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ABSTRACT AND SUMMARY OF IMPACT PREDICTIONS 

Our assignment  w a s  t o   d e s c r i b e   t h e   p o t e n t i a l   i m p a c t s ,   w i t h  
a n d   w i t h o u t   t h e   G a r r i s o n   D i v e r s i o n   U n i t   o n   l i v i n g   r e s o u r c e s   i n  Canada 
th rough   changes   i n  water q u a l i t y   a n d   q u a n t i t y   a n d   i n t r o d u c t i o n  of e x o t i c  
s p e c i e s .  

I n   t h i s   r e p o r t   C a n a d a ' s   " l i v i n g   r e s o u r c e s "  a re  grouped as 
w i l d l i f e ,   f i s h ,   a q u a t i c   i n v e r t e b r a t e s ,  humans a n d   o t h e r   a n i m a l s ,   p l a n t s  
and   eu t roph ica t ion   o f   l akes   and  streams. Impact   assessments  are  d e t e r -  
mined from p r o j e c t   s p e c i f i c a t i o n s ,   c o r r e s p o n d e n c e ,   s c i e n t i f i c   l i t e r a t u r e ,  
o the r   In t e rna t iona l   Gar r i son   D ive r s ion   S tudy   Board   commi t t ee   r epor t s   and  
consu l t a t ion   w i th   p ro j ec t   pe r sonne l   and   o the r   expe r t s .   Impac t  
a s ses smen t s  are fo l lowed  by s u g g e s t i o n s   f o r   r e d u c t i o n  of p r e d i c t e d  
damages  and  recommendations t o   s a t i s f y   d e f i c i e n c i e s  of t h i s   r e p o r t .  

Ma jo r   p red ic t ed   adve r se   impac t s  on C a n a d a ' s   l i v i n g   r e s o u r c e s  
as a r e s u l t  of comple t ion   and   opera t ion   of  GDU are:  

Loss  of 124,400 t o  257,700 ducks   annua l ly   i n   Nor th  
Dako ta   (Man i toba ' s   sha re   o f   t h i s  loss w i l l  b e  
24,900 t o  5 1 , 6 0 0  b i r d s   a n n u a l l y )   d u e   t o   w e t l a n d  
lo s s  a n d / o r   a l t e r a t i o n   i n   N o r t h   D a k o t a .  

P o t e n t i a l   f o r   i n c r e a s e d   i n c i d e n c e  of wa te r fowl  
d i s e a s e s   r e s u l t i n g   i n   a d d i t i o n a l   l o s s e s   o f   N o r t h  
Dakota   and   propor t iona te ly ,   Mani toba   ducks   and   geese ;  
t h e s e   l o s s e s  may approach  those  ment ioned  above.  

Damage ranging   f rom 15 t o  7 5  p e r c e n t  of Manitoba 's  
commerc ia l   f i she r i e s   i n   Lakes   Winn ipeg ,   Winn ipegos i s  
and  Manitoba  due t o   i n t r o d u c t i o n   o f   e x o t i c   f i s h  
s p e c i e s .   T h e s e   i m p a c t s  w i l l  commence s h o r t l y   ( l e s s  
t h a n  10  y e a r s )   a f t e r   t h e   p r o j e c t  is completed  with 
f u l l   e f f e c t s   w i t h i n  25-50 y e a r s .  

Inc reased   a lga l   g rowth   i n   Lakes   Man i toba   and  
Winnipeg   due   to   an   increase   o f  up t o  7 and 24 
p e r c e n t ,   r e s p e c t i v e l y ,   i n   t h e  r a t e  of   annual  
phosphorus   input .  

A p o t e n t i a l   f o r   l a r g e  scale  a l g a l   g r o w t h   i n   t h e   S o u r i s  
a n d   A s s i n i b o i n e   r i v e r s   r e s u l t i n g   i n   s e a s o n a l   o x y g e n  
d e p l e t i o n s .   I n c r e a s e d   a l g a l   c l o g g i n g  of water 
i n t a k e s   w i t h   a s s o c i a t e d  t as te  and  odor   problems  for  
water t r e a t m e n t   p l a n t s   a l o n g   t h e   S o u r i s ,   A s s i n i b o i n e  
and Red r i v e r s .  

A p o t e n t i a l   f o r   s i g n i f i c a n t   q u a l i t y   d e t e r i o r a t i o n  
o f   pub l i c   and   an ima l   d r ink ing  water r e s u l t i n g   f r o m  
i n c r e a s e s   i n   n i t r a t e ,  TDS a n d   s u l p h a t e   l e v e l s   i n   t h e  
S o u r i s   R i v e r .  
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7 )  A p o t e n t i a l   f o r   i n c r e a s e d   i n c i d e n c e   a n d   s p r e a d  
of  human a n d   a n i m a l   d i s e a s e s   d u e   t o   s c o u r i n g  of 
sediments   f rom  the  Sheyenne  and  Wild Rice r i v e r s  
a n d   r e s u l t i n g   t r a n s p o r t   o f   p a t h o g e n s   i n t o   t h e  
Red R ive r .  A similar p o t e n t i a l  exis ts  f o r   t h e  
Sour i s   and   Ass in ibo ine   r i ve r s .  

Lesser p r e d i c t e d   a d v e r s e   i m p a c t s  are: 

1) Damage t o   l a k e   s t u r g e o n   p o p u l a t i o n s   i n   L a k e  
Winn ipeg   due   t o   i n t roduc t ion   o f  two e x o t i c  
s t u r g e o n   s p e c i e s   a n d   a l s o   i n t r o d u c t i o n   o f   a n  
o v a r i a n   p a r a s i t e .  

The   Commi t t ee   i den t i f i ed   t he   fo l lowing   impac t s   bu t  were unable  
t o  f u l l y   q u a n t i f y  them: 

A d d i t i o n a l  loss of water fowl   in   Nor th   Dakota   and  
Manitoba  due t o   l o s s  o f   nes t ing   cove r  by conve r s ion  
of g r a s s l a n d s   t o   i r r i g a t e d   c r o p l a n d s   i n   N o r t h   D a k o t a .  

L o s s   o f   s h o r e b i r d s   a n d   o t h e r   m a r s h   b i r d s   i n   N o r t h  
Dakota   and   Mani toba   due   to   wet land   dra inage   and  
a l t e r a t i o n  of h a b i t a t   i n   N o r t h   D a k o t a .  

In   Nor th   Dakota ,  loss o f   w e t l a n d s   a n d   c r e a t i o n  of 
l a r g e   r e s e r v o i r s   a n d   l a k e s   r e s u l t i n g   i n   a l t e r e d  
f a l l  s t ag ing ,   changed   mig ra t ion   rou te s   and  
shor t s topp ing   o f   wa te r fowl ,   sho reb i rds   and   o the r  
m a r s h b i r d s ;  a propor t ion   of   these   would   have   nes ted  
i n   M a n i t o b a   t h e   f o l l o w i n g   s p r i n g .  

Loss of small, t e m p o r a r y   w e t l a n d s   r e s u l t i n g   i n  
p o s s i b l e   r e d u c e d   f o o d   s o u r c e s   f o r   w a t e r f o w l  
migra t ing   th rough  Nor th   Dakota   in   spr ing   to   Mani toba .  

Loss of   water fowl ,   shorebi rds   and   o ther   migra tory  
m a r s h b i r d s   t o   o t h e r   C a n a d i a n   p r o v i n c e s   o r  
t e r r i t o r i e s   d u e   t o   h a b i t a t  damage o r   a l t e r a t i o n s  
i n  North  Dakota. 

P o t e n t i a l   f o r   i n t r o d u c t i o n   a n d / o r   i n c r e a s e d  
i n c i d e n c e   o f   c e r t a i n   f i s h   d i s e a s e s   a n d  parasites 
r e s u l t i n g   i n   a d d i t i o n a l   p o t e n t i a l   l o s s e s   t o   f i s h  
populat ions  of   Manitoba.  

Changes i n   a q u a t i c   p l a n t  a n d   a q u a t i c   i n v e r t e b r a t e  
s p e c i e s   c o m p o s i t i o n   i n   t h e   S o u r i s   R i v e r   d u e   t o  
water qua l i t y   changes   (d i s so lved   oxygen ,  TDS, 
n i t r a t e s ,   e t c . )   a n d  damage t o   t h e   s p o r t   f i s h e r y  on 
the   Sour i s   and   Ass in ibo ine   due  t o  p o t e n t i a l   i n c r e a s e s  
i n   a l g a l   g r o w t h   i n   t h e s e   r i v e r s .  
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8 )  A p o t e n t i a l   f o r   i n t r o d u c t i o n  of  r e p t i l e s   a n d  
amphib ians   exot ic   to   Mani toba .  

9) I n c r e a s e   i n   b l a c k f l y   p o p u l a t i o n s   a l o n g   p o r t i o n s  
o f   t h e   S o u r i s   R i v e r .  

10) I n c r e a s e d   i n c i d e n c e   o f   a l l e r g e n i c   ( i n c l u d i n g  
a s t h m a t i c )   h e a l t h   p r o b l e m s   d u e   t o   i r r u p t i o n s   o f  
e x o t i c   c a d d i s f l y   a n d   m a y f l y   p o p u l a t i o n s   i n  
po r t ions   o f   t he   Sour i s   and  Red r i v e r s .  

11) B i o l o g i c a l   e f f e c t s ,   o t h e r   t h a n   i n c r e a s e d   a l g a l  
g rowth ,   (oxygen   dep le t ion   and   changes   i n   spec ie s  
d i v e r s i t y )   o f   i n c r e a s e d  r a t e  of n u t r i f i c a t i o n  t o  
the  North  Basin  of   Lake  Winnipeg  and  to   Lake 
Manitoba. 

1 2 )  E f f e c t s  of water  q u a l i t y   c h a n g e s  on ind igenous  
f i sh   popu la t ions   i n   Lakes   Winn ipeg   and   Xan i toba .  

We p r e d i c t e d   n o   a d v e r s e   i m p a c t s   f o r :  

1) Rare and   endange red   p l an t   and   an ima l   spec ie s  
a l o n g  GDU Manitoba  waterways.  

2 )  Water fowl   p roduct ion  areas i n  Nani toba.  

3 )  I n d i g e n o u s   M a n i t o b a   p l a n t s  as a r e s u l t  of 
i n t r o d u c t i o n  of e x o t i c   p l a n t   d i s e a s e s   a n d  
t e r r e s t r i a l  weeds. 

4 )  Mani toba   ind igenous   rep t i les   and   amphib ians .  

5 )  Upland   and   wet land   habi ta t   a long  a l l  GDT 
impacted  Manitoba  waterwavs. 

A l t e rna t ives   and   r ecommenda t ions   fo r   ame l io ra t ion  of  some  of 
t h e   a b o v e   p r e d i c t e d   a d v e r s e   i m p a c t s   a n d   f u r t h e r   s t u d y   t o   s a t i s f y  
a s s e s s m e n t   d e f i c i e n c i e s  a r e  p r e s e n t e d   i n   d e t a i l   i n   t h e  l a s t  s e c t i o n  o f  
t h i s   r e p o r t .   I n  summary we recommend: 

1) T h e   c o n c e p t   t o   r e c l a i m   d r a i n e d   w e t l a n d s   a n d  
f lood   dry   bas ins   be   adopted   and   implemented;  
t h i s   a n d   o t h e r   m e a s u r e s   r e p o r t e d   i n   t h e   t e s t  
c o u l d   e n t i r e l y   m i t i g a t e   p r e d i c t e d   l o s s e s   t o  
w a t e r f o w l   d u e   t o   h a b i t a t   a l t e r a t i o n   a n d l o r  l o s s .  

2) A m o n i t o r i n g   p r o g r a m   b e   e s t a b l i s h e d   t o   d e t e c t  
w a t e r f o w l   d i s e a s e   o u t b r e a k s   i n  GDL p r o j e c t  
areas  in   Nor th   Dakota .  



3 )  El imina t ion   of   the   Kindchi   Lake   tu rnout ,  
S h e y e n n e   R i v e r   o u t l e t   ( i n   t h e   L o n e t r e e  Dam), 
New Rockford-Upper James River t u r n o u t ;  
e l i m i n a t i o n   o f   o p e r a t i o n a l   w a s t e w a y s   i n   a l l  
Nor th   Dako ta   p ro j ec t  areas a n d   i n s t a l l a t i o n  
of t h e  McClusky C a n a l   f i s h   s c r e e n   w i t h   d e s i g n  
m o d i f i c a t i o n s   a n d   o p e r a t i n g   c o n s i d e r a t i o n s  
s u g g e s t e d   i n   t h i s   t e x t .   T h e s e   c o u l d   e n t i r e l y  
m i t i g a t e   a d v e r s e   e f f e c t s  of i n t r o d u c t i o n  of 
e x o t i c   f i s h ,   f i s h   d i s e a s e s   a n d   p a r a s i t e s .  

4 )  Due t o  a l ack   o f   comprehens ive   da t a  on n i t r o g e n  
i n   t h e   S o u r i s  area,  u n d e r t a k e   a n   i n t e n s i v e  
s t u d y   f o r   t h e   S o u r i s   R i v e r   o f   e u t r o p h i c a t i o n  
f a c t o r s   s u c h  as d e n i t r i f i c a t i o n ,   a s s i m i l a t i o n  of 
n i t r o g e n ,   p h o s p h o r u s   a n d   n i t r o g e n   t r a n s p o r t ,  
e f f e c t s   o f   p r i m a r y   p r o d u c t i v i t y ,   r e l a t i o n s h i p  
be tween   oxygen   dep le t ion   and   i nc reased   a lga l  
p roduc t ion .   Th i s   k ind   o f   i n fo rma t ion  is 
e s s e n t i a l   t o   f u l l y   p r e d i c t   t h e   i m p a c t  of 
n u t r i e n t   c o n c e n t r a t i o n s  an.d load ings   on   t he   Sour i s  
River   which w e  cannot  do a t  t h i s  time. A t  p r e s e n t  
we cannot  recommend  any measu re   t ha t  w i l l  r educe  
the   impac t  of n u t r i e n t   l o a d i n g   o n   t h e   S o u r i s   o r  
o the r   Man i toba  waters. 
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PUBLIC CONCERNS AND INTRODUCTION 

To assess the   magn i tude   o f   t he   p rob lem  and   t he   deg ree   o f  
pub l i c   conce rn   abou t  GDU, t h e  IJC h e l d  a series o f   p u b l i c   h e a r i n g s   i n  
Minot,   Bismarck,  Fargo  and  Winnipeg i n  November 1975.  B r i e f s  were 
p r e s e n t e d  by p u b l i c   o f f i c i a l s ,   v a r i o u s   g r o u p s   a n d   c i t i z e n s  a t  l a r g e .  

A number  of b r i e f s   e x p r e s s e d   b i o l o g i c a l   c o n c e r n   a s s o c i a t e d  
w i t h  GDU ( I n f o r m a t i o n   f i l e ) .   I n t r o d u c t i o n   o f   e x o t i c   b i o t a   ( f i s h ,   f i s h  
d i s e a s e s ,   b a c t e r i a ,   a q u a t i c   i n v e r t e b r a t e s ,   a l g a e   a n d   p l a n t   m a t e r i a l s )  
was a ma jo r   conce rn   expres sed ,   a long   w i th   i nc reased   nu t r i en t   l oad ing   t o  
Lake  Winnipeg  and loss o f   w a t e r f o w l   a n d   w i l d l i f e   h a b i t a t .   I n  i t s  
s tudy   p l an   t he   B io logy   Commi t t ee   add res sed  a l l  of   these   concerns   and  
o t h e r s   t h a t   s u r f a c e d   d u r i n g   d e l i b e r a t i o n s .  

