t r a n s e c t s .  

3.1 .5 Potential Grwth 

R e s u l t s  p r e s e n t e d  above r e p r e s e n t e d  c u r r e n t ,  mean v a l u e s  f o r  e a c h  
t r a n s e c t  based on a t  least  16 quadra t s  and, du r ing  most surveys,  24 quadrats.  
A s  i nd ica t ed ,  t h e  "patchier" t h e  p l a n t  growth a t  each t r a n s e c t ,  t h e  higher  t he  
v a r i a b i l i t y  f o r  some i n d i c e s  and c o n s e q u e n t l y  t h e  l o w e r  t h e i r  mean v a l u e s .  
The h i g h e s t  v a l u e s  a c h i e v e d ,  on t h e  o t h e r  hand,  would have  b e e n  more 
r e p r e s e n t a t i v e  of t h e  g r o w t h  p o t e n t i a l  of a. am- a t  e a c h  t r a n s e c t .  
Both  t h e  maximum va lue  and mean of t h e  f i v e  h i g h e s t  v a l u e s  ( t h e  number f i v e  
was a r b i t r a r i l y  chosen) suggested t h a t  Brunswick Point  had a p o t e n t i a l  s t e m  
d e n s i t y  t h a t  was a t  l e a s t  as  g r e a t  a s ,  i f  n o t  g r e a t e r  t h a n ,  t h a t  a t  R e i f e l  
Refuge and L u l u  I s l and  (Figure 13; Table 17). Of t h e  seven surveys,  Brunswick 
Point  had t h e  h ighes t  maximum va lues  f o r  f i v e  surveys and t h e  h ighes t  mean t o p  
f i v e  va lues  f o r  s i x  surveys,  resu l t s  t h a t  were very d i f f e r e n t  from t h e  o v e r a l l  
mean va lues  presented ear l ie r  (Figure 3; Table 1). 
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P o t e n t i a l  mean and maximum stem l e n g t h s  v a r i e d  a c r o s s  t r a n s e c t s  
t h r o u g h o u t  t h e  s u m m e r  i n  r o u g h l y  t h e  same manner  as  a c t u a l  stem l e n g t h s  
(F igu res  14 and 15; Table 17). R e i f e l  Refuge had t h e  h ighes t  maximum values 
and  mean t o p  f i v e  v a l u e s  of s t e m  l e n g t h s ,  L u l u  I s l a n d  had t h e  l o w e s t ,  and  
B r u n s w i c k  P o i n t  had v a l u e s  somewhere b e t w e e n  t h o s e  two. T h a t  t r e n d  was 
c o n s i s t e n t  f o r  a l l  o t h e r  aboveground i n d i c e s  d u r i n g  s u r v e y  7 ( T a b l e  18): 
m a x i m u m  s t e m  length,  mean s t e m  b a s a l  diameter ,  s t e m  biomass p e r  quadrat ,  and 
mean s t e m  b iomass .  Rhizome b i o m a s s  and  r o o t  b i o m a s s  d i d  n o t  f i t  t h e  same 
trend,  how ever. 

The g r e a t e r  p o t e n t i a l  s t e m  d e n s i t y  a t  B r u n s w i c k  P o i n t  was a l s o  
s u b s t a n t i a t e d  by an a n a l y s i s  of t h e  d a t a  c o l l e c t e d  i n  t h e  non-random quadra t s  
( F i g u r e  16). Brunswick  P o i n t  had t h e  h i g h e s t  stem d e n s i t y  va lues ,  R e i f e l  
Refuge had t h e  lowes t  va lues ,  and L u l u  I s l a n d  had va lues  between those two on 
a l l  surveys. P l o t s  of s t e m  l e n g t h  data c o l l e c t e d  i n  t h e  non-random quadra t s  
(F igu re  16) were s imilar  t o  those  f o r  t h e  p o t e n t i a l  va lues  presented above. 

3.1.6 Differences Within Each T m M e c t  

One-way ANOVAs f o r  each of t h e  major S. americanus above- and belowground 
i n d i c e s  measu red  d u r i n g  s u r v e y  7 s u g g e s t e d  t h a t  t h e r e  were n o  d i f f e r e n c e s  
between p l o t s  w i t h i n  each t r a n s e c t  (PN.050 i n  a l l  cases). Also, when ranked, 
t h e r e  were no obvious t r e n d s  i n  any of t h e  i n d i c e s  from h igh  marsh (Le. p l o t s  
n e a r e s t  t h e  dyke)  t o  low marsh  (i.e. p l o t s  f u r t h e s t  f r o m  t h e  dyke) f o r  t h e  
R e i f e l  Refuge and Brunswick Po in t  t r ansec t s .  The t r a n s e c t  a t  L u l u  I s l and  was 
n o t  considered i n  t h a t  las t  r e s p e c t  because it ran  paral le l  t o  t h e  dyke. 

3.2 Relationships Between Selected Indices and fi. B i a i a s s  

3 .2 -1 Abavegrouod B i t m a s 8  

A s  e x p e c t e d ,  many of t h e  g r o w t h  i n d i c e s  and b i o m a s s  va lues  d i s c u s s e d  
above were p o s i t i v e l y  c o r r e l a t e d  ( T a b l e s  1 9  and 20). However, s tepwise 
r e g r e s s i o n  a n a l y s i s  showed t h a t  s t e m  d e n s i t y  was c l e a r l y  t h e  b e s t  p r e d i c t o r  of 
S. americanus aboveground biomaes, bo th  l i ve  and t o t a l  ( l i ve  p l u s  dead) stem 
b i o m a s s  ( T a b l e  21). S tem d e n s i t y  was t h e  f i r s t  v a r i a b l e  e n t e r e d  i n t o  t h e  
r e g r e s s i o n  e q u a t i o n s  i n  a l l  cases. V a r i o u s  f o r m s  of mean s t e m  l e n g t h  were 
next  i n  importance,  however mean stem l e n g t h  ( l ive  por t ion )  cubed was t h e  most 
c o n s i s t e n t  v a r i a b l e .  T h a t  l a s t  v a r i a b l e  was used  b e c a u s e ,  of a l l  t h e  
d i f f e r e n t  v a r i a b l e s  and d i f f e r e n t  powers of t hose  v a r i a b l e s  t e s t e d  ( a s i d e  from 
stem d e n s i t y ) ,  i t  p roduced  t h e  h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t  w i t h  s t e m  
biomas s. 

For consis tency,  r e g r e s s i o n s  were run a g a i n  using only stem d e n s i t y  and 
mean stem l e n g t h  ( l i v e  p o r t i o n )  cubed  as  i n d e p e n d e n t  v a r i a b l e s  ( T a b l e  22). 
Except f o r  t o t a l  stem biomass a t  L u l u  I s l a n d ,  bo th  v a r i a b l e s  were c o n s i s t e n t l y  
e n t e r e d  i n t o  t h e  f i n a l  r e g r e s s i o n  equat ions and they explained a t o t a l  of 91% 
of t h e  v a r i a n c e  i n  both F r a s e r  Estuary l ive and t o t a l  stem biomass (P<O.OOOl). 
By t r a n s e c t ,  they explained from 93 t o  96% of l i v e  stem biomass and from 91 t o  
98% of t o t a l  s t e m  b i o m a s s  (P<O.OOOl i n  b o t h  i n s t a n c e s ) .  R e i f e l  Refuge 
experienced t h e  h i g h e s t  unexplained v a r i a n c e  ( r e s i d u a l  s t anda rd  e r r o r )  whereas 
L u l u  I s l a n d  had t h e  lowes t  f o r  both biomass values. 
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I n  a r e l a t e d  s e t  of r e g r e s s i o n s ,  mean s t e m  l e n g t h  ( l i v e  p o r t i o n )  cubed 
and stem b a s a l  d i a m e t e r  were t h e  b e s t  p r e d i c t o r s  of mean stem b i o m a s s  
(Tables  23 and 24). Those v a r i a b l e s  explained a t o t a l  of 91% of the  va r i ance  
i n  both F r a s e r  Estuary mean l i v e  and mean t o t a l  stem biomass (P<O.OOOl). By 
t r a n s e c t ,  they explained from 80 t o  97% of t h e  mean l i v e  s t e m  biomass and from 
75 t o  90% of t h e  mean t o t a l  stem biomass (PCO.0001 i n  both instances) .  Again, 
t h e  h ighes t  unexplained va r i ance  was a t  R e i f e l  Refuge whereas t h e  lowes t  was 
a t  L u l u  I s l and  f o r  both biomass values. 

3 -2  -2  Belawground Biomass 

As w i t h  aboveground biomass, a number of p o s i t i v e  c o r r e l a t i o n s  e x i s t e d  
between p l a n t  i n d i c e s  and belowground biomass va lues  (Table 25). Few ind ices  
o t h e r  t h a n  stem d e n s i t y ,  however ,  were good,  c o n s i s t e n t  p r e d i c t o r s  of l i v e  
r h i z o m e ,  r o o t ,  and t o t a l  be lowground b i o m a s s  ( T a b l e  26). When r e g r e s s e d  
a l o n e ,  s t e m  d e n s i t y  a c c o u n t e d  f o r  77% of t h e  F r a s e r  E s t u a r y  l i v e  r h i z o m e  
b i o m a s s  (P<O.OOOl) and,  by t r a n s e c t ,  f r o m  73 t o  90% (P<O.OOOl) ( F i g u r e  1 7 ;  
Table 27). Brunsw i c k  P o i n t  e x p e r i e n c e d  t h e  h i g h e s t  u n e x p l a i n e d  v a r i a n c e  
w h e r e a s  R e i f e l  Refuge had t h e  l o w e s t .  R e g r e s s i o n  l i n e s  d e s c r i b i n g  t h e  
r e l a t i o n s h i p  between l i v e  rhizome biomass and stem d e n s i t y  were no t  d i f f e r e n t  
ac ross  t r a n s e c t s  (P=0.170). 

