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ABSTRACT 

We asses sed  t h e  s i g n i f i c a n c e  of a number of wet land h a b i t a t  components t o  

a q u a t i c  b i r d s  i n  t h e  Aspen P a r k l a n d  o f  c e n t r a l  B r i t i s h  Columbia.  Through 

c o r r e l a t i o n .  p r i n c i p a l  component ,  a n d  l i n e a r  r e g r e s s i o n  a n a l y s e s ,  w e  found  

w e t l a n d  s i z e  ( A r e a  of Open Water) t o  b e  c o n s i s t e n t l y  t h e  mos t  i m p o r t a n t  

a b i o t i c  v a r i a b l e  f o r  b o t h  a d u l t  ( p o t e n t i a l  b r e e d e r s )  and b rood  c o u n t s .  

b 

Wet land  s i z e  w a s  i n c l u d e d  i n  a l m o s t  a l l  s p e c i e s  r e g r e s s i o n  e q u a t i o n s  and ,  

because it explained most of t h e  va r i ance  i n  counts,  i t  was g e n e r a l l y  e n t e r e d  

f i r s t .  Other s i g n i f i c a n t ,  p o s i t i v e l y  c o r r e l a t e d  v a r i a b l e s  were: Mean Depth, 

Area of Snags, Conductivity. and  pH. W i t h  m i n o r  e x c e p t i o n s .  w e  found  low 

c o r r e l a t i o n s  between a q u a t i c  b i r d s  a n d  b i o t i c  v a r i a b l e s  ( a q u a t i c  p l a n t s  a n d  

i n v e r t e b r a t e s ) .  The f e a t u r e s  measu red  e x p l a i n e d  a g r e a t e r  amount o f  t h e  

variance i n  p o t e n t i a l  b reede r  abundance t h a n  i n  brood abundance. 

The dominance of wet land s i z e .  i f  b i o l o g i c a l l y  meaningful. sugges t s  t h a t  

some s p a c i n g  mechanism m i g h t  b e  r e s p o n s i b l e  f o r  d i s t r i b u t i n g  t h e  b i r d s  

t h r o u g h o u t  t h e  w e t l a n d s .  i n d e p e n d e n t  of w e t l a n d  c h a r a c t e r i s t i c s .  However, 

because several v a r i a b l e s  (Mean Depth, Conductivity. and pH) were p o s i t i v e l y  

a s s o c i a t e d  w i t h  w e t l a n d  s i z e .  i t  i s  p o s s i b l e  t h a t  t h e i r  c o n t r i b u t i o n s  were  

over-shadowed i n  t h e  r e g r e s s i o n  a n a l y s e s .  Ano the r  p o s s i b l e  r e a s o n  f o r  t h e  

o v e r r i d i n g  e f f e c t  of wet land s i z e  might be t h a t  s p e c i e s  were us ing  t h e  s tudy 

area as a complex. and they  t h e r e f o r e  w e r e  n o t  s e l e c t i n g  s p e c i f i c  wet lands f o r  

s p e c i f i c  f e a t u r e s .  We recommend t h a t  f u t u r e  s t u d i e s  on a q u a t i c  b i r d / h a b i t a t  

r e l a t i o n s h i p s  u s e  a n  e x p e r i m e n t a l  a p p r o a c h  i n  w h i c h  w e t l a n d  s i z e  i s  h e l d  

cons t an t  and b i r d / h a b i t a t  surveys are conducted w i t h i n  complexes bu t  a c r o s s  

d i f f e r e n t  b iogeoc l ima t i c  zones. 



Nous avons essaye' de d i t e r m i n e r  l ' importance de p l u s i e u r s  composantes de 

l ' h a b i t a t  p o u r  l e s  o i s e a u x  a q u a t i q u e s  de l a  f o r G t  o u v e r t e  du c e n t r e  de l a  

Colombie B r i t a n n i q u e  Avec l ' a i d e  d 'analyses  de c o r r g l a t i o n ,  de composantes 

p r i n c i p a l e s  e t  d e  r g g r e s s i o n  m u l t i l i n g a i r e s ,  nous a v o n s  t r o u v g  que  l a  

s u p e r f  i c i e  de l ' i t a n g  ( s u r f a c e  d ' eau  o u v e r t e )  ;tait l a  v a r i a b l e  a b i o t i q u e  l a  

p l u s  i m p o r t a n t e  p o u r  l e s  c a n a r d s  a d u l t e s  ( n i c h e u r s  p o t e n t i e l s )  e t  p o u r  l e s  

c o u v e e s  La s u p e r f i c i e  de l ' e t a n g  e n t r a  d a n s  l a  f o r m u l e  de r e g r e s s i o n  de 

p r e s q u e  t o u t e s  l e s  e s p i c e s  e t ,  comme e l l e  e x p l i q u a i t  l a  p l u p a r t  de  l a  

va r i ance ,  :tait s o w e n t  e n t r e e  l a  p r e m i i r e  Les v a r i a b l e s  s u i v a n t e s  z t a i e n t  

a u s s i  a s s o c i g e s  de  f a c o n  p o s i t i v e  a l a  d e n s i t e )  d ' o i s e a u x  a q u a t i q u e s :  l a  

profondeur moyenne de l ' i t a n g ,  l'abondance d ' a rb res  morts,  l a  c o n d u c t i v i t e  de 
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l ' e a u ,  e t  l e  p€L Les c o r r e l a t i o n s  e n t r e  l e s  o i s e a u x  a q u a t i q u e s  e t  l e s  

v a r i a b l e s  b i o t i q u e s  ( p l a n t e s  aqua t iques  e t  i n v e r t e b r e s )  e t a i e n t  ggn6ralement 

f a i b l e s  sauf quelques e x c e p t i o n s  Les v a r i a b l e s  mesure'es expl i q u e r a i e n t  une 

p r o p o r t i o n  p l u s  grande de l a  v a r i a b i l i t e  dans l e  nombre de n i cheur s  p o t e n t i e l s  

q u e  d a n s  l e  nombre de couvees. S i  l a  dominance  d e  l a  s u p e r f i c i e  de l ' e t a n g  

s u r  l e s  a u t r e s  v a r i a b l e s  mesure'es e s t  b i o l o g i q u e m e n t  s i g n i f i c a  t i v e  l a  

d i s t r i b u t i o n  des  o i seaux  dans la r i g i o n  Gtudie(e se ra i t  p l u s  in f luencge  pa r  l e s  

mechanismes de d i s p e r s i o n  des  o i seaux  que p a r  l e s  c a r a c t i r i s t i q u e s  de 1';tang 

0 ' #  
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Cependant ,  p u i s q u e  p l u s i e u r s  v a r i a b l e s  t e l l e s  l a  p r o f o n d e u r  moyenne, l a  

c o n d u c t i v i t l  e t  l e  pH : ta ien t  a s s o c i d e s  p o s i t i v e m e n t  a v e c  l a  s u p e r f  i c i e  de 

l 'etang, il e s t  p o s s i b l e  que l e u r  importance a i t  e t e  masquee dans l e s  a n a l y s e s  

de rlggression I1 e s t  a u s s i  p o s s i b l e  que l e s  o i seaux  a i e n t  u t i l i s e  l a  r e g i o n  

# I 4  4 
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I 
d ' l t u d e  comme un complexe  d ' e t a n g s  s a n s  n e c e s s a i r e m e n t  r g p o n d r e  a u x  

c a r a c t g r i s t i q u e s  i n d i v i d u e l l e s  des  e t a n g s  Nous recommendons que l e s  l t u d e s  

u l t e r i e u r e s  s u r  l e s  r e l a t i o n s  e n t r e  o i s e a u x  a q u a t i q u e s  e t  l e u r  h a b i t a t ,  

I 

fl 
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1)  u t i l i s e n t  une approche plus experimentale ou l a  dimension de l'gtang s e r a i t  

tenue  c o n s t a n t e  e t  2 )  comparent d e s  complexes d'gtangs dans plusieurs zones 

b iog lographiques ,  af i n  d 'obten ir  une p l u s  grande v a r i a b i l i t ;  dans l e s  

var iables  mesur l e s  
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1. INTRODUCTION 

Riske Creek i s  t h e  c e n t r e  of one of t h e  most impor t an t  wet land complexes 

f o r  b r e e d i n g  w a t e r f o w l  i n  B r i t i s h  Columbia  (McKelvey a n d  Munro 1983) .  To 

p r o t e c t  and  manage t h a t  complex  and  o t h e r s  f o r  t h e  b e n e f i t  of a q u a t i c  b i r d  

populat ions,  an  understanding of t h e  r e l a t i o n s h i p s  between h a b i t a t  and b i r d  

numbers  i s  needed;  t h a t  i s ,  s p e c i f i c  w e t l a n d  a b i o t i c  and b i o t i c  f a c t o r s  

r e s p o n s i b l e  f o r  a t t r a c t i n g  and u l t i m a t e l y  i n f l u e n c i n g  t h e  breeding success  of 

d i f f e r e n t  species .  

R e c e n t  y e a r s  have  s e e n  some p r o g r e s s  i n  o u r  u n d e r s t a n d i n g  o f  t h o s e  

r e l a t i o n s h i p s  (Pa t t e r son  1976; Dane11 a n d  S j  o b e r g  1978; N i l s s o n  a n d  N i l s s o n  

1978; Mack and Flake 1980; Godin and Joyner  1981; T a l e n t  e t  al. 1982; Mulhern 

-- e t  a l .  1985).  Most s t u d i e s  d e a l t  w i t h  d a b b l i n g  duck  s p e c i e s  ( s p e c i f i c a l l y  

Mallard (Anas platyrhynchos) and Blue-winged Teal (A. d i s c o r s ) )  u s ing  p r a i r i e  

p o t h o l e s .  Some of t h o s e  s t u d i e s  f o u n d  t h a t  a f e w  h a b i t a t  v a r i a b l e s  c o u l d  

e x p l a i n  a c o n s i d e r a b l e  amount  of t h e  v a r i a t i o n  i n  b i r d  numbers.  The s a m e  

s tudy approach h a s  n o t  been a p p l i e d  t o  o t h e r  s p e c i e s  of a q u a t i c  b i r d s  such as 

diving ducks and grebes,  however. 

The p r i m a r y  o b j e c t i v e s  of o u r  s t u d y  w e r e  t o  i d e n t i f y  p o t e n t i a l l y  

impor t an t  a b i o t i c  h a b i t a t  components of Riske Creek we t l ands  and t o  determine 

t h e  amount of v a r i a t i o n  i n  a d u l t  and brood numbers of d i f f e r e n t  a q u a t i c  b i r d  

s p e c i e s  and s p e c i e s  groups t h a t  could be accounted f o r  by those  components. A 

s e c o n d a r y  o b j e c t i v e  was t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  of b i o t i c  h a b i t a t  

components. Such in fo rma t ion  could be u s e f u l  i n  t h e  development of h a b i t a t  

e v a l u a t i o n  models f o r  assessment,  a c q u i s i t i o n ,  and management purposes (Larson 

1976; R e p p e r t  -- e t  a l .  1979; Adamus 1983) .  I t  m i g h t  a l s o  h e l p  i n  p r e d i c t i n g  

populat ion l e v e l s  of s e l e c t e d  s p e c i e s  o r  species groups and i n  i d e n t i f y i n g ,  on 

a b r o a d  s c a l e ,  a s s o c i a t i o n s  w o r t h  s t u d y i n g  by more i n t e n s i v e ,  e x p e r i m e n t a l  

means. 
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A l l  d a t a  c o l l e c t e d  during t h i s  s tudy  are a v a i l a b l e  i n  Canadian W i l d l i f e  

Se rv ice  r e p o r t s  (Boyd and Savard 1987; Boyd and Smith 1989). 

2. sRJDpARx4 

Our s tudy  area is loca ted  i n  t h e  Aspen Parkland of sou th -cen t r a l  B r i t i s h  

Columbia on t h e  F r a s e r  P l a t e a u  about 40 k m  w e s t  of W i l l i a m s  Lake (Figures  1 

t h r o u g h  5). The R i s k e  Creek a r e a  was c h o s e n  b e c a u s e  of i t s  i m p o r t a n c e  t o  

breeding wa te r fowl  (Canada Land Inventory C l a s s  1 s t a t u s )  and because i t  w a s  

t h e  focus  of an  i n t e n s i v e ,  long-term wa te r fowl  survey by t h e  Canadian W i l d l i f e  

Service. Our s tudy area included 118 we t l ands  d i s t r i b u t e d  Over 200 km2 a c r o s s  

two b i o g e o c l i m a t i c  subzones of t h e  I n t e r i o r  Douglas F i r  zone (Annas and Coupe 

1979).  

The F r a s e r  P l a t e a u  i s  f l a t  t o  r o l l i n g  c o u n t r y  b e t w e e n  900 and 1500 m 

a b o v e  sea level.  It  i s  c o m p r i s e d  of d e f o r m e d  P a l e o z o i c  a n d  Mesozo ic  

s e d i m e n t a r y  r o c k s  p a r t i a l l y  o v e r l a i d  by f l a t  v o l c a n i c  f l o w s  (Holland 1976). 

The b e d r o c k  i s  c o v e r e d  by a b l a n k e t  o f  till d e p o s i t e d  d u r i n g  P l e i s t o c e n e  

g l a c i a t i o n  (Tipper 1971). The s o i l s  are c a l c a r e o u s  i n  n a t u r e  and have a high 

base  s t a t u s .  

I n  gene ra l ,  t h e  we t l ands  a t  Riske Creek are r e l a t i v e l y  shal low and small 

(Table 1) w i t h  n a r r o w  s t r i p s  o f  e m e r g e n t  a n d  s u b m e r g e n t  p l a n t  a s s o c i a t i o n s  

a r o u n d  t h e i r  edges .  Because  of a m o d e r a t e l y  d r y  c l i m a t e ,  v o l c a n i c  d e r i v e d  

pa ren t  materials, and r o l l i n g  topography, salts  accumulate  t o  va ry ing  degrees  

and  wa te r  l e v e l s  t e n d  t o  f l u c t u a t e  o v e r t h e  s h o r t  and  l o n g - t e r m  c a u s i n g  t h e  

development of snag (dead t r e e )  zones. 

Based on a wet land c l a s s i f i c a t i o n  system developed f o r  t h e  Cariboo Region 

of B r i t i s h  

l a c  u s  t r i n e  

Columbia  (Runka 

hydro topographic 

a n d  L e w i s  1981).  o u r  w e t l a n d s  h a v e  p a l u s t r i n e  o r  

cha rac t e r s .  The predominant c l a s s e s  are shal low 
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o p e n  water.  marsh.  a n d  meadow. Only a f ew w e t l a n d s  h a v e  a s s o c i a t e d  f e n .  

shrub-carr. o r  swamp classes. The shallow open water s u b c l a s s e s  range from 

f r e s h  t o  moderately s a l i n e .  t h e  marsh s u b c l a s s e s  a r e  shal low and deep. and t h e  

meadow s u b c l a s s  is  mainly mineral. Based on t h e  l a t e s t  wet land c l a s s i f i c a t i o n  

s y s t e m  d e v e l o p e d  f o r  t h e  U n i t e d  S t a t e s  (Cowardin  e t  a l .  1979) .  o u r  w e t l a n d s  

have l a c u s t r i n e  and p a l u s t r i n e  systems. The l i m n e t i c  and l i t t o r a l  subsystems 

f o r  t h e  l a c u s t r i n e  systems have p r i m a r i l y  unconsol idated bottom and a q u a t i c  

bed c l a s ses .  The main c l a s s e s  f o r  t h e  p a l u s t r i n e  systems are  unconsol idated 

bottom. a q u a t i c  bed, and emergent. The we t l ands  are t y p i c a l l y  o l i g o s a l i n e  and 

a l k a l i n e ,  however s a l i n i t i e s  range from f r e s h  t o  mesosal ine and a few wetlands 

have pHs t h a t  are  c l o s e  t o  n e u t r a l  (Table 1). 

3. DATB COLLECTION 

3.1 B i r d  Data 

W e  conducted 24 s p r i n g  surveys of a q u a t i c  b i r d s  over  5 y e a r s  (1980-1984) 

from l a t e  A p r i l  t o  l a t e  May. We counted a d u l t  males. females.  and s u b a d u l t s  

( a l l  t e r m e d  " a d u l t s "  i n  t h i s  r e p o r t )  of a l l  s p e c i e s  on  e a c h  w e t l a n d .  

O b s e r v a t i o n s  were made a t  1 t o  3 p o i n t s  a l o n g  t h e  p e r i m e t e r  o f  e a c h  w e t l a n d  

u s i n g  b i n o c u l a r s  o r  a s p o t t i n g  scope.  Numbers f o r  e a c h  s p e c i e s  f o r  e a c h  

wet land were t o t a l l e d  Over t h e  5 years.  Those numbers were a l s o  converted t o  

mean coun t s  p e r  survey when w e  a d j u s t e d  f o r  mig ran t s  (discussed below). 

We conducted a minimum of 4 waterfowl brood su rveys  du r ing  June and J u l y  

i n  each of t h e  same 5 y e a r s  u s ing  t h e  same techniques.  Brood counts  were n o t  

conducted f o r  t h e  grebe s p e c i e s  and American Coot (Fu l i ca  americana). We aged 

b r o o d s  by p lumage  g r o w t h  u s i n g  a c o m b i n a t i o n  of t h e  c r i t e r i a  d e v e l o p e d  by 

G o l l o p  a n d  M a r s h a l l  (1954) a n d  Tabe r  (1971).  Numbers f o r  e a c h  s p e c i e s  f o r  

e a c h  w e t l a n d  were t o t a l l e d  o v e r  t h e  5 y e a r s .  The maximum number of b r o o d s  

seen f o r  each s p e c i e s  f o r  each wet land over t h e  5 y e a r s  w a s  a l s o  t abu la t ed .  
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We u s e d  5 y e a r  t o t a l s  (and mean v a l u e s )  f o r  a d u l t s  a n d  b r o o d s  i n  o u r  

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

v a r i a b i l i t y  known t o  occur i n  b i r d  su rveys  through n a t u r a l  causes  ( c l i m a t e ,  

p reda t ion ,  etc.) and sampling e r r o r .  We considered maximum brood counts  i n  

a d d i t i o n  t o  t o t a l  brood coun t s  because w e  f e l t  t h a t  t h e  f o r m e r  w a s  a b e t t e r  

estimate of a wetland’s c a r r y i n g  c a p a c i t y  f o r  a given s p e c i e s  i n  terms of t h e  

number of broods t h a t  could be supported. 

3.2 Habitat Data 

A b i o t i c  Environment 

We s u r v e y e d  and  made rough  f i e l d  maps of e a c h  w e t l a n d  i n  J u n e  and  J u l y  

1983. Color a i r  photos ( s c a l e  1:5000), t a k e n  i n  September 1983, were used to 

map e a c h  w e t l a n d  by e n l a r g i n g  t h e i r  n e g a t i v e s  t o  a s c a l e  of 1:1500. An 

Apple 11+ c o m p u t e r  a n d  g r a p h i c s  t a b l e t  w e r e  u s e d  t o  c a l c u l a t e  a reas  of e a c h  

p l a n t  a s s o c i a t i o n  and l e n g t h s  of edges between. 

We determined depth p r o f i l e s  f o r  a l l  we t l ands  du r ing  June and J u l y  1983. 

T h a t  y e a r  w a s  a v e r a g e  f o r  p r e c i p i t a t i o n  a t  R i s k e  Creek  ( A t m o s p h e r i c  

Environment Service,  Environment Canada, unpubl. da t a )  and s u r f a c e  waters were 

a t  o r  c l o s e  t o  shal low marsh/wet meadow o r  upland i n t e r f a c e s  throughout t h e  

s tudy area and p e r i o d  of measurement. Therefore,  water levels  were considered 

t o  b e  c l o s e  t o  t h e  l o n g - t e r m  mean (+ 0.1 m). A measu red  r o p e  w i t h  w e i g h t  

a t t a c h e d  w a s  used t o  de t e rmine  dep ths  from a canoe along g r i d s  o r  t r a n s e c t s  

t o / f r o m  p r o m i n e n t  s h o r e l i n e  f e a t u r e s .  F i e l d  d a t a  were t r a n s f e r r e d  t o  t h e  

1:1500 s c a l e  maps and areas f o r  a l l  contour  i n t e r v a l s  were determined u s i n g  

t h e  g raph ic s  t a b l e t .  