The  Biology  Committee i s  one   o f   f i ve   s tudy   commi t t ees   a s s igned  
to   p rov ide   i n fo rma t ion   and   r ecommenda t ions   t o  IGDSB t o   a n s w e r   q u e s t i o n s  
r a i s e d  by the  governments   of   Canada  and  the US re la t ive  t o   t h e   t r a n s -  
b o u n d a r y   e f f e c t s   o f   c o m p l e t i o n   a n d   o p e r a t i o n   o f  GDU in   Nor th   Dako ta .  
The b a s i c   q u e s t i o n  i s  w h e t h e r   o r   n o t   i r r i g a t i o n   r e t u r n   f l o w s ,   r e s u l t i n g  
f r o m   i r r i g a t i o n   d e v e l o p m e n t   i n   t h e   w a t e r s h e d s   o f   t h e   S o u r i s   a n d  Red 
r i v e r s   i n   N o r t h   D a k o t a ,  w i l l  c a u s e   i n j u r y   t o   h e a l t h   a n d   p r o p e r t y   i n  
Canada i n   c o n t r a v e n t i o n   o f   A r t i c l e  I V  of  the  Boundary Waters Trea ty   o f  
1909. The s t u d y   a s s i g n m e n t   g i v e n   t o   t h e   B i o l o g y   C o m m i t t e e ,   o u t l i n e d   i n  
t h e   S t u d y   B o a r d ' s   p l a n   o f   s t u d y ,  i s  e x c e r p t e d  as fo l lows :  

Desc r ibe   impac t s   o f  water q u a l i t y   a n d   q u a n t i t y ,   w i t h  
and   w i thou t  GDU,  o n   a q u a t i c   b i o t a   o f   p e r t i n e n t   M a n i t o b a  
waters (Red,  Sour i s   and   Ass in ibo ine   r i ve r s   and   Lakes  
Winnipeg  and  Manitoba).  

D e s c r i b e   i m p a c t s   o f   p o s s i b l e   i n t r o d u c t i o n s   o f   e x o t i c  
f i s h   s p e c i e s ,   f i s h   d i s e a s e s   a n d   f i s h   p a r a s i t e s   o n   i n d i -  
genous   f i sh   f auna ,   w i th   and   w i thou t  GDU, i n   t h e  Red, 
S o u r i s   a n d   A s s i n i b o i n e  r ivers,  Lakes  Winnipeg  and 
M a n i t o b a   a n d   a p p r o p r i a t e   C a n a d i a n   t r i b u t a r i e s .  

D e s c r i b e   i m p a c t s   o f   t h e   p o s s i b l e   i n t r o d u c t i o n   o f  
o t h e r   e x o t i c   b i o t a   ( i n c l u d i n g   p l a n t   d i s e a s e s ,   a q u a t i c  
p l a n t s ,   a q u a t i c   i n v e r t e b r a t e s   a n d  human and   an imal  
d i s e a s e s ) ,   w i t h   a n d   w i t h o u t  GDU, on   ind igenous  
p l a n t s   a n d   a n i m a l s   i n   t h e  Red,   Sour i s   and   Ass in iboine  
r ive r s ,   Lakes   Winn ipeg   and   Man i toba   and   appropr i a t e  
C a n a d i a n   t r i b u t a r i e s .  

D e s c r i b e   t h e   e f f e c t s   o n   l i v i n g   r e s o u r c e s   o f   p o s s i b l e  
m o d i f i c a t i o n s ,   a l t e r a t i o n s   o r   a d j u s t m e n t s   t o   t h e  GDU p l a n .  
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STUDY PLAN 

I. DEFINITIONS 

The  Biology  Committee 's   assignment was t o  d e s c r i b e   t h e   i m p a c t s ,  
w i th   and   w i thou t  GDU,  of p o t e n t i a l   c h a n g e s   i n  water q u a l i t y  and   quant i ty  
a n d   i n t r o d u c t i o n   o f   e x o t i c   b i o t a   o n   i n d i g e n o u s   l i v i n g   r e s o u r c e s  i n  
Manitoba. 

We c o n s i d e r e d   " b i o t a 1 '   t o   i n c l u d e   s p e c i e s   o f   w i l d l i f e ,   f i s h ,  
a q u a t i c   i n v e r t e b r a t e s ,   p l a n t s   a n d   d i s e a s e s  of w i l d l i f e ,   d o m e s t i c   a n i m a l s ,  
f i s h ,   p l a n t s  and   humans .   " Indigenous   l iv ing   resources"   re fe rs   to   popula-  
t i o n s   o f   w i l d l i f e ,   f i s h ,   a q u a t i c   i n v e r t e b r a t e s   a n d   p l a n t s   a n d   d o m e s t i c  
a n i m a l s   t h a t   p r e s e n t l y   o c c u r   ( e i t h e r   n a t i v e   o r   i n t r o d u c e d )   i n   M a n i t o b a ;  
humans were a l s o   i n c l u d e d   i n   i n d i g e n o u s   l i v i n g   r e s o u r c e s .  "GDU Manitoba 
p r o j e c t  areas" r e f e r   p r i m a r i l y   t o   t h e   f o l l o w i n g   M a n i t o b a  waters: Red, 
Sour i s   and   Ass in ibo ine  rivers (downstream  from i t s  conf luence  w'ith t h e  
Sour i s   River ) ,   Lakes   Winnipeg   and   Mani toba   ( inc luding  Delta and   o ther  
major   marshes)   and areas of human h a b i t a t i o n   n e a r   t h e s e   a r e a s   ( F i g .   C . 1 ) .  
" E x o t i c   b i o t a "   t h e r e f o r e  are b i o t a   n o t   i n d i g e n o u s   t o   M a n i t o b a .  

I I. APPROACH 

We cons ide red  two   ma jo r   ca t egor i e s :   impac t  as a r e s u l t  of 
c h a n g e s   i n   w a t e r   q u a l i t y   a n d   q u a n t i t y   a n d   i m p a c t  as a r e s u l t  o f   i n t roduc t ion  
of f o r e i g n   b i o t a .  Each  of t h e   b i o l o g i c a l   g r o u p s   w i t h i n   l i v i n g   r e s o u r c e s  
may b e   i m p a c t e d   i n   d i f f e r e n t  ways  depending  upon  the  biology of t h e   p a r t i -  
c u l a r   g r o u p .  

We b a s e d   o u r   m a j o r   s t u d y   a c t i v i t i e s  on t h e   k i n d  of impact  - 
water q u a l i t y ,   q u a n t i t y   a n d   i n t r o d u c t i o n s  - a n d   s u b d i v i d e d   e a c h   a c t i v i t y  
as t o   i m p a c t  on a p a r t i c u l a r   b i o l o g i c a l   g r o u p   w i t h i n   l i v i n g   r e s o u r c e s .  
We a l s o   d e f i n e d  a t h i r d   a c t i v i t y ,   c a s e   h i s t o r y ,   w h i c h   i n v o l v e d   r e v i e w i n g  
e x i s t i n g   l i t e r a t u r e   t o  d o c u m e n t   c a s e   h i s t o r i e s   ( i n   o t h e r   l o c a l e s ,   w i t h  
o the r  b i o t a )  of e i t h e r  of t h e  t w o  impac t s   r e f e r r ed   t o   above   (A t t achmen t  
C.A.). 

We t h e n   i d e n t i f i e d   t a r g e t   d a t e s   a n d   e x t e r n a l   i n f o r m a t i o n   i n p u t  
requirements .   The l a t t e r  was r e q u i r e d   f r o m   t h e  Water Qual i ty   Commit tee  
( p e r i o d  of r eco rd   and   p red ic t ed  water q u a l i t y   d a t a ,   w i t h   a n d   w i t h o u t  GDU), 
t h e  Water Quan t i ty   Commi t t ee   (pe r iod   o f   r eco rd   and   p red ic t ed   wa te r  
q u a n t i t y   d a t a ,   w i t h   a n d   w i t h o u t  GDU) and  the  Engineer ing  Commit tee   (per iod 
o f   r e c o r d   a n d   p r e d i c t e d   s u s p e n d e d   s o l i d s   d a t a ,  comments  on a l t e r n a t e   f i s h  
sc reen   des ign   and   i n fo rma t ion  on P o r t a g e   D i v e r s i o n ) .  

I n i t i a l   i n t e r n a l   r e q u i r e m e n t s  were s p e c i e s  l i s ts  f r o m   p e r t i n e n t  
w a t e r s h e d s   f o r   w i l d l i f e ,   f i s h ,   a q u a t i c   i n v e r t e b r a t e s ,   p l a n t s ,   p l a n t  
d i s e a s e s ,   f i s h   d i s e a s e s ,   f i s h   p a r a s i t e s   a n d  human d i s e a s e s   a n d   p a r a s i t e s .  

S p e c i e s  were t h e n   s e l e c t e d   f r o m   t h e   s p e c i e s  l i s ts  on t h e   b a s i s  
of e i t h e r   i n d i g e n o u s   b i o t a   t h a t   c o u l d  b e  impacted  upon o r  f o r e i g n  b i o t a  
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t h a t   c o u l d   b e   i n t r o d u c e d .   D e t a i l e d   l i f e   h i s t o r i e s  were then  developed 
f o r   t h e s e   k e y   s p e c i e s .  

TWO a s p e c t s  of p o t e n t i a l  GDU i m p a c t   d i d   n o t   f i t   r e a d i l y   i n t o  
the  scheme as o u t l i n e d .  We d e c i d e d   t o   c o n s i d e r  water a s  a r e s o u r c e  
w h i c h ,   w h i l e   n o t   " l i v i n g "  p Q 4  h e ,  h a s  a number  of b i o l o g i c a l .   a s p e c t s ,  
o n e   b e i n g   e u t r o p h i c a t i o n .  A l so ,  v i ewing   and   spo r t   hun t ing  of wa te r fowl  
a n d   o t h e r   w i l d l i f e   s p e c i e s  were c o n s i d e r e d   w i t h i n   t h e   s t u d y  terms of 
r e f e r e n c e .  

Upon complet ion of a n   i n t e r i m   r e p o r t ,   s u b m i t t e d   t o   t h e   S t u d y  
Board  on 22 A p r i l  1976 w e  i n t e g r a t e d   f i n a l   f i g u r e s   f r o m   t h e  Water 
Q u a l i t y ,  Water Quan t i ty   and   Eng inee r ing   commi t t ees   p lus   a l t e rna t ive  
schemes  suggested by the   Eng inee r ing   commi t t ee   and   pe r fo rmed   f ina l  
a s ses smen t s  on a l l  a l t e r n a t i v e s .  We u n d e r t o o k   f i e l d  t r i p s  t o   v i e w   t h e  
p r o j e c t  area d u r i n g   f l o o d   c o n d i t i o n s ,   t h e  McClusky C a n a l   f i s h   s c r e e n  
u n d e r   c o n s t r u c t i o n   a n d   i n t e r m i t t e n t   w a t e r s h e d   c o n n e c t i o n s  a t  Milk  River  
and B i g   S t o n e   L a k e .   I n i t i a l l y  w e  i n t e n d e d   t o   c o m p l e t e   o u r   r e p o r t  by 
30 J u n e   1 9 7 6 ,   b u t   v a r i o u s   p i e c e s   o f   i n f o r m a t i o n  were n o t   a v a i l a b l e   f o r  
some t i m e  t h e r e a f t e r   a n d  30 August 1976 was se t  as f i n a l   d r a f t   r e p o r t  
d e a d l i n e .   T h i s   f i n a l   d r a f t  was reviewed by the  Board  and comments were 
r e c e i v e d .  We t h e n   r e w r o t e   t h e   f i n a l   r e p o r t   f o r   r e l e a s e   t o   t h e   S t u d y  
Board on 10 November 1976.  

111. REPORT ORGANIZATION 

T h i s   r e p o r t   c o n s i s t s   o f   t h e   f o l l o w i n g   m a j o r   s e c t i o n s :   P u b l i c  
Concerns   and   In t roduct ion ,   S tudy   P lan ,   Resul t s   and   Discuss ion   and  
Alternat ives   and  Recommendat ions.  The R e s u l t s   s e c t i o n  i s  subd iv ided  by 
r e s o u r c e   g r o u p s :   w i l d l i f e ,   f i s h ,   a q u a t i c   i n v e r t e b r a t e s ,   p l a n t s ,  water 
and  humans.  Each  of t h e s e   s e c t i o n s   h a s  i t s  own i n t r o d u c t i o n ,   m e t h o d s ,  
r e s u l t s ,   d i s c u s s i o n ,  summary, l i t e r a t u r e   c i t e d  and  personal   communicat ions 
c i t e d .  A resum6  of   each  of   these  sect ions is i n c l u d e d   i n   t h e   A b s t r a c t  
and Summary of   Major   Adverse  Impact   sect ion,   fol lowing  the l e t t e r  of 
t r a n s m i t t a l .   I n   a d d i t i o n   t o   t h e   a c t u a l   i m p a c t   a s s e s s m e n t ,   v a r i o u s  a l te r -  
na t ives ,   mi t iga t ion   measu res   and   r ecommenda t ions   fo r   fu r the r   s tudy  are 
i n c l u d e d   i n   t h i s   r e p o r t .   A t t a c h m e n t s   t o   v a r i o u s   s e c t i o n s  are a l s o  
inc luded .   Readers  w i l l  n o t e   t h e   p r e f i x  "C" i n  t i t l es  o f   t a b l e s ,   f i g u r e s  
and   append ices .   Th i s   p re f ix  i s  i n t e n d e d   t o   i d e n t i f y   t h e   C o m m i t t e e   r e p o r t  
s o u r c e  when a t a b l e ,   f i g u r e   o r   a p p e n d i x  is  l i f t e d   f r o m   t h i s   r e p o r t   f o r  
u s e   i n   o t h e r  I J C  p u b l i c a t i o n s .  

Readers w i l l  a l s o   n o t e   d i v e r g e n c i e s   i n   t h i s   r e p o r t   f r o m  
recogn ized   me thods   o f   c i t i ng   l i t e r a tu re   and   pe r sona l   communica t ions .  We 
f e l t   t h e s e  were n e c e s s a r y   t o  make a v a i l a b l e   t o   r e a d e r s ,   s o u r c e s  of documents 
and   repor t s   emanat ing   f rom  the   s tudy   which  will n o t   b e   a v a i l a b l e   t h r o u g h  
n o r m a l   l i b r a r y   c h a n n e l s .   T h e   f i r s t   d i v e r g e n c e  is c o n s i d e r i n g  l e t te rs ,  
u n p u b l i s h e d   d a t a ,  e tc .  as p u b l i s h e d   l i t e r a t u r e   a n d   d e f i n i n g   p e r s o n a l  
communications as ora l   communica t ions   on ly .   Thus   s ec t ions   en t i t l ed  
" L i t e r a t u r e   C i t e d "   i n c l u d e   e v e r y t h i n g   e x c e p t   o r a l   ( p e r s o n a l )   c o m m u n i c a t i o n s .  



A second   d ive rgence  i s  i n c l u s i o n  of s e c t i o n s   e n t i t l e d   " P e r s o n a l  
Communica t ions   Ci ted" .   In   these   sec t ions   readers  w i 1 . l  f ind   names ,  
p o s i t i o n s   a n d   a d d r e s s e s  of p e r s o n s   a n n o t a t e d  i n  t h e   t e x t   a h e a d  o f  
personal   communicat ions.  A t h i r d   d i v e r g e n c e  i s  r e f e r r i n g   t h e   r e a d e r ,  
a f t e r   c e r t a i n   l i t e r a t u r e   c i t a t i o n s ,   t o   a n   i n f o r m a t i o n  f i l e ,  she lved  a t  
t h e   F r e s h w a t e r   I n s t i t u t e   l i b r a r y ,  501 Univers i ty   Crescent ,   Winnipeg   and  
D i v i s i o n  of N a t u r a l   S c i e n c e s   l i b r a r y ,   U n i v e r s i t y  of North  Dakota,  Grand 
F o r k s .   T h e   i n f o r m a t i o n   f i l e  is  on a r e f e r e n c e - o n l y   b a s i s  a t  t h e s e  
1 - i b r a r i e s  as t h e   f i l e  is composed  of  unpublished  documents  and  reports. 