When analysed s e p a r a t e l y ,  l i v e  rhizome biomass i n  t h e  top  c o r e  subsamples 
(Le.  t h e  two subsamples averaged per  quadrat)  was c o r r e l a t e d  h ighe r  w i th  s t e m  
d e n s i t y  (Rz0.921; PCO.0001; n=48) than was rhizome biomass i n  t h e  bottom c o r e  
s u b s a m p l e s  (R=0.772; P<O.OOOl; n=48) o r  i n  t h e  e n t i r e  c o r e  ( i .e .  t h e  t o p  and 
b o t t o m  s u b s a m p l e s  added and t h e  two c o r e s  a v e r a g e d  p e r  q u a d r a t ;  Rz0.875; 
P<O.OOl; n=48) over t h e  e n t i r e  estuary.  Those d i f f e r e n c e s  may be explained by 
t h e  f a c t  t h a t  t h e  t o p  s u b s a m p l e s  had 15% g r e a t e r  r h i z o m e  b i o m a s s  t h a n  t h e  
bottom subsamples (again,  a lmost  d i f f e r e n t  a t  t he  5% l e v e l ;  PIo.057) and t h e  
upper s u b s t r a t e  was t h e r e f o r e  supporting p ropor t iona l ly  more stems. 

Stem d e n s i t y  d id  n o t  account f o r  n e a r l y  as much of t h e  va r i ance  i n  r o o t  
biomass o r  t o t a l  belowground biomass as i t  d i d  f o r  rhizome biomass. 

3 -3 Surf ace Salinities 

The e f f e c t  of t h e  F r a s e r  River f r e s h e t  w a s  apparent  on t h e  su r face  water 
s a l i n i t i e s  d u r i n g  22-24 J u n e  ( F i g u r e  18; T a b l e  28). O v e r a l l  s a l i n i t i e s  
d e c r e a s e d  t o  3.3 p p t  a t  t h a t  t i m e  f rom 8.9 p p t  d u r i n g  25-27 May. They t h e n  
i n c r e a s e d  t o  a h i g h  of 12.8 p p t  d u r i n g  21-23 J u l y .  R e i f e l  Refuge  had l o w e r  
s a l i n i t i e s  t h a n  t h e  o t h e r  t r a n s e c t s  t h r o u g h o u t  t h e  s u m m e r  (P<0.025). S a l t  
w a t e r  i n f l u e n c e  was t o t a l l y  a b s e n t  a t  R e i f e l  Refuge f r o m  8-10 J u n e  t o  7- 
9 J u l y ,  t h e  p e r i o d  of maximum S. s t e m  l e n g t h  and s t e m  d e n s i t y  
growth r a t e s .  
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4. Discamion 

4.1 s. -.Grwtb V a r i a t i o n  on t h e  Framer Bstaary 

Ab io t i c  f a c t o r s ,  such as s u b s t r a t e  s a l i n i t y  and t i d a l  exposure/ inundat ion 
r a t i o ,  i n f luence  t h e  d i s t r i b u t i o n  of marsh p l a n t  spec ie s  on estuaries (Chapman 
1960, E i le rs  1975, Hutchinson 1982, D a w e  and White 1982). Those f a c t o r s  a l s o  
tend t o  se t  t h e  maximum o r  p o t e n t i a l  l i m i t s  t o  growth. B i o t i c  f a c t o r s ,  such 
as goose and swan grazing,  can  reduce growth t o  a l e v e l  below i t s  p o t e n t i a l .  
The d a t a  c o l l e c t e d  i n  t h i s  study s t r o n g l y  suggest  t h a t  both t h e  p o t e n t i a l  and 
a c t u a l  growth of E. are  loca t ion - spec i f i c :  t h e  t r a n s e c t s  surveyed 
supported t h r e e  d i s t i n c t  growth forms, no doubt due t o  t h e  in f luence  of t h r e e  
d i s t i n c t  a b i o t i c  and b i o t i c  environments. 

Regarding p o t e n t i a l  growth of aboveground i n d i c e s ,  R e i f e l  Refuge had t h e  
h i g h e s t  mean and maximum s t e m  l eng ths ,  s t e m  b a s a l  diameter ,  mean s t e m  biomass 
(hence t h e  h ighes t  stem vigour) ,  and aboveground biomass. L u l u  I s l and ,  a t  t h e  
o t h e r  e x t r e m e ,  had t h e  l o w e s t  va lues  f o r  t h o s e  same i n d i c e s  and  Brunswick  
Point  had v a l u e s  somewhere between. With respect t o  actual growth, t h e  same 
between-transect  d i f f e r e n c e s  were apparent. One impor t an t  d i f f e r e n c e  between 
p o t e n t i a l  and a c t u a l  growth of S. ameticanus involved stem dens i ty :  Brunswick 
Po in t  had p o t e n t i a l  d e n s i t i e s  t h a t  were as g r e a t  as, o r  g r e a t e r  than, those a t  
t h e  o t h e r  t r a n s e c t s  whereas i t s  a c t u a l  d e n s i t i e s  were (gene ra l ly )  less than 
those  a t  t h e  o t h e r  t r a n s e c t s  throughout t h e  summer. 

With regard t o  p o t e n t i a l  growth of belowground material ,  L u l u  I s l and  had 
t h e  l o w e s t  l i v e  r h i z o m e  b i o m a s s  b u t  t h e  h i g h e s t  r o o t  b i o m a s s  ( i n  f a c t ,  i t  
supported a lmos t  tw ice  as much r o o t  biomass as Brunswick Point) .  The actual 
growth d a t a  showed t h e  same t r e n d  f o r  r o o t  biomass b u t  rhizome biomass d i d  no t  
d i f f e r  a c r o s s  t r ansec t s .  

A n o t h e r  i m p o r t a n t  d i f f e r e n c e  b e t w e e n  t r a n s e c t s  was t h e  d e g r e e  of 
p a t c h i n e s s .  Brunswick  P o i n t  had c o n s i s t e n t l y  t h e  g r e a t e s t  c o e f f i c i e n t s  of 
v a r i a t i o n  t o r  a l l  Ind ices ,  s u b s t a n t i a t i n g  ground and a i r  obse rva t ions  t h a t  t h e  
p l a t fo rm t h e r e  was extremely patchy. That h igh  v a r i a b i l i t y ,  i n  t u rn ,  a f f e c t e d  
t h e  mean o r  a c t u a l  va lues  of a l l  i n d i c e s  c a l c u l a t e d  f o r  t h a t  transect. 

S u r f a c e  water s a l i n i t y  was t h e  o n l y  a b i o t i c  f a c t o r  measured.  R e i f e l  
Refuge had lower s a l i n i t i e s  t han  t h e  o t h e r  transects throughout t h e  summer .  
Dur ing  t h e  i n i t i a l  g r o w t h  p h a s e  o f  S. ai-, i n  w h i c h  h i g h  s a l t  
c o n c e n t r a t i o n s  c a n  have  n e g a t i v e  e f f e c t s  (Ei le rs  19751, s u r f a c e  s a l i n i t i e s  
were between z e r o  and 5 p p t  a t  R e i f e l  Refuge, between 5 and 8 p p t  a t  Brunswick 
P o i n t  and a round  14 p p t  a t  Lu lu  I s l a n d .  The " f r e s h e r "  water  e n v i r o n m e n t  a t  
R e i f e l  Refuge could have been a key f a c t o r  i n  t h e  high v igour  of S. americanue 
stems growing there.  

A s  n o t e d  i n  t h e  i n t r o d u c t i o n ,  Snow Geese have c o n c e n t r a t e d  t o  h i g h  
numbers  a t  t h e  R e i f e l  Re fuge  f o r e s h o r e  s i n c e  i t s  e s t a b l i s h m e n t  i n  1963, 
e s p e c i a l l y  d u r i n g  t h e  1960's and 1970's and e s p e c i a l l y  i n  d a y l i g h t  h o u r s  
d u r i n g  t h e  h u n t i n g  s e a s o n .  T h e i r  heavy  g r a z i n g  pressure  l i k e l y  r e s u l t e d  i n  
t h e  u n i f o r m ,  low e l e v a t i o n  topography  a t  t h a t  t r a n s e c t .  T h a t  t opography  
probably inf luenced s u b s t r a t e  s a l i n i t i e s  and t h e  t i d a l  e x p o s u r e / i n u n d a t i o n  
r a t i o  and t h e r e f o r e ,  i n d i r e c t l y ,  t h e  g r o w t h  of S. alp-. T h a t ,  a l o n g  
w i t h  a l o w e r  i n t e n s i t y  of g r a z i n g  i n  r e c e n t  y e a r s ,  c o u l d  h a v e  r e s u l t e d  i n  a 
more  optimum r h i z o m e  and s t e m  s p a c i n g  w h i c h ,  i n  t u r n ,  c o u l d  have  b e e n  
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r e spons ib l e  f o r  t h e  high stem vigour  and high biomass of 8. americanus there.  
The above i s  specu la t ion  only. Fu r the r  s tudy,  involving a d d i t i o n a l  t r a n s e c t s ,  
i s  needed  t o  d e t e r m i n e  i f  t h e  t r a n s e c t  m o n i t o r e d  i n  t h i s  s t u d y  i s  t r u l y  
r e p r e s e n t a t i v e  of t h e  e n t i r e  S. americanus community a t  R e i f e l  Refuge. 

The phenotypic d i f f e r e n c e s  recorded f o r  S. americanue over f a i r l y  d i s t a n t  
t r a n s e c t s  i n  t h i s  s tudy have a l s o  been measured over a much s h o r t e r  d i s t a n c e  
a t  Sea  I s l a n d  ( F i g u r e  1). t o  
have  s i g n i f i c a n t l y  g r e a t e r  s h o o t  d e n s i t i e s  and above- and be lowground 
b i o m a s s e s  i n  t h e  "upper" marsh  compared t o  a s i t e  l e s s  t h a n  250 m away b u t  
l o w e r  i n  e l e v a t i o n .  H e  conc luded  t h a t  t h e  h i g h  and low S. 
represented  ecophenes o r  p l a s t i c  growth forms which were responding t o  l o c a l  
environmental  condi t ions.  

The re ,  K a r a g a t z i d e s  (1987)  found S. 

S t e m  d e n s i t y  a n d  r h i z o m e  ( l i v e  p l u s  d e a d )  b i o m a s s  m e a s u r e d  by 
Karagatzides  (1987) were much g r e a t e r  a t  Sea I s land  (approximately 1500 and 
3600 stems me2 and 400 and 1100 g m-2 f o r  lower and upper marsh, r e spec t ive ly ,  
f o r  J u l y I A u g u s t )  t h a n  a t  R e i f e l  Refuge,  L u l u  I s l a n d ,  and Brunswick  P o i n t  
( a p p r o x i m a t e l y  800,  1 1 2 5 ,  and 1000 stems m-2 and 210,  200 and 200 g m-2,  
r e s p e c t i v e l y ,  f o r  e a r l y  August  i n  t h i s  s t u d y ) .  Root b i o m a s s  v a l u e s  b e t w e e n  
study s i tes ,  however, were more similar (approximately 300 and 1100 g m-2 f o r  
l o w e r  and u p p e r  marsh  a t  S e a  I s l a n d ,  r e s p e c t i v e l y ,  and a b o u t  6 7 5 ,  875, and 
375 g m-2 a t  Re i f e l  Refuge, L u l u  I s l and  and Brunswick Poin t ,  r e spec t ive ly ,  i n  
t h i s  s t u d y ) .  The h i g h  s t e m  d e n s i t y  and r h i z o m e  b i o m a s s  measured  by 
Karagatzides  may be  due t o  t h e  f a c t  t h a t  he used only f i v e  quadra t s  sampled i n  
a non-random fashion. 