Water samples were c o l l e c t e d  from a l l  wet lands a t  3 d i f f e r e n t  t i m e s :  J u l y  

1982,  J u n e  1983,  a n d  Augus t  1983. Samples  were c o l l e c t e d  a t  w a i s t  d e p t h  by 

emersing p l a s t i c  b o t t l e s  10 cm under t h e  surface.  Analysis  took p l ace  a t  our 
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f i e l d  l a b  w i t h i n  48 hours. We determined conduc t iv i ty  and s a l i n i t y  u s i n g  a S- 

C-T Meter (Yellow Springs Ins t rumen t  Co.) and calcium, sodium, and pH us ing  a 

S p e c i f i c  Ion Meter (Orion Research Inc.). I n  September 1984. w e  sampled 92 of 

t h e  above wet lands i n  t h e  same manner. The samples. c o l l e c t e d  i n  s t e r i l i z e d  

b o t t l e s ,  were shipped on ice  t o  In l and  Waters D i r e c t o r a t e  (Environment Canada. 

North Vancouver. B.C.) where they were analyzed f o r  t h e  fo l lowing  parameters  

u s i n g  s t a n d a r d  methods :  p h e n o l  a l k a l i n i t y .  t o t a l  a l k a l i n i t y .  h a r d n e s s ,  

magnesium. c h l o r i d e .  s u l p h a t e .  n i t r a t e  n i t r o g e n .  t o t a l  d i s s o l v e d  n i t r o g e n .  

t o t a l  phosphorus, and t u r b i d i t y .  

B i o t i c  Environment 

I n  a d d i t i o n  t o  t h e  a b i o t i c  d a t a  d e s c r i b e d  above.  w e  a l s o  c o l l e c t e d  

a q u a t i c  p l a n t  and i n v e r t e b r a t e  data. Aquatic p l a n t s  w e r e  surveyed by canoe i n  

June and July.  1983. Physical  dimensions of p l a n t  a s s o c i a t i o n s  were o u t l i n e d  

o n  r o u g h  f i e l d  maps. A l l  s p e c i e s  w e r e  i d e n t i f i e d  u s i n g  H i t c h c o c k  a n d  

C r o n q u i s t  (1973) and  w e  e s t i m a t e d  t h e i r  cove r -abundance  v a l u e s  u s i n g  t h e  

Braun-Blanquet scale (Mueller-Dombois and E l l enbe rg  197 4). The a s s o c i a t i o n s  

were mapped w i t h  t h e  h e l p  of f i e l d  notes ,  contour da t a ,  and a i r  photos. The 

t o t a l  area occupied by each  s p e c i e s  i n  each  we t l and  w a s  t hen  c a l c u l a t e d  u s i n g  

t h e  mean va lue  of each Braun-Blanquet i n t e r v a l .  

W e  sampled a q u a t i c  i n v e r t e b r a t e s  from a s u b s e t  of we t l ands  u s i n g  a c t i v i t y  

t r a p s ,  bottom co re r s .  and sweep nets .  Wetlands were f i r s t  s t r a t i f i e d  by water 

c h e m i s t r y  (pH. c o n d u c t i v i t y .  a n d  c a l c i u m )  a n d  w a t e r f o w l  use .  F o r t y - t h r e e  

wet lands were sampled us ing  t h e  sweep  n e t  technique i n  June and J u l y  of 1984 

and 1985, t h e  same we t l ands  were sampled by bottom c o r e r  i n  1985, and on ly  8 

of t hose  wet lands were sampled by t h e  a c t i v i t y  t r a p  technique i n  1985. Most 

of t h e  s a m p l i n g  was p e r f o r m e d  a t  r e g u l a r  i n t e r v a l s  a r o u n d  t h e  s h o r e l i n e  o f  

each  w e t l a n d  a t  0.5 and 1.0 m d e p t h s .  Numbers f o r  s e l e c t e d  m a j o r  taxa were 
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converted t o  dry we igh t s  u s i n g  conversion f a c t o r s  c a l c u l a t e d  f o r  we t l ands  a t  

100 Mile House (G. Gauthier.  unpubl. data) .  

For a more complete d e s c r i p t i o n  of t h e  above methods and t h e i r  r e s u l t s .  

see Boyd and Savard (1987) and Boyd and Smith (1989). 

4. DATA ANALYSIS 

4.1 Abiotic Environment 

Dependent and Independent Var i ab le s  

Dependent v a r i a b l e s  were grouped i n t o  2 c l a s s e s :  a d u l t  counts  and brood 

c o u n t s .  I n d e p e n d e n t  a b i o t i c  v a r i a b l e s  were g r o u p e d  i n t o  3 c l a s s e s :  b o t t o m  

c o n t o u r  areas,  m o r p h o m e t r i c  v a r i a b l e s ,  a n d  water  c h e m i s t r y  v a r i a b l e s .  The 

"extra" water chemis t ry  v a r i a b l e s ,  measured only once f o r  92 wet lands,  were 

c o n s i d e r e d  t o  b e  l e s s  r e l i a b l e  t h a n  t h e  a v e r a g e d  m e a s u r e m e n t s  f o r  pH, 

c o n d u c t i v i t y ,  c a l c i u m .  e t c .  d e t e r m i n e d  o v e r  1 1 2  w e t l a n d s .  We t h e r e f o r e  

performed our a n a l y s i s  twice, once excluding t h o s e  extra v a r i a b l e s  and once 

i n c l u d i n g  them, t o  de t e rmine  t h e  magnitude and d i r e c t i o n  of t h e i r  e f f e c t s .  

We used on ly  21 of t h e  24 s p r i n g  a d u l t  surveys i n  our a n a l y s i s .  Freezing 

c o n d i t i o n s  d u r i n g  3 l a t e  A p r i l  su rveys  fo rced  a l l  b i r d s  t o  c o n c e n t r a t e  on on ly  

a few i c e - f r e e  we t l ands  (Table 2). Those 3 surveys were t h e r e f o r e  considered 

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

surveys included migrants ,  w e  r e c o n s t r u c t e d  t h e  d a t a  set  so t h a t  it contained 

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

s u r v e y s  w h i c h  c o v e r e d  t h e  p e r i o d  a f t e r  t h e  d e p a r t u r e  of m i g r a n t s  when t h e  

b r e e d i n g  p o p u l a t i o n  w a s  s t a b l e .  Because  s p e c i e s  h a v e  d i f f e r e n t  b r e e d i n g  

chronologies ,  t h e  d a t e s  and number of surveys t h a t  could be used v a r i e d  from 

s p e c i e s  t o  s p e c i e s .  Thus,  w e  c o n v e r t e d  t o t a l  c o u n t s  t o  mean c o u n t s  p e r  

survey. 
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Transforming t h e  Data 

To d e t e r m i n e  t h e  d i s t r i b u t i o n  of t h e  d a t a .  w e  p roduced  f r e q u e n c y  

h i s tog rams  f o r  a l l  b i r d  and h a b i t a t  v a r i a b l e s  u s i n g  SPSS:X (SPSS Inc.. 1986). 

A l l  v a r i a b l e s  except pH were s i g n i f i c a n t l y  skewed t o  t h e  r i g h t  so they were 

t ransformed us ing  log(x+l).  That h e l p e d  c o r r e c t  f o r  h e t e r o s c e d a s t i c i t y  a n d  

non-normality (Sokal and Rohlf 1969; Zar 1974). 

Treatment of Wetland O u t l i e r s  

Six wet l ands  d i d  n o t  fol low t h e  p a t t e r n s  of t h e  o t h e r s  i n  b i v a r i a t e  p l o t s  

among v a r i a b l e s .  Two of t hose  (1183 and i1117) were i r r e g u l a r l y  sumeyed. were 

t h e  l a r g e s t  and  d e e p e s t ,  a n d  w e r e  t h e  o n l y  w e t l a n d s  w i t h  f i s h  p o p u l a t i o n s .  

The o t h e r  4 w e t l a n d s  (1103, #105, #108. a n d  #116) w e r e  t h e  s m a l l e s t  a n d  

sha l lowes t  and o f t e n  d r i e d  up during t h e  s tudy period. Those 6 wet lands were  

c o n s i d e r e d  t o  b e  e x t r e m e  cases a n d  w e r e  t h e r e f o r e  e x c l u d e d  f r o m  f u r t h e r  

ana lys i s .  Thus, w e  used d a t a  from 112 of t h e  118 wetlands surveyed. 

Hab i t a t  Data Reduction 

Because of the g r e a t  number of a b i o t i c  h a b i t a t  v a r i a b l e s  considered and 

t h e  many d e p e n d e n c i e s  among them, i t  was n e c e s s a r y  t o  r e d u c e  them t o  a 

manageable subset .  We fol lowed t h e  recommendation of Kaminski and Prince 

(1984) t h a t  o n l y  1 v a r i a b l e  o f  a n  i n t e r r e l a t e d  s e t  s h o u l d  b e  a n a l y s e d .  To 

accomplish t h a t ,  w e  sub jec t ed  t h e  3 c l a s s e s  of a b i o t i c  h a b i t a t  v a r i a b l e s  t o  

c l u s t e r  a n a l y s i s  u s i n g  (Pearson) c o r r e l a t i o n  as t h e  measure of s i m i l a r i t y .  We 

s e l e c t e d  v a r i a b l e s  t h a t  were both r e p r e s e n t a t i v e  of s e p a r a t e  c l u s t e r s  and easy 

t o  m e a s u r e  e i t h e r  w i t h  m i n i m a l  f i e l d  work  o r  f r o m  s a t e l l i t e  i m a g e r y  o r  a i r  

photos. W e  checked t h e  c o r r e l a t i o n  matrix t o  ensu re  t h a t  no 2 v a r i a b l e s  had a 

c o r r e l a t i o n  c o e f f i c i e n t  h i g h e r  than 0.65. The v a r i a b l e s  r e s u l t i n g  from t h e  3 

c l u s t e r  a n a l y s e s  w e r e  t h e n  merged i n t o  a s i n g l e  f i l e .  We a v o i d e d  u s i n g  
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m o r p h o m e t r i c  i n d i c e s  ( r e l a t i v e  d e p t h ,  s h o r e l i n e  d e v e l o p m e n t ,  e t c . )  b e c a u s e  

t h e y  a r e  f u n c t i o n s  o f  o t h e r  v a r i a b l e s .  I t  wou ld  have  b e e n  d i f f i c u l t  t o  

i n t e r p r e t  t h e i r  i n f l u e n c e  on b i r d  counts. 

Visual  Represen ta t ion  and P r e d i c t i o n  

W e  u s e d  a combined  c o r r e l a t i o n  a n a l y s i s ,  p r i n c i p a l  component  a n a l y s i s  

( P C A ) ,  a n d  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  ( M U )  a p p r o a c h ,  as  recommended by 

Kaminski and P r ince  (1984). C o r r e l a t i o n  a n a l y s i s  w a s  used t o  d e s c r i b e  general  

t r e n d s .  PCA w a s  u s e d  t o  v i s u a l l y  i l l u s t r a t e  t h e  r e l a t i o n s h i p s  among b i r d  

s p e c i e s  abundance and s e l e c t e d  h a b i t a t  v a r i a b l e s  (SPSS Inc.. 1986). We used 

s t e p w i s e  M R A  t o  d e l i n e a t e  t h e  most s i g n i f i c a n t  a b i o t i c  h a b i t a t  v a r i a b l e s  and 

t h e i r  p r e d i c t i v e  c a p a b i l i t i e s  f o r  a d u l t  and brood numbers. To minimize t h e  

chance of spu r ious ,  i r r e l e v a n t  v a r i a b l e s  e n t e r i n g  r e g r e s s i o n  e q u a t i o n s ,  t h e  

p r o b a b i l i t y  of v a r i a b l e  e n t r y  w a s  set  a t  0.05 and e n t r y  w a s  t e r m i n a t e d  when R 2  

w a s  n o t  i n c r e a s e d  by more t h a n  5% (Murphy e t  al. 1984). The s i g n i f i c a n c e  of a 

v a r i a b l e  w a s  determined by t h e  number of t i m e s  i t  w a s  e n t e r e d  i n t o  separate 

( spec ie s )  r e g r e s s i o n  equa t ions  and t h e  number of t i m e s  i t  w a s  e n t e r e d  f i r s t .  

P r e d i c t i v e  c a p a b i l i t y  c o r r e s p o n d e d  t o  t h e  amoun t  of v a r i a t i o n  i n  s p e c i e s  

counts  e x p l a i n e d .  

4.2 Biot i c  Environment 

A complementary bu t  secondary o b j e c t i v e  of our  s tudy w a s  t o  r e l a t e  b i r d  

s p e c i e s  t o  t h e i r  b i o t i c  env i ronmen t  (i .e.  a q u a t i c  i n v e r t e b r a t e s  a n d  a q u a t i c  

p l an t s ) .  We used s imple  c o r r e l a t i o n  a n a l y s i s  only. The i n t e n t  w a s  t o  f o l l o w  

t h e  same a n a l y s e s  s t e p s  d e s c r i b e d  f o r  t h e  a b i o t i c  v a r i a b l e s  o n l y  i f  

s i g n i f i c a n t  a s s o c i a t i o n s  were found. 
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5. REslJLTS 

5.1 Bird Data 

Adult s 

Thi r ty  species of a q u a t i c  b i r d s  (i.e. a d u l t s ;  mig ran t s  included)  used t h e  

s t u d y  a rea  w e t l a n d s  ( T a b l e  3 ) .  The mos t  a b u n d a n t  s p e c i e s  were Scaup sp.  

(Athya sp.). Bar row ' s  Goldeneye  (Bucepha la  i s l a n d i c a ) .  and  B u f f l e h e a d  (& 

a l b e o l a ) .  They a c c o u n t e d  f o r  21.6%. 16.5%. a n d  10.0% r e s p e c t i v e l y  of t h e  

t o t a l  number of a d u l t  a q u a t i c  b i r d s .  The d o m i n a n t  d a b b l i n g  ducks  were 

Amer ican  Wigeon (Anas -- a m e r i c a n a )  (7.6%) a n d  Green-winged Teal (A. c r e c c a )  

(4.9%). American Coot was a l s o  numerous (6.2%). 

Table 4 a n d  F i g u r e  6 p r e s e n t  t h e  c o r r e l a t i o n  m a t r i x  a n d  PCA p l o t  

r e s p e c t i v e l y  f o r  mean a d u l t  c o u n t s  of t h e  2 1  s p e c i e s  of a q u a t i c  b i r d s .  

a d j u s t e d  f o r  migrants.  The f i r s t  3 p r i n c i p a l  components accounted f o r  59.5% 

of t h e  v a r i a t i o n  i n  s p e c i e s  numbers. The dabb le r s  and d i v e r s  were d i s t r i b u t e d  

i n t o  2 s l i g h t l y  overlapping groups. 

The fol lowing sub-groups were apparent  (F igu re  6) : 

1. Mallard,  Scaup sp. . Barrow's Goldeneye. and Bufflehead. 

2. N o r t h e r n  P i n t a i l  (A. a c u t a )  . Green-winged Teal.  N o r t h e r n  S h o v e l e r  

(A. c lypea ta )  . Gadwall (A. - s t r e p e r a ) ,  Blue-winged Teal and American Wigeon. 

3 .  Redhead (Aythya E e r i c a n a )  . Canvasback  (A. - v a l i s i n e r i a )  . and  Ruddy Duck 

(Oxyura j a m a i c e n s i s ) .  

4. Canada Goose (Branta canadensis) and Red-necked Grebe (Podiceps gr isegena)  

5 .  Pied-bi l led Grebe (Podilymbus podiceps) and American Coot. 

E a r e d  Grebe  ( P o d i c e p s  n i g r i c o l l i s )  w a s  c l o s e l y  a s s o c i a t e d  w i t h  sub-  

group 1 and Ring-necked Duck (& c o l l a r i s )  was p o s i t i o n e d  nea r  sub-group 3. 
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Broods 

S ix t een  s p e c i e s  of wa te r fowl  nes t ed  a t  Riske Creek (Table 5). Barrow's 

Go ldeneye  a n d  B u f f l e h e a d  a c c o u n t e d  f o r  m o s t  of  t h e  b r o o d s  o b s e r v e d  i n  t h e  

s tudy area (22.3% and 17.8% respec t ive ly ) .  Blue-winged T e a l  and Mallard were 

t h e  d o m i n a n t  d a b b l i n g  duck  s p e c i e s  w i t h  11.0% a n d  9.5% r e s p e c t i v e l y .  Scaup 

sp.  a c c o u n t e d  f o r  21.6% of t h e  a d u l t  p o p u l a t i o n  b u t  o n l y  5.2% of t h e  b r o o d s ;  

t h a t  r e s u l t e d  because they are l a t e  J u l y / e a r l y  August n e s t e r s  (we consequently 

missed a l a r g e  number of t h e i r  broods) and because l a r g e  numbers of mig ra t ing  

Scaup sp. w e r e  p r e s e n t  du r ing  o u r  s p r i n g  surveys (Table 3) .  

The maximum number of broods desc r ibed  t h e  wa te r fowl  breeding popu la t ion  

s i m i l a r l y  ( T a b l e  6). The 2 b r o o d  c o u n t s  ( i .e .  t o t a l  a n d  maximum) v a r i e d  

c l o s e l y  t o g e t h e r  ove r  a l l  we t l ands  f o r  a l l  s p e c i e s  (average R=.944; Table 7). 

Because  of t h a t  c l o s e  a s s o c i a t i o n .  o n l y  t o t a l  b r o o d  c o u n t s  were u s e d  i n  

s u b s e q u e n t  ana lys i s .  

Table 8 and  F i g u r e  7 p r e s e n t  t h e  c o r r e l a t i o n  m a t r i x  and PCA p l o t  

r e s p e c t i v e l y  f o r  t o t a l  brood coun t s  of t h e  16 wa te r fowl  species .  The f i r s t  3 

p r i n c i p a l  components accounted f o r  48.4% of t h e  v a r i a t i o n  i n  s p e c i e s  numbers. 

Considerably more ove r l ap  e x i s t e d  between t h e  dabb le r  and d i v e r  groups and t h e  

s p e c i e s  were much more d i spe r sed  throughout t h e  p l o t  compared t o  t h a t  f o r  t h e  

adu l t s .  V a r i a t i o n  w i t h i n  groups was l a r g e .  e s p e c i a l l y  f o r  t h e  divers .  Only 2 

sub-groups were apparent :  

1. Mallard,  Barrow's Goldeneye, Bufflehead, and Ring-necked Duck. 

2. Redhead, Canvasback. Ruddy Duck, and Scaup s p .  

The r e m a i n i n g  s p e c i e s  were  d i s p e r s e d  t h r o u g h o u t  t h e  p l o t ,  showing  v a r i o u s  

degrees  of co-association. 
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5.2 Abiotic Environment D a t a  

We d iv ided  t h e  bottom contour v a r i a b l e s  i n t o  3 c l u s t e r s ,  corresponding t o  

a c o r r e l a t i o n  c u t o f f  j u s t  be low 0.6 ( T a b l e  9 a n d  F i g u r e  8). We c h o s e  t h e  

f o l l o w i n g  t o  r e p r e s e n t  t h e  r a n g e  of b o t t o m  c o n t o u r s  i n  o u r  s t u d y  area: Area 

between 0 and 1 m. Area between 1 and 3 m, and  Area between 3 and 5 m ( v e r y  

few wetlands had maximum depths  exceeding 5 m). 

We merged t h e  above 3 bottom contour  area v a r i a b l e s  w i t h  o t h e r  s e l e c t e d  

morphometric v a r i a b l e s .  A c o r r e l a t i o n  c u t o f f  j u s t  below 0.6 r e s u l t e d  i n  t h e  

fo l lowing  morphometric v a r i a b l e s  (Table 10 and Figure 91: Mean Depth. Area of 

Open Water. A r e a  of Marsh, Area of Snags, and  Length Closed. The 3 b o t t o m  

contours  were n o t  s e l ec t ed .  

We reduced t h e  number of water chemistry v a r i a b l e s  by us ing  a c o r r e l a t i o n  

cu to f f  j u s t  above 0.6 (Table 11 and Figure 10). Conductivity, Calcium, and pH 

were chosen as r e p r e s e n t a t i v e  of t h e  major c l u s t e r s  f o r  112 wetlands.  We a l s o  

s e l ec t ed  t h e  f o l l o w i n g  as r e p r e s e n t a t i v e  of o t h e r  m a j o r  c l u s t e r s  f o r  92 

wetlands: Nitrate Nitrogen. Total Dissolved Nitrogen. Total Phosphorus, and 

Turbidity. 