A resum6 of t h e   s t u d y   p l a n   i n c l u d i n g   a c t u a l   e x p e n d i t u r e s ,  l i s t  
of   commit tee   personnel   and  record  of   commit tee   meet ings is  i n c l u d e d   i n  
t h i s   i n f o r m a t i o n   f i l e .  
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RESULTS AND DISCUSSION 

I. WILDLIFE 

A.  I n t r o d u c t i o n  

Wild  animals are d i f f i c u l t   t o   c a t e g o r i z e   f o r   e n v i r o n m e n t a l  
i m p a c t  a s ses smen t   work .   T rad i t iona l   sys t ems ,   such  as breakdown  by  taxa, 
a r e   e f f i c i e n t   b e c a u s e   o f   t h e  manner i n  w h i c h   s c i e n t i f i c   a n d   w i l d l i f e  
management  knowledge is  c a t e g o r i z e d .  On t h e   o t h e r   h a n d ,   s o c i e t y   h a s  
p l a c e d   d i f f e r e n t   d e g r e e s   o f   e m p h a s i s   o n   v a r i o u s   a n i m a l   g r o u p s   a n d   t h u s  
a s y s t e m  o f   s e p a r a t i n g  rare and   endangered   spec ies ,   water fowl   and  game 
animals   f rom rep t i les ,  amph ib ians   and   i nve r t eb ra t e s ,  is d e s i r a b l e .  

T h i s   r e p o r t  is  a combina t ion   of   these  two sys t ems .   In fo rma t ion  
i s  p r e s e n t e d   b y   m a j o r   v e r t e b r a t e   t a x a   b u t   s e p a r a t e   s e c t i o n s   e m p h a s i z e   t h e  
impor tance  of t he   i n t e rna t iona l   wa te r fowl   r e source   and   r a re   and   endange red  
s p e c i e s .   T h i s   c a t e g o r i z a t i o n   a n d   a p p r o a c h   b e a r s   w i t n e s s   t o   t h e  s t a t e  o f  
t h e   w i l d l i f e  management a r t :  w e  know  much more  about game animals   than  
about  non-game an ima l s .  No i n f o r m a t i o n   o n   u p l a n d   i n v e r t e b r a t e s  is 
p r o f e r r e d .  We r e c o g n i z e   t h e   l a r g e   i m p o r t a n c e   o f   t h e s e   a n i m a l s   i n   e c o -  
s y s t e m s   b u t   t h e i r   i n c l u s i o n  was n o t   p o s s i b l e   d u e   t o  a p a u c i t y  of i n f o r -  
mat ion   and  time c o n s t r a i n t s   o f   t h e   s t u d y .  

C o n s i d e r a b l e   e f f o r t  was macle t o   r e l a t e   e f f e c t s   o f  GDU to   w i ld -  
l i f e   v i a   w i l d l i f e   h a b i t a t ,   s i n c e   t h e   q u a n t i t y   a n d   q u a l i t y  o f  h a b i t a t  is 
d i r e c t l y   p r o p o r t i o n a l   t o   s i z e s   a n d   h e a l t h   o f   w i l d l i f e   p o p u l a t i o n s .  I n  
a s s e s s i n g   e f f e c t s  o f  c h a n g e s   i n  water q u a n t i t y   a n d   q u a l i t y  on w i l d l i f e ,  
averages   and  means a r e  u s e d  w i t h   d i s c r e t i o n ;   o f  more v a l u e   a r e  maximums 
and minimums. O b v i o u s l y ,   i f  a wi ld   an ima l   popu la t ion  is e x t i r p a t e d  by a 
maximum c o n c e n t r a t i o n   o r   i n n u n d a t i o n ,  how well i t  might   have  withstood 
ave rage   cond i t ions   wou ld   be   i r r e l evan t .   Fo r   t h i s   r ea son ,   t he   Commi t t ee  
used extreme e x p e c t e d   v a l u e s ,   w h e r e v e r   f e a s i b l e ,   f o r   w a t e r   q u a l i t y   a n d  
q u a n t i t y   a s s e s s m e n t s .  

Impact   assessment   dec is ions  r e l y  o n   p r o j e c t   s p e c i f i c a t i o n s  
provided  by  BuRec, IGDSB c o m m i t t e e s ,   s c i e n t i f i c   l i t e r a t u r e   a n d   p e r s o n a l  
communica t ions   w i th   expe r t s .  New GDU p r o j e c t   f e a t u r e s   a n d   p r o c e s s e s  
w h i c h   c o u l d   a l t e r   i m p a c t s   a r e   r e p o r t e d   i n   t h e   d i s c u s s i o n   s e c t i o n .  
S c i e n t i f i c  names of a n i m a l s   d i s c u s s e d   i n   t h i s   s e c t i o n   o f   t h e   r e p o r t   a r e  
l i s t e d   i n   A t t a c h m e n t  C . 1 - 1 .  Al te rna t ives   and   recommendat ions   for   amel io-  
r a t i o n   o r   m i t i g a t i o n   o f   a d v e r s e   i m p a c t s   a r e   n o t   i n c l u d e d  i n  t h i s   s e c t i o n ,  
b u t  are set  o u t   s e p a r a t e l y .  

I n  summary t h e n ,   w i l d l i f e   s e c t i o n s   i n   t h i s   r e p o r t  are:  
In t roduct ion ,   Overv iew,  Mammals and B i r d s  except   Water fowl ,   Water fowl ,  
Major  Waterfowl Diseases, Amphibians  and  Rept i les ,   Rare  and  Endangered 
S p e c i e s ,  Summary of Impacts ,   L i te ra ture   Ci ted   and   Personal   Communica t ions  
C i t e d .  
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B.  Overview 

The Sour is   River   Bas in   o f   Mani toba   embraces  a d i v e r s i t y   a n d  
a b u n d a n c e   o f   w i l d l i f e .   R i v e r i n e   h a b i t a t   c h a n g e s   f r o m   g r a s s l a n d s   a n d  
shrub  communities i n   u p s t r e a m   r e a c h e s   ( n e a r   t h e  US border)  through  mixed 
cropland/grassland/shrub c o m p l e x e s   t o   s t a n d s   o f   t i m b e r .   I n t e r s p e r s e d  
t h r o u g h o u t   t h e s e   h a b i t a t   t y p e s  a re  m a r s h e s ,   m o s t l y   r i v e r  oxbows.  The 
r iver b a s i n  is  a n   i m p o r t a n t   w i n t e r i n g  area f o r   w h i t e - t a i l e d   d e e r .  

The  Assiniboine River, from i t s  conf luence   w i th   t he   Sour i s  
River t o  i t s  c o n f l u e n c e   w i t h   t h e  Red R ive r  a t  Winnipeg, is cont inuous  
w i t h   S o u r i s   R i v e r   h a b i t a t   i n   u p p e r   r e a c h e s   a n d   b l e n d s   i n t o  Red R ive r  
V a l l e y   h a b i t a t  a t  i t s  downstream  end.   The  r iver   passes   through a unique  
t o p o l o g i c a l   f e a t u r e ,   t h e   C a r b e r r y   S a n d  Hills. Here f l o r a l   c o m p o s i t i o n ,  
r e f l e c t i n g   t h e   s a n d y   s o i l s   a n d   d r i f t i n g   d u n e s ,   p r o v i d e s   h a b i t a t   f o r  some 
s p e c i e s   o f   w i l d l i f e   n o t   f o u n d   i n   a b u n d a n c e   e l s e w h e r e   i n   t h e   p r o v i n c e .  

Near t h e   C i t y   o f   P o r t a g e  l a  P r a i r i e   a n  18-mile d i v e r s i o n   c a n a l  
s h u n t s   f l o o d  waters f r o m   t h e   A s s i n i b o i n e  River t o  Lake  Manitoba  through 
De l t a   Marsh .   Th i s   mar sh   suppor t s   l a rge   popu la t ions   o f   wa te r fowl   and  
m u s k r a t s ;   t h e  wooded beach   r i dge   be tween   t he   marsh   and   t he   l ake  is  a 
w i n t e r i n g  area f o r   w h i t e - t a i l e d   d e e r .  

The Red R ive r   i n   Man i toba ,   f rom a w i l d l i f e   s t a n d p o i n t ,  is h a r d l y  
d i s t i n g u i s h a b l e   f r o m   u p p e r   r e a c h e s   i n   t h e  US. Heavi ly   farmed  and  with 
many r i v e r b a n k   f e e d l o t s ,   t h e  river p r o v i d e s   l i m i t e d   h a b i t a t   f o r   w i l d l i f e .  

Lake   Mani toba   and   the   southern   ha l f   o f   Lake   Winnipeg   re f lec t  
a spen   wood land   and   a spen   pa rk land   hab i t a t   p re fe r r ed   by   wh i t e - t a i l ed   dee r ,  
coyo tes ,   snowshoe   ha res   and   ru f f ed   and   sha rp - t a i l ed   g rouse .   Seve ra l  
marshes   on   bo th   l akes   p roduce   and   s tage   l a rge   numbers   o f   water fowl .   The  
no r th   end   o f   Lake   Winn ipeg   exh ib i t s   t he   bo rea l   fo re s t   o r   " sp ruce -moose"  
biome. Here spec ie s   compos i t ion   changes   f rom  ru f f ed   and   sha rp - t a i l ed  
g rouse   t o   sp ruce   g rouse ,   f rom  wh i t e - t a i l ed   dee r   t o   moose ,   f rom  g rea t -  
h o r n e d   o w l s   t o   g r e a t   g r a y   o w l s .   C a r i b o u   i n h a b i t   s h o r e l i n e s   o f   t h e   n o r t h  
b a s i n  of t h e   l a k e .  Lynx and   snowshoe   ha res   occu r   i n   cyc l i c   abundance .  
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C .  Mammals and   Bi rds   except   Water fowl  

1.. Planned  Methodology: GDU p r o j e c t  areas i n  Manitoba 
f o l l o w   t h o s e   d e f i n e d   b y   t h e  Uses Committee (1976) :  one-half  mile on 
e i t h e r   s i d e   o f  rivers and  one-half  mile in l and   a long   sho res   o f   l akes .  
I n   M a n i t o b a   t h e s e   p r o j e c t  areas are t h e   S o u r i s ,   A s s i n i b o i n e   a n d  Red 
r ivers ,   Lakes   Mani toba   and   Winnipeg   and  Delta Marsh. 

F i v e   h a b i t a t   t y p e s  were s e l e c t e d   i n   t h e s e   p r o j e c t  areas f o r  
impac t   a s ses smen t   on   w i ld l i f e .  They are t imber ,   shrub   communi t ies ,  
g r a s s l a n d s ,   w e t l a n d s   ( m a r s h e s   a n d   r i v e r s )   a n d   c r o p l a n d s .   T h e s e   f i v e  
types  encompass a l l  h a b i t a t s   u s e d  by w i l d l i f e   u n d e r   c o n s i d e r a t i o n  by 
t h e  Uses Committee. 

Assessment   procedure w a s  t o   m e a s u r e   t h e s e   h a b i t a t   t y p e s   w i t h  
and  without  GDU t o   d e t e r m i n e   p e r c e n t   g a i n   o r  loss a t t r i b u t a b l e   t o   t h e  
p r o j e c t .   T h i s  was to   be   accompl ished   by  aer ia l  p h o t o   i n t e r p r e t a t i o n  
and   habi ta t   measurement  t o  e s t a b l i s h   t h e   " w i t h o u t "   ( b a s e l i n e )   c o n d i t i o n  
and   super impos ing  GDU water q u a n t i t y   a n d   q u a l i t y   e x p e c t a t i o n s   f o r   t h e  
"wi th"   condi t ion .  

A g a i n s t   t h e s e   b a s e l i n e   h a b i t a t   a c r e a g e s ,   a v e r a g e  known 
d e n s i t i e s   o f   i n d i c a t o r   s p e c i e s  were compared t o  estimate b o t h   p r e s e n t  
popu la t ions   and   popu la t ion   changes  as a r e s u l t  of GDU ( T a b l e   C . I . l ) .  
I n d i c a t o r   s p e c i e s  are w h i t e - t a i l e d   d e e r   a n d  moose ( u n g u l a t e s ) ,   w h i t e -  
t a i l e d   j a c k   r a b b i t s   a n d   s n o w s h o e   h a r e s   ( p r e y   s p e c i e s ) ,   s h a r p - t a i l e d ,  
r u f f e d   a n d   s p r u c e   g r o u s e   ( u p l a n d  game b i r d s ) ,   r e d   f o x ,   c o y o t e s   a n d   l y n x  
( l o n g - h a i r e d   f u r b e a r e r s ) ,   b e a v e r ,   m u s k r a t s   a n d   m i n k   ( a q u a t i c   f u r b e a r e r s )  
and meadow and   r ed -backed   vo le s   ( sma l l   p rey   spec ie s ) .  

Average known d e n s i t i e s   a p p l i e d   a g a i n s t   h a b i t a t   t y p e s  were 
w i n t e r   d e n s i t i e s ,   s i n c e  summer h a b i t a t  i s  n o t  a l i m i t i n g   f a c t o r   f o r  
most  of t h e s e   i n d i c a t o r   s p e c i e s .   I n   t h e  case o f   c y c l i c   s p e c i e s   s u c h  
as s n o w s h o e   h a r e s ,   r u f f e d   g r o u s e   a n d   l y n x ,   p e a k   d e n s i t i e s  were used ,  
s i n c e   h a b i t a t   s i z e  i s  n o t   b e l i e v e d   l i m i t i n g  a t  l o w e r   d e n s i t i e s .  

The   methodology  ou t l ined   above   tends   to   underes t imate  
p o p u l a t i o n s   b y   c a t e g o r i z i n g   h a b i t a t s   f o r   i n d i c a t o r   s p e c i e s .   F o r  
e x a m p l e ,   " f a v o r e d "   h a b i t a t   f o r   c o y o t e s  is  l i s t e d  as t imber l sh rub  
communities  (Table  C.1-1).  Yet, t hey  are f o u n d   i n   l o w e r   d e n s i t i e s   i n  
o t h e r   h a b i t a t   t y p e s .  Thus  populat ion estimates f o r   i n d i c a t o r   s p e c i e s  
i n   t h i s   r e p o r t :  are minimal f o r  t h o s e   s p e c i e s   n o t   l i s t e d   f o r   a l l   h a b i t a t  
t ypes .  

For water q u a n t i t y   a s s e s s m e n t ,  GDU e x p e c t a t i o n s  were r e l a t e d  
t o   c o n t o u r  maps  of t h e   p r o j e c t  areas t o   d e t e r m i n e   h a b i t a t   c h a n g e s .  
Expected water q u a l i t y   c h a n g e s   r e s u l t i n g   f r o m  GDU were examined   aga ins t  
w i l d l i f e   t o l e r a n c e s   t o   c h e m i c a l   a n d   p h y s i c a l   c o m p o n e n t s .   T h i s  
i n f o r m a t i o n  i s  r e p o r t e d   i n  terms o f   p e r c e n t   h a b i t a t   l o s t   o r   g a i n e d   a n d  
i n   p o p u l a t i o n   c h a n g e s   o f   i n d i c a t o r  w i l d l i f e  spec ie s .  
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Tab le  C . 1 - 1 .  I n d i c a t o r   s p e c i e s ,   h a b i t a t s   a n d  areas of p o t e n t i a l  GDU 
impac t   i n   Man i toba .  

I n d i c a t o r   s p e c i e s   H a b i t a t   t y p e  Areas o f   p o t e n t i a l  GDU impact 

Whi t e - t a i l ed   dee r   Sh rub / t imber  All areas e x c e p t   n o r t h   h a l f   a n d  
east s i d e  Lake  Winnipeg. 

Moose Shrub/timber  North  half   of  Lake  Winnipeg. 

W h i t e - t a i l e d  
j a c k   r a b b i t  

Snowshoe h a r e  

Grass l and /  A l l  areas e x c e p t   n o r t h   h a l v e s   o f  
cropland  Lakes  Winnipeg  and  Manitoba  and 

east s i d e  of Lake  Winnipeg. 

Shrub/   t imber  A l l  areas e x c e p t   s o u t h   h a l f  of 
S o u r i s  River and Delta Marsh. 

Sha rp - t a i l ed   g rouse   Gras s l and /  A l l  areas e x c e p t   n o r t h   h a l f   a n d  
sh rub  east s ide  of   Lake  Winnipeg.  

Ruffed   grouse  Shrub/ t imber  All areas e x c e p t   s o u t h   h a l f   o f  
S o u r i s  River, Delta Marsh  and 
n o r t h   h a l f   a n d  east s ide   o f   Lake  
Winnipeg. 

Spruce   g rouse   T imber   Nor th   ha l f   and  east s i d e  o f  Lake 
Winnipeg. 