B u r t o n  (1977)  found m i d - w i n t e r  S. am- r h i z o m e  s t a n d i n g  c r o p  t o  
vary cons iderably  between t r a n s e c t s  on t h e  F r a s e r  Estuary. H i s  Re i f e l  Refuge 
t r a n s e c t  had lower rhizome biomass than d i d  h i s  Brunswick Po in t  t r a n s e c t  and 
both of those  were lower than  h i s  W i l l i a m s  Road t r a n s e c t  (Burton's t r a n s e c t s  
were c l o s e  t o  t h o s e  used  i n  t h i s  s tudy) .  G i roux  (19861, work ing  on t h e  S t .  
Lawrence  E s t u a r y ,  a l s o  found m a j o r  d i f f e r e n c e s  i n  S. am- above- and 
belowground biomass between fou r  ad jacen t  p l a n t  communities. 

The r e l a t i v e  l o c a t i o n  d i f f e r e n c e s  documented i n  t h e  above s t u d i e s  and i n  
t h i s  s tudy s t rong ly  suggest  t h a t  S. ameticanua growth v a r i a b i l i t y  seems t o  be 
t h e  r u l e  r a t h e r  t h a n  t h e  e x c e p t i o n .  T h a t  v a r i a b i l i t y  h a s  t h e  f o l l o w i n g  
repercussions:  (1) Caution should be  exerc ised  when e x t r a p o l a t i n g  growth d a t a  
f o r  S. americanus and o t h e r  marsh p l a n t  s p e c i e s  from one l o c a t i o n  t o  another ,  
even over  s h o r t  d i s tances .  The a b i o t i c  and b i o t i c  environments could be  very 
d i f f e r e n t  between l o c a t i o n s  r e s u l t i n g  i n  d i f f e r e n t  a c t u a l  and p o t e n t i a l  p l a n t  
growth. That appears  t o  b e  t r u e  between estuaries,  a c r o s s  t h e  F r a s e r  Estuary,  
and perhaps even over small d i s t a n c e s  w i t h i n  t h e  F rase r  Estuary (e.g. Re i f e l  
Refuge).  (2 )  C a u t i o n  s h o u l d  b e  e x e r c i s e d  when p o o l i n g  t r a n s e c t  d a t a  t o  
d e t e r m i n e  o v e r a l l  a v e r a g e  b i o m a s s  v a l u e s  f o r  t h e  F r a s e r  Es tua ry .  A s  many 
t r a n s e c t s  as  p o s s i b l e  s h o u l d  b e  e s t a b l i s h e d  and o v e r a l l  e s t u a r i n e  v a l u e s  
c a l c u l a t e d  through weight ing by t h e  areal e x t e n t  represented  by each t ransec t .  
(3 )  To g a i n  a b e t t e r  a p p r e c i a t i o n  of t h e  m a x i m u m  g r o w t h  p o t e n t i a l  a t  any 
l o c a t i o n ,  and thereby de termine  t h e  impact of Snow Geese and swans, exc losures  
s h o u l d  b e  used t o  p r e v e n t  g r a z i n g .  I m p o r t a n t  a b i o t i c  f a c t o r s  c o u l d  b e  
monitored along w i t h  t h e  major p l an t  growth i n d i c e s  throughout t h e  growing 
s e a s o n  and o v e r  s e v e r a l  y e a r s .  Such a m o n i t o r i n g  scheme would a l s o  h e l p  
d e t e r m i n e  t h e  e f f e c t s  of c l i m a t e  and F r a s e r  R i v e r  f r e s h e t  (Le .  a n n u a l  
v a r i a t i o n )  and t h e  r e l a t i v e  importance of a b i o t i c  parameters. (4) F i n a l l y ,  t o  
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a s s e s s  f u r t h e r  t h e  p l a s t i c  r e s p o n s e  of 2. apprricanua t o  d i f f e r e n t  
environmental  cond i t ions ,  r e c i p r o c a l  t r a n s p l a n t s  c o u l d  b e  c o n d u c t e d  b e t w e e n  
11 e x t r e m e "  t r a n s e c t s  (e.g. b e t w e e n  R e i f e l  Refuge and L u l u  I s l a n d ) .  I f  t h a t  
were done, exclosures  should be used. 

4.2 E. Growth Variation Between the Fraser Estuary 
and the S k a g i t - S t i l l a g d s h  Estuary 

s. m- s t e m s  grew w i t h  much less vigour  and d e n s i t y  on t h e  Skagit-  
S t i l l a g u a m i s h  E s t u a r y  compared  t o  t h o s e  on  t h e  F r a s e r  E s t u a r y .  Tha t  c o u l d  
have been due t o  d i f f e r e n c e s  i n  s a l i n i t y  (roughly 12 ppt  on 11 June and 18 p p t  
on 24 J u l y  on t h e  Skag i t -S t i l l aguamish  Estuary compared t o  7 p p t  and 13 pp t  on 
t h e  F r a s e r  E s t u a r y  during s i m i l a r  dates), d i f f e r e n c e s  i n  Snow Goose grazing 
p r e s s u r e  ( t h e  number o f  Snow G o o s e - d a y s  e x p e r i e n c e d  b y  t h e  S k a g i t -  
S t i l l aguamish  Estuary du r ing  t h e  w i n t e r  Qf 1986f87 was about 2.5 t i m e s  t h a t  of 
t he  F r a s e r  Estuary) o r  some combination of t hose  and o t h e r  f a c t o r s .  To b e t t e r  
understand t h e  growth d i f f e r e n c e s  between t h e  two estuaries and t h e  reasons 
f o r  t h o s e  d i f f e r e n c e s ,  a d d i t i o n a l  t r a n s e c t s  w i t h  e x c l o s u r e s  c o u l d  b e  
e s t a b l i s h e d  and s. americanue growth monitored ove r  s e v e r a l  years.  

4.3 Relationships Between s. Growth Indices and Biomass 

The r e g r e s s i o n  e q u a t i o n s  d e v e l o p e d  t o  p r e d i c t  aboveground  b i o m a s s  
produced good results. Stem d e n s i t y  and mean s t e m  l e n g t h  accounted f o r  most 
(M%> of t h e  va r i ance  i n  l i ve  and t o t a l  s t e m  biomass over t h e  e n t i r e  e s tua ry  
and by t r a n s e c t .  S tem d e n s i t y  was t h e  o n l y  v a r i a b l e  a b l e  t o  p r e d i c t  
belowground biomass b u t  t h e  amount of v a r i a n c e  explained was lower than above, 
e s p e c i a l l y  f o r  r o o t  and t o t a l  belowground biomass. For l i ve  rhizome biomass, 
t h e  most impor t an t  food source f o r  Snow Geese, s t e m  d e n s i t y  explained most of 
i t s  v a r i a n c e  o v e r  t h e  e n t i r e  e s t u a r y  and by t r a n s e c t  (>73%). Al though  t h e  
r e g r e s s i o n  l i n e s  by t r a n s e c t  were no t  d i f f e r e n t ,  g iven  t h e  between-transect 
v a r i a t i o n  a l r e a d y  n o t e d  f o r  many i n d i c e s ,  i t  i s  p r o b a b l y  p r u d e n t  t o  f u r t h e r  
develop s e p a r a t e  equa t ions  f o r  each t r ansec t .  

Timing f o r  d e s t r u c t i v e  sampling was pre-determined t o  co inc ide  w i t h  peak 
s t e m  l eng th ,  as a l r eady  noted. However, peak stem d e n s i t y  might prove t o  be a 
much b e t t e r  p o i n t  on t h e  growth cu rve  a t  which t o  de t e rmine  t h e  r e l a t i o n s h i p s  
between p l a n t  growth i n d i c e s  and biomass, p a r t i c u l a r l y  f o r  rhizome biomass. 
I n  t h i s  s t u d y ,  s t e m  d e n s i t y  was t h e  m o s t  i m p o r t a n t  and  m o s t  c o n s i s t e n t  
v a r i a b l e  i n  t h e  r e g r e s s i o n  equa t ions  d e s p i t e  t h e  f a c t  t h a t  i t  m u s t  have been 
s u b j e c t  t o  c o n s i d e r a b l e  e r r o r  d u r i n g  t h e  t i m e  of d e s t r u c t i v e  s a m p l i n g  
(survey 7). A l a r g e  p ropor t ion  of stems had a l r e a d y  been l o s t  from the  system 
by tha t  t i m e .  Very few stem m o r t a l i t i e s ,  however, had been observed up t o  and 
inc lud ing  peak densi ty .  T h e o r e t i c a l l y ,  s t e m  d e n s i t y  va r i ance  should have been 
smaller a t  t h a t  p o i n t  and t h e  amount of l i ve  rhizome biomass explained by t h a t  
v a r i a b l e  s h o u l d  have  b e e n  g r e a t e r  t h a n  t h a t  c a l c u l a t e d  i n  t h i s  s t u d y .  
Therefore,  ano the r  d e s t r u c t i v e  sampling i s  recommended a t  peak s t e m  densi ty .  
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TRANSECT 

Figure 1. Fraser Estuary transects. 
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Figure 13. "PotentW stem density (number of live stems per 
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28 



90 

SO 

70 

60 

50 

40 

30 

20 

10 

0 

70 

Fig ure 

I 

80 90 100 110 120 130 140 150 160 

Day Afbr 1 March '87 

14. "Potential" mean total) stem length (mean of five 
hi hest values) o 1 Scirpus arnericanus on the Fraser 
Es 3 uary 1987. 

29 



100 110 120 130 1 40 150 160 70 SO 90 

Day Afhr 1 March '87 

Figure 15. "Potential" maximum (total) stem length (meon of five 
h' hest values) of Scirpus americanus on the Fraser 
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Table 1. ScirDus s t e m  dens i ty  (no. stems quadrat-'; l i v e  stems only; &E) by t r a n s e c t ,  F ra se r  
Estuary 1987. 