We merged t h e  5 morphometric v a r i a b l e s  w i t h  t h e  s e l e c t e d  water chemistry 

v a r i a b l e s  t o  d e v e l o p  2 s e p a r a t e  h a b i t a t  ( i n d e p e n d e n t  v a r i a b l e )  f i l e s  

(Table 12). No l a r g e  (R>0.65) a s s o c i a t i o n s  remained (Tables 13 and 14). 

5.3 Bird-Abiotic Environment Relations: Adults 

T h e  n u m b e r  o f  s p e c i e s  f o r  w h i c h  a v a r i a b l e  i s  c o r r e l a t e d  b o t h  

s i g n i f i c a n t l y  a n d  p o s i t i v e l y  i s  a m e a s u r e  of i t s  o v e r a l l  i m p o r t a n c e .  A s i d e  

f rom A r e a  of Open Water (19 t imes  o u t  of 2 1  s i g n i f i c a n t  and p o s i t i v e ) .  Mean 

Depth (11 of 21) ,  A r e a  of Snags (9 of 211, Conductivity (11 of 211, a n d  pH (9 

of 21) were c l e a r l y  impor t an t  wet land f e a t u r e s  (Table 15). In  add i t ion .  none 

of t h o s e  v a r i a b l e s  w a s  c o r r e l a t e d  s i g n i f i c a n t l y  a n d  n e g a t i v e l y  w i t h  any 
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spec ie s .  Therefore ,  based on t h e  c o r r e l a t i o n  m a t r i x  a lone,  t h e  abundance of 

a d u l t  a q u a t i c  b i r d s  was a s s o c i a t e d  w i t h  t h e  l a r g e r ,  d e e p e r  w e t l a n d s  h a v i n g  

l a r g e  snag communities, high c o n d u c t i v i t i e s ,  and h igh  pHs. 

I n  t h e  PCA, t h e  f i r s t  3 componen t s  a c c o u n t e d  f o r  53.8% of t h e  v a r i a t i o n  

f o r  t h e  21 a q u a t i c  b i r d  s p e c i e s  and 8 h a b i t a t  variables (Figure 11). Dabbling 

ducks and d i v i n g  ducks were d i s t r i b u t e d  i n t o  2 d i s t i n c t  groups. The dabb le r s  

had l i t t l e  a s s o c i a t i o n  w i t h  any  of t h e  h a b i t a t  v a r i a b l e s ,  e x c e p t  f o r  a 

m o d e r a t e  a s s o c i a t i o n  b e t w e e n  M a l l a r d  a n d  Area of Open Water. The d i v i n g  

ducks. on t h e  o t h e r  hand, v a r i e d  c l o s e l y  w i t h  Area of Open Water and somewhat 

less w i t h  Mean Depth. Conductivity, and p& The grebe s p e c i e s ,  Canada Goose, 

a n d  Amer ican  Coot  were d i s t r i b u t e d  i n  a l o o s e ,  d e t a c h e d  g roup ;  t h e y  were 

a s s o c i a t e d  w i t h  Calcium. Area of Marsh. Length Closed, and  Area of Snags t o  

v a r y i n g  degrees. 

Area of Open Water w a s  by f a r  t h e  m o s t  s i g n i f i c a n t  v a r i a b l e  i n  t h e  

s t e p w i s e  MRA (Table 16). It w a s  e n t e r e d  i n t o  t h e  r e g r e s s i o n  equa t ions  f o r  16 

of t h e  21 s p e c i e s  and, f o r  14 of t h o s e  16, i t  w a s  e n t e r e d  f i r s t .  It w a s  a l s o  

t h e  o n l y  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 s  f o r  T o t a l  D a b b l e r s ,  T o t a l  

Divers. and T o t a l  Birds. The remaining v a r i a b l e s  d i f f e r e d  i n  s i g n i f i c a n c e  bu t  

a l l  were dominated by Area of Open Water. 

Area of Open Water e x p l a i n e d  a c o n s i d e r a b l e  amount  of t h e  v a r i a t i o n  i n  

t h e  a d u l t  counts  f o r  Mallard (40%), Scaup sp. (42%), Barrow's Goldeneye (54%),  

Bufflehead (60%). T o t a l  Divers (70%), and T o t a l  B i rds  (69%). Other v a r i a b l e s  

were more i m p o r t a n t  i n  e x p l a i n i n g  v a r i a t i o n  i n  o t h e r  s p e c i e s  counts:  Area of 

Harsh f o r  P i e d - b i l l e d  Grebe  (12%) and  Amer ican  Coot (21%). Conductivity f o r  

N o r t h e r n  S h o v e l e r  (19%). and  Mean Depth f o r  Horned Grebe. The r e m a i n i n g  

v a r i a b l e s  were of s i g n i f i c a n t l y  less o r  no importance i n  exp la in ing  v a r i a t i o n  

f o r  any spec ie s .  
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The s i g n i f i c a n t ,  p o s i t i v e  a s s o c i a t i o n s  apparent  i n  t h e  c o r r e l a t i o n  matrix 

(Table 15) were masked i n  t h e  r e g r e s s i o n  ana lyses  due t o  t h e  moderately h igh  

c o r r e l a t i o n s  among t h e  h a b i t a t  v a r i a b l e s  (Table 13). Once A r e a  of Open Water 

had been e n t e r e d  i n t o  a n  equation. o t h e r  c o r r e l a t e d  v a r i a b l e s  were unable  t o  

e x p l a i n  s i g n i f i c a n t  a m o u n t s  of  t h e  r e s i d u a l  v a r i a n c e  and  were t h e r e f o r e  

ignored.  

5 . 4  Bird-Abiotic Environment Relations: Broods 

Aside from Area of Open Water (11 s i g n i f i c a n t ,  p o s i t i v e  c o r r e l a t i o n s  out  

of  16) .  Mean Depth (9 of 16) .  Conductivity (8  of  161, a n d  pH ( 9  of 16)  w e r e  

impor t an t  we t l and  f e a t u r e s  f o r  t h e  broods (Table 17). None had s i g n i f i c a n t ,  

nega t ive  c o r r e l a t i o n s  w i t h  any spec ies .  A r e a  of Snags w a s  a l s o  impor t an t  (10 

of  16)  d e s p i t e  i t  b e i n g  n e g a t i v e l y  c o r r e l a t e d  w i t h  2 s p e c i e s .  As w i t h  t h e  

a d u l t s ,  t h e  abundance  o f  b r o o d s  was t h e r e f o r e  c o r r e l a t e d  w i t h  t h e  l a r g e r ,  

deeper  we t l ands  having  l a r g e  snag  communities. h igh  c o n d u c t i v i t i e s ,  and h igh  

pHs. Again, t hose  a s s o c i a t i o n s  were n o t  appa ren t  i n  t h e  r e g r e s s i o n  ana lyses  

d iscussed  below due t o  v a r i a b l e  c o r r e l a t i o n .  

F igu re  12 p r e s e n t s  a PCA p l o t  involv ing  t o t a l  brood counts  of 16  s p e c i e s  

and 8 h a b i t a t  va r i ab le s .  The f i r s t  3 p r i n c i p a l  components accounted f o r  45.7% 

of t h e  v a r i a t i o n .  The d a b b l i n g  duck  a n d  d i v i n g  duck  g r o u p s  o v e r l a p p e d  

considerably.  Mallard,  Green-winged T e a l ,  Ba r row ' s  Goldeneye ,  Ring-necked 

Duck, Bufflehead, and Canada Goose formed a t i g h t  c l u s t e r  c l o s e l y  a s s o c i a t e d  

w i t h  l a r g e ,  deep we t l ands  con ta in ing  l a r g e  s t a n d s  of snags  and surrounded by 

f o r e s t  cove r .  The r e m a i n i n g  s p e c i e s  were d i s t r i b u t e d  t h r o u g h o u t  t h e  p l o t  

f o r m i n g  v a r i o u s  d e g r e e s  o f  a s s o c i a t i o n  w i t h  Conductivity, Calcium, pH, and 

Area of Marsh. 

Again, Area of Open Water w a s  t h e  most impor t an t  f a c t o r ,  e n t e r i n g  

i n t o  t h e  r e g r e s s i o n  equat ions  f o r  9 of t h e  16 wa te r fowl  s p e c i e s  and on a l l  9 
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occas ions  i t  w a s  e n t e r e d  f i r s t  (Table 18). It w a s  t h e  only impor t an t  v a r i a b l e  

t o  T o t a l  D a b b l e r s ,  T o t a l  D i v e r s ,  a n d  T o t a l  Broods.  The r e m a i n i n g  v a r i a b l e s  

d i f f e r e d  i n  s i g n i f i c a n c e  bu t ,  again,  a l l  were dominated by Area of Open Water. 

A r e a  of Open Water e x p l a i n e d  much of t h e  v a r i a t i o n  i n  b r o o d  c o u n t s  f o r  

Mallard (33%), Barrow's Goldeneye ( 5 5 % ) ,  Bufflehead (35%). T o t a l  Divers  (68%). 

and T o t a l  Broods (64%). Those l a s t  2 could b e  accounted f o r  p r i m a r i l y  because 

Barrow's Goldeneye and Buff lehead were r e s p o n s i b l e  f o r  t h e  m a j o r i t y  of broods 

(40%). All o t h e r  v a r i a b l e s  were of s i g n i f i c a n t l y  l ess  o r  no i m p o r t a n c e  i n  

exp la in ing  v a r i a t i o n  f o r  any species .  

5.5 The E f f e c t  of 4 Additional Water Chemistry Variables 

The 4 "extra" water  c h e m i s t r y  v a r i a b l e s  ( N i t r a t e  Nitrogen, Tota l  

Dissolved Nitrogen, Total Phosphorus, and Turbidity) added l i t t l e  t o  t h e  above 

r e s u l t s  ( T a b l e s  19  and  20). For  a d u l t s ,  A r e a  of Open Water w a s  a g a i n  by f a r  

t h e  m o s t  s i g n i f i c a n t  v a r i a b l e .  It  w a s  e n t e r e d  f o r  1 6  of t h e  21  r e g r e s s i o n s  

and ,  f o r  1 2  of t h o s e  16, i t  w a s  e n t e r e d  f i r s t .  I t  w a s  t h e  o n l y  i m p o r t a n t  

v a r i a b l e  f o r  T o t a l  Dabblers, T o t a l  Divers. and T o t a l  Birds. 

A r e a  of Open Water explained a cons ide rab le  amount of v a r i a t i o n  i n  a d u l t  

c o u n t s  f o r  M a l l a r d  (40%). Scaup (37%), Ba r row ' s  Go ldeneye  ( 4 8 % ) ,  B u f f l e h e a d  

( 5 8 % ) ,  T o t a l  Divers (67%), and  T o t a l  B i r d s  (66%). Fo r  o t h e r  s p e c i e s ,  o t h e r  

v a r i a b l e s  were more important :  Area of Marsh f o r  P ied -b i l l ed  Grebe (12%) and 

Amer ican  Coot (22%) , Total Phosphorus f o r  N o r t h e r n  S h o v e l e r  (32%) and  E a r e d  

Grebe (21%), Length Closed f o r  Canada Goose (23%). Total Dissolved Nitrogen 

f o r  Gadwall (30%). and Mean Depth f o r  Red-necked Grebe (17%). The remaining 

v a r i a b l e s  w e r e  of s i g n i f i c a n t l y  less o r  no importance. 
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For broods, A r e a  of Open Water w a s  aga in  t h e  most s i g n i f i c a n t  v a r i a b l e .  

It w a s  e n t e r e d  f o r  9 of t h e  16 wa te r fowl  s p e c i e s  and. f o r  8 of t h o s e  9. it w a s  

e n t e r e d  f i r s t .  I t  w a s  t h e  o n l y  v a r i a b l e  e n t e r e d  f o r  T o t a l  D a b b l e r s .  T o t a l  

Divers. and T o t a l  Broods. 

A r e a  of Open Water explained much of t h e  v a r i a t i o n  i n  counts  f o r  Mallard 

(32%). Ba r row ' s  Goldeneye  (51%). B u f f l e h e a d  (28%). T o t a l  D i v e r s  (51%). a n d  

T o t a l  Broods  (45%). A r e a  of Marsh w a s  i m p o r t a n t  t o  Ruddy Duck (13%) and  

L e n g t h  C l o s e d  w a s  impor t an t  t o  Ring-necked Duck (13%). The remaining v a r i a b l e s  

were of s i g n i f i c a n t l y  less  o r  no importance f o r  any species .  

5.6 B i r d - B i o t i c  Environment R e l a t i o n s  

C o r r e l a t i o n s  between a q u a t i c  b i r d s  and t h e  measured b i o t i c  v a r i a b l e s  were  

l a r g e l y  i n s i g n i f i c a n t  (Tables 21 t o  28). w i t h  t h e  f o l l o w i n g  except ions:  

- Areas of f i l a m e n t o u s  algae.  Potamogeton pec t ina tus .  and Ruppia o c c i d e n t a l i s  

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

d i v e r s ;  c o r r e l a t i o n  c o e f f i c i e n t s  were g e n e r a l l y  h i g h e r  w i t h  t h e  divers .  E. 

o c c i d e n t a l i s  had r e l a t i v e l y  h igh  c o e f f i c i e n t s  of 0.55 w i t h  t o t a l  d i v e r  a d u l t s  

and broods. 

- Chi ronomidae  l a r v a e  b i o m a s s  was p o s i t i v e l y  a s s o c i a t e d  w i t h  d a b b l e r s  and 

d ive r s .  a l though t h e  c o e f f i c i e n t s  only ranged between 0.29 and 0.38. 

- The o n l y  m e a n i n g f u l  p o s i t i v e  r e l a t i o n s h i p  f o r  t h e  a q u a t i c  i n v e r t e b r a t e s  

c o l l e c t e d  i n  sweep n e t s  was b e t w e e n  d a b b l e r s  and  t o t a l  b i o m a s s  a t  s h a l l o w  

( s h o r e )  s t a t i o n s .  The c o e f f i c i e n t s  were low. however (between 0.21 and 0.35). 

6.  DISCUSSION 

We approached t h i s  s tudy from t h e  h a b i t a t ,  i n s t e a d  of t h e  species .  po in t  

of v i ew.  We t r i e d  t o  a n s w e r  t h e  f o l l o w i n g  q u e s t i o n :  "How much o f  t h e  
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v a r i a t i o n  i n  a q u a t i c  b i r d  coun t s  could be explained by a few. e a s i l y  measured 

v a r i a b l e s ? ” .  We d e f i n e d  a sma l l  s e t  of v a r i a b l e s  and  t h e n  d e t e r m i n e d  t h e i r  

s i g n i f i c a n c e  and p r e d i c t i v e  c a p a b i l i t i e s .  Our approach w a s  a broad-brush one, 

designed t o  i d e n t i f y  gene ra l  b i r d - h a b i t a t  a s s o c i a t i o n s .  

The v a r i a b l e  A r e a  of Open Water. r e p r e s e n t a t i v e  of w e t l a n d  s i z e .  w a s  

c l e a r l y  t h e  most impor t an t  one d e s c r i b i n g  a q u a t i c  b i r d  numbers a t  Riske Creek. 

For both a d u l t s  and broods. it w a s  e n t e r e d  i n t o  t h e  r e g r e s s i o n s  f o r  a lmost  a l l  

s p e c i e s  and. b e c a u s e  i t  e x p l a i n e d  a l a r g e  amount  of t h e  v a r i a n c e  i n  t h e  

counts. i t  w a s  e n t e r e d  f i r s t  i n  most cases. It exp la ined  much of t h e  v a r i a n c e  

f o r  T o t a l  D a b b l e r s  (39% a n d  25% f o r  a d u l t s  a n d  b r o o d s ,  r e s p e c t i v e l y )  a n d  

s u b s t a n t i a l l y  more  f o r  T o t a l  Divers (70% and  68%. r e s p e c t i v e l y ) .  Such a 

s t r o n g  p o s i t i v e  r e l a t i o n s h i p  between wa te r fowl  numbers and a v a i l a b l e  wet land 

area h a s  b e e n  documen ted  by Dzubin  (1969). P a t t e r s o n  (1976).  Mack a n d  F l a k e  

(1980). Godin a n d  J o y n e r  (1981). a n d  Mulhe rn  e t  a l .  (1985).  They found  t h a t  

wet land s i z e  explained most of t h e  v a r i a n c e  i n  coun t s  f o r  several s p e c i e s  of 

dabblers ,  i n c l u d i n g  Mallard and Blue-winged  T e a l .  Dzubin  (1969) . P a t t e r s o n  

(19761, and Godin and Joyner  (1981) suggested t h a t  i n t r a - s p e c i f i c  aggres s ion  

c o u l d  h a v e  b e e n  a n  i m p o r t a n t  s p a c i n g  mechanism r e g u l a t i n g  b i r d  numbers .  

causing them t o  d i s p e r s e  ove r  t h e  a v a i l a b l e  wet land area. Savard (1984. 1987. 

a n d  1988)  showed t h a t  Ba r row’s  Go ldeneye  a n d  B u f f l e h e a d  a t  R i s k e  Creek  w e r e  

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

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

e x c l u d e d  o t h e r  d i v i n g  d u c k s  f r o m  t h e i r  t e r r i t o r i e s  (Sava rd  a n d  S m i t h  1987) .  

Such  a s t r o n g  s p a c i n g  b e h a v i o u r  c o u l d  a c c o u n t  f o r  much o f  t h e  o b s e r v e d  

r e l a t i o n s h i p  between wet land s i z e  and d i v i n g  duck numbers. 

Because of v a r i a b l e  c o r r e l a t i o n s ,  t h e  importance of v a r i a b l e s  o t h e r  t han  

wet land s i z e  w a s  s e v e r e l y  masked i n  t h e  r e g r e s s i o n  analyses.  The f a c t  t h a t  

t hey  were always p o s i t i v e  when s i g n i f i c a n t l y  c o r r e l a t e d .  and s i g n i f i c a n t  f o r  
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most species .  means t h a t  a l l  o r  a combination of t h e  fo l lowing  f e a t u r e s  could 

b e  i m p o r t a n t  f o r  p o t e n t i a l  b r e e d e r s  and  t h e i r  b roods :  Mean Depth. Area of 

Snags. Conductivity. and pH. 

We were s u r p r i s e d  a t  t h e  low c o r r e l a t i o n s  between b i r d s  and t h e  b i o t i c  

environment. p a r t i c u l a r l y  a q u a t i c  i n v e r t e b r a t e s .  Although some a s s o c i a t i o n s  

were i d e n t i f i e d  ( a r e a  of - R. o c c i d e n t a l i s .  C h i r o n o m i d a e  -- larvae b i o m a s s .  and 

i n v e r t e b r a t e  b i o m a s s  a t  s h o r e  s t a t i o n s ) .  t h e  o v e r a l l  i m p o r t a n c e  o f  a q u a t i c  

p l a n t s  and i n v e r t e b r a t e s  appeared t o  be low. 

7. SmPlARY AND LIWITBTIONS 

I n  summary. w e  found s i g n i f i c a n t  a s s o c i a t i o n s  between a q u a t i c  b i r d s  and 

several h a b i t a t  v a r i a b l e s  a t  Riske Creek. The importance of Mean Depth. Area 

of Snags. Conductivity.  and  pH w a s .  however .  masked i n  t h e  r e g r e s s i o n  

equat ions f o r  most s p e c i e s  because of t h e i r  moderately h igh  c o r r e l a t i o n s  w i t h  

Area o f  Open Water. I f  t h e  r e l a t i o n s h i p  b e t w e e n  w e t l a n d  s i z e  a n d  b i r d  

abundance is  indeed a b i o l o g i c a l l y  meaningful one. t hen  some spac ing  mechanism 

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

( s i z e ) .  

I n  a d d i t i o n  t o  t h e  above. o t h e r  p o s s i b l e  s tudy  l i m i t a t i o n s  are: 

1. Our method of c o r r e l a t i n g  b i r d  counts  measured over  5 y e a r s  w i t h  h a b i t a t  

d a t a  c o l l e c t e d  o v e r  o n l y  1 "ave rage"  y e a r  may have  d i l u t e d  s p e c i e s - h a b i t a t  

a s soc ia t ions .  We f e l t  t h a t  t h e  advantages of such an  approach would outweigh 

t h e  c o s t s  of c o l l e c t i n g  and ana lys ing  b i r d - h a b i t a t  a s s o c i a t i o n s  f o r  each year. 