Red fox  

Coyote 

Lynx 

Muskrat 

Beaver 

Mink 

Meadow v o l e  

A l l  h a b i t a t s  

Shrub/ t imber  

Timber 

Riverbank/  
marsh 

Rivers 

Riverbank/  
marsh 

A l l  areas e x c e p t   n o r t h   h a l f   a n d  
east s ide  of   Lake  Winnipeg.  

A l l  areas e x c e p t   n o r t h   h a l f   a n d  
east s ide  of   Lake  Winnipeg.  

Nor th   ha l f   and  east s ide   o f   Lake  
Winnipeg. 

A l l  areas.  

A l l  areas . 
A l l  areas - 

A l l  h a b i t a t s  A l l  areas e x c e p t   n o r t h   h a l f   a n d  
east s ide  of   Lake  Winnipeg.  

Red-backed vo le   T imber  Nor th   ha l f   and  east s i d e   o f   L a k e  
Winnipeg. 
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Two o t h e r   i n d i c a t o r   g r o u p s ,   r a p t o r s   ( b i r d s   o f   p r e y )   a n d  
p a s s e r i n e s   ( p e r c h i n g   b i r d s ) ,  were c o n s i d e r e d   f o r   i n c l u s i o n   i n   t h i s  
r epor t .   however ,  s o  l i t t l e  d e n s i t y   i n f o r m a t i o n  is  a v a i l a b l e   f o r   t h e s e  
g r o u p s   a n d   t h e i r   d i v e r s i t y  i s  so b r o a d   a c r o s s   g e o g r a p h i c   a n d   h a b i t a t  
types   tha t   no   meaningfu l   assessment   methodology  could   be   reached   for  
them. 

2. Actual  Methodolopy: A s  w i th   mice   and   impac t   a s ses so r s ,  
whose   p l ans   “gang   a f t   ag l ey” ,  so  i t  is wi th   t he   me thodo logy   ou t l i ned  
a b o v e .   B e f o r e   h a b i t a t   a n d   i n d i c a t o r   p o p u l a t i o n s  on par ts  of t h e   S o u r i s  
River   and  a l l  o f   t h e  Red and   Ass in iboine  rivers and  Lakes  Manitoba  and 
Winnipeg   could   be   measured ,   p re l iminary   repor t s   f rom  both   the  Water 
Quan t i ty   and  Water Q u a l i t y   C o m m i t t e e s   i n d i c a t e d   s u c h   b a s e l i n e   i n f o r -  
ma t ion   wou ld   no t   be   necessa ry .  

The Water Quant i ty   Commit tee   (1976a)   s ta ted ,  “On t h e  
Ass in iboine   and  Ked rivers t h e   i m p a c t   o f  GDU r e t u r n   f l o w s  on 
f l o o d i n g   w o u l d   b e   i n s i g n i f i c a n t  . . . levels  on Lake  Manitoba 
and  Winnipeg  would n o t . b e   m e a s u r a b l y   a f f e c t e d  by GDU r e t u r n  
f lows .  

C o n c e r n   o v e r   a d d i t i o n a l   f l o o d i n g   i n   t h e  Delta Marsh as a 
r e s u l t  o f   h i g h   s p r i n g  levels on t h e   A s s i n i b o i n e  River a t  Por t age  l a  
P r a i r i e   i n  1976  prompted   th i s   response   f rom  the   Engineer ing   Commit tee  
(1976) : . . . The i n c r e m e n t a l   c h a n c e   t h e   o c c u r r e n c e   o f  a p e a k   d a i l y  
d i s c h a r g e  of  2 3 , 0 0 0   c f s   o r  more   ( f low  necessary   ups t ream  of   Por tage  l a  
P r a i r i e   t o   s p i l l   i n t o  Delta Marsh v i a   t h e   P o r t a g e   D i v e r s i o n )   i n   a n y   o n e  
y e a r  as a r e s u l t  of GDU i s  0.003 o r  0.3%”. 

A comparison  of  expected GDU levels  of  several water q u a l i t y  
components ,   forwarded  by  the Water Qual i ty   Commit tee   (1976)   against  
t o l e r a n c e  levels of v a r i o u s   a n i m a l   s p e c i e s  showed  no  antic-ipated  impact 
on w i l d  animals. The Water Quality  Committee  (1976) a l s o  p r e d i c t e d  no 
c h a n g e s   i n  levels of  heavy metals o r   o t h e r   p e s t i c i d e   r e s i d u e s   u n d e r  

expected  good  management   pract ices”.   Accordingly,  w e  cons ide red   on ly  
water q u a n t i t y   c h a n g e s   i n   t h e   u p p e r   r e a c h e s   o f   t h e   S o u r i s  River i n  
Manitoba. 

I 1  

3 .   Base l ine   Resu l t s  - Without  GDU: The f i r s t   1 0 7  miles of  
t h e   S o u r i s  River, f rom  the  US b o r d e r   d o w n s t r e a m   t o   H e a s l i p   S t a t i o n ,  
encompasses  68,480 acres of a l l  h a b i t a t   t y p e s   o n e - h a l f  mile o n   e i t h e r  
s ide   (Table   C .1-2) .  Date o f   t h e   p h o t o  series f r o m   w h i c h   i n t e r p r e t a t i o n  
w a s  done i s  J u l y ,   1 9 6 8   a n d   r e p r e s e n t s  a low-flow  condi t ion.   Applying 
ave rage  known d e n s i t i e s   o f   i n d i c a t o r   s p e c i e s   t o   t h e s e   h a b i t a t   s i z e s  
p r o d u c e s   t o t a l   e s t i m a t e d   p o p u l a t i o n s  of 4 1 8   w h i t e - t a i l e d   d e e r ,  3,150 
snowshoe  hares   and 820 s h a r p - t a i l e d   g r o u s e ,  e t c .  (Table  C.1-3). 

4. E f f e c t s  of GDU: A n t i c i p a t e d   r e t u r n   f l o w s   f r o m  GDU w i l l  
c ause  some a d d i t i o n a l   f l o o d i n g   o n   t h e   S o u r i s   R i v e r ,   a c c o r d i n g   t o   o u r  
i n t e r p r e t a t i o n  of Water Quan t i ty   i n fo rma t ion   (1976a ,b ) .  However, t h i s  
a d d i t i o n a l   f l o o d i n g   a n d / o r   d u r a t i o n  of f l o o d i n g  w i l l  be   t oo  small t o  
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Table  C.1-2. H a b i t a t   s i z e s   o n e - h a l f  mile on e i t h e r  s i d e  of 107 miles of 
S o u r i s  River, Manitoba.  

~ 

H a b i t a t   t y p e  H a b i t a t   s i z e 2   P e r c e n t  
m i 2  acres 

~~ 

Timber 

Shrubs 

Grass land  

Cropland 

Marsh 

River 

Urban’ 

Othe r   ( roads ,  e tc .  ) ’ 
TOTAL 

10 .6  

1 0 . 3  

22.5 

51.7 

5.4 

2.7 

0.6 

3 .2  

107 .0  

6,784 

6,592 

14 ,400  

33,088 

3,456 

1 ,728  

384 

2,048 

68,480 

1 0  

1 0  

21 

48 

5 

2 

1 

3 

100 

’Not inc luded  as i n d i c a t o r   s p e c i e s .  
2Source : MDRRTS (1976a) .  



T a b l e  C.1-3. P o p u l a t i o n  estimates of i n d i c a t o r   s p e c i e s   o n e - h a l f  mile on 
e i t h e r   s i d e  of  107 miles o f   S o u r i s  River, Manitoba. 

I n d i c a t o r   H a b i t a t   H a b i t a t   D e n s i t i e s   E s t i m a t e d  
s p e c i e s   t y p e  ( s  1 s i z e  (mi2)  (mi 2 )  p o p u l a t i o n  

White- t a i l e d  
d e e r  

Shrub/ 
t imber  

20.9 20 418 

Cropland/ 
g r a s s l a n d  

74.2 

10.5 

1,187 White- t a i l e d  
j a c k   r a b b i t  

16 

Snowshoe  hare Shrub / 
t imber  

300 

25 

3,150 

32.8 820 S h a r p - t a i l e d  
grouse  

Grass land/  
shrub  

Ruffed  grouse Shrub / 
t imber  

10 .5  75 788 

Red fox  90.5 1 

0.75 

90 A l l  except  
r iver  

Shrub/ 
t imber  

26.3 20 

11,438 

Coy0 t e  

1 0 ;  1,9202 River /  
marsh 

Muskrat 

1 3  

43 

107 

428 

Beaver 

Mink 

River 

River / 
marsh 

95 .1  9 , 600 912,960 Meadow v o l e  A l l  e x c e p t  
marsh  and 
rivers 

'Source: MDRRTS (1976a) a D .  h s c h  (pegs CCW) and ,Hanitoba ?luseum of Man 

' D e n s i t y / r i v e r  m i l e  ; dens i ty /wet land  m i 2 .  
3 D e n s i t y / r i v e r  mile. 

and  Nature   (1976) .  
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s i g n i f i c a n t l y  a l t e r  u p l a n d   h a b i t a t   a l o n g   t h e   S o u r i s  River. 

5 .   Discussion:   The  preceding  impact   assessment  i s  based  on 
ex i s t ing   i n fo rma t ion   ava i l ab le   t o   S tudy   Board   commi t t ees   and   congres s -  
i o n a l l y - a u t h o r i z e d  GDU f e a t u r e s  (BuRec 1974a,b) .  New informat ion ,  
p r o c e s s e s   a n d   p r o j e c t   f e a t u r e s   e i t h e r   n o t   f u l l y   d o c u m e n t e d   o r  as y e t  
u n a u t h o r i z e d   c o u l d   c h a n g e   t h e   p r e d i c t e d   e f f e c t s  of GDU on  Manitoba 
b i r d s   a n d  mammals. 

Water q u a n t i t y   p r e d i c t i o n s ,  as r e p o r t e d   b y   t h e  Water Quant i ty  
Committee,  could  change i n  two  ways. F i r s t ,   t h e   c o n g r e s s i o n a l l y -  
a u t h o r i z e d   f i s h   a n d   w i l d l i f e   m i t i g a t i o n   p l a n   c o n t a i n e d   i n   B u R e c ' s  
earl ier p r o p o s a l s   a l l o c a t e d  165,OOC a c ~ c  Eeet of GDU water a n n u a l l y   f o r  
water fowl   p roduct ion   and   recrea t ion   purposes '  (FWS 1962) .   This   p lan   has  
been   rev ised   by  FWS. 

The new FWS i d e a  c a l l s   f o r   r e p l a c e m e n t  of  GDU-drained wet lands  
wi th   acqu i s i t i on   and   deve lopmen t  of former   wet land   bas ins   which   had   been  
d r a i n e d   f o r   a g r i c u l t u r a l   p u r p o s e s .   T h i s  new i d e a ,   w h i c h  ca l l s  f o r   a b o u t  
t h e  same ac reages   and   t he  same f u n d i n g ,   h a s   r e c e i v e d   a p p r o v a l   i n  
p r i n c i p l e   f r o m   b o t h  BuRec and  the  Garrison  Conservancy Dis t r ic t .  

The new w i l d l i f e   i d e a  w i l l  u se   on ly   abou t   5 ,000   ac re - f ee t   o f  
GDU water a n n u a l l y ,   l e a v i n g  a ba lance   o f  160,000 a c r e - f e e t   a v a i l a b l e   f o r  
o t h e r   p u r p o s e s .   I f   t h i s   r e s i d u a l  water i s  u s e d   f o r   o t h e r   p u r p o s e s  i t  
c o u l d   a f f e c t  water quan t i ty   ( and   qua l i t y )   impac t s   on   Man i toba   b i rds   and  
mammals. 

Second, water quan t i ty   ( and   qua l i t y )   change  i s  s e e n   i n  
p r i v a t e   d r a i n a g e   o f   w e t l a n d s   i n t o  GDU waterways in   North  Dakota .   The 
p r a c t i c e   o f   p r i v a t e   l a n d o w n e r s   d r a i n i n g   w e t l a n d s   i n t o  new d i t c h e s  is an  
o ld   and  common p r a c t i c e   i n   t h e   p r a i r i e   p o t h o l e   r e g i o n s  of the   Dakotas  
and  Minnesota: i t s  documented  presence i n   t h e  GDU p r o j e c t  areas of 
North  Dakota comes a s   n o   s u r p r i s e .   T h i s   d r a i n a g e  i s  r e p o r t e d   i n   d e t a i l  
i n  the Waterfowl Sec t ion .  

In   add i t ion ,   no   p ro j ec t ions   have   been  made o n   f u t u r e  water 
qua l i ty   o f   Lake   Sakakawea ,   source  o f  GDU. I n d u s t r i a l   a n d   a g r i c u l t u r a l  
f i e l d   a p p r o p r i a t i o n s ,   o p t i o n s   a n d   r e q u e s t s   f o r  water upstream of Lake 
Sakakawea may be   i n   t he   ne ighborhood   o f  3 m i l l i o n   a c r e - f e e t   a n n u a l l y  
(Nor thern   P la ins   Resource   Counci l   1974) .  How many o f   t h e s e   r e q u e s t s  
w i l l  b e   g r a n t e d   a n d   w h a t   e f f e c t   t h i s  water use  w i l l  have on t h e   q u a l i t y  
of Lake  Sakakawea is n o t  known. Should  Sakakawea water q u a l i t y  
d e t e r i o r a t e   s i g n i f i c a n t l y ,   e x p e c t e d  water q u a l i t y  of GDU r e t u r n   f l o w s  
in to   Man i toba ,  as r e p o r t e d   b y   t h e  Water Quality  Committee,   could  worsen, 
wi th   concomi tan t   impacts   on   b i rds   and  mammals n o t   f o r e s e e n   i n   t h i s  
r e p o r t .  

Fur thermore ,   f ina l   impact   assessment   s ta tements   f rom Water 
Qual i ty   and   Quant i ty   commit tees  are based   on   bes t  management p r a c t i c e s  
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by GDU water u s e r s .  The  Committee f e e l s  i t  is  u n l i k e l y   t h a t   t h i s   l e v e l  
of e f f i c i e n c y  w i l l  b e   a t t a i n e d .  Less t h a n   b e s t  water management  by t h e  
many GDU i r r i g a t o r s   a n d   o t h e r  water u s e r s  w i l l  change  quant i ty   and 
q u a l i t y   p r e d i c t i o n s   a n d  may r e s u l t   i n   f u r t h e r   e f f e c t s   o n   M a n i t o b a  
w i l d l i f e .  
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D. Waterfowl 

1. I n t r o d u c t i o n :  The term w a t e r f o w l   u s u a l l y   r e f e r s   t o   d u c k s ,  
g e e s e ,   c r a n e s ,   s w a n s ,   g u l l s ,   t e r n s ,   s h o r e b i r d s   a n d   o t h e r   m a r s h   b i r d s  
w h i c h   f r e q u e n t   w e t l a n d s   a n d   m i g r a t e .   Q u a n t i f i e d   s e c t i o n s   o f   t h i s   r e p o r t  
r e f e r   o n l y   t o   d u c k s ,   e x c e p t   w h e r e   o t h e r w i s e   n o t e d ,   b e c a u s e  much more 
d a t a   a r e   a v a i l a b l e   f o r   d u c k s   t h a n   f o r   t h e   o t h e r   g r o u p s .  A l i s t  of 
s h o r e b i r d s   a n d   o t h e r   m a r s h   b i r d s ,   s t u d i e d   i n   o n e   N o r t h   D a k o t a  GDU 
p r o j e c t  area (Kraf t   S lough)  i s  p resen ted   i n   A t t achmen t  C . I . 2 .  

Waterfowl are a v a l u a b l e   i n t e r n a t i o n a l   r e s o u r c e   w h i c h   s u p p o r t  
c o n s i d e r a b l e   r e c r e a t i o n  i n  Canada  and  the US. To c o n s e r v e   t h i s  
n a t u r a l   r e s o u r c e   a n d   e n s u r e  optimum f a l l   f l i g h t s   t o  meet r e c r e a t i o n a l  
demands ,   pub l i c ly   and   p r iva t e ly  owned w e t l a n d   h a b i t a t s   i n   t h e  US and 
Canada  must be preserved  and  wisely  managed.  