Survey 1 2 3 4 5 6 7 
Period (m/d )  
Sample Size 1 6  24 24 24 24 24 16 

0 5 / 1 3 -0 5 / 1 9 0 5 / 2 5 -0 5 / 2 7 0 6 / 0 8-0 6 / 1 0 0 6 / 2 2 -0 6 / 2 4 0 7 / 0 7 -0 7 / 0 9 0 7 / 2 1 -0 7 12 3 0 81 0 5-08/07 

~ 

~ ~ ~ 

~ ~ 

~ 

Rei fe l  Refuge 27.825 .Oa 32.025. ga 38.6&1.1 a 45.3i3. 7a ab 5 0 . 4 s .  8a 45 825 7a 3 7 925 03 a 

L u l u  I s land  4 2 . 7 6 .  O a  50.025. gb 49.326.0' 56.925.2 a 70.2+7 .Oa 59.0&5 7a 3 9.625 ga 

Brunswick Point  35.0513.4' 28.525.ga 36.127.8a 41.0+8.Zb 63.1+11.4a 52*0+8.6a 31.1M.4a 

Fraser Estuary 3 5.025.1 36.823.5 41.323.6 47.7*.0 61.225.0 52.353.9 36.253 .8 
(pooled data) 

v 
Kruskal-Wallis 4.98 10.12 5.66 6.99 3.94 3.24 2.41 W 

H s t a t .  

Prob . X I  .050 <0.010 >o .050 <O ,050 x .100  xl.100 X.250 

Notes: 

1. Data were normally d i s t r i b u t e d  f o r  each survey (Kolmogorov-Smirnov goodness of f i t  tes t )  but  var iances  
Hence, were unequal across  t r a n s e c t s  f o r  severa l  surveys (Bartlett 's  t e s t  f o r  homogeneity of var iance) .  

a non-parametric test  (Kruskall-Wallis)  was r e q u i r e d  i n  the  ana lys i s .  

2 .  L e t t e r s  ( s u p e r s c r i p t s )  denote s i g n i f i c a n t  s imi la r i t i es  o r  d i f f e r e n c e s  between t r a n s e c t s  a t  t he  5% l e v e l  
( t h a t  i s ,  t r a n s e c t s  wi th  t h e  same l e t t e r  were not  s t a t i s t i c a l l y  d i f f e r e n t  whereas t r a n s e c t s  wi th  
d i f f e r e n t  l e t t e r s  were);  non-parametric m u l t i p l e  range t e s t  (Zar 1984). 

3 .  Data f o r  survey 7 r e su l t ed  from t h e  d e s t r u c t i v e  sampling technique. 



Table 2. S c i r -  8~- g r o w t h  i n d i c e s  ( Z + S E ) ,  S k a g i t - S t i l l a g u a m i s h  
Estuary 1987. 

Survey 
Date ( m / d )  

3 
06/11 

6 
07/24 

Transec t  A Transec t  B Transec t  A Transec t  B 
(n=48) ( ~ 3 2 )  (n=32) (n=32) 

S t e m  Densi ty  2.720. a 1 7 .7 +3 .4 1.720.5 21.9k3.5 
(no. stems 
quad r a t-l) 

Mean S t e m  1 7.120.6 25.421.1 31.321.3 44.921.4 
Length (cm) 

Maximum S t e m  2 7.821.2 42.721.7 43.721.9 61.322.6 
Length (cm) 

Seed Abundance 1.0&0.8 8.822.6 1.620.9 9.422.9 
( p e r c e n t a g e  stems 
w i t h  seeds) 

S t e m  M o r t a l i t i e s  O.O&O.O 0 .020 .o 0.2kO. 1 0.450.2 

quadrat- '  and a s  
percentage  of stems 
p r e s e n t  ( i n  b r a c k e t s ) )  

( a s  no. dead stems (0.0) (0.0) (11 .a )  (1 .a)  
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Table 3. S c i r m  americanus mean s t e m  length (cm; l i v e  stems only; x+SE) by t r a n s e c t ,  F ra se r  Estuary 1987. 

Survey 1 2 3 4 5 6 7 
Per iod ( m / d )  05 1 1 3 -0 5 1 1 9 0 5 /2 5-0 5 / 2 7 06 /O 8-06 I 1 0 06 / 2 2-06 / 24 0 7 /O 7-0 7 I O  9 0 7 I2  1 -07 I2 3 0 8/ 0 5-0 81 0 7 
Sample Size 16 24 24 24 24 24 16 

R e i f e l  Refuge 8 . 7 ~ 0 . 6 ~  17 .3f l .  5a 31 .5+1.1 a 52.921 . 7a 6 8.3+2. 5a 7 7 121 8a 7 7 222 6 a 

6 . 8 g 1 . 5 ~  13.2fl.6b 17.7@.8b 2 7 . 5 ~ 1 . 5 ~  37.821.5 44.6+1.6b 4 6 . 1 ~ 1 . 6 ~  Lulu I s land  

Brunswick Point  15.2+0.gb 21.99.8' 30.3+1.5a 47 .3+2 .1 a 53.9+2 .4' 5 5.752 2 43.9*.9 b 

F r a s e r  Estuary 10.220.7 17.5i-O. 6 26.521 .O 42.621.6 53.321.9 59.121.9 55.752.9 
(pooled da ta )  

co m Kruskal-Wallis 30.94 43.15 43.76 44.26 43.73 42.26 28.96 
H s t a t .  

(0.001 <0.001 <0.001 Prob. <o .001 <0.001 <o . O O l  <0.001 

Note: See notes  a t  the  bottom of Table 1. 



Table 4. Scirpus -anus maximum stem length (cm; l i ve  s t e m s  only;  x+SE) by t r a n s e c t ,  Fraser Estuary 
1987. 

Survey 1 2 3 4 5 6 7 
Period (m/d) 0 5 / 1 3 -0 5 / I 9 0 5 / 2 5 -0 5 / 2 7 0 6 /O 8 -0 6 / 1 0 0 6 / 2 2 -0 6 12 4 0 7 I O  7-0 7 I O  9 0 7 12 1 -0 7 / 2 3 0 81 0 5-0 8 / 0 7 
Sample S i z e  16 24 24 24 24 24 16 

Fraser Estuary 16.321.1 29.121.1 47.321 .8 65.4k2.2 84.923.1 88.722 .6 83 .7&. 3 
(pooled data) 

Kruskal-Wal l i s  27.05 26.64 38.94 39.52 45.86 41.93 29.81 
H s t a t .  

Prob . <0.001 <0.001 <o .001 <o .001 <0.001 <0.001 <0.001 

Note: See notes  a t  the bottom of Table 1. 



Table 5. &b~ p e r c e n t a g e  of stems c o n t a i n i n g  s e e d h e a d s  (% 
t r a n s e c t ,  F r a s e r  Estuary 1987. 

l i v e  s tems o n l y  x+SE)  by 

Survey 1 2 3 4 5 6 7 
Per iod  ( m / d )  051 13 -os/ 1 9 051 25-0512 7 06 108-06 110 06 122-06 124 0 7 I O  7-0 7 IO 9 07 12 1-07 123 08/05-08/07 
Sample S i z e  16 24 24 24 24 24 16 

Re i f  e l  Refuge O.OkO.Oa 10.0+3.0a 22.1k5.4a 24.6+5.0a 3 2 . 1 ~ 5 ~ 4 ~  33.325*3a 21 *9*=2a 

Lulu I s l a n d  O.Ofl.Oa 12.9+4.1a 12.5+4.0a 1 7 . 5 ~ 4 . 7 ~  31.7&.0a 17.1k4.3b 1 8 . 4 ~ 3 ~ 2 ~  

Brunsw i c  k p o i n t  13.123. gb 12 923.6 a 1 7 9 4 . 3  a 32.155 .4a 33 8k6 5a 25 8& Oa ’ 34 426 aa 

F r a s e r  Es tuary  4.421.6 11.922.1 17.522.7 24.723.0 3 2.5k3.1 25.422.7 24.923.0 
(pooled data) 

K r u s k a l l  Wallis 21.40 0.32 1.58 4.76 0.03 6.70 2.81 
H s t a t .  

Prob. <o .001 w.750 >o .250 X.050 w . 975 (0.050 w.100 

Notes : 

1. See n o t e s  a t  t h e  bottom of Table 1. 

2. Quadra ts  f o r  surveys 1 through 6 were random; t h o s e  f o r  survey 7 were non-random. The number of stems 
c o n t a i n i n g  seedheads were n o t  recorded i n  t h e  d e s t r u c t i v e  technique. 



Table 6. ScirPus americanus stem m o r t a l i t i e s  (no. dead stems quadrat-1 and 
percentage  of l i v e  p l u s  dead stems; ZkSE) by t r a n s e c t  d u r i n g  surveys  
6 and 7 ,  F r a s e r  E s t u a r y  1987. (n=32 p e r  t r a n s e c t  f o r  s u r v e y  6 and 
n=16 f o r  survey 7; n=96 € o r  t h e  e n t i r e  e s t u a r y  f o r  survey 6 and n=48 
f o r  s u r v e y  7.) 

Survey 
Period (m/d) 

6 
07/21-07/23 

7 
0 8 /O 5 -0 8/ 0 7 

R e i f e l  Refuge 0 . 7 9  .2a 1.4 1 . 7 9 . 3 a  3.2 

L u l u  I s l a n d  3 . 3 9 . 3 b  4.7 5.4M.8b 6.9 

Brunswick P o i n t  4 . 3 9 . 5 b  5.9 5.7+1 .Ob 6 .8  

F r a s e r  Es tuary  2.7 50.3 4 .O 
(pooled d a t a )  

4 . 3 9 . 5  5.6 

Kruskal-Wallis 
H s t a t .  

27.44 20.31 

Prob. <0.001 <o .001 

Notes : 

1. See n o t e s  a t  t h e  bottom of Table  1. 

2. S t e m  m o r t a l i t i e s  ( L e .  stems comple te ly  senesced,  w i t h  t o t a l  l o s s  of g r e e n  
c o l o u r )  were n o t  r e c o r d e d  d u r i n g  s u r v e y s  1 t h r o u g h  5. Dead s tems were 
o b s e r v e d ,  h o w e v e r ,  b y  s u r v e y  5 and t h e y  were l i k e l y  p r e s e n t  i n  s m a l l  
numbers dur ing  ea r l i e r  surveys.  