2. Habi t a t  a s s o c i a t i o n s  might have been more apparent  i f  some v a r i a b l e s  had 

had l a r g e r  ranges (e.g. pH w a s  r e l a t i v e l y  r e s t r i c t e d ) .  There s imply might no t  

have  b e e n  s u f f i c i e n t  f e a t u r e  v a r i a b i l i t y  i n  o u r  s t u d y  a rea  f o r  s e l e c t i o n  t o  

occur o r  t o  be observed. 
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3 .  Our d a t a  s e t  c o v e r e d  a w i d e  r a n g e  of b i o l o g i c a l .  p h y s i c a l .  and  c h e m i c a l  

c h a r a c t e r i s t i c s .  D e s p i t e  t h a t .  i t  i s  p o s s i b l e  t h a t  some i m p o r t a n t ,  

u n c o r r e l a t e d  v a r i a b l e  was missed. That problem i s  u n l i k e l y  f o r  t h e  dominant 

s p e c i e s  B a r r o w ' s  Go ldeneye  a n d  B u f f l e h e a d ;  Area of Open Water e x p l a i n e d  s o  

much of t h e  v a r i a t i o n  i n  t h e i r  abundance  t h a t  l i t t l e  r e m a i n e d  f o r  any o t h e r  

v a r i a b l e  ( s  . 
4. A q u a t i c  b i r d s  at R i s k e  Creek  may have  b e e n  r e s p o n d i n g  t o  a number of  

wet land c h a r a c t e r i s t i c s  s imul t aneous ly  and. i n  turn.  t hey  may have been u s i n g  

t h e  we t l ands  as a major complex. High m o b i l i t y  between we t l ands  and t h e  u s e  

o f  w e t l a n d  c o m p l e x e s  by M a l l a r d s  h a v e  b e e n  documen ted  by Dwyer and  Krapu 

(1979) a n d  T a l e n t  e t  al .  (1982). 

5. Some of t h e  r e l a t i o n s h i p s  between b i r d s  and a b i o t i c  f a c t o r s  may n o t  have 

been l i n e a r .  

8 .  REC0"DATIONS 

We recommend t h a t  t h e  r o l e  of t e r r i t o r i a l i t y  be i n v e s t i g a t e d  f u r t h e r  a t  

Riske Creek t o  de t e rmine  i t s  e f f e c t  on spac ing  and h a b i t a t  s e l e c t i o n .  Radio- 

t r a c k i n g  of females  and t h e i r  broods should be used t o  fo l low movements, t o  

de t e rmine  r easons  f o r  t h o s e  movements. and t o  map h a b i t a t  use. I n  conjunct ion 

w i t h  t h a t  i n v e s t i g a t i o n .  t h e  r o l e  of Riske Creek we t l ands  as a complex should 

be assessed.  Comparisons w i t h  o t h e r  complexes i n  o t h e r  b i o g e o c l i m a t i c  zones 

could be undertaken t o  evaluate s imi l a r i t i e s  and d i f f e r e n c e s  i n  a q u a t i c  b i r d  

popu la t ions  and h a b i t a t  c h a r a c t e r i s t i c s .  

F ina l ly .  w e  recommend t h a t  b i r d - h a b i t a t  r e l a t i o n s h i p  s t u d i e s  be c a r r i e d  

o u t  i n  a n  expe r imen ta l  manner. Hypotheses should be developed and an  a t t e m p t  

should be made t o  hold c o n s t a n t  as many v a r i a b l e s  as p o s s i b l e  w h i l e  a l lowing  

on ly  one o r  a few of t h e  key ones t o  vary. Wetlands should be grouped by s i z e  
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c l a s s .  and migrants.  pa i r s .  broods. and m o l t e r s  should be i n t e n s i v e l y  surveyed 

over a per iod of a t  least 3 years.  

A m a j o r  s t u d y .  as o u t l i n e d  above. would  s a t i s f y  some o f  t h e  key 

i n f o r m a t i o n  r equ i r emen t s  f o r  understanding h a b i t  a t  r e l a t i o n s h i p  s of a q u a t i c  

b i r d s  breeding i n  t h e  c e n t r a l  i n t e r i o r  of B r i t i s h  Columbia. 
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rigure 6. Plot of the first 1 principal components f o r  mean adult counts of 21 aquatic bird species (potential breeders onlyl over 
Ristc Creek wetlands. Values were log transformed prior to analysis. A11 coordinates were weighted by their eigenvalues. 
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10. IO PI P2 P 1  10. ID PI PZ PI 

1 Mallard 11.776 2.162 6.216 11 Canvasbact 6.410 11.611 1.216 
2 Uorthern Pintail 25.914 -1.821 0.105 11 Scaup sp. 15.121 6.016 5.040 

4 Blue-uiaged Teal 20.311 2.166 1.110 15 Bufflehead 13.001 1.627 1.461 
5 Cinnamon t ea l  9.111 1.191 -0.201 16 Pudd Duck 11.401 12.811 0.614 
6 American Wigeon 21.610 1.516 1.111 11 Bare! Grebe 11.161 1.014 0.126 
1 Uorthcrn Shoveler 21.011 1.411 0.511 I1 Uorned Grebe 4.114 -1.143 6.014 

9 Canada Goose -2.709 5.500 6.551 20 Red-necked Grebe -1.261 1.011 6.161 
10 Redhead 1.449 11.256 1.269 21 American Coot -5.391 12.911 -0.211 
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I1 Ping-nected Duct 1.125 1.111 6.607 
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Pigore 7. P l o t  of the f i r s t  1 principal coiporerts for tota l  brood courts of 16 aqiatic bird species over 112 I M e  Creek wetlards. 
Values were loq trarrforvd prior to aralyris.  A11 coordirater uere weighted by their eigervaluer. 
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Figure  8 .  E i e r a r c h i c a l  c l u s t e r  dendrograr  €or  var ious  c o r b i n a t i o n s  o f  
b o t t o r  contour a r e a s  over 112 Riske Creek ve t l ands  (average  
l i nkage  between groups]  based on abso lu te  va lues  of c o r r e l -  
a t i o n  c o e f f i c i e n t s .  Values vere  log  t r a n s f o r r e d  p r i o r  to 
a n a l y s i s .  

Bescaled Dis tance  C lus t e r  Corbine 

La be 1 

A1 4 
A1 5 
A1 3 
All 
A2 4 
A2 5 
A 2  3 
AHM4 
AHAB 5 
AHM3 
AHM2 
AHMl 
A 0  4 
A0 5 
A0 3 
A0 2 
A0 1 
A3 4 
A3 5 
A45 

legend e r a r p l e s :  

A01 
MMl - Area between t h e  ou te r  rarsh edge and 1 I depth  

--------------- 
- Area between 0 and 1 I depth  
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Figure 9 .  Ee i r a rch ica l  c l u s t e r  dendrogram fo r  var ious  DOrphOBetriC 
parameters over 112 Riske Creek ve t l ands  (average l inkage  
between groups1 based on abso lu te  va lues  of c o r r e l a t i o n  
c o e f f i c i e n t s .  Values vere log  transformed p r io r  to a n a l y s i s .  

Bescaled Distance C lus t e r  Carbine 

Label 

TMBA 
OSEL 
ISEL 
AOLOP 
VOL 
BBCL 
A0 1 
A13 
HXDBP 
HIDBP 
A3 5 
ASIAG 
LCLOS 
111111 
BSEL 

Legend: 

TMBA - Tota l  a r e a  of ve t land  
A01 

-----e 

- k e a  betveen 0 and 1 I depth  
A13 - ' ' 1 ' 3 B '  
A35 - ' ' 3 ' 5 l '  
VOL 
HIDBP - llariram depth  
HIDBP - Hean depth  
AOV 

- Volume of va t e r  in ve t land  

- Area of open va te r  

AW - Area of narsh  
ASIAG - Area of dead trees ( snags )  
OSEL - Outer s h o r e l i n e  l eng th  
ISEL - Inner s h o r e l i n e  length  
BSEL - Emergent s h o r e l i n e  l eng th  
BBCL - Bdge betveen c l a s s e s  
LCLOS - Length of f o r e s t e d  p e r i r e t e r  
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Figure 10. Aeirarchical cluster dendrogran for various water chemistry 
parameters over 9 2  Kiske Creet vetlands (average linkage 
between groups) based on absolute values of correlation 
coefficients. Values wete log transformed prior to analysis. 

Xescaled Distance Cluster Combine 

AARD 
nc 
CA 
COUD 
HA 
TALK 
SAL 
CL 
so4 
PALK 
TDN 
PA 
TP 
TUBE 
NN 

I 
I 
I 
I 

I I 
I I 
I I 
I I 

' t  I 
I 

t + - - - - - - - 

Legend : __-___ 
P E  - PH 
COUD - Conductivity 
SAL - Salinity 
Cb - Calcini 
UA - Sodiui 
PALK - Phenol Alkalinity 
TALK - Total Alkalinity 
BAXD - Eardness 

HG - Haqnesini 
CL - Chloride 
SO4 - Sulphate 
1111 - Hitrate Uitrogen 
TDU - Total Dissolved Uitrogen 
TP - Total Phosphorus 
TU86 - Turbidity 
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liqure 11. Plot of tbc first I principal coipoieitr tor i ~ a i  adult conits of 21 a ( u t i C  bird specie6 Ipoteitial breeders only1 
aid I habitat vatiabler over 111 liske Creek uetlands. L l u e s  uere lo( transformed )tior to aialysls. All cootdiiates 
uere weighted by their eiqenvalues. 
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Piqure 12. Plot of the first I principdl coiponents for totdl brood counts 0 1  I6 dquatlc biid species and 8 hdbltdt Vdiiables 
over 112 P i s t e  Cieek uetldnds. Values Y e r e  loq transformed p r i o r  to dndlysls. AI1 coordinates Yere ueiqhtcd by t h e i r  
e iqenvd I ues . 
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Table 1. Mean value and v a r i a b i l i t y  of 8 major wetland habitat var iables  measured a t  Riske Creek, 
1983-1984 (n=112; variable  def in i t ions  are given i n  Table 12). 

VARIABLE MEAN STANDARD MINIMUM PERCENTILE MAXIMUM 
DEVIATION 25 % 5 0% 7 5% 

MEAN DEPTH (m)  
AREA OF OPEN WATER (ha) 
AREA OF MARSH (ha) 
AREA OF SNAG (ha) 
LENGTH CLOSED (m) 
CONDUCTIVITY (mhos  /cm) 
CALCIUM (ppm) 
PH w 

c 

1.2 
4.2 
0.4 
0.1 
2 87 

2132 
95 

9.1 

0.6 
6.5 
0.6 
0.3 
518 

2694 
91  

0.6 

0.1 
0.2 
0.0 
0.0 
0.0 

42 
0.0 
7.0 

0.8 
0.7 
0.1 
0.0 

24 
664 

3 1  
8.8 

0.9 
2.1 
0.2 
0.0 

93 
1240 

75 
9.2 

1.4 
4.5 
0.6 
0.1 
3 08 

2247 
125 
9.5 

3.6 
40.8 

3.5 
2.8 

4055 
17050 

563 
10.1 



Table 2. Dates  of a q u a t i c  b i r d  surveys  a t  
Riske Creek, 19 80-1984. P * I r  denotes 
a survey during  which many wet lands  
were frozen. )  

Survey Survey Date 
No. 

Year k n  th Day 

7 
8 
9 

1 0  

11 
1 2  
13 
14 
15 

1 6  
17 
1 8  
19 

20 
2 1  
22 
23 
2 4  

19 80 A p r i l  2 4* 
25 

11 
2 1  
23 

May 7 

1981 

19 82 

19 83 

19 84 

A p r i l  

May 

April 

May 

A p r i l  

b Y  

Apri l  
May 

27 
30 
10 
16 

27* 
2 9* 

9 
15 
25 

27 
29 

7 
9 

29 
3 

1 0  
1 4  
27 

3 5  



Table 3. R e l a t i v e  abundance of a q u a t i c  b i r d  s p e c i e s  on t h e  Riske Creek s tudy 
a r e a ,  1980-1984 ( t o t a l  number  of a d u l t  b i r d s  o v e r  2 1  s u r v e y s ;  
migrants  i n c l u d e d ) .  

PERCENT OF 
SPECIES TOTAL CWNT TOTAL 

DABBLING DUCKS AND GEESE 
1. Mallard (Anas p la tyrhynchos)  
2. Northern P i n t a i l  (A. a cu ta )  
3. Green-winged T e a l  74. crecca)  
4. Blue-winged T e a l  (A. d i s c o r s )  
5 .  Cinnamon T e a l  (4. cyanop te ra )  
6. American Wigeon (4. americana) 
7. Northern Shoveler  (A. c lypea ta )  
8. Gadwall (A. s t r e p e r a )  
9. Canada Goose (Branta canadens is )  

D I V I N G  DUCKS 
10. Redhead (Aythya americana) 
11. Ring-necked Duck (4. c o l l a r i s )  

407 8 
202 8 
43 92 
3 804 

3 96 
6779 
2 446 

623 
1073 

146 8 
2 909 

12. Canvasback (4. v a l i s i n e r i a )  2642 
13. Scaup Sp. (4. marilla and A. a f f i n i s )  192 41 
14. Barrow s Goldeneye (Bucephala i s l a n d i c a )  14737 
15. Buff lehead  (2. a l b e o l a )  8873 
16. Ruddy Duck (Oxyura j ama icens i s )  3154 

GREBES AM) COOTS 
17. Eared Grebe (Podiceps n i g r i c o l l i s )  
18. Horned G r e b e  ( E .  a u r i t u s )  

2595 
632 

19. Pied-b i l led  Grebe (Podilymbus podiceps)  119 
20. Red-necked Grebe (Podiceps g r i segena )  17 6 
21. American Coot (Fu l i ca  americana) 5487 

OTHER SPECIES' 
22. Surf Sco te r  (Melani t ta  p e r s p i c i l l a t a )  
23. Common Loon (Gavia immer) 
2 4. Euras ian  Wigeon (Anas pene l  ope) 
25. Swan Sp. (Olor sp.) 

991 
151 

5 
9 

26. Oldsquaw (Clangula hyemalis)  54 
27. White-winged Scoter  (Melan i t t a  deglandi )  90 
28. Common Goldeneye (Bucephala c langula)  88 
29. Hooded Merganser (Lophodytes c u c u l l a t u s )  7 1  
3 0. West e r n  Grebe (Aechmophorus occ iden ta l  is) 2 

4.5 
2.3 
4.9 
4.2 
0.4 
7.6 
2.7 
0.7 
1.2 

1.6 
3.3 
3.0 

21.6 
16.5 
10 .o 

3.5 

2.9 
0.7 
0.1 
0.2 
6.2 

1.1 
0.2 - 
0.1 
0.1 
0.1 
0.1 - 

- 

TOTAL 89113 100 

1 - These s p e c i e s  were n o t  u sed  i n  o u r  a n a l y s i s  b e c a u s e  t h e y  were e i t h e r  
e n t i r e l y  mig ran t s  or t h e i r  numbers were t o o  low. 

3 6  
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Table 1. Correlation utrix betreer mar adolt coirtr of 21 aquatic bid species (potential breeders only) over 112 lirke Creet vetlaids (Pearson corrclatior coefficieits). Valncs rere 

log transformed prlor t o  awlysis. 

NALL .I696 .I111 .52N .I111 ,5111 ,1151 ,1121 .I911 ,1261 ,5625 
P I I T  .5523 .(I15 .2¶21 .I129 .1119 ,5121 -.I116 .1711 .W1 
CVTC .5111 .2161 .I117 .I951 ,5121 .2112 ,2121 ,2122 
BOT1 .5116 . 5 6 U  .15U ,1121 .1111 .I111 .I201 
ClTl .2111 .I111 .2225 .1111 ,2159 .2511 
OlCC .I121 .5219 .I112 .1111 .Ut2 
stov .6C11 .11CS . 1w  ,1512 
CAD0 ,1111 ,3121 ,2191 

,1511 ,5111 
l l D l  S211 
I I D U  
C A l V  
SCAU 
BAG0 
I U ? ?  
PUDU 
CACI 
lOCl 
P I C 1  
llC1 

w 
q CACO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m: I valies belou .11S are rot rlgrlfictrt a t  the  @.IS level. 

HALL - Lllard PCDI  - ledliead P I C 1  - Pied-billed Crebe 
P I l T  - loitheir Pirtail I l D U  - lirg-reeked Dict l l C l  - led-rected Grebe 
CVTC - Creel-vlrged Teal C A W  - Caivasback COOT - Awlcar Coot 
I O T R  - Ilie-rirged Teal SCAU - Scarp rp. 
C I T l  - Cirraior Tea1 BAG0 - krror'r Golderep 
O l C l  - Arricar Oigeoi l u l l  - Iofflebead 
S l O V  - lortlierr Shoveler IUDU - I iddy  Dick 
GADO - kduall I A C I  - Cared Grebe 
CACO - Canada Goose I O C f  - lorred Grebe 

Lcqeld: 

,2219 
.12Dt 
.156¶ 
.2121 
.2922 
.25l1 
.lo1 
.I196 
,1161 
.5111 
.I111 

.Ill6 

.I521 

.191¶ 

.51¶1 

.HI5 

.I111 
,1951 
.I151 
,1611 
.1113 
.I111 
,1111 

,5111 
,1511 
.I111 
,1126 
,1112 
.5651 
,1111 
.I197 
.2¶51 
e 1111 
.11lI 
.1161 
.IS15 

.2611 .IS91 

.111¶ .1106 

.2151 .2116 
,2111 .I111 
,1214 -.1121 
.I211 .111? 
.!I51 .11l1 
.5611 -.1121 
.1121 .I111 
.I651 -.1114 
.19n .1151 
.I111 -.011s 
. M I  .1JS7 
.11¶6 .I616 
, 4 1 0  .1151 
.6121 .e111 

-.Wl 

,1161 .1116 
-.1325 -.1161 
-.1211 -.I511 
-.I111 -.1116 
.1119 - . I156 

-.1111 .Ill6 
-.1119 -* I116 
-.1511 -.1121 

, 0 1 1  .1212 
,1161 -.I111 
,1112 .I121 
,1611 .1171 
.I111 .1712 
.Dl19 .1511 
,1611 .21¶1 
.I116 .I111 

-.1120 .ow 
-.I351 .I692 

.1551 

.i929 
-.2111 
-.1112 

.@121 

.1115 
-.I211 
-.I111 
.1611 
.1911 
.11t1 
,1591 
.051 
.1161 

-.1115 
.1611 
,6716 
.1161 

-.1165 
,6261 
.1111 

. - - - - - - - - 



Table 5. R e l a t i v e  abundance  of w a t e r f o w l  b r o o d s  on t h e  Riske  
Creek s t u d y  a r e a ,  1980-1984, b a s e d  on t h e  t o t a l  number  
of  b r o o d s  ( t o t a l  number of b r o o d s  r e c o r d e d  over 5 
y e a r s ) .  

SPECIES 
TOTAL NUMBER PERCENT OF 

OF BROODS TOTAL 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15 
16. 

Mal l a r d  
Northern P i n t a i l  
Green-winged Teal 
Blue-winged Teal 
Cinnamon T e a l  
American Wigeon 
Northern Shoveler 
Gadwall 
Canada Goose 
Redhead 
Ring-necked Duck 
Canvasback 
Scaup Sp. 
Barrow s Goldeneye 
Buff lehead 
Ruddy Duck 

195 
20 
118 
227 
3 

177 
64 
34 
65 
50 
24 
41 
108 
45 9 
367 
108 

9.5 
1.0 
5.7 
11.0 
0.2 
8.6 
3.1 
1.7 
3.1 
2.4 
1.2 
2.0 
5.2 
22.3 
17 8 
5.2 

TOTAt 2060 100 

38 



Table 6. R e l a t i v e  abundance  of w a t e r f o w l  b r o o d s  on t h e  R i s k e  
Creek s tudy area, 1980-1984, based on t h e  maximum number 
o f  b r o o d s  ( h i g h e s t  number of b r o o d s  on e a c h  w e t l a n d  
r e c o r d e d  i n  any  one  of t h e  5 y e a r s .  summed o v e r  a l l  
wet lands) .  