To meet t h i s   o b j e c t i v e ,  Canada e s t a b l i s h e d  a N a t i o n a l   W i l d l i f e  
P o l i c y   a n d   P r o g r a m ,   w h i c h   c a l l e d   f o r   t h e   p r e s e r v a t i o n   o f   s u i t a b l e  
w e t l a n d   h a b i t a t   b y   a c q u i s i t i o n ,  lease o r   a g r e e m e n t   i n   a m o u n t s   s u f f i c i e n t  
t o   s u p p o r t   d e s i r e d   w a t e r f o w l   p o p u l a t i o n s   w i t h o u t   c r o p   d e p r e d a t i o n .  

I n   r e s p o n s e   t o   t h i s   p o l i c y   t h e   I n t e r n a t i o n a l   M i g r a t o r y   B i r d s  
Committee of Canadian,  American  and  Mexican members was formed i n  1962. 
To achieve  Commit tee   goals ,   government   agencies   and  waterfowl  hunters  
have   cont r ibu ted   more   than  $100 m i l l i o n   f o r   a c q u i s i t i o n   o f   w a t e r f o w l  
h a b i t a t   i n   t h e  US and  Canada. I n  a d d i t i o n ,   s e v e r a l   p r i v a t e l y   s p o n s o r e d  
o r g a n i z a t i o n s ,   s u c h  as DU, have   deve loped   water fowl   b reeding   habi ta t .  
S e v e r a l   m i l l i o n  acres have  been set  a s i d e   i n  Canada  and  the US i n   t h i s  
manner.  North  Dakota i s  the   hea r t   o f   t hese   p rog rams .  NWRs, WMAs, GMAs, 
WPAs, s ta te  and   p rov inc ia l   r e fuges   and  DU p r o j e c t  areas managed s p e c i f i -  
ca l ly   fo r   ducks   and   geese   i n   Man i toba   and   Nor th   Dako ta  a t t e s t  t o   t h e  
zea l   o f   Nor th   Amer icans   t o   ma in ta in   ha rves t ab le   wa te r fowl   popu la t ions .  

B a n d i n g   r e t u r n s   a n d   o t h e r   p o p u l a t i o n   d a t a   i n d i c a t e   t h a t  
wa te r fowl   p re sen t   i n   Nor th   Dako ta   one   yea r  may o c c u p y   h a b i t a t   i n  
Manitoba another y e a r ,   f o r m i n g   a n   i n t e r n a t i o n a l   b r e e d i n g   r e s e r v o i r ;  
e v e n   w i t h i n   t h e  same y e a r ,   " s h u f f l e s "   f i n d   l a r g e   n u m b e r s   o f   b i r d s  
moving   nor thward   across   the   in te rna t iona l   border   (Anderson   and  Henny 
1972) .  Fo r   t hese   r easons  i t  was n e c e s s a r y   f o r   u s   t o  assess p o t e n t i a l  
GDU impact on Manitoba  waterfowl  in   both  North  Dakota   and  Manitoba.  

T h r e e   m a j o r   p o t e n t i a l s   f o r  GDU e f f e c t s  on Manitoba  waterfowl 
a r e   p r e s e n t e d   i n   t h i s   r e p o r t :  

a )   E f f e c t s  on the  Manitoba/North  Dakota   breeding 
r e s e r v o i r .   T h i s   a s s e s s m e n t   i n c l u d e s   e f f e c t s  on 
Manitoba  waterfowl  populat ions by GDU-caused 
w e t l a n d   d r a i n a g e   o r   a l t e r a t i o n  i n  North  Dakota: 
p r o j e c t   d r a i n a g e ,   p r i v a t e   d r a i n a g e   a d j a c e n t   t o  
p ro jec t   wa te rways ,   r educed   p roduc t ion   i n  NWRs 
and stream c h a n n e l i z a t i o n .  
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b )   E f f e c t s  on M a n i t o b a ' s   f a l l   w a t e r f o w l   p o p u l a t i o n s  
t h r o u g h   r e d u c t i o n   o f   f a l l   s h u f f l e   b i r d   n u m b e r s ,  
ducks  which are p r e s e n t   i n   N o r t h   D a k o t a   i n  
summer a n d   " s h u f f l e "   t o   M a n i t o b a   i n  a pos t -  
b r e e d i n g   d i s p e r s a l   b e f o r e   t h e i r   m i g r a t i o n   t o  
s o u t h e r n   w i n t e r i n g  areas. 

c )  Direct e f fec ts   on   Mani toba ' s   water fowl  
p r o d u c t i o n  areas. 

CWS h a s   a n   o b l i g a t i o n   u n d e r   t h e   M i g r a t o r y   B i r d   T r e a t y   t o  
p r o t e c t   a n d  manage m i g r a t o r y   b i r d s .   I f   n e c e s s a r y  CWS may t a k e  
u n i l a t e r a l   a c t i o n   t o   p r o t e c t   C a n a d a ' s   i n t e r e s t   i n   m i g r a t o r y   b i r d  
p o p u l a t i o n s   a n d   h a b i t a t   a n d  w i l l  do so  whenever   ex tens ive ,  c r i t i c a l  o r  
un ique   p roduc t ion  areas are t h r e a t e n e d .  

2. The GDU W i l d l i f e   P l a n :  GDU ca l l s  f o r   t h e   i r r i g a t i o n   o f  
250,000 acres i n   N o r t h   D a k o t a .   I n   t h i s  area are marshes,   potholes   and 
wa te rways   u sed   by   w i ld l i f e ,   e spec ia l ly   wa te r fowl .  Some o f   t h e s e  areas 
w i l l  b e   d r a i n e d ,   c h a n n e l i z e d   o r   f l o o d e d   b y   t h e   p r o j e c t ,   r e d u c i n g   t h e i r  
v a l u e   t o   w a t e r f o w l .  

In  1962 FWS developed a GDU m i t i g a t i o n   p l a n   f o r  BuRec t o  
o f f s e t   w e t l a n d  loss .  A number  of  documents were prepared  by FWS, 
r ev iewing   po ten t i a l   adve r se   we t l and   impac t   and   p rov id ing   adv ice   t o  
a m e l i o r a t e   t h i s   i m p a c t .   T h e s e   p l a n s  are inco rpora t ed   i n   BuRec ' s  GDU 
a u t h o r i z a t i o n   a n d  are r e f e r r e d   t o   c o l l e c t i v e l y   i n   t h i s   r e p o r t  as t h e  
o r i g i n a l   f i s h   a n d   w i l d l i f e   p l a n .  

The p l a n   s p e c i f i e s   t h a t   1 4 6 , 5 3 0  acres w i l l  be   ob ta ined   and  
used   fo r   w i ld l i f e   pu rposes .   Approx ima te ly   92 ,000  acres are t o   m i t i g a t e  
wet land  and  upland losses whi l e   t he   r ema inde r  i s  t o   s e r v e  as enhance- 
ment.  The  number  of acres o f   w i l d l i f e   h a b i t a t   t o   b e   l o s t   t o  GDU was 
e s t i m a t e d  as f o l l o w s :   t h e   t o t a l  GDU concept  i s  t o   i r r i g a t e   1 , 0 0 7 , 0 0 0  
acres. I n  45 p e r c e n t   o f   t h e   2 5 0 , 0 0 0 - a c r e   i n i t i a l   s t a g e   p r o j e c t  area 
( inc luding   Oakes ,  LaMoure,  Warwick-McVille  and Lincoln V a l l e y   a r e a s )  
w e t l a n d   l o s s e s  were documented  from  topography maps and aer ia l  photos  
w i t h  a small amoun t   o f   g round   t ru th ing .   Fo r   t he   o the r   po r t ion   o f   t he  
250,000-acre   project  area (55   pe rcen t ) ,   we t l and  losses were e s t i m a t e d  
from 10 s a m p l e s   f r o m   t h e   1 , 0 0 7 , 0 0 0 - a c r e   t o t a l   p r o j e c t  area. According 
t o  BuRec (1974b),  FWS e x t r a p o l a t e d   w e t l a n d   l o s s e s   f r o m   t h e s e  10  
sample areas to   t he   r ema in ing   po r t ion   o f   t he   250 ,000-ac re   p ro j ec t  area, 
a s suming   t ha t   t he   dens i ty ,   d i s t r ibu t ion   and   p ropor t iona l   compos i t ion   o f  
we t l and   t ypes   i n   t he   s ample  areas were similar t o   t h o s e   i n   t h e   e n t i r e  
p r o j e c t  area. Others   have shown t h a t   w e t l a n d s  are not   un i formly  
d i s t r i b u t e d   ( S m i t h  e t  a l .  1964) .  

T h i s   r e s u l t e d   i n  a m i t i g a t i o n   p r o p o s a l   t o   a c q u i r e  a number of 
e x i s t i n g   w e t l a n d s  (BuRec [1974a]  showed  28,700 acres b u t   i n a d v e r t e n t l y  
omit ted  5 ,400 acres of Class I ponds)  and  92,000 acres of  uplands.  
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Some o f   t hese   we t l ands  w i l l  b e   a l t e r e d  by   add ing   p ro j ec t  water t o  
en large   and   deepen  them. T h i s   o p e r a t i o n  w i l l  e x p a n d   t h e   o r i g i n a l  
wet land   acreage   f rom  34 ,100   to   approximate ly   56 ,000 ,   a l though  no  new 
areas wi l l -   be   c r ea t ed .  It mus t   be   emphas ized   t ha t   fo r   t he   mos t   pa r t ,  
o n l y   e x i s t i n g   w e t l a n d s  are to   be   acqui red   and   " improved"   v ia   the  
o r i g i n a l   p l a n .  

P r a i r i e   w e t l a n d s   h a v e   b e e n   c a t e g o r i z e d   b y   s i z e ,   s h a p e   a n d  
permanency.   In   North  Dakota   they  vary  f rom Class I (shal low,   ephemeral  
ponds  which  dry up d u r i n g   t h e   g r o w i n g   s e a s o n )   t o  Class V (permanent 
ponds   o r   l akes) .   Al though a l l  are used   by   water fowl   dur ing  some 
p o r t i o n   o f   t h e   y e a r ,  Classes 111 and I V  (6 i n c h e s   t o  3 f e e t   o f  water 
throughout   the   g rowing   season)   suppor t   a lmost   90   percent  of  waterfowl 
product ion  (Stewart   and  Kantrud  1971,   1973,   Table   C.1-4) .   Class  I 
ponds ,   whi le   ephemera l ,  are impor tan t  as f e e d i n g   a n d   r e s t i n g  areas 
f o r   w a t e r f o w l   d u r i n g   s p r i n g   m i g r a t i o n ,   s i n c e   t h e y   t h a w   e a r l y   a n d  are 
t h u s   a v a i l a b l e   t o   t h e   b i r d s   b e f o r e   l a r g e r ,   d e e p e r   w e t l a n d s .   L a r g e ,   d e e p  
we t l ands   (C las s  V )  are u s e d   b y   w a t e r f o w l   f o r   f a l l   s t a g i n g   a n d  are t h u s  
i m p o r t a n t   i n   t h e   f a l l   m i g r a t i o n  phenomenon. 

Many w e t l a n d s   t o   b e   a l t e r e d   u n d e r   t h e   o r i g i n a l   p l a n  are 
d e s i r a b l e  Classes I11 and I V  bodies   o f  water. A d d i t i o n a l  water w i l l  n o t  
b e n e f i t   t h e s e   w e t l a n d s   a n d  may en large   and   deepen  them t o   t h e   p o i n t   t h a t  
t h e i r   v a l u e  as p r o d u c t i o n  areas i s  g rea t ly   dec reased .   O the r   we t l ands  
i n   t h e   p r o j e c t  area w i l l  be   furn ished   wi th   "dependable"  water s u p p l i e s ,  
a c c o r d i n g   t o   t h e   o r i g i n a l   p l a n ,   b u t   s u c h  water man ipu la t ions   do   no t  
n e c e s s a r i l y   i m p r o v e   s u c h   w e t l a n d s   f o r   w a t e r f o w l   p r o d u c t i o n   ( S m i t h   1 9 7 1 ,  
Johnsgard  1956) .  On t h e   b a s i s   o f  reviews (Krapu  and  Duebbert  1974, 
Pearson e t  a l .  1975)   o f   we t l ands   t o   be   a l t e r ed ,   t he   Commi t t ee   be l i eves  
t h a t   n o   i n c r e a s e   i n   w a t e r f o w l   p r o d u c t i o n  w i l l  a c c r u e  as a r e s u l t   o f  
changes   au tho r i zed   unde r   t he  GDU plan  (Table   C.1-5) .  

I n   a d d i t i o n   t o   t h e   e n h a n c e m e n t   p r o c e d u r e s   o u t l i n e d   i n   t h e  
o r ig ina l   p l an   and   exp la ined   above ,   t he  number of   acres   o f   wet lands   to  
b e   a l t e r e d ,  as r e p o r t e d  by FWS, i s  underes t imated .  

FWS recen t ly   su rveyed   t he   Oakes ,   L inco ln   Va l l ey   and  McClusky 
Canal areas t o  tes t  t h e   v a l i d i t y  of t h e   a n t i c i p a t e d  GDU wet land 
d r a i n a g e .  FWS ( 1 9 7 6 a )   a d v i s e d   t h a t   r e c e n t   e v a l u a t i o n s   i n   O a k e s  show a n  
a n t i c i p a t e d  l o s s  of  10,500 acres and   an   adve r se   impac t   on   an   add i t iona l  
2,000 wet a c r e s .   T h i s   c o n t r a s t s   w i t h   a n   o r i g i n a l  GDU a p p r a i s a l  of 
4,200 acres a d v e r s e l y   a f f e c t e d  (BuRec 1974a) .  

I n   t h e  McClusky  Canal area 4,738 acres w i l l  b e   a d v e r s e l y  
a f f e c t e d   i n s t e a d   o f   t h e   2 , 7 9 0  shown by BuRec (1974a).  The l o s s  t o  
Lone t r ee   Rese rvo i r   cons t ruc t ion  w i l l  be   5 ,522 acres (C. E l l i o t t   p e r s  
corn)   ins tead   of   3 ,850  as o r i g i n a l l y   i n d i c a t e d  (BuRec 1974a) .  

T h e s e   f i e l d   d e t e r m i n a t i o n s   i n d i c a t e   t h e   o r i g i n a l   w e t l a n d  loss 
w i l l  l i k e l y   b e   d o u b l e d   a n d   f o r m   t h e   b a s i s   f o r  FWS's a n t i c i p a t e d  l o s s  of 
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H a b i t a t   t y p e  P e r c e n t  of P e r c e n t  
8 7 2   p a i r s   1 , 5 2 9   p a i r s  4,790 p a i r s   a v e r a g e  

i n  1967 i n  1968  in   1969  1967-69 

Natura l   wet lands  
Basin  wet lands 

Prairie ponds   and   l akes   (w i th   un t i l l ed   bo t tom  so i l s )  
Ephemeral  ponds  (Class I) 
Temporary  ponds  (Class  11) 
Seasonal  ponds  (Class  111) 
Semipermanent  ponds  and  lakes  (Class IV) 
Permanent  ponds  and lakes (Class  V) 
Alkal i   ponds   and   lakes   (Class  V I )  
Fen  ponds  (Class VII) 

Temporary  ponds  (Class  11) 
Seasonal  ponds  (Class  111) 
U n d i f f e r e n t i a l   t i l l a g e   p o n d s   ( C l a s s  I1 and  111) 

Crop land   ponds   (w i th   t i l l ed   bo t tom  so i l s )  

CXJ 

Streams  and oxbows 
Man-made wet lands  

Stock  ponds 
Dugouts 
Reservoirs  and  large  impoundments 
Road d i t ches   and   d ra inage   channe l s  
Other   ( sewage   lagoons   e tc . )  

U p l a n d   h a b i t a t s  

To t a l  

T 2  
2 

50 
1 6  

0 
1 
0 

T 
0 

11 
2 
0 
T 

100 

T 
1 

32 
4 1  

8 
T 
T 

100 

0 
2 

45 
23 
1 
T 
T 

100 

T 
1 

42 
27 

3 
T 
1 

100 

'Source:  Stewart  and  Kantrud  (1973). 
2T i n d i c a t e s  0.5 p e r c e n t   o r  less. 