3. For  survey 6,  d a t a  from two random p l u s  two non-random q u a d r a t s  p e r  p l o t  
were used whereas  f o r  survey 7 ,  d a t a  from only two non-random q u a d r a t s  p e r  
p l o t  were used .  The number  of  d e a d  stems were n o t  r e c o r d e d  i n  t h e  
d e s  t r u c  t ive t ec hn i q  ue.  
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Table 7. ScirDus &canus aboveground growth  i n d i c e s  ( l i v e  stems only; x+SE) by t r a n s e c t  dur ing  survey 7, F r a s e r  
Es tuary  1987. (n=16 p e r  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  es tuary) .  

F r a s e r  Es tuary  Kruskal l -Wall is  
Index R e i f e l  Refuge Lulu I s l a n d  Brunswick P o i n t  (pooled  d a t a )  H. s t a t .  Prob . 

S t e m  Densi ty  
(no. stems quadrat-') 

Mean S tem Length 
( 1 i v e  p o r t  ion)  ( cm) 

Mean Stem Length 
( t o t a l )  ( c m )  

Maximum S t e m  Length 
( l i v e  p o r t  ion)  ( c m )  

Maximum S t e m  Length 
( t o t a l )  ( c m )  

Mean Stem Basal  
Diameter (mm) 

L i v e  Stem Biomass 
( l i v e  stems only)  
( g  quadrat- ') 

T o t a l  S t e m  Biomass 
( l i v e  p l u s  ead stems) 
( g  quadrat-') 

Mean Biomass per  Stem 
( l i v e  stems only) (g)  

Mean Biomass per Stem 

37.925.3a 

54.152.2 a 

7 7.222 .6 a 

103. 19 .  2a 

11 6.7&3. 4a 

4.220 .1 a 

15.0 9822.3 1 ga 

1 6.10 8k2.5 12 a 

0.40920 .022a 

0.435&0.023a 

3 9.625. ga 

30.421.7 b 

46.151 .gb 

b 50.722.3 

67 .O+l . gb 

3.19.1b 

7.53321 .11gaSb 

7.93221 .128asb 

0.203+0.01 gb 

0.219j9.015b 

31 .1+8.5a 

3 0.524.1 

43.9H.9b 

52.326. 7b 

67 .327.3b 

3 .19.3b 

8.0 6 222 .5 85b 

9.2 9422.91 2b 

0.194+0 .026b 

0.22520.029b 

36.223.8 

38.4k2.3 

55.752.9 

68.7& .4 

8 3 . 7 9 . 3  

3.5H.1 

10.23151.292 

11.11221.407 

0 . 2 6 9 9 . 0 1  9 

0.2 9 3 9 . 0 2 0  

2.41 

23 e57 

28.96 

28.12 

29.81 

20.03 

7.88 

7.45 

26.66 

25.38 

>o .250 

<0.001 

(0.001 

<O.OOl  

0 v 
<o .001 

<o .001 

(0.025 

(0.025 

<0.001 

<0.001 
( l i v e  p l u s  dead  s tems)(g)  

Note: See n o t e s  a t  t h e  bottom of Table  1. 



Table 8. americanus belowground indices  (g core’l; iE+SE) f o r  top and 
bottom co re  subsamples during survey 7, F r a s e r  Estuary 1987. (n=96 
f o r  a l l  indices).  

Sub samp 1 e Paired-sample T t es t  

Index Top 15cm Bottom 15cm T va lue  Prob. 

1. Live Rhizome Biomass 1.273fl.112 1.10550.133 1 .93 0.057 

0.098 2. Tota l  Rhizome Biomass 1.323H.114 1.172fl.133 1.67 
( l i v e  p l u s  dead) 

3. Root Biomass 4.60950.313 3 . 2  81 fl . 26 1 4.61 <0.001 

4. Tota l  Rhizome 5.931fl.379 4.453s .338 4.43 <0.001 
p l u s  Root Biomass 

5. Tota l  Belowground 6.342fl .397 4.6 1 2+0 .341 5.10 <0.001 
Biomass 

Notes: 

1. A l l  i nd ices  were normally d i s t r i b u t e d  (Kolmogorov-Smirnov goodness of f i t  
t e s t ) ,  p e r m i t t i n g  a n a l y s i s  by P a i r e d - s a m p l e  T t es t s .  Because  of  t h e i r  
s m a l l  p ropor t ions  ( s e e  below), t h e i r  non-importance to graz ing  geese,  and 
the  f a c t  t h a t  they tended t o  have non-normal d i s t r i b u t i o n s ,  dead rhizomes 
and m i s c e l l a n e o u s  p l a n t  m a t e r i a l  were n o t  c o n s i d e r e d  s e p a r a t e l y  i n  t h i s  
ana lys i s .  

2. Dead rh i zomes  and m i s c e l l a n e o u s  p l a n t  material  c o n s t i t u t e d  only 0.7 and 
6.4% of t h e  t o t a l  belowground p l a n t  biomass i n  t h e  top  co re  subsamples and 
o n l y  1.5 and 3.4% of t h e  t o t a l  be lowground b i o m a s s  i n  t h e  b o t t o m  c o r e  
subsamples, respec t ive ly .  
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Table 9. ScirDue americanue belowground ind ices  (g  core'l; ZkSE) f o r  top and 
bottom co re  subsamples during survey 7 ,  Reifel  Refuge t r a n s e c t  1987. 
(n=32 f o r  a l l  indices).  

Sub samp 1 e Paired-sample T t es t  

Index Top 15cm Bottom 15cm T va lue  Prob. 
~~ ~~ ~ ~ 

1. Live Rhizome Biomass 1.317M.152 1.273M .204 0.31 0.761 

2 .  Tota l  Rhizome Biomass 1.33420.153 1.274k0.204 0.42 0.681 
( l i v e  p l u s  dead) 

3. Root Biomass 4.62620.444 3.648M.444 2.05 0.049 

4. Tota l  Rhizome 5.9609.541 4.92220.5 94 1.96 0 a059 
p lus  Root Biomass 

5. Tota l  Belowground 6.355M.565 5 . 0 0 1 M .5 93 2.55 0.016 
B i omas s 

Notes: 

1. See note  1 a t  t he  bottom of Table 8. 

2. Dead rhizomes and miscel laneous p l a n t  m a t e r i a l  c o n s t i t u t e d  o n l y  0.3 and 
6.2% of t h e  t o t a l  belowground p l a n t  biomass i n  t h e  top co re  subsamples and 
o n l y  0.0 and 1.6% of t h e  t o t a l  be lowground b i o m a s s  i n  t h e  b o t t o m  c o r e  
subsamples, respec t ive ly .  
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Table 10. a americanua belowground indices  (g  core'l; Z+SE) f o r  top and 
bottom core  subsamples during survey 7 ,  L u l u  I s land  t r a n s e c t  1987. 
(n=32 f o r  a l l  indices).  

Index 

S ub samp 1 e Paired-sample T t es t  

Top 15cm Bottom 15cm T va lue  Prob. 

1. Live Rhizome Biomass 1.302fl.175 0.863fl.167 3.09 0.004 

2. Total  Rhizome Biomass 1.422k0.183 1.039fl.167 2.48 0.019 
( l i v e  p l u s  dead) 

3 .  Root Biomass 6 .47 5kO. 5 7 1 4.2 8 9 H .  46 6 3.47 0.002 

4. Tota l  Rhizome 7.897fl.658 5.327kO .480 3.66 0.001 
p l u s  Root Biomass 

5. Total  Belowground 8.362fl. 6 82 5.520fl.493 4.02 CO.001 
B iomas s 

Notes : 

1. See note  1 a t  the  bottom of Table 8. 

2.  Dead rhizomes and miscel laneous p l a n t  m a t e r i a l  c o n s t i t u t e d  o n l y  1.4 and 
5.6% of the  t o t a l  belowground p lan t  biomass i n  the  top c o r e  subsamples and 
on ly  3.2 and 3.5% of t h e  t o t a l  be lowground b i o m a s s  i n  t h e  b o t t o m  c o r e  
subsamples, respec t ive ly .  
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Table 11. americanus belowground ind ices  (g  core’l; %+SEI f o r  t op  and 
bottom co re  subsamples dur ing  s u r v e y  7, Brunsw i c k  P o i n t  t r a n s e c t  
1987. (n=32 f o r  a l l  indices) .  

Sub sample Paired-sample T tes t  

Index Top 15cm Bottom 15cm T va lue  Prob. 

1. 

2. 

3. 

4. 

5 .  

0.892 Live Rhizome Biomass 1.200H.246 1 A78H.301 0.14 

To ta l  Rhizome Biomass 1.21020.247 1.20420.303 0.04 0.968 
( l i v e  p l u s  dead) 

Root B ioma 8 8 2.727fl.388 1.905fl.338 2 .54  0.016 

Tota l  Rhizome 3.937fl.585 3 .1099.614 1.88 0.069 
plus Root Biomass 

To ta l  Belowground 4.308g. 630 3.3 1 2H. 6 20 2.14 
Biomass 

0.040 

Notes: 

1. See no te  1 a t  t h e  bottom of Table 8. 

2. Dead rhizomes and misce l laneous  p l a n t  m a t e r i a l  c o n s t i t u t e d  o n l y  0.2 and 
8.6% of t h e  t o t a l  belowground p l a n t  biomass in t h e  top  c o r e  subsamples and 
o n l y  0.8 and 6.1% of  t h e  t o t a l  be lowground  b i o m a s s  i n  t h e  b o t t o m  c o r e  
subsamples, respec t ive ly .  
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Table 12. SE- 3rpd~arum belowground i n d i c e s  ( g  core- ' ;  x+SE) by t r a n s e c t  d u r i n g  s u r v e y  7 ,  F ra se r  
E s t u a r y  1987. The t o p  and b o t t o m  c o r e  s u b s a m p l e s  were  added and t h e  two c o r e s  p e r  q u a d r a t  
averaged. (n=16 p e r  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  es tuary) .  