TOTAL OF MAXIMUM PERCENT OF 
SPECIES NUMBER OF BROODS TOTAL 

1. 
2. 
3. 
4. 
5 .  
6. 
7. 
8 .  
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

Mallard 
Northern P i n t a i l  
Green-winged Teal 
Blue-winged Teal 
Cinnamon Teal 
American Wigeon 
Northern Shoveler 
Gadwall 
Canada Goose 
Redhead 
Ring-necked Duck 
Canvasback 
Scaup Sp. 
Barrow's Goldeneye 
Bufflehead 
Ruddy Duck 

95 
15 
63 

121 
3 

93 
48 
26 
23 
33 
17 
22 
66 

167 
143 
6 1  

9.5 
1.5 
6.3 

12.1 
0.3 
9.3 
4.8 
2.6 
2.3 
3.3 
1.7 
2.2 
6.6 

16.8 
14.4 
6.1 

~~ 

TOTAL 

~ 

996 100 

39 



Table 7. 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 s  
between t o t a l  and maximum number of 
broods counted on 112 Riske Creek 
w e t  lands. 

S p e c i e s  R 

Mallard 
Northern Pint a i l  
Green-winged Teal 
Blue-winged Teal 
Cinnamon Teal 
American Wigeon 
Northern Shoveler 
Gadwall 
Canada Goose 
Redhead 
Ring-necked Duck 
Canvasback 
Scaup s p .  
Barrow ' s Go1 deneye 
Bufflehead 
Ruddy Duck 

.93 40 

.9375 
9163 
.9199 

1 e 0000 
.9158 
.9629 
.9496 
.8897 
.9567 
.9690 
.93 63 
.9510 
.9640 
.93 29 
.95 98 

Me an .9435 

4 0  



Table 1. Correldtion ratrix betueen total brood counts of 16 aquatic blrd specles ovei 112 Rlske Creet uetlands (Pearson correlatlon coefficients]. Values uere log 

HALL ,0905 .I952 .I140 -.ON1 .I451 
P I U T  .0110 .0972 -.Ob12 - .0071 
CVTE .z917 . o a ~  .m 
BUTK -.0797 .2766 
CITE -.0116 
UlCE 
SHOV 
CADV 
CACO 
RKDH 
RWDU 
CAUV 
SCAU 
BAG0 
BUFF 

Bote: P values below ,115 a r e  not significant at the 0.05 level. 
L& 
HALL - 
P l l l T  - 
CUTE - 
BYTK - 
ClTK - 
UlCK - 
SHOV - 
CADV - 
CACO - 

Ha 1 lard RKDH - Bedhead 
lorthern Pintail PWDU - Ping-necked Duck 
Green-uinged Teal C A l V  - Canvasback 
Blue-uinged Teal SCkU - Scaup sp. 
Cinnaron Teal BAG0 - Barrou's Goldeneye 
Amer ican Uigcoa BUFF - Bufflehead 
Yorthern Shoveler PUDU - Buddy Duck 
Gaduall 
Canada Goose 

.0160 ,1911 
,2141 .1126 
.0125 .I429 
.0539 .2712 
,0509 -.0811 
.1411 .I161 

.2311 

,1605 .2212 
- . O b 4 1  -.1902 
.1721 ,0259 

-.(I121 -.lo21 
-.os01 ,0111 
.2294 ,1915 

,0916 . 2364  
.2167 

-.1296 .0211 

.IO51 .2499 ,1295 .5619 . 5 2 0 5  - . 0 4 1 6  
-.1161 -.1369 -.0167 ,2511 -.2567 -.la17 

. I t 1 1  ,0411 .1201 .I121 .2909 -.1181 

.1811 - . 0 0 7 4  . M I 1  ,2192 .I141 -.2010 
-.OS14 .1119 -.0260 -.0638 . O O O U  .0162 

,0725 .I556 

- .0012 .0610 
-.laas .0011 - 

.1lIl .I919 

.D916 -1911 
.2262 

.I141 .I016 .I526 ,1918 

.0653 .1966 .1724 , 0 0 4 2  
. o z s 7  .2015 -.io61 - . o i o ~  

.IO11 .2919 .2569 -.On91 

.I260 .1142 .2561 . S O 0 1  

. 2 2 2 2  .1b72 .2123 -.1219 

.I211 .1762 .I160 . I 8 6 2  
.211S . 2 1 0 2  .2910 

.I531 -.1514 
.0118 



Table 9.  Correlation ratrit for various corbinations of bottor contour areas over 112 Ride Creek wetlands (Pearson correlation coefficients). Values were log 
tranforred prior to analysis. 

A0 1 ,2072 ,1117 ,1951 ,1511 .9129 ,1212 .7914 ,7051 .1990 .1995 ,2006 ,1191 ,1212 ,1961 .1071 ,6163 ,6097 ,5991 ,5916 
A1 2 ,5551 ,3199 .2552 ,5331 ,6051 ,6131 ,6121 ,9915 ,9916 ,9907 ,5512 ,5531 ,3196 .3117 .5660 ,6124 ,6210 ,6220 
A2 3 ,6215 ,4361 ,3191 ,1311 ,5111 ,5927 ,6222 .6369 ,6101 ,9913 ,9971 .6205 ,1975 ,3312 ,1719 ,5100 .5171 
A 3 1  ,7359 .3056 .4206 ,5219 ,5522 .I117 ,1255 ,4311 ,6577 .6616 ,9995 ,1903 ,2630 .3111 .I190 .1365 
A I 5  ,2375 ,2966 ,3904 ,1320 .27I1 .I072 ,3211 ,1727 ,4161 .7523 .1675 ,2075 ,2176 ,3112 ,3198 
A0 2 ,9536 .9279 ,9195 ,5215 ,5245 ,5252 ,3205 ,3215 ,3061 .7342 .7833 ,7615 ,7631 ,1611 
A 0  3 ,9111 ,9114 ,6251 ,6294 ,6305 .5314 ,5317 ,4206 .7012 .7731 ,1161 ,1101 .I102 
A0 1 .9¶11 .6371 . ( ( I7 ,6512 ,5925 ,5911 .5291 .6855 .7591 .8090 ,8201 .I316 
A05 ,6371 ,6197 ,6531 ,6021 ,6050 ,5541 .6100 ,7531 ,1017 .8161 .1319 
A1 3 ,9911 ,9981 ,6201 ,6203 ,3112 .I150 .5611 ,6265 ,6300 .6395 

,9991 ,6311 ,6310 ,4251 .I160 ,5611 ,6216 ,6111 .6 
.6411 ,6421 ,1312 ,3169 ,5611 ,6291 ,6163 .6 

,9991 A 5 7 0  ,1995 ,3311 ,1711 ,5119 . 5  
,6611 .2001 ,3321 ,1719 .5159 .I 

,1919 ,2637 ,3111 ,1192 .I 
,9517 .9201 ,9062 .9 

.9811 ,9700 .9 
,9951 .9 

. 9  ---------------------------------------------------------------------------------------------------------------------------- 
I&: P values below ,115 are not significant at tbe 0.05 level. 
L e w d  ctarples: 
A01 - Area between 0 and 1 I depth 
AHAP1 - Area between the outer wrsb edge and 1 I depth 

113 
' 4 9 5  

'021 
662 
922 
992 --- 



Table 1 0 .  C o r r e l a t i o n  ma t r ix  for  va r ious  morphometric v a r i a b l e s  over 1 1 2  Riske Creek u e t l a n d s  (Pearson c o r r e l a l i o n  c o e f f i c i e n t s ) .  Values uere log t ransformed 
p r i o r  t o  a n a l y s i s .  

A 0  1 A1 1 A15 VOL HXDEP M D K P  AOV M A R  ASUAC OSHL I SHL ESHL EECL LCLOS 

. 9 2 2 7  ,1521 T A P K A  . 7 7 2 0  . 6 1 6 7  . 5 5 9 1  , 9 6 1 2  , 6 6 1 7  . 5 7 5 9  , 9 5 0 9  . 1 9 2 6  . I 5 1 9  .9UZ . 9 1 9 5  . 2 9 6 6  
A01 , 1 5 9 5  . 1 1 7 0  , 6 6 5 1  , 1 1 9 1  .11H .1112 . I O 9 2  . l o 7 5  . 7 7 5 2  . 6 9 1 7  . I 6 0 5  .7719  . 2 1 1 7  
A1 1 , 1 8 1 9  , 6 1 1 7  , 7 9 1 6  . I 9 1 1  . 7 2 0 1  - . 0 7 4 0  . I 2 1 6  .5714  . 6 5 0 9  , 0 9 9 0  . S I 0 0  .2011 
A 1 5  . 6 1 1 1  .7123 .I115 . 5 7 0 2  - .0202 . 5 2 9 0  , 5 2 9 6  . H I 9  . 0 1 0 7  . I 6 7 2  , 1 1 2 9  
VOL . 1 0 1 7  , 7 6 8 7  , 9 2 1 5  . 1 9 7 5  .5101 . 9 2 7 7  .)I10 . 1 1 2 4  . I 9 1 1  . I 2 0 1  
NXOKP . 1754  . 7 2 I 7  , 0 1 3 9  , 5 6 6 1  , 6 1 7 2  . 6 1 7 1  . l a 1 7  . 6 1 0 7  , 1 1 6 1  
H M N F  , 5 7 6 1  , 1 2 6 1  . 5 2 1 1  ,5510 . 5 7 2 1  . 2 1 6 5  . 5 1 1 7  . I 154  
AO'd . 0 1 0 6  . I 9 1 1  . 9 0 6 1  . 9 I 5 1  . 2 1 2 7  . I 5 0 8  . 2 6 3 7  
M A R  - . 0 1 1 1  .1192 ,1011 , 9 2 1 9  .I4111 , 1 1 9 5  
ASNAG . I 6 5 1  . 4 9 3 7  . 1 1 2 2  .4205 . I 5 9 1  

. 9 4 I !  . 1 6 9 7  OSHL . 9 5 2 2  . 2 7 9 5  
ISUL ,2511 . 9 1 6 2  . 1 3 1 6  
KSHL . S I 1 9  . I 7 1 7  
K B C l  .42;5 

e: R va lues  belou , 1 1 5  a r e  no t  s i g n i f i c a n t  a t  t h e  0 . 0 5  l e v e l .  

T A R K A  - Tota l  a r e a  of ue t l and  
A01 
A13 - ' ' 1 ' 3 1  OSUL - Outer s h o r e l i n e  l e n g t h  
A I 5  - ' ' 1 ' 5 1  ' l S i L  - Inner  s h o r e l i n e  l e a  t h  
VOL 
NXDBP - Naximum dep th  KBCL - Kdqe betueen classes 
NllDKP - Mean dep th  
AOV 

______.________.____~~..~~~-~--~-.~-~~~~------~-------- - - - - - - - - - - - - - - - - - - - - - - - - - -~-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - . .~~-. . . . . .~~~~ 

kclend: 
M A R  - Area of marsh 
A S I A C  - Area of dead trees ( s n a g s )  

BSUL - Kmerqeat s h o r e l i n e  Penqtb 

LCLOS - Lengtb of f o r e s t e d  pe r ime te r  

- Area betueen 0 and 1 m d y t h  

- Volume of u a t e r  i n  ue t l and  

- Area of open ua te r  



Table 11. Correlation matrix for various water chemistry variables over ¶ 2  Riske Creek Wetlands (Pearson correlation coefficients). 
prior to analysis. 

Values were log transformed 



Table  12. Br ie f  d e s c r i p t i o n s  of t h e  h a b i t a t  v a r i a b l e s  used i n  d a t a  ana lys i s .  

Var i ab le  Details 

"Major" Var i ab le s  f o r  112 Wetlands 

1. Mean Depth (m) 

2. Area of Open Water (ha) 

3 .  Area of Marsh (ha)  

4. Area of Snag (ha)  

5 .  Length Closed (m)  

6. Conduct ivi ty  mhos/cm) P 
7. Calcium (ppm) 

8. pH (pH u n i t s )  

- depth t o  bottom of wet land  averaged over  
a l l  bottom contours .  

- area of wet land  exc luding  marsh communi- 
t i e s  but i nc lud ing  a q u a t i c  p l a n t  communities; 
maximum depth  g r e a t e r  t h a n  2m. 

- a r e a  o f  p e r s i s t e n t  e m e r g e n t  p l a n t s ,  
u s u a l l y  around t h e  edge of wet lands;  
i n c l u d e s  deep and sha l low marsh. 

- area of dead t rees  s t a n d i n g  o r  l y i n g  
i n  shal low water. 

- l e n g t h  of f o r e s t e d  sur roundings  along 
wet land pe r ime te r  averaged up t o  100 m 
from wetland/upland boundary. 

- measure of t h e  t o t a l  c o n c e n t r a t i o n  of 
s a l t s  i n  t h e  w a t e r ;  r e l a t e d  t o  
p r o d u c t i v i t y  . 
- r e q u i r e d  n u t r i e n t  i n  normal 
metabolism of h i g h e r  p l an t s .  

- measure of a c i d i t y ;  l oga r i thm of 
t h e  r e c i p r o c a l  of t h e  concen t r a t ion  of 
f r e e  hydrogen i o n s .  

"Extra" Var i ab le s  f o r  92 wet lands 

9. Ni t ra te  Nitrogen (ppm) 

10. T o t a l  Dissolved Ni t rogen  (ppm) 

11. T o t a l  Phosphorus (ppm) 

, 

12. Turb id i ty  ( t u r b i d i t y  u n i t s )  

4 5  



Table 1 3 .  C o r r e l a t i o n  matrix between 8 major  h a b i t a t  v a r i a b l e s  aver 112 
Riske Creek  w e t l a n d 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 s ) .  

. Values were log t ransformed p r i o r  t o  ana lys i s .  

MDEP .5761 .1267 .5211 .4360 .1189 .0346 .0897 
AOW .03 06 .4913 .2640 -5038 -.0685 .4688 
AMAR -.0113 .3907 -.2856 -.0636 -. 1946 
ASNAG .45 94 .2333 -.0229 .2000 
LCLOS -.1536 -.0345 -. 1432 
COND .3031 .6017 
CA .0975 

-- Note: R v a l u e s  be low .185 a r e  n o t  s i g n i f i c a n t  a t  t h e  0.05 l eve l .  

Legend : 

MDEk' - 
AOW - 
A M A R -  
ASNPG - 
LCLOS - 
COND - 
CA 
PH 

- 
- 

Mean depth 
Area of open water 
Area of marsh 
Area of dead trees (snags)  
Length of f o r e s t e d  per imeter  
Conduct i v  i t y 
Calcium 
PH 

4 6  



Tab le  14. C o r r e l a t i o n  matrix between 12 h a b i t a t  v a r i a b l e s  Over 92 Riske Creek we t l ands  (Pearson c o r r e l a t i o n  
c o e f f i c i e n t s ) .  Values  were log  t r ans fo rmed  p r i o r  t o  ana lys i s .  

MDE P .5099 .0828 .4904 .3972 .0768 -.0115 .0522 .0636 -.1296 -.0913 -.3274 
AOW .0198 .4841 .2559 .5102 -.1523 .4542 .lo50 .1683 .2450 .0011 
AMAR .0150 .3452 -.2786 -.0689 -.1449 .0268 -.2792 -.1316 -.2918 
ASNPC .483 1 .2178 -.0742 .2145 -.0092 -.0296 -.0569 -.1413 

E- LCLOS -.1406 -.0798 -.1171 -.1120 -.3676 -.2389 -.4103 
COND .2066 .5530 .1406 .6313 .3643 .2554 
CA -.0916 -.0410 .0230 -.4121 -.0964 
PH e 0688 ,5601 .27 15 .263b 
NN .2093 .1724 .1497 
TDN .4077 .57 23 
TP .47 15 

w 

........................................................................................................... 

Note: R v a l u e s  below .203 are  not  s i g n i f i c a n t  a t  t h e  0.05 level.  

Legend : 

MDEP - Mean depth 
AOW - Area of open water 
AMAR - Area of marsh  
ASNAG - Area of dead trees (snags)  
LCLOS - Length of f o r e s t e d  pe r ime te r  
COND - Conduct iv i ty  

CA - Calcium 

NN - Nitrate  Ni t rogen  
TDN - T o t a l  Dissolved Nitrogen 
TP - T o t a l  Phosphorus 
Turn - T u r b i d i t y  

En - PH 



Tdble 15. C o r r e l d t l o r  ma t r i x  betueer rear adu l t  counts o f  21 a q a t i c  b i r d  species l p o t e n t i d l  breeders 

on l y ]  and 1 b d b i t d t  va:idbles over 122 Piske Creek ue t la rds  Oearsor  c o r r e l a t i o r  c o e f f i c i e r t s l .  

h l i e s  were Is9 t r ans fo r red  prior to i r a l y s i r .  

NALL 
P l i t  
CMtl 
1Ptl 
CltD 
Q l C l  
S I O V  
CADM 
CACO 
P D D I  
PiDU 
C A i V  
SCAU 
BAG0 
BUFF 
PUDU 
KACP 
i O C I  
PBCP 
P i G I  
COOT 

.1b76 

.11b1 
,1967 
,2191 
.1451 
.2710 
.0311 
.1371 
.I549 . 1 355 
.I117 
.151b 
,3131 
.5511 
.5731 
,1111 
.1115 
.I914 
,110: 
.I412 
.Ob35 

.OS1 

.I174 

.1431 
,4711 
.I299 
.I514 
,1173 
.3b27 . 1274 
,2515 
.1754 
.1¶H 
.(I51 
.7121 
. 7 7 0  
.J225 
.I113 
* I610 
.ow 
,3291 
,1119 

.1617 
-.M 
-.e111 
-.at14 
-.1655 
-.1471 
-.1911 
-.1121 
.2171 
,1135 
.1¶91 
. 2 W  
-.W 
-.1141 
.114t 
.2211 
.1915 
. I 7 5 7  
.I125 
.lo95 
. (SI( 

.I111 
-.1111 
.1621 
olll! 

-.1611 
.21u 

-.1114 
.#I71 
.I777 
,1914 
.2101 

-.Ob94 
.2111 
.11b1 
. S I 3 1  

-.t¶l1 
.0¶51 
,2521 

-.0135 
3191 

-.115¶ 

I 
I 
1 
I 
! 
! 

1 
! 

! 

I 

, 

I 

I 

I 
I 

I 

.2471 
-.2b95 
. W 1  

-.ow 
-.I911 . tb29 
- . 2 W  
-.19b1 
.I199 
.1t1t 
,2143 
.1313 

-.dl21 
.22M 
.3095 

-.11bl 
-.e112 
,2121 
,2253 
.2b91 
.1991 

,2253 
.2751 
.2777 
,1237 
.IC11 
.2519 
a 1345 
.3b19 
.111b 
.I191 
.1b34 
.117b 
.!bib 
,5322 
.I141 . 1011 
,2955 
.104 
.IO90 
.1111 
.I472 

-.1273 
-.1911 
-.2299 
- . U S 9  
.12b1 

-.1914 
-.2515 
-.I425 
.1311 
.I266 
.1111 
.1115 
. I 7 9 5  
. W b  

-.1391 
-.a121 
-.I270 
-.11b7 
.I121 
,2111 
.14M 

.1514 

.2591 

.1b0 

.2413 

.09b3 

.2b17 
,1131 
.1374 
.I1 Jb 
. 0 7 b  
.@151 
.1111 
,3117 
.i241 
.1127 
.1115 
.2135 
.11b1 -. 1011 
.0152 
.0b91 

- Bote: 11 valoes belou .115 are r o t  s i q r i f i c a r t  a t  tbe t.15 lercl. 