Table  C . 1 - 5 .  P red ic ted   water fowl   p roduct ion   changes  as a r e s u l t  o f  
wetland  improvement  on 3 4 , 1 0 0  a c r e s   o f   e x i s t i n g   w e t l a n d s ’  
i n  GDU Nor th   Dakota   p ro jec t  area2. 

P r e s e n t  New Est imated  changes 
w e t  l a n d  w e t  l and  i n   w a t e r f o w l  

Area a c r e a g e s   a c r e a g e s  Comments product ion  

P r i n c i p a l   s u p p l y  
works 

Lam0 u r  e 

Oakes 

Sour i s  

Devi ls   Lake 

Cen t ra l   Nor th  
Dakota 

Misce l laneous  

To ta l s   and  
summary 

5 , 9 7 4  

5 5 1  

4 , 1 5 0  

6 , 9 7 2  

5 , 7 4 4  

3 , 4 3 6  

1 , 8 0 5  

2 8 , 6 3 2 l  

1 1 , 7 6 0  

1 , 2 5 0  

8 , 2 7 1  

9 , 5 6 0  

1 6 , 7 3 7  

4 , 7 7 1  

3 , 8 2 6  

5 6 , 1 7 5  

None 

8 l akes   and  
c r e e k s   t o   b e  Decrease 
e n l a r g e d  

1 marsh   t o   be   Inc rease  
e n l a r g e d  

9 marshes  and Decrease 
l a k e s   t o   b e  
e n l a r g e d  

1 l ake   and  2 
r i v e r s   t o   b e  
e n l a r g e d  

West Bay of 
Devils Lake t o  Decrease 
be   en la rged  

8 marshes   t o   be   Inc rease  
e n l a r g e d  

w e t  l a n d s   n o t  Unknown 
i d e n t i f i e d  

Most i n c r e a s e s  No f o r s e e a b l e  
t o   l o w   p r o d u c -   i n c r e a s e   i n  
ion l akes .  Most waterfowl 
d e c r e a s e s   d u e   t o   p r o d u c t i o n  
deepening  of 
shallow-marshy 
areas 

lApproximately 5 , 4 0 0  ac res   o f  Class I we t l ands   no t   i nc luded .  
2Summarized  from BuRec ( 1 9 7 4 a ) .  
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50,000 acres (1976a).  The   Commit tee   agrees   wi th   th i s  new a n a l y s i s   o f  
wet land  loss a n d   t h e   r e m a i n d e r   o f   t h i s   r e p o r t  i s  based on a n   a n t i c i p a t e d  
loss of 50,000 a c r e s   t o   p r o j e c t   d r a i n a g e ,   n o t   2 6 , 9 5 0  as o r i g i n a l l y  
p r e d i c t e d  by FWS and  repor ted   by  BuRec (1974a).  

I n  summary, t h e   C o m m i t t e e   b e l i e v e s   t h e   p r o j e c t  w i l l  a d v e r s e l y  
impact   an   es t imated  50,000 wet land  acres. It  w i l l  p ro t ec t   34 ,100  
wet land acres and  90,000  upland acres p r e s e n t l y   i n   e x i s t e n c e .  It w i l l  
add 22,000 acres t o   t h e s e   e x i s t i n g   w e t l a n d s  by f looding  and  deepening,  
processes   which  w i l l  n o t   r e s u l t   i n  a n e t   i n c r e a s e   i n   w a t e r f o w l  
p r o d u c t i o n .  

3.  Methods: GDU p r o j e c t   a r e a s   u s e d   i n   t h i s   r e p o r t  are 
” 

Sour i s   R ive r   Bas in  (US and  Canada), Red River Basin (US and  Canada, 
including  Sheyenne  and  Wild Rice r ive r s ) ,   Mis sour i   R ive r   Bas in  
i n c l u d i n g   t h e  James River, Devi ls   Lake  Basin,   Assiniboine River, Delta 
Marsh  and  the  shores  and  marshes  of  Lakes  Winnipeg  and  Manitoba. 
P r o j e c t  areas i n c l u d e   w i l d l i f e   r e f u g e s ,   w a t e r f o w l   p r o d u c t i o n   a r e a s   a n d  
o t h e r  managed and unmanaged w e t l a n d s   i n   t h e s e   d r a i n a g e   b a s i n s .  

H a b i t a t  is  the   key   t o   wa te r fowl   p roduc t ion .   Hab i t a t   and  
wa te r fowl   popu la t ion   i n fo rma t ion  w a s  q u a n t i f i e d ,   w h e r e   r e s e a r c h   d a t a  
were a v a i l a b l e ,  f o r  US and  Manitoba GDU p r o j e c t  areas. Wetland 
c l a s s i f i c a t i o n   a n d   w a t e r f o w l   p r o d u c t i o n   c a p a b i l i t i e s  were garnered  f rom 
S t e w a r t  and  Kantrud  (1971)  and  Canada Land Inventory  (CLI)  maps, 
r e s p e c t i v e l y .  

P r o d u c t i o n   r a t i o s   f o r   b r e e d i n g   w a t e r f o w l  were e s t a b l i s h e d  a t  
1.08 f l edged   young ladu l t  . T h i s   f i g u r e  i s  an   e ight -year   average   o f  
f l e d g e d   y o u n g l a d u l t   p r o d u c t i o n   r a t i o s  (FWS 1964-75) f o r   t h e   M i s s i s s i p p i  
F lyway.   The   breeding   water fowl   popula t ion   of   3 .03   mi l l ion   b i rds   and  
e s t i m a t e d   p r o d u c t i o n   o f   3 . 2 7   m i l l i o n   b i r d s   i n   N o r t h   D a k o t a   e a s t   o f   t h e  
M i s s o u r i   R i v e r   r e p r e s e n t s  a 10-year  average (FWS 1964-75). A product ion  
r a t i o   f o r   w e t l a n d s   o f  1.1 fledged  younglwet land acre i s  used  throughout  
t h e   r e p o r t .   T h i s   f i g u r e  was der ived   f rom  an  estimate of 3 m i l l i o n  
wet land  acres (Stewart   and  Kantrud  1974) and a waterfowl production 
estimate of 3 .27   mi l l i on   b i rds .   Average   annua l   mor t a l i t y  was e s t i m a t e d  
a t  51 p e r c e n t .   T h i s   f i g u r e  is an   e igh t -yea r   ave rage  of spr ing-to-  
spr ing   breeding   popula t ions   (1966-74)   in   Nor th   Dakota .  (Henny [1973] 
used 50 p e r c e n t   m o r t a l i t y   i n   h i s   w a t e r f o w l   o v e r f l i g h t   s t u d y ) .  Summer 
m o r t a l i t y  of a d u l t s  was e s t a b l i s h e d  a t  22.4  percent  (Johnson  and 
S a r g e n t   i n   p r e s s ) .   T h i s   p e r c e n t a g e   h a s   b e e n   d e d u c t e d   f r o m   d i s p l a c e d  
( n o n - b r e e d i n g )   a d u l t   l o s s e s   i n   t h i s   r e p o r t .  

Excep t   fo r  managed areas such as Upper Sour i s   and  J. Clark  
S a l y e r  NWRs, r i v e r i n e   h a b i t a t   i n   t h e   e n t i r e   p r o j e c t   a r e a  i s  undeveloped 
fo r   wa te r fowl   p roduc t ion .   R ive r ine   popu la t ion   f i gu res   fo r   Canada   and  
t h e  US are b a s e d   o n   e i g h t   b r e e d i n g   p a i r s l r i v e r  mile ( ex t r apo la t ed   f rom 
Stewart and   Kant rud   1973)   wi th   an   es t imated   product ion   success  of 1 . 0 8  
f l e .dged   young ladu l t   i n  unmanaged p o r t i o n s  of t h e   r i v e r .  Along  the 
S o u r i s  River managed areas are J .  C l a r k   S a l y e r ,  Upper Sour i s   and  
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des   Lacs  NWRs; a long   the   Wi ld  Rice, Tewaukon NWR and  on  the  Sheyenne 
River ,  Arrowwood NWR. These   re fuges   and   the   Coul te r  area of t h e   S o u r i s  
River i n  Man i toba   p rov ide   s t ag ing  areas where f a l l   f l i g h t s  are formed 
fo r   sou thward   mig ra t ion .  On the   Canad ian   po r t ion   o f   t he   Sour i s  River 
t h e r e  are no l a r g e   w i l d l i f e  management areas s p e c i f i c a l l y  managed f o r  
wa te r fowl   p roduc t ion .  

T h r o u g h o u t   t h i s   r e p o r t   m a l l a r d s  are used as a n   i n d i c a t o r  
s p e c i e s   f o r   d u c k s ,   s i n c e  more   in format ion  i s  a v a i l a b l e   f o r  them t h a n  
any   o the r   spec ie s .   Ma l l a rds  are t h e   m o s t   s o u g h t - a f t e r   d u c k   s p e c i e s   i n  
Mani toba   and   have   been   the   t a rge t   o f   cons iderable   popula t ion   research  
a n d   m o d e l i n g   i n   r e c e n t   y e a r s  by MMTC, FWS and CWS. The i n t e r n a t i o n a l  
in te rchange   of   mal la rds   be tween  Nor th   Dakota   and   Mani toba  i s  well 
documen ted ;   such   i n fo rma t ion   on   o the r   duck   spec ie s  i s  s p a r s e   b u t   t h e  
i n t e r c h a n g e  i s  known to   occu r   fo r   s eve ra l   o f   t hem.  We t h e r e f o r e  
a s sumed   t ha t   t hese   spec ie s  of ducks i n  North  Dakota  behaved  the same as 
m a l l a r d s   i n   t h e i r   c o n t r i b u t i o n   t o   M a n i t o b a ' s   w a t e r f o w l   p o p u l a t i o n s .  

Because of t i m e  c o n s t r a i n t s  w e  were n o t   a b l e   t o   q u a n t i f y  
m i g r a t o r y   s h o r e b i r d ,   o t h e r   m a r s h   b i r d   a n d   g o o s e   p o p u l a t i o n   c h a n g e s   i n  
Manitoba as a r e su l t   o f   we t l and   d ra inage   and   a l t e r a t ion   i n   Nor th   Dako ta .  
The   complexi ty   o f   marsh   and   shorebi rd   spec ies   composi t ion  i s  shown  by 
documen ta t ion   o f   spec ie s   a s soc ia t ed   w i th   one  GDU North  Dakota area, 
Kraf t   S lough  (At tachment   C . I .2 ) .   Bio logis t s   working  a t  Kraf t   S lough,  
( t o   be   i nunda ted   and  re-named G D U ' s  T a a y e r   R e s e r v o i r ) ,   t a l l i e d  135 
s p e c i e s  of b i rds   i n   1974 ,   compr i s ing   40   pe rcen t  of a l l  b i r d   s p e c i e s  
known t o  breed  in   North  Dakota   (Krapu  and  Duebbert   1974) .   Included were 
an   e s t ima ted  3,323 b reed ing   pa i r s .   These   and   o the r   non-duck   spec ie s  
comprise   65  percent  of birds   breeding  on  North  Dakota   wet lands  (Stewart  
and  Kantrud  1976).  

Hundreds of t housands   o f   geese   s t age   i n   Nor th   Dako ta   sp r ing  
and f a l l ;  FWS (1960-74)   es t imated  that   more  than 220,000 geese   u se   t he  
J .  Clark   Sa lyer -Coul te r  area a n n u a l l y .  What e f f e c t  GDU may have on 
these r e s o u r c e s   c o u l d   n o t  b e  d e t e r m i n e d   i n  t i m e  f o r   t h i s   r e p o r t .   R e c e n t  
i n fo rma t ion   shows   t ha t   even   i n   no r the rn  climes, c r e a t i o n   o f  reservoirs 
a n d   o t h e r   l a r g e  water b o d i e s   t e n d s   t o   c h a n g e   g o o s e   m i g r a t i o n   p a t t e r n s  
and may s h o r t - s t o p   g e e s e   f o r   v a r y i n g   p e r i o d s   o f  time i n   t h e i r   s o u t h e r n  
migra t ions   (Dzubin  e t  a l .  1975) .  We recogn ize   t he   impor t ance   o f   t hese  
b i r d s   a n d   t h e i r   p r o t e c t e d   s t a t u s   i n   N o r t h   D a k o t a   a n d   M a n i t o b a   a n d  
unde r   t he   Migra to ry   B i rd   T rea ty .  

We were a l s o   u n a b l e   t o   p u r s u e  GDU-caused w a t e r f o w l   l o s s e s   i n  
North  Dakota   into  Saskatchewan  and  Alberta ,   a l though we r ecogn ize   t he  
p a r t i c i p a t i o n   o f   t h e s e  two p r o v i n c e s   i n   t h e   i n t e r n a t i o n a l   b r e e d i n g  
r e s e r v o i r   a n d   f a l l   s h u f f l e .  

We searched  a wide  range of publ i shed   and   unpubl i shed  water- 
f o w l   l i t e r a t u r e   a n d   c o n s u l t e d   w i t h  many w a t e r f o w l   e x p e r t s   t o   p r o d u c e  
th i s   assessment .   Repor ts   used  were chosen   because   they   bes t  
r ep resen ted   ave rage   cond i t ions .   Wate r fowl   pe r sonne l  a t  CWS (Saskatoon 

21 



and  Winnipeg),  W T C ,  DU, MDRRTS (Winnipeg)  and FWS (Bismarck  and 
James town)   p rov ided   i n fo rma t ion   fo r   t h i s   r epor t .   F ina l   manusc r ip t  
review was provided   by   personnel  a t  FWS, CWS and MWTC. Waterfowl 
numbers i n   t h i s   r e p o r t  are rounded t o   t h e   n e a r e s t   h u n d r e d .  

4 .   Base l ine   Resu l t s :   P roduc t ion  estimates: s p r i n g  
p o p u l a t i o n  estimates conducted  by FWS (1964-75) i n d i c a t e   t h a t   b r e e d i n g  
popu la t ions   i n   sou the rn   Man i toba   ave rage   1 ,880 ,000   ducks .   In  GDU 
Man i toba   p ro j ec t  areas approximately  76,300  breeding  pairs   produced 
182 ,100   f l edged   b i rds   (Tab le s   C . I -6 ,7   and  8).  This  amounts t o  a t o t a l  
f a l l   p o p u l a t i o n  of approximate ly   300 ,000   water fowl   (a f te r   average  
summer a d u l t   m o r t a l i t y  of 22 .4   percent ) .   Nor th   Dakota  estimates f o r  
t h e   y e a r s  1964-74 ind ica t ed   an   ave rage   b reed ing   popu la t ion   o f   3 .03  
mi l l ion   ducks   which   produce   3 .27   mi l l ion   young  for  a t o t a l   f a l l   p o p u l a -  
t i o n   ( a f t e r  summer adu l t   mor t a l i t y )   o f   app rox ima te ly   5 .62   mi l l i on   b i rds .  

F a l l   s h u f f l e  estimates: d i r e c t  band r e t u r n s   i n d i c a t e   t h a t  
4 . 5   p e r c e n t   o f   N o r t h   D a k o t a ' s   f a l l   m a l l a r d   p o p u l a t i o n   f l i e s   n o r t h w a r d  
to   s t age   i n   Man i toba   each   yea r   (Ander son   and  Henny 1972) .   Other   spec ies  
w h i c h   p a r t i c i p a t e   i n   t h e   f a l l   s h u f f l e   t o  a lesser o r   g r e a t e r   e x t e n t  
are blue-winged tea l ,  wigeon, lesser scaup ,   p in t a i l s ,   c anvasbacks ,   r ed -  
heads   and   no r the rn   shove le r s  (D. T r a u g e r   p e r s  comm). S i n c e   t h e   s h u f f l e  
phenomenon f o r   t h e s e   s p e c i e s  i s  n o t  well q u a n t i f i e d ,  we assumed  they 
p a r t i c i p a t e d  a t  t h e  same rate as m a l l a r d s .   T h e s e   s p e c i e s ,   i n c l u d i n g  
mal la rds ,   compr ise   80   percent   o f   Nor th   Dakota ' s  f a l l  water fowl  
popu la t ions   (S tewar t   and   Kan t rud   1972) .   Thus   t he   f a l l   shu f f l e   f rom 
Nor th   Dakota   to   Mani toba   involves   an   es t imated   202 ,320   b i rds   annual ly .  
Direct b a n d   r e c o v e r i e s   a l s o  show tha t   app rox ima te ly  20 p e r c e n t  of  t h e  
ma l l a rds   p roduced   i n   Man i toba  are h a r v e s t e d  by Manitoba  hunters  (MWTC 
1 9 7 5 ) .   E x t r a p o l a t i n g   t h i s   h a r v e s t   r a t i o   t o   t h e   o t h e r   s p e c i e s  of f a l l  
s h u f f l e   b i r d s ,  w e  estimate t h a t   i n   1 9 7 5 ,   M a n i t o b a   h u n t e r s   h a r v e s t e d  
approximately  40,400  waterfowl  f rom  North  Dakota   or   about   12  percent  of  
Mani toba ' s   water fowl   harves t .  