Index Re i f e l  Refuge L u l u  I s l and  Brunswick Poin t  F r a s e r  Estuary ANOVA Prob. 
(pooled da ta )  F r a t i o  

1. Live Rhizome Biomass 2.5 8 9 9 .  454a 2 . 1 6 5 9  .404a 2.37 8 9  .728' 2.3779.310 0.14 0.861 

2.  Tota l  Rhizome Biomass 2.6089.456' 2 .4609.3 96 a 2.41 4 9 .  730a 2 .494fl. 3 0 9 0.03 0.966 
( l i v e  p l u s  dead) 

3. Root Biomass 8.27421 .OOga 10.76421 .163a 4.6329.856b 7 .8909 .  6 82 9.19 <0.001 

4. To ta l  Rhizome 10.88221 .385' ,b 13.22421.281 a 7.04621.534 10.384M. 876 4.93 0.011 
p lus  Root Biomass 

v) 
5. Total  Belowground 11.35621 . 4 2 1 a ~ b  13.88221 .350a 7.62021.600 10.9539.906 4.65 0.014 

B ioma 6 6 w 

Notes: 

1. A l l  i nd ices  were normally d i s t r i b u t e d  (Kolmogorov-Smirnov goodness of f i t  t e s t )  and t h e i r  var iances  were 
equal  ac ross  t r a n s e c t s  (Bar t le t t ' s  t es t  f o r  homogenei ty  of  v a r i a n c e s ) ,  p e r m i t t i n g  a n a l y s i s  by One-way 
ANOVA. Because of t h e i r  smal l  p ropor t ions  ( see  below), t h e i r  non-importance t o  graz ing  geese,  and t h e  
f a c t  t h a t  they tended t o  have non-normal d i s t r i b u t i o n s ,  dead rhizomes and miscel laneous p l an t  m a t e r i a l  
were not  considered sepa ra t e ly  i n  t h i s  ana lys i s .  

2 .  Dead rh i zomes  and m i s c e l l a n e o u s  p l a n t  ma te r i a l  c o n s t i t u t e d  o n l y  0.2 and 4.2%, 2.1 and 4.7%, and 0.5 and 
7.5% of t h e  t o t a l  be lowground p l a n t  b iomass  a t  R e i f e l  Refuge,  L u l u  I s l a n d ,  and Brunswick  P o i n t ,  
respec t ive ly .  They c o n s t i t u t e d  only 1.1 and 5.2% of the  t o t a l  belowground p lan t  biomass i n  the  F r a s e r  
Estuary (pooled d a t a ) .  



Table 13. ScirPus americanus belowground ind ices  (g  core-'; X+SE) f o r  bottom c o r e  subsamples by t r a n s e c t  during 
survey 7 ,  F ra se r  Estuary 1987. The two bottom co re  subsamples per quadrat  were averaged. (n=16 p e r  
t r ansec t ;  n=48 f o r  t h e  e n t i r e  e s t u a r y ) .  

Index Re i f e l  Refuge L u l u  I s land  Brunswick Po in t  F rase r  Estuary ANOVA Prob. 
F r a t i o  (pooled d a t a )  

1. Live Rhizome Biomass  1 .273fl.27Za 0.863N.22Za 1 .178+0.423a 1 .105&0.181 0.45 0.635 

2. To ta l  Rhizome Biomass 1 .274@.272a 1 .039_+0.21Za 1 .204+0.425a 1.172fl.179 0.14 0.864 
( l i v e  p l u s  dead) 

3. Root Biomass 3.648fl. 608a 4.289$.621a 1 .905fl.456b 3.28OkO ,352 4.74 0.013 

4. To ta l  Rhizome 4.98120. 783a*b 5.710fl .664' 3 . 1 1 6 5 ~  726b 4.60250.440 3.39 0.042 
p lus  Root Biomass 

5. To ta l  Belowground 6.03950 .705aTb 8.089fl. 896a 4.14050. 76gb 6.0 89&0. 506 6.18 0.004 
Biomass 

Notes : 

1. See note  1 a t  the  bottom of Table 12. 

2. Dead r h i z o m e s  and m i s c e l l a n e o u s  p l a n t  m a t e r i a l  c o n s t i t u t e d  o n l y  0.0 and 1.3%, 2.2 and 2.4%, and 0.6 and 
4.9% of t h e  t o t a l  belowground p lan t  biomass (bottom subsamples) a t  Re i f e l  Refuge, Lulu I s l and  and Brunewick 
P o i n t ,  r e s p e c t i v e l y .  They c o n s t i t u t e d  o n l y  1.1 and 2.6% of t h e  t o t a l  be lowground b i o m a s s  ( b o t t o m  
subsamples)  i n  t h e  F rase r  Estuary (pooled data). 



Table  14. S c i r p y a  b e l o w g r o u n d  i n d i c e s  ( g  core- ' ;  x+SE) for t o p  c o r e  s u b s a m p l e s  b y  t r a n s e c t  
d u r i n g  s u r v e y  7 ,  F r a s e r  E s t u a r y  1987. The t w o  t o p  c o r e  s u b s a m p l e s  p e r  q u a d r a t  were a v e r a g e d .  
(n=16 p e r  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  es tuary) .  

Index Reif e l  Refuge L u l u  I s l a n d  Brunswick P o i n t  F r a s e r  Es tuary  ANOVA Prob. 
(pooled data) F r a t i o  

1. Live Rhizome Biomass 1 .3162O.20la 1 .302&0.209a 1 .20020.328a 1.273M.143 0.06 0.939 

0.842 2. T o t a l  Rhizome Biomass 1.3343) .204a 1.422fl.217a 1 .210fl.32ga 1 . 3 2 2 5 1 4 5  0.17 
( l i v e  p l u s  dead) 

3. Root Biomass 4.6263) .573a 6.475fl. 770b 2.726fl.47 9' 4.609@ .415 9.15 CO.001 

4. T o t a l  Rhizome 5.96020 .706a s b  7.89750. 878a 3.9373). 761b 5.9313.502 6.36 0.003 
p l u s  Root Biomass 

5.  T o t a l  Belowground 6 .3 5 520 .7 4 1 a 8.3 6 2fl .91 8a 4.3 0 8H. 82 5 6 .3 4220. 5 2 8 5.94 0.005 
Biomass 

Notes  : 

1. See note  1 a t  t h e  bottom of Table 12. 

2. Dead rhizomes and misce l laneous  p l a n t  m a t e r i a l  c o n s t i t u t e d  only  0.3 and 6.2%, 1.4 and 5.6%, and 0.2 and 
8.6% of t h e  t o t a l  belowground p l a n t  biomass ( t o p  subsamples) a t  R e i f e l  Refuge, Lulu I s l a n d  and Brunswick 
P o i n t ,  r e s p e c t i v e l y .  They c o n s t i t u t e d  o n l y  0.8 and  6.5% of t h e  t o t a l  b e l o w g r o u n d  b i o m a s s  ( t o p  
subsamples) i n  t h e  F r a s e r  Es tuary  (pooled data) .  



Table 15. Scirpugi amgricanus biomass and r a t i o  va lues  (x+SE) by t r a n s e c t  during survey 7 ,  Fraser E s t u a r y  
1987. (n=16 per  t r a n s e c t ;  n=48 f o r  t h e  e n t i r e  es tuary) .  

Kruska l l  
F r a s e r  E s t u a r y  -Wallis 

Index Re i f e l  Refuge L u l u  I s l and  Brunswick Point  (pooled da ta )  H. s t a t .  Prob . 

Biomass: 
Aboveground 
Biomass ( g  m'2) 

Belowground 
Biomass ( g  m-2> 

To ta l  Biomass 
( g  m-2> 

a: 
Aboveground : 
B e  lowg r ound 

Aboveground : 
Rhizome 

Aboveground : 
Root 

Root:Rhizome 

257&Oa 

92421 1 5a ,b 

1181+148a 

0.2 8 4 3 . 0  24a 

1 .53120.180a 

0 .3 9620 .040 a 

4.73621 .020a 

126218asb 

1 12 921 0 ga 

125621 16' 

0.883 to. 12 7b 

0.1 719.030b 

7.44651 .213a 

148&16~ 

620213Ob 

76 82166 a 

0.19520. 047b 

0.81 520. 205b 

0.365t0.107asb 

7.20723 .420a 

177222 

891273 

1069287 

0.2 0 0 9  .02 1 

1 . 0 7 7 g  . lo9  

0.3119.041 

6.46321.242 

7.457 

8.646 

5.925 

14.174 

13.579 

11.520 

5.512 

(0.025 

(0.025 

X.050 

(0.001 

(0.005 

(0.005 

X.050 

Notes: 

1. A l l  ind ices  were normally d i s t r i b u t e d  (Kolmogorov-Smirnov goodness of f i t  test)  bu t  t o t a l  aboveground 
b i o m a s s  and a l l  r a t i o s  had unequa l  v a r i a n c e s  a c r o s s  t r a n s e c t s  (Ba r t l e t t ' s  t e s t  f o r  homogenei ty  of 
variance).  Hence, a non-parametric t es t  (Kruskall-Wallis)  was requi red  i n  t h e  ana lys i s .  

2. Biomass va lues  have been converted t o  g m-2 from g quadrat-' and g core-' by d iv id ing  t h e  l a t t e r  by 
conversion f a c t o r s  of 0.06250 and 0.01227, respec t ive ly .  



- 
Table 16. amaj&mu stem dens i ty ,  mean stem length,  and maximum s t e m  length ( l i v e  stems only; x 

- +SEI by t r ansec t ,  Fraser  Estuary 1987. A l l  da t a  were co l l ec t ed  from pon - random quadrats  ( s ee  
t e x t ) .  

1: -1 Stem Density (no.  st-rat 

Reif e l  Refuge 32.9H.4 3 8.827 . 1 43.9Hj.3 53.028.0 51.8+6.6 50.326.8 50.8k4.8 

L u l u  Is land 49.853.9 61.127.2 67.1210.4 74.529.9 7 9.129.3 75.927.5 73.3& .6 

Brunswick Point 68.9211 .O 84.5219.7 88.3520.5 95.321 8.8 92.621 8.6 85.921 4.2 7 8.6210 2 

a 
v 

Mean Stem Lenvsh ( c d :  

Re i f  e l  Refuge 7 .99 .5  16.121 .O 32.0k1.6 50.323.1 71.423.3 72.922.4 83.5k2.7 

L u l u  Is land 6 . 6 9 . 4  11.721.1 18.421.8 28.821.9 35.652.3 47.223.2 45.621. 7 

Brunsw ick  Point 1 7 . 2 9 .  9 26.721.8 41.622.4 56.5H.3 58 .93 .5  62.323.5 63.122.7 

Stem L w t h  (cm): 

Reif e l  Refuge 13 .19 .5  24.921.3 52.1 22 .9 76.323.2 110.352.6 119.3H.8 123.122.6 

L u l u  Is land 10.3M .4 20.821.3 39.527.9 44.022.5 61.923.7 67.523.3 70.121.9 

Brunswick Point  31.121.8 46 .5k3 . 1 67.153.1 82 .025 . 0 92.923.6 95 .525 . 1 96 . 1 23 .7 

, 



Table 17. Highest  s t e m  d e n s i t y ,  mean stem l e n g t h ,  and maximum s t e m  l e n g t h  
values recorded f o r  americanua by transect ,  Fraser Estuary 
1987. (ELSE of f i v e  h i g h e s t  v a l u e s  (maximum v a l u e  i n  b r a c k e t s ) ;  
n=16 f o r  surveys 1 and 7; n=24 f o r  surveys 2 through 6). 