Legend: 

BIRD SPKCIIS:  

NALL 
PIP? 
CVtK 
BVTK 
C l T K  
V l C K  
S I O V  
CADP 
CACO 
PIDP 
P i D U  

Ndllard 
i o r t b e r n  P i n t a i l  
Creta-vinged Ted1 
Blue-uinqed Teal 
Cinnamon Ted1 
Arer ican Migeon 
i o r t h e r n  Sboveler 
Cadudll 
Canada Goose 
Redhead 
P i  a9 -necked Duck 

CAW 
SCAU 
BAG0 
lull 
PUDU 
KACP 
POCP 
PBCP 
P i C P  
COOT 

CdlVdS bdc k 
8CdUp Sp. 
l a r  r ou' s Coldere ye 
Buf f lebead 
Rudd Duck 
KdreJ Grebe 
noroed Grebe 
P i e d - b i l l e d  Grebe 
Ped-necked Grebe 
A l e r i C d l  Coot 

Il A l l  t A t  V A I l  AILKS : 

NDKP - Nedn depth 
AOV - Ared 01 open uater 
ANAP - Area of ra rsb  
ASYAC - Area of dead t rees lsnagsl 
LCLOS - Len t h  of forested p e r i r c t e r  

CA - Calcium 
COYD - Con 1 u c t i v i t y  

PI - pn 



Table 16. Stepwise m u l t i p l e  r eg res s ion  r e s u l t s  f o r  mean a d u l t  counts  ( p o t e n t i a l  b reeders  only)  of 21 a q u a t i c  
b i r d  spec ie s  a g a i n s t  8 h a b i t a t  v a r i a b l e s  o v e r  112 R i s k e  Creek  w e t l a n d s .  C u m u l a t i v e  R 2  v a l u e s  
(x100) are  shown w i t h  a s soc ia t ed  s i g n s  of t h e i r  f i n a l  r eg res s ion  c o e f f i c i e n t s  (only nega t ive  s i g n s  
a r e  p r e s e n t e d ) .  The f i r s t  v a r i a b l e  e n t e r e d  c o r r e s p o n d s  t o  t h e  l o w e s t  R 2  v a l u e .  P r o b a b i l i t y  of  
v a r i  b l e  en t ry  i n t o  a r eg res s ion  equat ion  w a s  set a t  0.05 (F-test) .  Variable  e n t r y  w a s  t e rmina ted  
i f  R w a s  no t  increased  by more t h a t  5%. 9 Values were l o g  t ransformed p r i o r  t o  ana lys i s .  

Species  
Mean Area Open Area Area Length 
Depth Water Marsh Snag Closed Conduct ivi ty  C a l c i u m  PH 

1. Mallard 
2. Northern P i n t a i l  
3. Green-winged T e a l  
4. B l u e r i n g e d  Teal  
5. Cinnamon Teal  
6. American Wigeon 

.b 7. Northern Shoveler 
8. Gadwall 
9. Canada Goose 
10. Redhead 
11. Ring-necked Duck 
12. Canvasback 
13. Scaup sp .  
14. Barrow's Goldeneye 
15. Bufflehead 
16. Ruddy Duck 
17. Eared Grebe 
18. Horned Grebe 
19. Pied-bi l led Grebe 
20. Red-necked Grebe 
21. American Coot 

\o 

40 
23 13- 3 0- 
20 
22 28- 

21 

13 
31 
7 
23 
9 
42 
54 
60 
10 
17 
14 

12 

21 
20 

15- 

19- 

19 
36 

20 

32 

3 5- 
23 - 

26- 

21 

No. times en te red  1 16 3 4 1 3 4 0 
No. times en te red  f i r s t  1 14 3 0 1 1 0 0 

Tota l  Dabblers 39 
Tota l  Divers 70 
Tota l  Birds  69 



cn 
0 

Table 11. Correlation matrix between total brood counts of 16 aquatic bird species 
and I habitat variables over 112 Riske Creek wetlands (Pearson correldlion 
coefficients). Values were log transformed prior to analysis. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HDBP AOV AHAR ASUAG LCL 

HALL ,5006 ,5761 ,1047 .1276 .31 
PIUT -.(I116 .0163 - . 3 1 7 7  -.lo11 -.26 
GVTB .ZOO6 ,3423 -.0251 .I134 .16 
BVTK .1121 ,2371 .0191 ,1925 .09 
CITE -.0116 -.0922 -.0365 -.lo38 . 02  
VI GB .I121 ,3629 .1129 ,1151 . O I  
SHOV -.1I13 .0192 -.11I6 -.I112 -.I5 
GADV - . 0 1 0 3  ,2689 -.0310 -.0091 -.21 
CAGO , 4 3 7 1  .3915 ,1532 .I636 .35 
RBDH ,1189 ,3772 a 2 5 5 1  ,0625 .05 
RUDU .I122 .1181 ,0972 ,3312 .33 
CAUV .1991 ,2955 ,1937 .1211 . 20  
SCAU .2717 .I116 ,0261 . 2  465 .lI 
BAGO .I611 ,7385 -.2099 e 3010 .ll 
BUPF .I113 .5114 ,1515 1910 .32 
RUDU -.0199 ,0116 , 3 5 7 7  -.2614 -.01 

. 

-________-_____-________________________--------- - - - - - - - -  

0 

2 
9 
2 
I 
2 
5 
5 
6 
2 
I 
3 
I 
1 
0 
I 
6 

-- Yote: R values belov .115 ~ I C  not significant at the 0.05 level. 
Le qe nd : 
BIRD SPECIBS: 
HALL - 
PINT - 
GVTK - 
BVTK - 
CITB - 
VIGB - 
SHOV - 
GADV - 

Hallard 
llorthern Pintail 
Green-winged Teal 
Blue-winged Teal 
Cinnamon Teal 
American Vigeon 
Uorthern Shoveler 
Gadwall 

CAGO 
RBDU 
RYDU 
CAWV 
SCAU 
BAGO 
BUPP 
RUDU 

Canada Goose 
Redhead 
Ring-necked Duck 
Canvasback 
Scaup sp. 
Barrow's Goldeneye 
Bufflehead 
Ruddy Duck 

2 
16 
1 
1 
1 
6 
I 
0 
2 
0 
3 
6 
1 
I 
1 
6 

HABITAT VARIABLES: 
HDEP - Hean depth 
AOV - Area of open water 
AHAR - Area of marsh 
ASYAC - Area of dead trees (snags) 
LCLOS - Len th of forested perimeter 
COWD - Con 1 uctivity 
CA - Calcium 
PH - pH 



4 . 

Table 18. Stepwise m u l t i p l e  r eg res s ion  resu l t s  f o r  t o t a l  brood counts  of 16 aqua t i c  b i r d  s p e c i e s  a g a i n s t  8 
h a b i t a t  v a r i a b l e s  o v e r  112 R i s k e  Creek  w e t l a n d s .  C u m u l a t i v e  R v a l u e s  (x l00 )  a r e  shown w i t h  
a s s o c i a t e d  s i g n s  of t h e i r  f i n a l  r e g r e s s i o n  c o e f f i c i e n t s  (only nega t ive  s i g n s  a r e  presented).  
The f i r s t  v a r i a b l e  e n t e r e d  c o r r e s p o n d s  t o  t h e  l o w e s t  R2 v a l u e .  P r o b a b i l i t y  of v a r i a b l e  y t r y  
i n t o  a r e g r e s s i o n  e q u a t i o n  was  se t  a t  0.05 ( F - t e s t ) .  was 
not  increased  by more than 5%. 

2 

V a r i a b l e  e n t r y  was t e r m i n a t e d  i f  R 
Values were log-transformed p r i o r  t o  ana lys i s .  

Species  
Mean Area Open Area Area Length 
Depth Water Marsh Snag Closed Conduct ivi ty  Calcium PH 

1. Mallard 
2. Northern P i n t a i l  
3. Green-winged Teal  

+ 4. Blue-winged Tea l  
5. Cinnamon Teal  
6. American Wigeon 
7. Northern Shoveler 
8. Gadwall 
9. Canada Goose 

10. Redhead 
11. Ring-necked Duck 
12. Canvasback 
13. Scaup sp .  
14. Barrow's Goldeneye 
15. Bufflehead 
16. Ruddy Duck 

Ul 

33 

12 
6 

14- 

13 

14 

21- 
2 4- 

22 

11 
20 

9 
15 
55 
35 

13 19- 

10- 

18 

22 

28 

No. times en te red  0 9 3 3 2 1 3 0 
No. t i m e s  en t e red  f i r s t  0 9 2 2 1 0 1 0 

Tota l  Dabblers 25 
To ta l  Divers  68 7 1  72 
To ta l  Broods 64 



Tab '1 .e 19. S t e p w i s e  m u l t i p l e  r e g r e s s i o n  r e s u l t s  f o r  mean a d u l t  c o u n t s  ( p o t e n t i a l  b r e e d e r s  o n l y )  of  21 a q u a t i c  b i  d s p e c i e s  a g a i n s t  t h e  8 major 

a s s o c i a t e d  s i g n s  o f  t h e i r  l i n a l  r e g r e s s i o n  c o e f f i c i e n t s  ( o n l y  n e g a t i v e  c o e f f i c i e n t s  a r e  p r e s e n t e d ) .  The  f i r s t  v a r i a b l e  e n t e r e d  
c o r r e s p o n d s  to t h e  lowest R v a l u e .  P r o b a b i l i t y  of  var iab le  e n t r y  i n t o  a r e g r e s s i o n  e q u a t i o n  was set a t  0.05 ( F - t e s t ) .  V a r i a b l e  
e n t r y  was t e r m i n a t e d  i f  R2 was n o t  i n c r e a s e d  by more t h a n  5%. 

h a b i t a t  v a r i a b l e s  p l u s  4 "extra" water c h e m i s t r y  v a r i a b l e s  over 92  R i s k e  C r e e k  w e t l a n d s .  C u m u l a t i v e  R 9 v a l u e s  (x100)  a re  shown w i t h  

V a l u e s  were l o g  t r a n s f o r m e d  p r i o r  t o  a n a l y s i s .  
--_I_-- -_______ 

S p e c i e s  

1. M a l l a r d  
2. N o r t h e r n  P i n t a i l  
3. G r e e n - w i n g e d  T e a l  
4. Blue-winged T e a l  
5 .  Cinnamon T e a l  
6. American Wigeon 
7 .  N o r t h e r n  S h o v e l e r  
8. Gadwal l  

v1 9 .  Canada Goose  
h, 10. Redhead 

11.  Ring-necked Duck 
12 .  Canvasback 
13. Scaup s p .  
14. B a r r o w ' s  G o l d e n e y e  
15. B u f f l e h e a d  
16. Ruddy Duck 
17 .  Eared  G r e b e  
18. Horned G r e b e  
19. P i e d - b i l l e d  G r e b e  
20. Red-necked G r e b e  
21 .  American Coot 

No. t i m e s  e n t e r e d  
N o .  times e n t e r e d  f i r s t  

Mean Area Open Area Area L e n g t h  N i t r a t e  T o t a l  D i s s o l v e d  T o t a l  
Depth Water  Marsh Snag  C l o s e d  C o n d u c t i v i t y  Calc ium pH N i t r o g e n  N i t r o g e n  Phosphorus  T u r b i d i t y  

40 
2 8  
18 
1 5  

20 
45 

3 2  
7 

2 1  
8 

37 
4 8  
5 8  
10 
32  
1 9  

17 

-. 

1 1 6  
1 12  

16- 36- 

22- 

5 2- 

23 

3 2  
3 8- 30 

21 15- 

55- 
43- 

21- 
21 

____ ___ 
T o t a l  D a b b l e r s  35 41- 
T o t a l  D i v e r s  67 
T o t a l  B i r d s  66 

~ ~ __ 



Tnbl e 20. S t e p w i s e  m u l t i p l e  r e g r e s s i o n  r e s u l t s  f o r  t o t a l  b rood  c o u n t s  of 16 a q u a t i c  b i r d  s p e c i e s  a g a i n s t  t h e  8 m a j o r  h a b i t a t  v a r i a b l e s  p l u s  4 
"ex t r a"  w a t e r  c h e m i s t r y  v a r i a b l e s  o v e r  92 R i s k e  Creek  w e t l a n d s .  
t h e i r  f i n a l  r e g r e s s i o n  c o e f f i c i e n t s  (on ly  n e g a t i v e  s i g n s  a r e  p r e s e n t e d ) .  The  f i r s t  v a r i a b l e  e n t e r e d  c o r r e s p o n d s  t o  the  l o w r s t  R 
v a l u e .  
n o t  i n c r e a s e d  by more t h a n  5%. V a l u e s  were Log t r a n s f o r m e d  p r i o r  t o  a n a l y s i s .  

C u m u l a t i v e  R2 v a l u e s  ( ~ 1 0 0 )  a r e  shown w i t h  a s s o c i a t e d  s ip ,ns  

P r o b a b i l i t y  of v a r i a b l e  e n t r y  i n t o  a r e g r e s s i o n  e q u a t i o n  was set a t  0.05 ( F - t e s t ) .  V a r i a b l e  e n t r y  was  t r - r m i n a t e d  i f  R 2  was  

_______-_____________.-------.__------I-------_--_ -- I_____________-__--___---__--_______-_-__________. .. . -. . ___. --. _. 

Spc.cjes 
~ -. - . - - - - - - - 

1 .  M a l l a r d  
2 .  N o r t h e r n  P i n t a i l  
3 .  Green-winged T e a l  
4 .  Blue-winged T e a l  
5 .  Cinnamon T e a l  
6. American Wigeon 
7. N o r t h e r n  S h o v e l e r  
8. Gadwal l  
9. Canada Goose 

I O .  Redhead 
11. Ring-necked Duck 
12 .  Canvasback 
13.  Scaup s p .  
1 4 .  B a r r o w ' s  G o l d e n e y e  
15. B u f f l e h e a d  
16. Ruddy Duck 

_- 

Mean Area Open Area Area Leng th  N i t r a t e  T o t a l  D i s s o l v e d  T o t a l  
Depth  Water Marsh Snag  C l o s e d  C o n d u c t i v i t y  Calc ium pH N i t r o g e n  N i t r o g e n  Phosphorus  T u r b i d i t y  

32 

13 
26- 

6- 
8 

28 

13 

3 0- 
2 1- 

21- 
21 

13 
12 
11 
51 60- 
28 

13 21- 

13- 

23 

20 

27 

3 8- 

19- 

__I______-___ __ -. 

No. t imes e n t e r e d  0 9 4 2 3 1 3 0 0 1 1 I 
No. times e n t e r e d  f i r s t  0 8 2 1 2 0 1 0 0 1 0 0 

T o t a l  D a b b l e r s  11 
T o t a l  D i v e r s  5 1  
T o t a l  B i r d s  45 

________ __ -_ --I__ __  - -- - - - - - _  - - . - - - __ _ - - - - __ 

.- _ _ _ ~  _____ ___- - - - __ 



Table 21 . Correlation iatrir betueen rean adult counts of 21 aquatic bird species lpoteitial breeders only1 and 21 aquatic plant species abundance valoes over 112 Piske Creek uetlands 

(Pearson correlation coefficieotsl. AI1 values uere log transformed prior to analysis. 

AQUATIC PLAIT SPKCIKS 

6 1 I ¶ 10 11 12 11 BlPD 
SPKCIKS 

1 2 1 1 5  14 15 16 

- - - - - - - 

UALL 
PIIT 
GYTK 
BYTK 
CITK 
WICK 
SlOV 
C A M  
CAGO 
PKDU 
PYDU 
C A W  
SCAU 
BAG0 
BUFF 
PUDU 
KAGP 
BOGP 
PBGP 
PUGP 
COOT 
TDAB 
TDlV 
TBlPDS 

.2511 .I111 

.1113 -.OW 

.25¶9 -.OS77 

.26?1 .lob¶ 
-2157 .151¶ 
.2611 -.0151 
,1111 -.0616 
.2111 -.0115 
.0216 -.0177 
.2¶61 .0151 
,2111 -.I111 
,.0012 .0250 
.11¶1 -.011c 

-.1171 -.IO11 .I121 
-.I211 -.215¶ -.e161 
-.1711 -.1767 -.1771 
-.1271 -.1221 .a111 
.I171 -.I107 -.12I¶ 

.ow1 
-.1126 
- 0 I160 
.1167 

-.e116 
- . W l  
-.I112 
- . I751 
-.1111 
-.I111 
-.e221 
-.8?52 
.a121 

-.e115 
.117¶ 

-.0131 
-.os15 
.1111 

-.1555 
.e112 

-.1761 
,0131 

-.1016 
-.01¶1 

.1111 
-.1m 
-.1171 
.1c11 

-.1125 -.ow 
-.1767 
-.211¶ 
-.I131 

I e1122 
I -.tu1 
I -.OW 
1 -.1111 ' -.1677 

.225¶ ,8111 
,1111 -.0171 
,1111 -.#I55 
.1W -.1170 
.lZ11 -.w 
.I266 -.I615 
,1111 -.IW 
.IlC1 -.I111 
,1112 .1111 
.1112 -.115? 
. 1 M  -.1eo1 
.I116 -.1117 
.2511 -.2150 
.I117 -.2111 
.1211 - . # ¶ I 6  
.I217 -.1201 
.2016 -.1111 

-.Ob11 .0171 
.21¶1 -.I112 
.121¶ - * I 5 6 6  
.1111 -.1211 
.2211 -.1¶01 
.1112 -.2111 
.I151 -.1152 

-.#I11 
- .w1 
-.1?11 
.1112 
,2121 - ,2121 

- * 22¶¶ 
-.I511 
-.WC 
-.115¶ 
-.11¶1 
-.1751 
-.2125 
-.2623 
-.I906 
-.2321 
-.2015 
-.M 
-.02¶1 
-.0¶17 
-.1115 
-.0¶2¶ 
-.2111 
-.2156 

-.1125 
. -.1351 
I -.1161 
I -.OS16 

-*1161 
-.I162 
-.I515 
-.11¶2 
-.1116 
-.I561 
-.M 
-.1601 
-.0675 
-.1171 
-.I111 
-.87¶0 
-.2617 
-.I115 
-.2111 
-.1111 
-.1171 

.OS81 
-.OS20 
-.0111 
-.OILS 

-*I611 
- 3 1 1  
-.110¶ 
-.1115 
-.001¶ 
-.2127 
-.I710 
-.2326 
,1151 
.1310 
,1511 
.llS1 

-.1176 
-.I661 
-.1727 

. O C U  
-.1121 
-.015¶ 
.2¶00 

-.US1 
.I7¶1 

-.2016 
-.2151 
-.1¶15 

-.012¶ 
,2167 
.172¶ 

-.0161 
,1111 
.0211 
.2¶16 
.llOS 

-.1272 
-.1112 
-.1115 
-.0011 
- . I 7 6 1  
-.111¶ 

.I111 -.12¶¶ 

.1¶16 -.1141 
,1107 -.I511 
.20¶1 -.e121 
.216¶ ,2211 
.I226 -.1571 
,2111 -,0¶61 
,2211 -.1161 
.1¶11 ,1161 
.35(5 ,0111 

.1421 .0151 

.2165 -.121¶ 

.110¶ -.2214 
,2211 -.117d 
.I705 ,1111 
.I112 -.I211 

-.I102 -.os15 

.19ii -.oisa 

..... -. 2172 

. l W  
.11¶1 .1277 1 -.1511 

-.1111 
1 -.115l 

.260¶ 

.2116 

.0261 
-.lo61 -.2111 .0110 
-.e111 -.I552 -.1117 
-.HI¶ -.1063 -.1551 

I -.ii15 -.2318 
I -.I211 -.1117 
! -.172¶ -.125¶ 

I -.Mi 
' -.1710 

-.1¶11 
I -.#I57 
I -.1111 
' -.I211 

.05¶6 

.US1 

.2¶11 
.1112 .1521 -.a122 -.1086 

-.I111 
-.211¶ 

.irti -.a211 -.lesi 

.11?1 .0611 -.I107 

.2931 -.I701 -.12¶1 ! -.1711 -.I111 -.MI¶ I -.I610 
-.25¶1 

I -.2711 
-.1¶12 -.072¶ 
-.3¶15 -.01¶1 
-.1111 -.I151 

.lo05 -.1515 -.1521 

.~ - 
-.a621 
-.21¶1 
-.2121 

..... 

-.I111 
' -.1715 

-.I171 

. . . . . . . . . 

.2155 -.1151 

. I 7 6 1  -.0251 
,1111 .Of11 

-.1151 -.2116 ...-. 

-.Ill15 .271¶ 
-.OH¶ ,0101 
.os01 -.lo20 

-.0115 .251¶ 
-.0122 ,1151 
-.12¶2 .101¶ 
.0115 .2001 

-.2001 
- . O ¶ O ¶  

I - A i 1  
-.llC¶ 

1 .I112 
-.11¶1 

I -.1110 
-.1611 

..... 