B r e e d i n g   r e s e r v o i r  estimates: d u e   t o   b e h a v i o r a l   c h a r a c t e r -  
i s t ics  of waterfowl  and  under   average water c o n d i t i o n s  ("May ponds"),  
approximately 20 p e r c e n t  of s u r v i v i n g   m a l l a r d s ,   o r i g i n a l l y   f l e d g e d   i n  
North  Dakota,  w i l l  n e s t   i n   M a n i t o b a   i n   s u b s e q u e n t   y e a r s  (A. Dzubin  pers  
comm). Dur ing   years  of d rough t   i n   Nor th   Dako ta   t h i s   pe rcen tage  
i n c r e a s e s .  The b r e e d i n g   r e s e r v o i r  ra te  of 20 p e r c e n t  was e s t a b l i s h e d  
by   ave rag ing   e s t ima ted   p ionee r ing  rates f o r   t h o s e   s p e c i e s   ( m a l l a r d s ,  
no r the rn   shove le r s ,   p in t a i l s ,   w igeon ,   r edheads ,   ruddy   ducks   and  
b lue -winged   t ea l )   wh ich   r ead i ly   p ionee r  new h a b i t a t .   T h e s e   s p e c i e s  
comprise   about   82  percent  of Nor th   Dakota ' s   water fowl   popula t ions .  
Assuming   an   ave rage   Nor th   Dako ta   sp r ing   popu la t ion   o f   3 .03   mi l l i on  
wa te r fowl   and   app ly ing   t he   p ionee r ing  ra te  a n d   t h e   r e s e r v o i r  ra te ,  
about   497,000  North  Dakota   reared  ducks w i l l  n e s t   i n   M a n i t o b a   i n  a 
subsequent   year   (Table  C. 1-9).  A t  a ra te  of 1.08 f l edged   young /adu l t ,  
t hese   wa te r fowl   t hen   add   approx ima te ly  536,000 b i r d s   t o   M a n i t o b a ' s  
p o p u l a t i o n .  
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Table C.1-6. Es t imated   water fowl   p roduct ion   for  GDU Manitoba areas, a l l  
spec ie s .  

~~ 

GDU areas Es t ima ted   annua l   p roduc t ion   Es t ima ted   f a l l   f l i gh t  

Sour i s  River' 2 600 4,500 

Ass in iboine  River2 3,800  6,400 

Red River3  2,600  4,500 

Lake  Manitoba' 115,100 189 , 600 

Lake  Winnipeg  58,000  95,300 

To t a l  182,100  300,300 

l151.5 river miles. 
2217 .0   r i ve r  miles. 
3151.6   r iver  miles. 
41ncludes Delta Marsh. 
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Table  C . 1 - 7 .  B reed ing   pa i r   u se  by a l l  s p e c i e s  of ducks of Lake  Winnipeg 
and  major  marshes  on  Lake  Winnipeg,  19691. 

Major  marshes Acres Breeding  Est imated 
p a i r s   f a l l   f l i g h t 2  

Netley-Libau 
Wil low  Point  
Rive r t on 
Hecla I s l a n d  
Washow Bay 
Sturgeon Bay 
Grand Marais 
Vic tor ia   Beach  
Beaconia 
F i s h e r  Bay ) 
Long P o i n t  ) 
Limestone Bay ) 

T o t a l  , major  marshes 

Lake  Winnipeg 

T OTAT, 

55,000 
2 , 200 
5,400 
6,100 
4,500 

15,000 
900 
550 

1 , 100 

9,2503 

100,000 

6,000,000 

12,304 
492 

1 ,208  
1,365 
1,006 
3,356 

201 
123 
246 

2,070 

22,3714 

1,8003 

24,171 

48,526 
1 ,940  
4 , 764 
5,384 
3,968 

13,236 
792 
485 
9 70 

8,164 

88,231 

7,099 

95,330 

lSource : Townsend (1969).  
21.2 f l edged   young /adu l t  less 22 .4   pe rcen t   adu l t  summer m o r t a l i t y .  
3Tw0 p a i r s / m i l e   o f   s h o r e l i n e .  
423 .2   observed   pa i r s /mi le   for   Net ley-Libau ,   one   pa i r /4 .47  acres f o r   o t h e r  
marshes.  
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Table C.1-8. Breeding p a i r  use by a l l  spec ie s  of  waterfowl  of  Lake 
Manitoba  and  major  marshes  on  Lake  Manitoba, 1976.  

Ma j o r  marshes  Acres  Breeding  Estimated f a l l  
pairs1  populat ion2 

Mouth of E Waterhen  River 
Base of Toutes  Aide Bay 
Bays N of Garden I s l a n d  
Crane Bay 
Base of  Peonan  Peninsula 
Bay S of   Pine  Is land 
E l m  Bay 
Moosehorn Bay 
Vankaughnet  Bay,  Nina  Lake 
The  Narrows 
Dog Creek 
L i l y  Bay 
Marshy Po in t  
Sandy Bay 
S rim of  Lake 
Bay SW of  Point Asham 
Bay W of  Reykjavik 
Delta 

T o t a l  , m l j  or  marshes 

Lake  Manitoba 

TOTAL 

1 4  , 500 
2 , 200 

23  , 000 
4 , 700 
3 , 700 
4,000 
2 , 500 
7 , 800 
9 , 500 

38,000 
7 , 000 
7 , 600 

1 2  , 000 
20 , 000 
66 , 000 
1,000 
5 , 000 

43 , 000 

271 , 500 

1 , 088 , 000 

2,517 
382 

3 , 993 
816 
642 
694 
434 

1 , 354 
1 , 6 4 9  
6,597 
1 ,215 
1 ,319 
2,083 
3,472 
11 , 458 

1 7 4  
868 

7 , 465 

47 , 132 

8323 

47 , 964 

9,947 
1 , 510 

1 5 , 7 8 0  
3 , 224 
2,537 
2,743 
1 , 716 
5 , 3 5 1  
6 ,517 

26 , 072 
4 , 8 0 2  
5 , 213 
8 , 232 

1 3  , 722 
45 , 282 

688 
3 ,430 

29 , 502 

1 8 6  , 268 

3 , 288 

1 8 9  , 556 

lDensity  of 1 pa i r /5 .76   ac re s   (pa i r   dens i ty   fo r  Delta Marsh, MDRRTS, 

21. 2 fledged  young/adult  . 
3Tw0 pa i r s /mi l e  of lake  shorel ine  (excluding  major   marshes) .  

197613). 
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Table C.1-9. Sunnaary of  duck  production i n  North  Dakota  and e f f e c t s  on 
Manitoba's fa l l   popula t ions ,   wi thout  GDU. 

~ ~ -~ ~ 

North  Dakota 

Spring  breeding  population: 

Production: 

F a l l   f l i g h t :  

Manitoba 

F a l l   s h u f f l e :  

Production: 

F a l l   f l i g h t   a d u l t s :  

Total   annual  increment to  Manitoba's f a l l  
f l i g h t  from  North  Dakota o r i g i n  

3.03 mil l ion  

3.27 mill ion1 

5.62 mill ion2 

202,300 

536,800 

385,700 

1,124, 8002 

l1.08 fledged  young/adult . 
2Manitoba's  breeding  reservoir and fsll shuf f l e  "share1' of North Dakota's 
waterfowl  population  equates t o  20 percent.  
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Direct b a n d   r e c o v e r i e s   i n d i c a t e   t h a t  27 percent   o f   ou t -of -  
s t a t e  m a l l a r d s   h a r v e s t e d   i n   M i n n e s o t a   o r i g i n a t e   i n   M a n i t o b a   a n d  10 
percent  from  North  Dakota  (Langowski  and  Jessen  1975).   Therefore loss 
i n   b r e e d i n g   w a t e r f o w l   d u e   t o  GDU in   Nor th   Dako ta  w i l l  a l s o   b e  a l o s s  t o  
Minnesota.  We were u n a b l e   t o   d e t e r m i n e   t h e   s i z e   o f  similar l o s s e s   t o  
Saska tchewan  and   Alber ta   wi th in   the  time a v a i l a b l e .  

5. I n d i r e c t   e f f e c t s   i n   M a n i t o b a   d u e   t o  GDU i n  North  Dakota: 
A s  a l r e a d y   n o t e d ,   c o n s t r u c t i o n   o f  GDU w i l l  de s t roy   wa te r fowl   p roduc t ion  
on   an   es t imated  50,000 wet land acres in   Nor th   Dako ta   t h rough   p ro jec t  
d r a i n a g e .  I I  T h i s  loss w i l l  n o t   b e   o f f s e t   b y   t h e   p l a n   t o   a c q u i r e   a n d  

p r i v a t e   d r a i n a g e   a n d   r e d u c e d   p r o d u c t i o n  a t  NWRs and  on streams. A 
d i scuss ion   o f   each   o f   t hese   impac t s   fo l lows :  

improve" 34,100 acres. I n   a d d i t i o n ,   w a t e r f o w l   l o s s e s  w i l l  r e s u l t   f r o m  

Pro jec t   we t l and   d ra inage :   d ra inage   o f   50 ,000   ac re s   o f  
wet lands   in   Nor th   Dakota  w i l l  r e s u l t   i n   t h e  l o s s  of  approximately  55,000 
f l edged   ducks   annua l ly  (1.1 f ledged   younglwet land   acre) .  I n  a d d i t i o n ,  
50 ,900   adu l t   ducks  (1.08 f l edged   young /adu l t )  w i l l  be   d i sp l aced .   These  
b i r d s  w i l l  g o   e l s e w h e r e   i n   a n   a t t e m p t   t o   b r e e d ,   b u t   e x p e r i e n c e   i n d i c a t e s  
they  w i l l  n o t   c o n t r i b u t e   s i g n i f i c a n t l y   t o   t h e   f a l l   p o p u l a t i o n .  When 
ducks   over f ly   Nor th   Dakota   due   to   poor  water condi t ions ,   Mani toba  
p o p u l a t i o n s   o f t e n   i n c r e a s e   c o r r e s p o n d i n g l y   b u t   t h i s   i n c r e a s e   d o e s   n o t  
produce a p r o p o r t i o n a t e l y   l a r g e r  number of   f ledged   ducks  (FWS 1976d).  
The d isp laced   ducks   would ,   o f   course ,   cont r ibu te   to   Mani toba ' s  
r e c r e a t i o n a l   s p o r t   h u n t i n g ,   a l b e i t  a t  ever -decreas ing  levels as t h e y  
c o n t i n u e   t o   e x p e r i e n c e   a n n u a l   m o r t a l i t y .  Once t h e s e   b i r d s  are removed 
f r o m   t h e   p o p u l a t i o n   t h e   a n n u a l  loss w i l l  be   94,500  waterfowl.  

P r i v a t e   a n d / o r   w e t l a n d   d r a i n a g e :   a n   a d d i t i o n a l   i m p a c t  is 
a n t i c i p a t e d   t h r o u g h   w e t l a n d   d r a i n a g e   i n   p o r t i o n s   o f  GDU North  Dakota 
p r o j e c t  areas. These  wet lands  provide  waterfowl  to   Manitoba  both as 
b r e e d i n g   p a i r s   a n d  as f a l l   s h u f f l e   b i r d s .  BuRec (1974b)   s t a t ed ,  
"Discharge   o f   d ra in  water f r o m   n a t u r a l   w e t l a n d s   o r   p o t h o l e s   l o c a t e d  
w i t h i n   n o n - i r r i g a t e d   l a n d  areas i n t o  project dra ins  w i l l  not b e  al lowed 
un le s s   pe rmis s ion  i s  g r a n t e d  by t h e   p r o j e c t - o p e r a t i n g   a g e n c y   b a s e d   o n  
no   adverse   envi ronmenta l   impact   in   accordance   wi th   recommendat ions   f rom 
the   Bureau   of   Spor t   F isher ies   and   Wi ld l i fe"  (now FWS). 

FWS (1976a)   advised   tha t  new p r i v a t e   d r a i n a g e  i s  p r e s e n t l y  
o c c u r r i n g   i n t o   t h e  McClusky Canal. A t  least  20 p o t h o l e s   h a v e   a l r e a d y  
been  drained  by 13  d i t c h e s ,  some of  which are known to   be   newly  
c o n s t r u c t e d .  To q u a n t i f y   t h i s   p o t e n t i a l   d r a i n a g e  w e  assumed loss of 
p r i v a t e   w e t l a n d s   i n t o  GDU waterways  would  occur a t  a ra te  e q u a l   t o  
similar l o s s e s   e s t i m a t e d   f o r   h i g h w a y   d r a i n s   i n   M i n n e s o t a .   T h e r e ,   a n  
e s t i m a t e d  29 p e r c e n t   o f   e x i s t i n g  Class 111, IV andV we t l ands   w i th in   one  
mile of h ighways   have   been   dra ined   in to   h ighway  d i tches  (FWS 1975) .  
We r e c o g n i z e   t h a t   d r a i n a g e   i n t o   h i g h w a y   d i t c h e s  may o r  may n o t  
a p p r o x i m a t e   d r a i n a g e   i n t o   i r r i g a t i o n   c a n a l s   a n d   w a s t e w a y s   b u t  w e  were 
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u n a b l e   t o   f i n d  a more p e r t i n e n t   r e f e r e n c e .  We t h e r e f o r e  assumed t h e s e  
d r a i n a g e  rates to   be   comparable .  

The re la t ive p r o p o r t i o n   o f  Class 111, I V  and V we t l ands   w i th in  
GDU North  Dakota are  r e spec t ive ly   13 .43 ,   9 .31   and   9 .61   we t l and  acres/mi2 
(computed  from FWS 1 9 7 4   i n c l u d i n g   a p p r o p r i a t e   d r a i n a g e   r a t e s ) .  BuRec 
(1974a)   e s t ima ted   t ha t  a t o t a l  of 287 miles of   cana ls   and  358 miles of 
d r a i n s  w i l l  b e   c o n s t r u c t e d .   T h e r e f o r e  w e  estimate tha t   17 ,325  acres of 
Class 111, 10,720 acres of Class I V  and  12,397 acres of Class V wet lands 
are l o c a t e d   w i t h i n   o n e  m i l e  o n   e i t h e r   s i d e   o f   p r o j e c t   c a n a l s   a n d   c o u l d  
be   d ra ined .  

Applying  the 29 p e r c e n t  rate t o   t h e s e  40,400 wetland acres 
shows a p o t e n t i a l   p r i v a t e   d r a i n a g e   o f  Class 111, I V  and V w e t l a n d s   i n t o  
p r o j e c t   c a n a l s   o f  11,700 acres. A s  w i t n e s s e d   i n   c o u r t  cases and  on  the 
f a c e   o f   t h e   l a n d ,   p r o m i s e s   n o t   t o   d r a i n   i n t o  new, p u b l i c   c a n a l s   a n d  
d i t c h e s  are d i f f i c u l t   t o   k e e p   a n d   l e g i s l a t i o n   a g a i n s t   u n a u t h o r i z e d  
d r a i n a g e  i s  d i f f i c u l t   t o   e n f o r c e .  The f a t e  o f   p r i v a t e   w e t l a n d s  
a d j a c e n t   t o  GDU waterways rests wi th   BuRec ' s   w i l l i ngness   t o   comply   w i th  
t h e i r   s t a t e d   o b j e c t i v e   o f  no d r a i n a g e .  If BuRec s t o p s   p r e s e n t   d r a i n a g e  
i n t o   p r o j e c t   w a t e r w a y s ,   r e s t o r e s   t h o s e   w e t l a n d s   a l r e a d y   d r a i n e d   a n d  
under takes  a con t inuous ,   e f f i c i en t   p rog ram  o f   mon i to r ing   and   en fo rc ing  
the   no-dra in   ob jec t ive ,   no   water fowl  loss b e c a u s e   o f   p r i v a t e   d r a i n a g e  
need  occur .  