Survey Re i fe l  Refuge L u l u  Island Brunswick Point 

Stem Densitv (no.  stems w d r a t  -1) : 

52* (73) 68& (82) 99225 (158) 
76216 (141) 8 3 9  (98) 72212 (109) 
6 6 9  (79) 8823 (95) 94221 (155) 
92217 (153) 9129 (117) 109211 (141) 
98213 (144) 115& (136) 15329 (171) 
88213 (120) 9 6 9  (111) 11827 (144) 
6325 (75) 6725- (76) 7628 (90) 

11.69.9 (13.6) 8.89.2 (9.6) 19.521.5 (23.8) 
20.5H.5 (22.3) 17.621 .O (19.8) 27 .0&1.1 (31.4) 
39.29.7 (40.6) 23.021.1 (27.2) 40.922.7 (49.6) 
63.251.7 (68.0) 36.121.1 (38.7) 60.123.7 (72.8) 
83.221.4 (87.0) 48.122.8 (56.5) 69.322.2 (74.2) 
89.951.0 (91.8) 53.5H.7 (55.3) 70.623.1 (81.8) 
88.922.5 (97.2) 53.521.7 (59.5) 63.622.6 (73.4) 

16.49.5 (18) 14.0M.8 (16) 34.822.1 (40) 
50.29.9 (52) 35.021.5 (41) 29.021.3 (34) 

64.821.4 (70) 44.4&.9 (64) 74.6k1.9 (81) 
90.221.8 ( 9 5 )  52.69.7 (55) 90.421.9 (94) 