1 -.221? 
-.1515 

1 .1151 
wl 
c 

.0062 - .os92 
- . O O 5 5  -.OS59 
.0271 .2101 

-.Oh41 -.1263 -.a111 .I111 -.Dl51 

-.0¶52 -.25¶1 -.IO00 
.0211 -.0625 .1111 
. (¶e7 .1¶12 -.lo11 1 -.1561 

1 -.11¶1 
-.I159 

, -.0¶11 

,2241 -.1105 
,1111 .MI 
,2191 -.1201 

.oiii . i o 1 9  

.2711 -.0115 

.2919 -.OS21 

.2116 -.os15 

~ . . . . . . . . . . . -. . 

.I111 .016¶ -.1515 
-.12?9 -.2671 -.00¶0 -.I151 

-.1216 
- .2602 

,0021 -.IO61 -.1191 
,0216 - .I065 -.Of91 

-.17¶¶ 
-.1521 

.. . 

-.I117 
1 -.2571 

.... 

.e111 

.1117 
-.1552 
-.152¶ 

Yote: P values belou ,115 are not significant at the 0.85 level. 

l@e 

BIRD SPKCIKS: P L U T  SPICIIS: 

1 - Apharirowror [lor-aquae I L . 1  lelfr. 
2 - Ceratophyllur derrsar 1. 
1 - Chara sp. 
1 - Drepanocladus aduncus 
5 - lleocharis acicrlarls (1.1 1. 6 S.  
6 - Pilawntous algae 
7 - lippurls vu1 aris 1. 
I - Lema iinoi 1. 
9 - Iyrlophyllri eralbescens (Fern.] Jeps. 
10 - Potarogeton zosteriforris Fern. 
11 - Potaiogeton rlcbardsoril (Benett] Pydb. 

HALL 
PIYT 
GYTK 

- Hallard 
- northern Plntail 
- Green-uinged Teal 
- Blur-uinqed Teal 
- C h a r o n  Teal 
- American Plqeoo 
- Northern Sboveler 
- Caduall 
- Canada Goose 
- Pedbead 
- Ping-necked Duck 
- Canvasback 

SCAU - 
BAG0 - 
BUFF - 
PUDU - 
KAGP - 
UOGP - 
PBGP - 
PBGP - 
COOT - 
TDAB - 
TDlV - 
TBIPOS- 

Scaup sp. 
Barrou's Goldeneye 
bufflehead 
Pudd Duck 
Sarei  Grebe 
lorned Grebe 
Pied - bi I led Grebe 
Ped-necked Grebe 
Arerican Coot 
Total Dabblers 
Total Divers 
Total Birds 

1 2 - Potarogetor puslllos 1. 
.I  - Potarogeton ratanr L. 
1 - Potarogeton pectinatus L .  
5 - Potaioqeton grariarus 1. 
I - Poly onor arphlbiur 1. 
1 - Pup l a  occldentalls 1 
I - Saqlttaria cuneata Shhd.  
9 - S arqaniur rp. 1. 
o - UPriculiria vulgaris L 
'1 - Ianichellia palustrls i. 
'APKA - Total Area Of Aquatic Plaits 

BYTK 
CITK 
YlCK 

1 
suov 
CADY 
CACO 
PKDU 
PYDU 
C A W  



Table 11. Correlation matrix between total brood counts of 16 aquatic bird species and 11 aquatic plant species abnndance values over 112 Riske Creek uetlands (Pearson correlation 
coefficients). A11 values uere log transforied prior to analysis. 

AQUATIC PLAIT SPKIKS 
BIND 1 2 3 1 5 1  1 I 9  10 11 12 11 11 IS 11 17 11 19 10  21 TlRKl 
SPKClKS 

NALL 
PIlT 
GSTK 
BSTK 
ClTK 
SICK 
SBOV 
GADS 
CAGO 
PKDA 
PIDU 
CAlV 
SCAU 
BAG0 
BU?? 
PUDU 
TDAB 
TDIV 
TBIPDS 

.I150 

.0215 

. O I S O  

.I111 
-.061l 

.1221 

.0111 
- . 0371  
-.0905 
.1311 

-.OS16 
- . O M  
,1196 
.I111 
.0111 
.os11 
.I915 
.I119 
.1159 

-.IO15 
-.OS11 
-.I111 
-.I111 
-.0111 
-.0611 
-.0011 
-.1311 

.e191 
-.os13 
-.0111 
.ON1 
.010 

-.0999 
-.IO11 
. I l l1  

-.I111 
-.E511 
- .I l l0  

-.1116 
-.I151 
-.0309 
-.0119 

.0119 
-.I105 
-.I199 
-.I599 

.0271 
-.IO11 
.I119 
.0191 

-*0199 
-.3115 
-.I191 
-.0110 
- . l M  -.m 
-.2711 

.0211 
-.us0 
-.0111 
.0299 

-.0101 
-.0191 
-.0510 
-.I292 
-.e111 
-.I270 
-.091@ 
-.I111 
-.1311 
.I111 
.0125 

-.1520 
-.e101 
-.e111 
-.0112 

- .0510 
,0391 

- .2151 
,0511 

-.062l 
-.M 
-.os19 
-.1911 
-.OI91 
-.OK11 
-*lo99 

.a126 
-.0111 
-.211l 
-.I150 
.1151 

-.I111 
-.I179 
-.I591 

-.om 
.I391 

-.I111 
,1232 
,0191 

-.os51 
-.0195 
- .I113 
-.I155 

. -.I111 
-.lo11 
-.0191 
-.I111 
-.1111 
-.I111 
.I150 

-.IO91 -.m 
-.1111 

-.I151 
.Ill5 

-.1101 
.11u 

-.I111 
-.lo91 
.0219 

-.1691 
-.I111 
-.I111 
-.1111 
-.0911 
-.M 
- . 2 5 2 1  
-*MI 

1 -.0091 
-.IO10 
-.I151 
-*210¶ 

.0111 
-.0191 
- . U S ¶  

.0115 
- .0212 

.0111 
,0116 

-.0101 
-.0101 
-.0192 
-.W 
-.0125 
-.0111 

,1529 
.OM 

- . O I l l  
,0011 
.015l  
.I101 

.1111 
-.0100 
-.I525 
.lW 

-.os11 
.01l5 

-.IO51 
-.0117 
-.IO11 
-.I751 
-.I151 
-.1511 
-.2091 
.1110 
,0126 

-.I615 
.I111 
.1112 
.e191 

-.I111 
.1519 

-.1651 
,1159 

-.I111 
-.0111 
-.01It 
-.I112 
-.1111 
- . I612 
-.0622 
-.OIl1 
- . @ S i 6  
-.2119 -.m 
.0501 

-.0910 
-.I511 
-.I251 

-.6611 
-.0111 
.1111 

-.OON 
.IS11 

-.I179 
-.1511 

.0021 
-.0115 
-.I111 

.0272 
-.1112 
- . 2 2 2 2  
-.I115 
- .os05 
-.I717 
-.0115 
-.lW 
-.I199 

- .0115 .om 
.I111 

-.0061 
. l o l l  

-.0115 
-.I176 
.0192 

-.OS19 
-.1000 
.Ill1 

-.0901 
-.I191 
-.I191 
-.01l9 
-.1191 
.I191 

-.1150 
-.1131 

-.0211 
.os11 

-.0100 
.I119 
. I 7 0 8  

-.0051 
-.loll 
-.I115 
-.I615 
-.1391 
- . I 3 6 5  
-.2091 
-.156K 
-.0971 
- . I 1 1 3  
-.I155 
-.OlI9 
-.1115 
-.lo95 

,1711 
.0192 
,1616 
.0211 
.0251 
.1111 
.1115 
,2011 
.I111 
,5159 
.2109 
.I610 
.1211 
.I611 
. I101  
.1721 
.191l 
,5511 
.SI16 

-.O?lI 
.OS11 

-.OlOS 
. O K 1 0  
.e719 

-.IO11 
-.I526 
-.IO11 
-.I111 
-.I911 
-.0101 

1 -.1161 
-.I611 
-.0110 
-.06S9 
-.1131 
- .0111 
-.1291 
-.I119 

-.2051 - . 2 9 1 1  -.0602 .lo17 . . . -. . . . . . . . 

I .I101 -.0119 .0169 .Ut70 
-.01?1 -.IO11 .OK16 -.I116 

1 .0157 -.lo11 -.lo15 ,0109 

1 -.1760 -.I611 - . 0 0 3 0  .I111 
-.I902 -.I111 .I211 .I111 

I -.0179 -.I115 -.0911 .lo10 
-.0171 - .0111 -.0156 .OS09 

I -.I191 -.0911 -.I152 .2611 
-.0111 -.e111 -.IO41 .0115 
-.I111 .0615 -.I111 .1759 

~ -.2212 -.0751 -.1715 .2019  
I -.M - J O ~  .ob09 . O K Z S  

-.I131 - . 1 1 9 9  - . 2 1 0 0  -.0121 
I -.I191 .1119 -.0011 .I191 

-.1111 -.us1 .0110 .IS12 
I -.io51 - . J ~ i s  -.1211 ~ 2 7 1  
1 -.I192 -.I110 -.0115 .13S1 

late: N values belou .I15 are not significant at the 0.05 l eve l .  - 
LygePd: 

BIPD SPKCIKS: 

HALL 
PllT 
GSTP 
BOTS 
ClTK 
SICK 
SBOV 
GADS 
CAGO 
PKDl 

- Nallard 
- lortbern Pintall 
- Green-uinged Teal 
- Blue-ringed Teal 
- Cinnamon Teal 
- Aierican ligeon 
- lortbern Shoveler 
- Caduall 
- Canada Goose 
- Pcdbead 

PIDU - 
CAlV - 
SCAU - 
BAG0 - 
BU?P - 
PUDU - 
TDAB - 
TDIV - 
TBIPDS- 

Ping-necked Duck 
Canvasback 
Scaup sp. 
Barrow's Goldeneye 
Bnfflebead 
Rudd Duct 
Total Dabblers 
Total Divers 
Total Birds 

PLAIT SPKCIKS: 

I -  
2 -  
1 -  
1 -  
5 -  
6 -  
1 -  
I -  
9 -  
10 - 
11 - 

Apbaniroienoa flos-aquae 1L.J lelfs. 
Ceratopbyllui deiersm 1. 
Cbara sp. 
Drepanocladus aduncos 
Kleocbaris acicularis 1L.J P. I S. 
Pilaientous algae 
llippuris vulgaris L. 
k i n a  minor 1. 
Hyriopbyllui exalbescens (?ern.  J Jeps. 
Potaioqe t on roster i f oriis ?ern. 
Potaiogeton r ichardsoni i I lenet t I Pydb. 

11 - Potaiogeton pusilles 1. 
11 - Potaiogeton natans 1. 
11 - Potaiogeton pectinatus 1. 
15 - Potaiogeton graiineus 1. 
16 - Polyoonoi aipbibiei I. 
17 - Ruppia occidentalis 1. 
iI - Sagittaria coneata Sheld. 
19 - S arganiui sp. 1. 
IO - UPricolaria vulgaris 
11 - lanicbellia palustris i. 
TARBA - Total Area Of Aquatic Plants 



Table 23. Correlatloi r a t r l x  betueeo rear adult  couots of 21 aquatic bird specles (poteotlal breeders orlyl aid dry ue lghts  of selected aquatic lrvertebratc taxa collected 

fror activity traps over 7 Piske Creek vctlaods (Pearsoi correlation coefflciertsl. Values ucre lo9 trarsforrtd prior to aralysis. 

NALL 
PllT 
CUT1 
PUTK 
CITI 
llICI 
SPOV 
CADY 
CACO 
PKDY 
PIDU 
C A N  
SCIU 
BAG0 
BUFF 
PUDU 
KACP 
UOCP 
PBCP 
PYCP 
COOT 
TDABS 
TDlVS 
TBIPDS 

-.Oh53 
-.0111 
-.0912 
.I651 
,1175 
.I685 

- . I313  
,1119 

-.I109 
* 1121 
.1111 
.2176 
.11106 
.7117 

-.I201 
-.2611 
-.1232 
-.¶011 

- .I111 
-.1951 
.217? 
.I191 
.I515 

.2601 

.I062 
,1309 
,6195 
.6521 . I825 
,1611 
.IO57 

-.I911 
.I249 
.LO51 
.3111 

-.a171 
. I O 5 6  

-.1511 
-.2060 
.1115 

-.I149 

- .?667 
-.2111 
.(I15 
.2160 
.3151 

-.0103 
-.2151 
-.2517 
.I512 
,9190 

-.I112 
-.1113 
.2421 

-.5674 
.1¶16 
.I115 
.11u 
.4352 
.7116 

-.0001 
.loo1 
.1511 

-.6551 

-.SO11 
.IO11 
.1631 
.I919 
,3715 

-.3111 
-.SI11 
- e  1621 
.1571 
.I621 

-.1517 
-.I032 
-.w 
-.1111 
,1121 
.0511 
.1753 
.5212 
.I168 

-.0792 
.0216 

-.0906 
-.I111 

-.I215 
.I521 

-.I191 
,1117 
.I535 

.I131 -.23lE 
,1169 -.1652 

-.0791 -.197! 
.6191 .I951 
.l9?5 .7091 
.1511 . 0 6 0 I  .... 

*0169 -.5511 
,1621 - *os99 

-.5912 -.2121 
.I910 .1116 
.5351 .1151 
,1979 -.2511 
.2317 .2111 
.I616 .6611 

-.0111 -.511( 
-.0665 -.1110 

,1095 -.SI61 
-.I251 -.6211 

I -.e119 
.1965 

1 .1111 
,1711 
.&PI1 

1 ,1512 
I -.2714 
1 .2515 
I -.I126 

.I513 
I .1POI 
1 ,1191 
. -.Ob33 
I .6¶II 
I -.5871 
1 -.1725 
I -.I730 
1 -.I251 

-.2361 -.3111 
-.I911 -.6629 
-.1171 -.71¶1 
.I155 .19¶7 
.I131 .7121 

-.2514 -.5912 

.2111 ,1511 

..... ..... 

-.D917 .I752 
.1171 ,1111 

-.I116 .1111 
-.&SO -.5722 

-.2116 
-.I171 
-.1121 

-.I120 - * 1565 
-.I112 

,2751 .I117 
J 1 1 1  ,1902 

-.I191 .I191 
-.I911 -.1516 
.1551 .1191 

-.I622 -.I722 
.I761 ,1161 

.2P71 
,2911 
.I621 
.6110 
.CUI 
.I211 
.I111 
.517¶ 

-.1122 
..I561 

.2511 ,2766 ,5116 

.2352 .I169 .I260 
,2526 ,1251 -.0111 
. C U 2  .1116 .1112 .-. . ... 

-.I962 -.I122 -.2125 
-.I111 -.I111 -.2511 
-.2101 -.2163 -.I031 
-.1115 -.I161 -.I115 

-.e925 
-.2761 
-.2921 
.I197 
.9375 

-.1511 
-.I695 
. 1 w  

-.5111 
a2661 
.I111 
.I111 
.I511 
. 7 M  

-.0175 
,1125 

-.0111 
-.6611 

I -.I071 -.0211 
-.6111 -.I111 

' -.5617 -.1511 
,0711 .5171 

I . I405 .I917 

.. . .. 

.2711 .I161 
I ,1111 .2421 

,1026 .7952 
I -.Oil5 -.1612 

.PI11 -.1121 
' -.17?6 -.1223 

-.SI16 -,I191 

-.6?31 -.LOCI -.I264 -.4952 - . 2 W  -.6754 -.7697 -.I111 -.51Il -.311¶ -.1845 
-.I959 -.510¶ -.I111 .1617 ,2951 -.1111 -.I110 -.I116 .0920 .2165 -.I122 
.IC11 .1711 ,1151 -.I291 -.1251 -.I251 .I511 ,1611 .1110 -.2115 .2311 
.I101 ,1011 .1162 ,1551 .111¶ .I116 ,1521 .2055 .I519 ,2591 .I545 
.1D36 .1555 ,1107 ,1116 .1219 .I611 .1102 .2719 .1231 ,1171 .2111 

Yotes: P values belou ,755  are rot signiflcart a t  the 1.15 level. A blart IOU lodlcater the abserce of a species. 

BIPD SPKCIKS: 

NALL 
PllT 
CYTK 
BUTK 
CITK 
Y I C K  
suov 
CADU 
CACO 
PSDY 
PYDU 
CAY! 

- Nallard 
- lorthein Pintail 
- Creeo-uirqed Teal 
- Blue-vioged Teal 
- Cionaroa Teal 
- Aiericao Uiqeoo 
- lortbero Shoveler 
- Caduall 
- Canada Goose 
- Pedbead 
- Pinq-oecked Duck 
- Canvasback 

SCAU - 
BAG0 - 
8UFF - 
PUDU - 
IACP - 
UOCP - 
PBCP - 
P i C l  - 
COOT - 
TDABS - 
TDIVS - 
TBIPDS- 

scaup sp. 
Bairou's Coldeoeye 
Bafflebead 
Pudd Duct 
Iarci Grebe 
Yorred Grebe 
Pied-billed Grebe 
Ped-necked Grebe 
Aiericaa Coot 
Total Dabblers 
Total Divers 
Total Birds 

STATIOI/PIPIT1T10N: 

SNAL - 0.5 I Statlois 
D11P - 1.1 I Sbtloos 
TOT - #1AL PIES DIKP 
1,2,1,1 - lepetitlor ( l e .  different survey dates] 
WIU - Average of Iepetltions 1,2,1,1 

r 



c 

Table 21. Correlation matrix betueen total brood counts of 16 aquatic bird specles and dry ueigbts of selected aquatic invertebrate taxa collected from activity traps over 7 

Riske Creek uetlands [Pearson correlation coefticientsl. Values uere log transformed prior to analysis. 

HALL -.1101 -.1113 -.1111 -.1321 -.1511 -.5619 -.512l -.1913 -.2124 -.I712 -.5100 -.2122 
PIlT 
CSTK -.5100 -.I329 -.7076 -.6510 -.6W -.1911 -.1169 -.6753 -.65l1 -.6S71 -.I727 -.1121 
lSTK -.ll91 -.2111 ,2171 ,2217 .I151 -.1919 -.2151 .1121 ,1156 -.0617 -.1721 -.2175 
CITK 

-.1699 -.I171 -.2119 

-.7021 -.7211 -.K112 
.19!7 .I083 -.Dl90 

~~ ~~ 

SlCl -.0212 .256I -.2107 -.I101 . 0 0 9 l  -.15¶2 ,0908 -.1111 -.6395 -.2911 -.0771 ,2111 -.2195 -.502l -.0972 
SBOV .2609 .1111 .5190 .I161 ,1219 -.1111 . I 5 3 5  .5001 .5551 .I071 ,1121 .I114 .5156 .5$51 ,1599 
CADS .1960 .0111 .I291 .I221 . 1 0 7  .0557 .2203 .I290 .8611 .I123 .1121 ,1153 .I211 .I117 .2251 
CACO 
RIDU .I110 .3202 -.0509 -.121l .1719 .1171 .2041 -.lo31 -.1175 -.0166 .1601 ,2970 
RIDU 
CAlV 
SCAU 
BAG0 
BUSF 
PUDU 
TDABS 
TDIVS 
TBIRDS 

-.0115 
.I212 

- . M 7  
,2611 

-.1169 
-.2159 
-.3112 

-.0061 
,0516 

-.2123 
.1111 

-.1190 
-.I191 
-.MI 

.I752 

.I911 
-.2119 
.5221 

-.2491 
.lo1 

-.I167 

.I931 

.I905 
-.I617 

.6401 
-.I711 
.IO11 

- . O ¶ I O  

.2131 

.I113 
-.1153 
.I612 

-.2102 
.O!m 

-.1112 

-.1201 
.NO1 

-.SI57 
. I 2 6 6  

-.5516 
-.1115 
-.5II1 

-.I161 
-.1140 
-.5133 
-.Oil1 
-.1011 
-.I151 
-,I964 

. 2 0 7  
.4769 

-.3661 
,1667 

-.I311 
.0467 

-.1190 

.I710 
,6606 

-.I535 
.5112 

-.5121 
.1202 -. 1501 

1 .0115 -.0761 -.1160 
.2167 .WI -.0100 

-.5336 -.5900 -.I212 
.to56 ,2019 .os11 

-.5431 -.5161 -.2102 
-.1699 - . H I 1  -.1991 
-.M -.1555 -.2117 

- l o t e s :  P valaes belou .755 are not slgnlflcaat at the 1.05 level. A blank IOU indicates the absence of a species. 