129.423.4 (141) 76.021.5 (81) 106.422.3 (112) 
124.822.5 (134) 83.821.9 (91) 104.2H.3 (127) 
131.823.4 (141 75.622.1 (82) 98.021.8 (101) 
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Table 18. Summary of h ighes t  values  recorded f o r  s e l ec t ed  americanus growth 
ind ices  by t r a n s e c t  during survey 7 ,  F ra se r  Estuary 1987. (ZASE of f i v e  
h i g h e s t  v a l u e s  (maximum v a l u e  i n  b r a c k e t s ) ;  n=16 p e r  t r a n s e c t ) .  
Aboveground ind ices  a r e  f o r  l i v e  stems only. 

~~~~ ~~ ~~ ~ ~~ 

Survey Reif e l  Refuge L u l u  I s land  Brunswick Poin t  

Stem Density 62.6+4.6(75) 67.4+4.5(76) 76.4+8.1( 90) 
(no. stems quadrat- l )  

Mean Stem Length 
( t o t a l )  (cm) 

Maximum Stem Length 
( t o t a l )  (cm) 

Mean Stem Basal 
Diameter (mm) 

Stem Biomass 
( g  quadrat'l) 

Mean Stem Biomass 
(d 
Rhizome Biomass 
( l i v e )  (g  core-1) 

Root Biomass 
(g  core-1) 

88.9+2.5( 97.2 1 53.5?1.7(59.5) 63.6k2.6C73.4) 

131.823.4(141 .O> 7 5.6+2.1( 82.0 1 98.0+1.8(101) 

4.820. 1 ( 5.0) 3.620.2(4.2) 4 . 0 9 . 1  (4.1 1 

26 . 8 5 4 2  .5 7 1 ( 3 4 .6 82 ) 1 3 . 0 7 720 .3 84 ( 1 3 .947 2 1 3 2 7 23 7 1 8 ( 3 3 2 95 

0.495fl.011( 0.53 8) 0.26520 .030( 0.37 8) 0.31 89 .024(0  -3  83 1 

4.802H .317 ( 5.61 3) 4.037M .663 (6.530) 5.750+1.359( 10 -405) 

12.78531.725(15.475) 15.70921.179(19.937) 8.616+1.149( 1 2  -306) 
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BAS ED IAM 

LSTEMLEN 

DSTEMLEN 

TSTEMLEN 

MXLSTLEN 

MXTSTLEN 

.7917 .2515 .7379 -6791 .6827 .6306 .6310 
P= .OOO P= .042 P= .OOO P= .OOO P= .OOO P- .ooo P= .ooo 

.2356 .8942 .a888 .8308 .9321 .a666 
P= .054 P= .OOO P= .OOO P= .OOO P- .ooo P= .ooo 

,6457 .5647 .6 850 .1786 .6225 
P= .ooo P= .ooo P= .ooo P= .112 P= .ooo 

95 86 .9683 .8147 .9677 
P= .ooo P= .ooo P= .ooo P= .ooo 

.9546 .8399 .9601 
P= .ooo P= .ooo P= .ooo 

.7660 .9457 
P= .ooo P= .ooo 

LSTLEN3 .8631 
P= .ooo ................................................................................................... 

LEGEND : 
NUMSTEMS: NUMBER OF STEMS PER QUADRAT (LIVE STEMS) 
BASEDIAM: MEAN STEM BASAL DIAMETER (LIVE STEMS) 
LSTEMLEN: MEAN STEM LENGTH (LIVE PORTION) 
DSTEMLEN: MEAN STEM LENGTH (DEAD PORTION) 
TSTEMLEN: MEAN TOTAL STEM LENGTH (LIVE PLUS DEAD PORTIONS) 
MXLSTLEN: M A X I M U M  STEM LENGTH ( L I V E  PORTION) 
MXTSTLEN: M A X I M U M  TOTAL STEM LENGTH (LIVE PLUS DEAD PORTIONS) 
LSTLEN3: MEAN STEM LENGTH (LIVE PORTION) CUBED 
TSTLEN2: M E A N  TOTAL STEM LENGTH (LIVE PLUS DEAD PORTIONS) SQUARED 



Table 20. Correlations between abwegnxlnd biomass values and growth idices during survey 7, Fraser Eetuary 1987. (Pearson 
correlation coefficient; probability; 1F48 for all  indices). 

Ism .7202 .9¶1 .54!i3 
P . O o o  *.m P.ooo 

3 5 8  
P .m 

.8240 
P .ooo 

. 2 m  
F .024 

.6248 
e .m 

SO58 
P .ooo 

.7241 
P .ooo 

.7473 
P .m 

.7034 
P .ooo 

.6429 
P .m 

.7482 
P= .ooo 

. 4 w  
P .ooo 

.7710 .2741 
P .Ooo P .030 

.3515 
P .007 

.6689 
P .ooo 

.1709 
F .123 

.3420 
P .009 

.4722 
F= .ooo 

A672 
P .ooo 

.4778 
P= .ooo 

.%!a 
P .008 

.4859 
P= .m 

.BO7 
P .Ooo 

3% 
P .m 

.a99 
P .m 

.5162 
e .ooo 

.718 
P .m 

.2a32 
& .026 

.6112 
P .m 

.7373 
P; .m 

.6982 
P= .ooo 

.6280 
e .ooo 

.7402 
P= .ooo 

.9873 
e .ooo 

.14% 
P .155 

.a91 
F. .ooo 

.B67 
I?= .ooo 

2651 
P .OM 

.a581 
P .ooo 

.a686 
P; .m 

.a63 
P= .ooo 

.8B7 
P; .ooo 

.8%3 
p: .ooo 

.1431 * .166 
mrn .a35 

F .OOo 
.B37 

P= .ooo 
.2776 

F .028 
. a615 
P .ooo 

.%17 
F .ooo 

.a40 
P .ooo 

. a 8  
P= .ooo 

.a89 
p: .ooo rl 

c 1 



Table 21. Multiple regression analysis r e s u l t s  of 
indices, Fraser Estuary 1987. (survey 7; n=16 per transect; 1148 for the entire estuary). 

abovegnxmd biomass against grcuth 

Independent Variable( s> 
Deperdent Variable (kgression Equation) 

Residual 
Standard 

R2   ratio m. 

1. Live Stem Bianass (g a- -1) at: 

Reifel Refuge -33.1434.457(Stem k s i t y ) 9 . 2 6 3  0.98l 209.38 U3.OOO1 1.420 
(Mean Stem W t h ( 1 i v e  portion)) 
+4.014(Basal D i a s e t e r )  

(Mean Stan L q t h  (total) 1 
T (Mean Stan @th(live portion)) 

-0.00203(Mecn Stem IeDgth( total) )* 

( ~ e a a  stan *&(live p o r t i d 1 3  

I u l u  Islend 4 .322@.179(Stem Density) 9.147 0.949 120.35 0.0001 1.088 

0.976 164.25 U3.OOO1 1.7€2 Brunswick Point -0.114iO0.27O(Stem Density)4. 

Fraser Eatuary -3.01 &0.245( Stem Density) .rO.oooO52 0.914 239.24 0.OOO1 2.681 
( p l e d  data) 

2. To- B' -11 at: 

Reifel Reftge -37.1259.504(Stem Darsity)9.258 0.975 147.21 0.OOO1 1.Q7 
(&a Stem ~eqgth(1ive p o r t i d )  
+4.849(Basal Dkte r )  

LLllu Isld -5.7244.8WSten Density)iO.142 0.9% 113.16 0.ooO1 1.129 
(Mea stem Lergth(t0tal)) 
0.987iO0.2B(Sten Deasity)+O.ooOO 9 0.987 302.63 0.ooO1 1.487 Brunswick Point 
(&an Stem Lergth(1ive portion)) 
-0.1~)3(kiuun Stan Length(live portion)) 

s 
Fraser Estuary -3.2W00.270(Sten Density)9..000055 0.908 222.V. 4).ooO1 3.020 

(pooled data) sten -th(live po r t id  13 
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Table 22. Multiple regression analysis resu l t s  of ab0vqputr.I biomass against sten 
density and mean stem l q t h  (l ive portion; cubed), Fraaer Estuary 1987. (survey 7; ~ 1 6  per 
trmsect; d 8  for the entire estuary). 

Residual 
Inliepeadent Variable( 8 )  StaIKiard 

Dependent Variable (Regression Equation) F r a t i o  Rob. Efior 

1. Live Sten Bianass ( e  auadrat -1) at: 

2. Total (l ive plus dead) Stem Bianass  ( e  adrat-') at: 

Reifel Refuge 

h l u  I s l d  0.7594.182(Sten Density) 

-5.861 i0.409( Stan Dmsity)i0 .oooQ38 
( k e a n  Sten *th(live prtion))3 

Bnmwick Point -1.9939.243(Sten Denaity)tO.000072 
(k Sten *&(live porti0d,>3 

Fraser Estuary -3.284+0.270( Sten Density) +0 .oooO55 
(pooled data)  ern Sten a t h ( 1 i v e  partiodI3 

0.949 

0.933 

0.964 

0.9l4 

0.936 

0.905 

0.976 

0.908 

122.75 

90.80 

174.14 

239.24 

95.37 

133.59 

265.69 

222.51 

2.243 

1.242 

2.107 

2.682 

2.727 

1.438 

1.933 

3.020 

55 



Table 23. Multiple regression analysis results of 
inlices, Fraser Estuary 1987. (survey 7; ~ 1 6  per trcnsect; n=48 for the entire estuary). 

metm sten bianass against gmwth 

I 

Meperdent Variable(  s) 
Dement Variable (Regression Equation) 

Residual 
Standard 

R2   ratio W. ~ r m r  

Reifel Refuge -0.3118.006(Mecn Sten Ieugtldlive 0.851 37.23 (0.0001 0.036 

L l u  Island -0.04240.000002(Mean Sten kqth(1ive 0.989 345.93 Q.0001 0.007 
portin3)+00.090(Basal Diareter) 

partied )3+0.05o(Bd Dianeter) 
+0.002(Mean Sten Leqgth(dead portid) 

(live portion)) 

(Mean S t e n  Lergth(1ive portion)) 
8.()01~Maximnn Sten -th(live portion>) 

Brun&~ick Point 0.0114o.O06(Mean stem Lfslgth 0.874 97.24 0.0001 0.038 

Fraser Estuary -0.0508.056(Basal D b t e r )  4. y1 0.919 165.51 Q.ooO1 0.039 
( p l e d  data) 

2. ): 

Reifel Refuge d .3018.006(k Sten length( live 0.798 25.61 Q.OOO1 0.045 

IAllu Island -0.071 8.083(Basal D i a n e t e r )  8. yl 0.895 55.13 0.0001 0.021 

BrunaJick Point 0.0189.007(k Sten *&(live 0.898 117.23 0.OOO1 0.040 

Fraser Btuary -0.0!i38.065(Basal D b t 4 8 .  y 1  0.916 159.98 Q.OOO1 0.041 

portinS)iO.O93(Basal D h t e r )  

(Mean Sten kqth(1 ive  portion)) 

portion)) 

(Mean Sten Lergth(1ive portion)) 
8 . 0 0 1 ~ ~  Sten -&(live p o r t i d )  

( p l e d  data) 

56 



Table 24. Multiple regression analysis results of 
stem l a g t h  (live portion; ched) and stem basal diameter, Fraaer Estuary 1987. 
n=16 per trmsect; n 6 8  for the entire estuary). 

mean sten biomass against mean 
(survey 7; 

Residual 
Indepadent Variable( s) S t a d a d  

Dependent Variable (Regression &pation) E? F ratio m. Esror 

1. Mean -: 

Reifel Refuge -0.1O5iO0.000001(Mean Stan @&(live 0.8)1 26.08 0.0001 0.042 

Lulu Island -0.01210.000002(Meau Stem k g t h ( 1 i v e  0.%9 205.38 8.OOO1 0.011 

Bruntwick Point O.O2l+O0.000001(Mean Sten Length(1ive 0.891 52.93 (0.0001 0.037 

Fraser Estuary -0.035iO.000001(Mem Stem -&(live 0.907 219.69 0.0001 0.041 

portid)3i00.0!mBasal D i e t e r )  

p o r t i d  )3iO0.O%(Basai D h t e r )  

portion>)3i0.037(Basal Diapeter) 

(pooled data) portion>)3i0.064(Basal Dianeter) 

2. MPm Total U v e  D ~ U S  4 
Reifel Ref4ge -0>.094~.00000l(Mean Sten  LeTgth(1ive 0.748 19.32 o.Ooo1 0.050 

portid)3i0.100(Basal D k t e r )  
IAllu Island -0.07liO.alOOOl(Mean Stan Lagth(1ive 0.895 55.13 0.ooO1 0.021 

Brun&lick Point 0.01&9.000001 (Mean Stem k g t h ( 1 i v e  0.885 50.61 8.OOO1 0.062 

Fraser Estuary 4.037+0.alOOOl(Mea~1 Sten Lagth(1ive 0.906 215.47 0.0001 0.043 

p o r t i d  1% .OB(- ~iane-1 

pt~tion))~iO.047(Basal DiaPeter) 

(pooled data) portid)3i0.073(Basal D k t e r )  
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=le 25. Correlatione between &&gu.e belowgmcnd biclmaes valuee cnd growth indices during survey 7, Fraser Fetuary 1987. (Pearscm correlation coeffici-, 
@ability; d 8  for all indices). 
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Table 26. Multiple regression analysis results of 
indices, Fraser Estuary 1987. (survey 7; -16 per trznaect; 11.48 for  the entire estuary). 

b e l o w g d  biomass against gnwth 

Residual 
Independent V a r i a b l e (  SI Stanlard 

Dependent Variable (Regression 4uation) R2  ratio Rub. Error 

1. Live R ~ I Z  aoe Bianass ( e  core-1) a: 

Reifel Refuge -0.4869.082(Sten Density) 0.500 126.61 <0.0001 0.593 

L i lu  Island -0.136iO0.O58(Sten Density) 0.725 36.85 (o.OOO1 0.878 

BnmaJiCk Point -0.6290.059(Sten Density)iO.O88 0.865 41.65 <0.OOO1 1.148 

Fraser Estuary -0.8114iO.O58(Sten Density)iO.O63 0.825 99.19 (o.OOO1 0.945 
(Mean Sten Lexgth(dead portiod)) 

(pooled data) (Mem Sten Lergth(dedad portio) 

2. Root Biaoass (E c0re-l) at: 

Reifel Refuge 2.8749.143(Sten Density) 

Lilu Island 10.027-0.00765(&m Stan k t h  
( total) 129  .341 (Maxinrpm 
Sten @th( live portion> 1 

Brunwick Point 1 .2199.055(Sten Density)9.127 

Fraser Estuary 4.6948.088(Sten Density) 
Sten Lergth(dead p o r t i o )  

(pooled data) 

0.562 17 95 O.OOO8 2.765 

0.542 7.68 0.0063 3.381 

0.749 19.38 o.OOO1 1.843 

0.245 14.50 O.ooo4 4.150 

c -1 . 3. :t. 

Reifel Refuge 2.579+0.232( Sten Density) 0.749 41.79 (o.OOO1 2.947 

IAllu Island No variables entered - - - - 
Brunwick Point 0.9349 .la( Sten Density) 9.219 0.856 38.55 UI.OOO1 2.610 

~ k m  Sten Lagth(dead portion>) 
Fraser Estuary 4.949iO.l66(Stan Density) 0.489 44.01 (o.Oo01 4.537 
(pooled data) 
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Table 27. Multiple regression analysis results of SCirars americwJs belowground biomass against stem 
density, Fraser Estuary 1987. (survey 7; ~ 1 6  per transect; n=48 for the entire estuary). 

Rf?SidUal 
Ldepexxlent Variable( SI Standard a4 

Dependent Variable (@res sion 4uation) Rz F ratio Rcb. Erm 

l . - B o  -1) at' 

Reifel Refee -O.4864.081(Sten Density) 0.900 126.61 43.0001 0.593 

h l u  Island -O.1364.058( Stan Density) 0 725 36.85 Q.OOO1 0.878 

Brundck Point 4 .0014 .076( Sten Density) 0.788 51.95 43.0001 1.388 

Fraser Estuary 4.1954 .071 (Stan Density) 0.766 150.81 Q.OOO1 1.050 
(pooled data) 

2. -1 at: 

Reifel Refuge 2.8744 .lo( Sten Density) 

L l u  Island Not  significant 

Brunswick Point 2 .la 4.081 ( Stan Density) 

Fraser Estuary 4.6944.088(Sten Density) 
( p l e d  data) 

0.0008 2.766 0.562 17.95 

- - - - 

0.634 24.20 0.0002 2.145 

0.245 14.90 0.0004 4.150 

41.79 Q.ooO1 2.947 Reifel Refuge 2.57!3+0.232(Stan Density) 0.749 

Brimswick Point 2.4904.165(Sten Density) 0.758 43.79 43.OOO1 3.259 

Fraaer Estuary 4.%94.166( Sten Density) 0.489 44.01 Q.Oo01 4.537 
(pooled data) 

60 



=le 28. Surface water salinities (ppt; jr+SE(n)) by tr-t, Fraser Estuary 1987. 

survey 2 3 4 5 6 7 
I 

t Period ( d d )  05/2545/27 06/0&06/10 06/22-06/24 07/07-07/09 07/21-07/23 08/05-08/07 

4 

Reifel Refuge 4.69.6(8)a 0.49.4(24la 0.0a.0(12)a 0.09.0(3)a 5.w.6(12)a 2.0a,0(12)a 

Lulu Island 13.9&2.1(8Ib 14.69.4(24Ib 4.8a.4(12lb 8.69.4(9Ib 15.29.5(12)b 11.7+l.0(12)b 

B-kk Point 8.38.0(8)ab 5.4+J.6(24Ic 5.2&2.5(12Ib 9.3+2.7(8lb 17.5d.g(12)b 5.29.9(12)' 

Kruskall-wall is 14.75 61.29 24.57 7.80 26.u 32.49 
H. stat. 

m. (0 .001 (0.001 (0.001 (0 .025 (0.001 (0.001 

Notes : 

1 1. Salinities w e r e  not collected during survey 1. 

2. Stanlard erro~s €or the Fraser Estuary were calculated by p o o l k  all data from the 3 transects. 
* Survey 5 was the only survey w i t h  m e n  sample sizes by transect. 
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