1cpcld: 
B I R D  SPKCIIS: STATlOI/PKPBTlTIOI: 

HALL - Hallaid llDU - Ulna-necked Dock . SEAL - 0.5 m StltloPS 

-.0930 -.2102 .0113 

.I390 ,3051 .I555 
,1951 .5047 .IO17 

-.2707 -.3110 -.3713 
.5065 ,6105 ,3710 

-.I050 -.I911 -.I611 
,1151 .0653 -.0126 

-.Ob65 -.1950 -.2195 

PlCT 
C U B  
BSTI 
ClTI 
SlCl 
suov 
CADI 
CACO 
RKDU 

- Iortbern Pintail 
- Green-uinqed Teal 
- Blue-uinged Teal 
- Cinnamon Teal 
- American Sigeon 
- lortbero Shoveler 

' - Caduall 
- Canada Goose 
- Pedbead 

CA1V - Caniasback 
SCAU - Scaap sp. 
BAG0 - Barrou's Goldeneye 
BUFF - Boffiebead 
PUDU - Rodd Dack 
TDABS - fotai Dabblers 
TDIV9 - Total Divers 
T B I R D S -  Total Birds 

DIKP - 1.0 I Stations 

1 2 I , (  - Repetition (Le. different sarvey dates1 H h i  - Average of Repetitions 1,2,1,1 

TOT - SUAL plus DIKP 



Table 25. Correlation utrir betveer Bean adult counts of 21 aplitic bird species (potential breederr oily1 

ard dry velgbtr of Cblroroildae collected f r o i  botton cores over 11 llske Creek vetlards IPearsor 

correlatlon coefflclertsl. Values mere log tarsforred prior to aralysls. 

NUL 
PIlT 
CWE 
IWTI 
ClTI 
WIG1 
SlOV 
GADU 
Cleo 
I K D U  
P lDU cuv 
SCAU 
IAGO 
BUFF 
IUDU 
IACP 
IOCP 
PBCP 
NICP 
COOT 
TDAlS 
TDIVS 
TlIPDS 

.2112 .1961 

.I121 .1111 ..... 

.iw .Mi 

.2111 .2211 

.2111 .1111 

.I911 .I625 

.2113 ,1261 
,1952 .I181 

-.I159 -.2011 

,2661 .I111 
.@I(¶ .1119 
,1111 .I511 
.1511 .I111 

-.1csc -.1111 

.1172 .2111 
,1993 .1611 

, .211¶ 
I .2671 
I .2211 
1 .1#51 
I ,2111 
' ,5116 - .2151 

.1111 
! ,1629 
I ,2111 
I .I111 
1 .1561 
I .1122 
1 ,2712 
, .@I19 
, -,1911 
I -.11?6 
' -*1911 
I ,1111 
1 .I191 
I ,1156 
I .2115 

.2591 .2611 

.I119 .1961 

.1111 .1111 

.1511 .1911 

.1621 ,1111 

.1291 .1111 .... 

.iiir . z 6 ~  
,1115 ,1111 

-.1167 -.1212 
.2566 .2565 
.1211 .2111 
,2511 .11¶1 
.I119 .I911 . . .-. ..... 

.M ,2211 

.1611 .166¶ 
,1616 .2151 

-.1111 A 2 1 1  
-.1951 -.11¶1 
- . l W  -.I215 -. 1512 - .0111 ...._ ..... 

-.I111 -.I341 
,1111 ,2511 
.2111 .I211 
,1115 .2161 

.1622 0 2 1 2 1  

.1111 .2111 

.1152 .1121 
,1111 .I161 
,1312 .2111 
,2121 .I961 
.2211 ,2111 
.I161 .1111 

-.2111 -.I511 
.21¶1 ,1115 

' .1¶11 ,1215 
.2915 .2591 
,1211 .I111 
.1919 .1261 

' .1166 .1111 
.1¶51 ,2171 
,1111 ,1211 

-.1216 -.Ztl? 
1 -.I111 -.2151 

-.1521 -.l¶lS 
-.I119 .1111 

.2616 .1617 

.I112 .2111 

.2111 .1952 

.2611 ,2112 

.2115 .2122 
J 2 3 9  .2152 
.2112 .211# 

' .1611 .2016 
,1115 .1611 
.I125 3 9 9  
.1W .1762 

i -.1612 -.25¶1 
.I211 .1111 

1 ,2111 .1155 
.I129 ,1111 

1 ,119) .I191 
.2129 .1191 

, .1131 .I111 
.2611 .2171 
.UlI .1175 

-.lis1 -.1126 
1 -.1111 -.1252 

-.I911 -.11¶6 
' ,1126 .1112 

.I121 ,1621 
,1111 .2971 
.201 .2511 

l& I valoes belov .I11 are rot slqrlflcait at the 1.05 level. 

LIPepd: 

DlPD SPICIIS: 

niu 
PlYT 
CVTl 
BVTl 
CITD 
UlCI 
suov 
CADY 
crco 
PKDU 
PNDU 
C A W  

Ha 1 lard 
lortberi Plrtail 
Creel-vlrqed t e a l  
llue-vlrqed Teal 
Clrnaion Teal 
Anerlcar Uiqeoi  
lortberi Shoveler 
Cadvall 
Canada Goose 
Pedbead 
ling-necked Duck 
Canvasback 

SCAU - 
IAGD - 
IU?? - 
NIDU - 
IACCP - 
U O C l  - 
P l G l  - 
P l C l  - 
COOT - 
TDAlS - 
TDIVS - 
TlI lDS-  

Scalp sp. 
Barrods 6oldereye 
h t f  Itbead 
lrdd Dock 
tare1 Grebe 
lorred Grebe 
Pled-billed Grebe 
led-necked Grebe 
herIran Coot 
Total Dabblers 
Total Dlvers 
Total Blrds 

STATlOl/lIPITITIOl: 

SIU - 1.5 I Statlors 
D I I P  - 1.1 I Statlors 
TOT - SIU IIS D I I P  
1 , ~  - tepetltior 
WlU - Average of Iepetltlors L I Z  



Table 26. Correlatlon u t r l r  betueen total brood counts of 16 aquatlc bird species and dry velgbts of 

Cblronoildae collected from bottom cores over 43 Ilrte Creek retlands [Pearson correlation 

coefflclents]. Values ucre 109 transformed prior to analysis. 

HALL -.0111 
PllT .2064 
COT8 . 0 I l S  
lSTK .0112 _.._ ..... 

CITE .om 
SICK .1001 
SBOV .I012 
CADS .0122 
CACO -.I991 
PKDU .1411 
llDU -.2135 
CAIV - . O M  
SCAU ,1291 
BAG0 .I219 
RUFF .Ob40 
PUDU .I322 
TDABS ,1114 
TDIVS .2011 
TlIIDS .2269 

.to21 ,0211 
,1261 .I461 
.1115 .I406 

-.1142 .E291 -. .. .~.. 

.0114 ,0511 

.1405 .2201 

.1104 .2614 
,1115 .I071 

-.1359 -.I112 
.I111 .I529 

-.1416 - .2259 
1 .0246 -.os35 

.3112 .I541 
1 J15C .1131 

.16fl1 ,1325 

.0111 .I191 

.IC12 .2151 

.I111 .2462 

,0116 - . I 0 4 6  ,1141 ,0216 
' .0121 -2169 .1391 ,1641 

,0456 . I S 2 5  .IS11 .I114 
I ,0310 .0414 -.OS24 .1154 

,0511 .0131 .e421 .E491 
,1959 .2921 .I919 .2H9 
.1141 .25Sl .I151 ,2221 
.1201 J111 .1113 .01l9 

-.0213 -.I116 -.E119 -.1010 

1 -.(I52 -.2025 -.0121 -.I199 
I -.0111 -.0195 .I110 -.E516 

.bill .I011 .1169 ,1116 

.3111 

.1141 
,1112 
.OS75 
,1231 
.IC12 
.2132 

.2111 

.I411 

.0112 

.I019 

.1161 

.2022 

.2252 

.I551 

.I191 
.811# 
.0101 
.11H 
.2133 
.2293 

..... 

.1126 

.e165 

.OW 

.I116 
, 2154  
.2141 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I& I values belov ,111 are Pot slqnlflcaut at tbe 8.15 level. 

L l .  

HALL - 
P I l T  - 
COTK - 
IRK - 
ClT8 - 
O I C K  - 

CADO - 
CACO - 
PKDB - 

snov - 

Hallard 
lortberi Plntall 
Creel-rinqed Teal 
Blue-ulnged Teal 
Cinnamon Teal 
Amerlcau Olqeon 
Iortbera Sboveler 
Caduall 
Canada Goose 
Pedbead 

PlOU - 
CAIV - 
SCAU - 
lAG0 - 
BUfP - 
PUDU - 
TDABS - 
TDIVS - 
TBIPDS- 

llnq-Pecked Duct 
Cauvasback 
Scaup sp. 
Barrou's Goldeneye 
Bat f M e a d  
Rudd Doct 
Total Dabbleis 
Total Divers 
Total Birds 

STAT101/lKPKT1T101: 

SUAL - 0.5 I Statlous 

I,Z - lepetPtiou 
W 8 A l  - Average of Iepetltlons 1,2 

DKKP 7 1.0 Stations 
TOT - SEAL Ius DKKP 



Table 27 .  C o r r e l a t i o n  mat r ix  betueen mean a d u l t  couots  of 21 a q u a t i c  b i r d  s p e c i e s  l p o t e n t i a l  b reeders  o n l y )  and a n r b e r s  and d r y  weights of 

a q u a t i c  i r v e r t e b r a t e  taxa  c o l l e c t e d  from sucep ne t  samples over 19 Piskc  Creek vet lands ,  1911 a i d  1915 (Pearsor  c o r r e l a t i o n  

c o e f f i c i e n t s .  Values Mere log t r a n s f o r r e d  p r i o r  t o  a o a l y s i s .  

.OLE2 .I139 .1119 ,2166 .2111 .2119 .2291 .2192 
, A125 ,1211 

,1611 .I111 
I .2l11 ,1191 

1 .2291 ,1211 
-.2111 
-.I512 
-.I297 
-.1151 
.1111 

-*1111 
-.1162 
-.I111 
.I211 
,1111 
.I151 

-.2625 
-A299 
-.2251 
-.IC21 
-.I511 
-.I151 
.I759 

-,I111 
,1117 

-.I171 
-.I551 
-.I511 

.I211 
-.lo11 
.I161 
.1111 
,1111 
.I155 

-.I111 
-.I212 
.I212 
.I511 
.I111 
.IO11 

-.I111 
.I192 

- . I551 
.1716 

-.1111 
-.I615 
.2111 

-.I112 
e 212) 

-.I111 
.I111 
.I112 

.a111 
- A 1 1  

HALL 
P l l T  
CUT0 

,1126 . I 5 2 9  .I511 ,1251 .2116 .1¶16 
.I191 .t291 .I123 ,1951 ,1696 . I796 
,1162 .2317 .21l1 .2501 .ti15 .1211 
.IS11 .I111 .1¶21 .1221 
. I152 .IO01 .2112 .2211 
.1210 -.22¶1 -.12¶1 -.I101 
.SI11 .I151 .1119 .15¶1 

I ,1611 
I .I391 
I .I126 

. i ir I  
,1112 
,1921 
.I111 

-.1152 
-. I561 

,2716 .2215 
.1111 .I191 

-.I221 -.1551 
.2211 .2211 

' .im ~ 2 2 1  
! ,1711 .I111 

-.2¶1¶ -.I115 

, .2271 
i .31¶1 
1 -.2111 
I .I119 
i -.1551 
, .2c11 
1 ,2221 

GIDU 
CAGO 
PBDll 
PlOU 
CAW 
SCAU 
DAG0 
l u l l  
PUDU 
KACP 
UOCP 
PSCP 
PYCP 
COOT 
TDABS 
TDlVS 
TBIPDS 

I -.1119 .I511 .___. 
-.IO71 
.21)91 
.2179 
.I115 
,1291 

-.I162 
.1111 

...~ 

-.2261 
.2125 
.I111 

..~. 

-.2111 -.205¶ 
,2111 .21c1 
,155) .2011 
.1111 .lis1 
,1192 .I121 
.1319 .1113 

-Ais - . IN 
' ,1592 .2¶51 

.1105 .2552 

- . I561 -.I155 
.I111 
,1151 
.2227 

-.00¶1 
.I165 

-.1¶15 

..... 

,1711 
,1161 
.2162 

.I116 

.0111 
-.I167 
.1127 

-.I551 

.I511 

. I O 1  

.0155 
-.I121 

L .2121 
-.I122 

! .1511 

'11 .264 
'21 .I11 
I11 .I11 

~.~. .  

-.21¶1 
,1117 

-.1111 
-.I511 
-.2612 -. 1611 

-.I911 -.I111 1 -.1122 
I ,1122 
1 -.221¶ 
I -.lC21 
I .I171 
I .121¶ 

.1111 
I ,210 

,1117 
I ,1121 

.... 

.I611 
-.1216 
- .2696  
.0111 

-.a771 
.e111 

.... 

.e390 
-.I115 
-.2155 

..... .... 

.I511 .tu1 
- , 0 2 4 0  -.I111 
-.2w -.2211 
-.a111 -.I196 
.1516 .I610 
.@I11 .I122 

-.111¶ 
-.2517 
-.1121 
. I l l1  
.I912 
.I171 

cn 
0 .1111 

.I121 

.@IS¶ 

.1111 
-.HI2 
.2521 
.2710 .1102 .I118 ,2211 ..... 

.2069 ,0125 .O116 . I S 7 1  . O H 2  .1115 

.2¶19 .I190 .I221 .W9 .1311 .I160 

lotc: P values  be lov  .31L are  not  s i g n i f i c a n t  a t  t he  1.15 level. 

Gepeld: 

DIP0 SPOCIKS: 

n A u  
PIIT 
CUTK 
DUTK 
CITD 
UIGO 
SUOV 
GADU 
CACO 
PKDU 
PYDU 
CAW 

- Wallard 
- l o r t h e r r  P i n t a i l  
- Green-vlnged Teal 
- Blue-vioged Teal 
- Cinnaron Teal 
- h e r i c a n  Uigeon 
- nor thern  Shoveler 
- Cadmall 
- Canada Goose 
- Pedhead 
- Ping-necked Duck 
- Canvasback 

scru - 
BAG0 - 
l u l l  ~ 

PUDU - 
IACP - 
UOCP - 
PBCP - 
COOT - 
TDIlS - 
TDlVS - 
TIIPDS- 

PncP - 

Scaup sp. 
larrov's Goldeneye 
lif f lehcad 
Pudd Duck 
Oarel Grebe 
llorned Grebe 
P i e d - b i l l e d  Grebe 
Ped-necked Grebe 
Arer icao  Coot 
Tota l  Dabblers 
Tota l  Divers 
Tota l  Birds 

SIU - 1.5 I Sta  

OU - Ope1 Uate 
1,2 - l e p e t i t l t  
YKU - Average a 
IUH115TOT - t o t i  
l U ~ I 1 S I t L  - Tota 
DUIlSStL - D[y 

DROP - 1.1 I Std 
io ra ,  Dry Uelqht r  Of S e l e c t e d  Taxa 1¶15 
. ions  Dry Veiqhts Of S e l e c t e d  Taxa 1915 

S t a h o r r  Dry Weights Of S e l e c t e d  Taxa 1915 
I f ie .  d i f h e r t  rnrvey  d a t e s )  

l e p e t i t l o r s  1,Z 
lumber Of I n v e r t e b r a t e s  Avera ed Over 1911 and 1915 
lumber Of !elected I i v e r t e b n ? e s  Avcraqed Over 1911 and 1915 

l e lgb ts  Of S e l e c t e d  I n v e r t e b r a t e s  Averaged Over 1911 aod 1915 



. m 

Table 11. Correlation i a t r l x  betueen total brood counts of 11 aquatlc bird species and nmbcrs and dry uelqbts of aqoatlc Invertebrate taxa 

collected fro1 suerp net saiples over 19 llste Creek uetlaads, 1911 aid 1915 (Pctrson correlttlon coefficients). Values uerc log 

transformed prior to analysis. 

HALL -.1121 
PIlT .I519 
CWTK .0599 
1011 -.om 
ClTK -.0161 
WICK .0111 sllov .lo99 
CAD! .I119 
CACO - .I112 
W D B  .1111 
PlDU -.m 
CAlV -.0111 
SCAU .1112 
IACO -.e110 
BUFF -.I115 
lUDU .I112 
TDABS -.OM 
TDIV! .0101 
TBIPDS .on1 

-.0523 -.IO12 
.0111 .1W 

-.lo61 -.IC99 
.OM .0121 
.I509 .1341 
.2102 .2012 
.I222 ,1151 
.0111 -.e159 

-.0551 -.1111 
,1199 .I111 

-.0111 .0911 
-.0111 .0111 
.0511 ,2019 

-.0915 .0011 
1 .OH1 -.I112 

. O M  .0119 

.1137 .OI11 
- . o m  -.E111 
-.0105 -.0211 

.lo25 -.0121 
,1011 .I911 
.I650 -.0551 
.0191 ,8241 
.I710 .I121 
.I305 .I119 
.I310 .I315 

-.I111 .0215 
.I311 -.I365 

.0161 ,1115 ,0111 .OM11 -.lo59 .Dl11 .0217 

.I110 -.0101 -.0211 -.01l9 -.0503 -.211# - .HI0 

.0101 .0111 -.I296 -.0116 -.I101 - . 1 W  -.1178 

.Ell1 -.0025 -.I511 -.0211 -.2115 -.1114 -.1111 

.1111 .1531 .I119 .1155 -.0259 .257l .2152 

.I451 .2911 .2191 .2915 - .2107 .I515 .1111 

.IS51 ,1611 

.I151 . O N 1  ,0151 ,1552 .I100 ,1191 .I115 .1100 .I502 
.3111 .2400 .I399 .2851 -.I611 .0169 -.0210 

.1211 - . I I I ~  -.M . i ~ i  .i119 .io19 .mi .0159 .om 

.I710 .I101 

.IO19 . I100 
-.1ll1 -.I111 
.I111 .I150 
.1¶24 .I119 

-1114 .I151 .2119 .22L5 .1010 .1121 .1111 

-0151 -.0215 - .e094 - . O O K 9  -.0110 -.1112 -.2091 .____ ..__. 
-.ONI .05i5 .ooii .0010 .019i .in9 .MI 

. 0 9 0  ,1070 .2117 .I611 .I456 .I019 .2150 

.211¶ .17l1 .1255 .I511 -.(I51 -.0151 -.0131 
.iK¶I .I111 .I111 .OS19 .0291 ,0115 -.0510 
.I111 .lo01 .1111 .OI20 -.0911 -.0011 -.OK91 

- late: P valoes belou .I11 are not slgnlficant at the 1.05 level. 

Lepead: 

BIRD SPKCIKS: 

HALL - 
PllT - 
CWTB - 
BWTK - 
CITS - 
WICK - 
SBOV - 
CAD! - 
CACO - 
PKDP - 

lallard 
Iorthera Pintall 
Green-ringed Teal 
Blue-uiaged Teal 
Cinnamon Teal 
American Wigeon 
lorthern Shoveler 
Caduall 
Canada Goose 
Pedbead 

PlDU - Plng-necked Duck 
C A W  - Canvasback 
SClU - fcaup rp. 
BAG0 - Barrow's Goldeneye 
BUFF - Bufflehead 

TDAB! - Total Dabblers 
TDIV! - Total Divers 
TBIPDS- Total  Blrds 

PUDU - Rudd Dock 

STATIOI/PKPKTITIOI: 

SILL - 0.5 I Stations, Dry Weights Of Selected Taxa 1915 
DKKP - 1.0 i Stations Dry Welqhts Of Selected TaKa 1915 
OW - Open Water ftahons, Dry Weights Of Selected Taxa 1915 
1,l - lepetltlon lie. different survey dates) 
H K A i  - Average of Repetitions I l l  
IUH115TOT - Total luiber Of Invertebrates Averaged Over 1911 and 1915 
IUl115SKL - Total lumber Of Selected lnvcrtebratcs Averaged Over 1914 and 1915 
DW115SKL - Dry Weights Of Selected Invertebrates Averaqed Over 1914 and 1915 
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