I f ,  h o w e v e r ,   t h e   p r e s e n t   s i t u a t i o n  i s  n o t   r e c t i f i e d   a n d  
p r e v e n t a t i v e   m e a s u r e s  are n o t   i n s t i t u t e d ,  a l l  t h e   p o t e n t i a l   p r i v a t e  
d r a i n a g e  w i l l  b e   r e a l i z e d ,   w i t h   c o n c o m i t a n t  l o s s  t o   w a t e r f o w l .  We 
estimate t h i s   w a t e r f o w l   p o p u l a t i o n  l o s s  t o   p r i v a t e   d r a i n a g e   a l o n g  GDU 
waterways w i l l  r ange   f rom  zero   to   76 ,300  (1.1 fledged  young/wet land 
acre p l u s  1.08 f ledged   young/adul t )   depending  upon t h e   e x t e n t  of d r a i n a g e .  

Nor th   Dakota   recent ly   passed  new r e g u l a t i o n s   w h i c h   r e q u i r e  a 
p e r m i t   t o   d r a i n   b a s i n s   o f  40 acres o r   l a r g e r .   T h i s   p e r m i t   s y s t e m  w i l l  
b e   a d m i n i s t e r e d   b y   t h e  s t a t e  water commiss ion .   This   regula t ion  may a i d  
i n   p r o h i b i t i n g   u n r e s t r i c t e d   d r a i n a g e   o n   p r i v a t e   l a n d .  

Impact t o  NWRs and  Devi ls   Lake  Basin:  FWS (1976b)  published 
a r epor t   dea l ing   w i th   t he   expec ted   impac t   o f  GDU t o  NWRs in   Nor th   Dakota .  
BuRec(-l976a)  and CDM L imne t i c s   (1976)   s t a t ed   t hese   impac t s  w i l l  n o t   b e  
as g r e a t  as p r e d i c t e d   b y  FWS. It i s  n o t   o u r   r o l e   t o   a r b i t r a t e   t h i s  
disagreement .  All r e p o r t s  on t h i s   i s s u e   h a v e   b e e n   s t u d i e d   a n d   t h e  
Commi t t ee   be l i eves   t ha t   wa te r fowl   popu la t ions  a t  Arrowwood, J .  Clark  
S a l y e r ,  Upper S o u r i s ,   d e s  Lacs and Tewaukon NWRs w i l l  b e   a d v e r s e l y  
e f f e c t e d  by GDU. Other  NWRs a n d   d e s i g n a t e d   w i l d l i f e  areas d e s c r i b e d  
i n   t h e   r e p o r t  may o r  may n o t   b e   a f f e c t e d   b y  GDU; w e  were u n a b l e ,   i n   t h e  
time a l l o t t e d ,   t o   a d e q u a t e l y  review t h e s e   o t h e r   u n i t s .  

An e v a l u a t i o n  of a n t i c i p a t e d   e f f e c t s  of GDU o n   t h e   f i v e   N o r t h  
Dakota NWRs named above   and   the   Devi l s   Lake   Bas in   fo l lows:  
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Arrowwood - T h i s   r e f u g e ,   l o c a t e d   o n   t h e  James River  above 
James town  Reservoi r ,   conta ins   four  r iver  l a k e s   t o t a l i n g   5 , 3 7 9   s u r f a c e  
acres. GDU w i l l  i n c r e a s e  water f lows  a t  Arrowwood f rom  June   to   October  
(FWS 1976b)   reducing water management c a p a b i l i t i e s  of t h e   r e f u g e   d u r i n g  
t h e   p e r i o d  v i t a l  to   r ea r ing   young   ducks .  The i n s t a l l a t i o n   o f   t h r e e  450 
c f s   r a d i a l   g a t e s   o n  Arrowwood NWR a t  the   lower   end   of  Arrowwood Lake, 
J i m  Lake  and DePuy Marsh  by BuRec w i l l  p r o v i d e   f o r   p a s s a g e   o f  GDU 
i r r i g a t i o n   f l o w s .   A l t h o u g h   t h e s e   s t r u c t u r e s  w i l l  provide  conveyance 
f o r   n a t u r a l   a n d   p r o j e c t   f l o w s   t h r o u g h   t h e   r e f u g e  a t  a l o w e r   e l e v a t i o n  
t h a n   p r e s e n t   s t r u c t u r e s  are capab le   o f   ach iev ing ,   t hey  w i l l  n o t   o f f s e t  
t h e   i m p a c t   o f   a d d i t i o n a l   f l o w s   o n   t h e   r e f u g e ' s  water management  program. 
The p r e s e n t  water management p l a n   f o r  Arrowwood NWR ca l l s  f o r   r o t a t i o n a l  
drawdown of   re fuge   pools   dur ing   Ju ly   and   Augus t   once   every  4-5 y e a r s  
a n d   h a s   r e s u l t e d   i n   i n c r e a s e d   w a t e r f o w l   u s e   i n   s u c c e e d i n g   y e a r s .  
P ro jec t   vo lumes ,   t u rnove r  ra tes  a n d   r e s u l t a n t   f l u s h i n g   e f f e c t s  w i l l  
hamper  proper  water-waterfowl management a t  t h e   r e f u g e .  It i s  p o s s i b l e  
t h a t   i n   e x t r e m e   l o w - f l o w   y e a r s ,  some w a t e r f o w l   b e n e f i t s  w i l l  a c c r u e   t o  
t h e   r e f u g e   f r o m  GDU b u t   f o r   t h e   m o s t   p a r t ,   i n c r e a s e d   f l o w s  w i l l  p e r s i s t  
too  l o n g   i n t o   t h e  summer season   t o   enhance   wa te r fowl   p roduc t ion .  We 
estimate t h e   m o s t   l i k e l y  GDU i m p a c t   t o   t h i s   r e f u g e   t o   b e   e q u i v a l e n t   t o  
a 40 p e r c e n t   r e d u c t i o n   i n   w a t e r f o w l   p r o d u c t i o n   w i t h  a range  from 20 t o  
60. 

J .  C l a r k   S a l y e r  - T h i s   r e f u g e  i s  o n   t h e   S o u r i s  River j u s t  
south   o f   the   Canadian   border .   There  are approximately 20,000 wet land 
acres a s s o c i a t e d   w i t h   t h e   r e f u g e .  GDU impacts   f rom  increased   f lows  w i l l  
cause  somewhat  more d i f f i c u l t  water management th roughou t   t he   wa te r fowl  
product ion  season.   High water c o n d i t i o n s   i n   r e c e n t   y e a r s   h a v e   p a r t i a l l y  
s i m u l a t e d   c o n d i t i o n s   e x p e c t e d   w i t h  GDU on l i ne .   Eva lua t ion   o f   p roduc t ion  
f o r   t h e   r e f u g e   d u r i n g   t h i s   p e r i o d   i n d i c a t e s  no c o r r e l a t i o n  can be  drawn 
between  high water n ' a tu ra l ly   occu r ing   cond i t ions   wh ich   occu r   i n   t he  
spr ing   and   those   which   occur   th roughout   the   p roduct ion   season  as a 
r e s u l t   o f  GDU. GDU w i l l  a l s o   i n t r o d u c e   c a r p   t o   t h e   r e f u g e .   C a r p   i m p a c t  
wa te r fowl   p roduc t ion  areas b y   u p r o o t i n g   a q u a t i c   p l a n t s   u s e d   b y   d u c k s   f o r  
f o o d   a n d / o r   i n c r e a s i n g   t u r b i d i t y ,  t h u s   f u r t h e r  reducing  p l an t  growth 
t h r o u g h   d e c r e a s e d   p h o t o s y n t h e t i c   p r o c e s s e s .   T h i s   r o i l i n g   o f   t h e  water 
a l so   r educes   i nve r t eb ra t e   popu la t ions ,   u sed   ex tens ive ly   by   young   ducks  
fo r   food .   Ca rp  are s o  d e t r i m e n t a l   t h a t   m o s t  managed water fowl  areas 
a t t e m p t   w i n t e r  drawdown t e c h n i q u e s   t o   w i n t e r k i l l   c a r p   p o p u l a t i o n s .  We 
estimate a m o s t   l i k e l y   a d v e r s e   i m p a c t   o n   t h i s   r e f u g e   t o   w a t e r f o w l  
p roduc t ion   o f  40 p e r c e n t   w i t h  a range  f rom 25 p e r c e n t   t o  65 p e r c e n t .  

Upper Sour i s   and   des  Lacs NWRs - These two r e f u g e s ,   l o c a t e d  
on   t he   ups t r eam  po r t ion   o f   t he   Sour i s  Loop, w i l l  b e   a f f e c t e d   b y   i n t r o -  
duc t ion   o f   ca rp .  We estimate tha t   wa te r fowl   p roduc t ion   o f   t hese  two 
areas w i l l  mos t   l i ke ly   be   r educed  by 15 p e r c e n t   w i t h  a range  f rom  zero 
t o  25  p e r c e n t .  

Tewaukon NWR - T h i s   r e f u g e ,   l o c a t e d   o n   t h e   W i l d  Rice River ,  
c o n s i s t s  of 4 d ike   poo l s   and   16   o the r   poo l s   unde r  water management. A 
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t o t a l  of 1 ,677   acres  of wet lands are s u b j e c t   t o   d i r e c t   i m p a c t   v i a  GDU 
f l o w s   i n   t h e  Wild Rice River. Water management a t  Tewaukon NWR w i l l  be 
adversely  affected  during  waterfowl  product ion  per iods.  Carp w i l l  
become  more p reva len t ,  as w i n t e r k i l l  w i l l  no t   be  as e f f e c t i v e   i n  
l i m i t i n g   t h e i r   p o p u l a t i o n s .  We be l ieve   tha t   water fowl   p roduct ion  a t  t h i s  
NWR w i l l  be  reduced  by 50 percent   (most   l ikely  impact)   wi th  least impact 
of 30 percent   and   grea tes t   impact   o f  75 percent .  

A fu r the r   impac t  may be f e l t  as a r e s u l t   o f   c a r p   i n t r o d u c t i o n  
i n t o   t h e   D e v i l s  Lake Basin  and  upper  Sheyenne  River.  Carp  do  not 
p r e s e n t l y   e x i s t   i n   t h e s e  areas. These areas encompass  an  estimated 
550,000  acres  of  waterfowl  habitat   but  most of t h i s   c o n s i s t s  of po tholes  
where  carp are n o t   l i k e l y   t o   b e   i n t r o d u c e d   o r   s u r v i v e .  However, s e v e r a l  
areas, such as t h e  West Bay of Devi ls  Lake do produce  ducks a t  t h e  
es t imated   s ta tewide   averages .  We estimate tha t   75 ,000   ac re s   o f   su i t ab le  
h a b i t a t  w i l l  he   adversely  impacted by ca rp   i n t roduc t ion   v i a   t he   Dev i l s  
Lake feeder   cana l .  Two sources   o f   carp   in t roduct ion  w i l l  e x i s t   w i t h  GDU 
i n   p l a c e :   t h e  McClusky Canal  and  the James River.  The  most l i k e l y  
impact   f rom  carp   in t roduct ion   in   these  areas i s  es t imated  a t  a 25 percent  
reduct ion   in   water fowl   p roduct ion   wi th  a range  from 10 pe rcen t   t o  35 
percent .  

The m o s t   l i k e l y   t o t a l   w a t e r f o w l  l o s s  of t h e s e   f i v e  NWRs and 
t h e  Devils Lake  Basin is  es t imated  a t  54 ,900   b i rds   annual ly   (Table  C . 1 - 1 0 ) .  
These estimates were a r r i v e d  a t  from FWS refuge  reports   (1960-74) ,  
r i v e r i n e   h a b i t a t  maps and  personal  communication  with  managers a t  a l l  
f i v e   r e f u g e s .  

Channel izat ion:   Engineer ing Committee (pe r s  comm) est imated 
t h a t  103 miles of t he   Sour i s   R ive r   and   t r i bu ta r i e s  w i l l  be   channel ized.  
BuRec es t imated  5 miles of c h a n n e l i z a t i o n   f o r   t h e  Wild Rice (BuRec 1974a),  
f o r  a t o t a l  of 108 miles of channel iza t ion .  Also,  p ro j ec t   mod i f i ca t ions  
t o   t h e  James River  may r e su l t   i n   r educed   duck   u se .  New waterways 
c rea t ed  by these   ope ra t ions  may a l so   p rov ide   wa te r fowl   bene f i t s .  We are 
unable   to  assess t h e s e   p o s s i b i l i t i e s .  

Channel izat ion of streams reduces  waterfowl  production by 
shor t en ing   t he  stream, increas ing   f low rates and  decreasing  shallow 
water areas. A s  a r e s u l t   a n   e s t i m a t e d  8,000 ducks w i l l  b e   l o s t   a n n u a l l y  
(Table C. 1-11). 

New drains   and  canals :  GDU w i l l  c r e a t e  358  miles of open 
deep  drains  and 287 miles of cana l s  (BuRec 1974a) .   Vegetat ion  in   most  
of these  waterways w i l l  be   cont ro led  by he rb ic ides .  The phys ica l   na tu re  
of t h e s e   d r a i n s   a n d   c a n a l s   ( s t r a i g h t ,   s t e e p - s i d e d ) ,   i r r e g u l a r  water 
reg imes   and   vege ta t ion   cont ro l   reduces   the i r   water fowl   p roduct ion  
c a p a b i l i t y   t o   a n   e s t i m a t e d   l e v e l  of one   pa i r  of breeding   b i rds /mi le ,  
o r   approximate ly  3,000 ducks. A t  t h i s   l eve l   t he   wa te r fowl   p roduc t ion  
accru ing   to   Mani toba ' s   b reeding   reservoi r   and   fa l l   shuf f le   f rom new GDU 
waterways w i l l  be  about 600 b i rds   annual ly .  
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NWR Adults '   Product ion  Total   Est imated  annual   waterfowl  populat ion loss 
( F a l l )  Least Most l i k e l y   G r e a t e s t  

Arrowwood2 3,600  5,000  8,600  1,720  (20%)  3,400  (40%)  5,160  (60%) 

J. Clark  Salyer2  10,800  15,000  25,800  6,450  (25%)  10,300  (40%)  16,800  (65%) 

Upper Souris  
and  des  Lacs2  9,300  13,000  22,300 - (0%) 3,300  (15%)  5,600  (25%) 

Tewaukon2 1,900  3,000  4,900  1,500  (30%)  2,450  (50%)  3,675  (75%) 

Devils Lake 
Bas i n 3  59,300  82,500  141,800  14,180  (10%)  35,450  (25%)  49,630  (35%) 

w 

Totals  84,900  118,500  203,400  23,850  54,900  80,865 

IIncludes summer mor ta l i t y .  

3E. S teucke  (pers corn). 
2FWS (1960-74). 



Table C.1-6. Estimated  waterfowl  product ion  for  GDU Manitoba areas, a l l  
spec ie s .  

GDU areas Es t imated   annual   p roduct ion   Es t imated   fa l l   f l igh t  
~~ ~ ~ 

Sour i s  River’ 

Ass in iboine  River2 

Red River3 

Lake  Manitoba4 

Lake  Winnipeg 

To t a l  

2,600 

3,800 

2 600  

115 , 100 

58 000 

182 100 

4 , 500 

6 , 4 0 0  

4 , 500 

189 600 

95 , 300 

300,300 

l151.5 river miles. 
2217.0 river miles. 
3151.6 river miles. 
41ncludes Delta Marsh. 
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6. Direct E f f e c t s   o f  GDU on  Manitoba  Waterfowl  Production 
Areas: Direct wa te r fowl   l o s ses   i n   Man i toba   wa te rways   f rom GDU could 
occur  as a r e s u l t  of c h a n g e s   i n   w a t e r   q u a n t i t y   a n d   q u a l i t y .   A d d i t i o n a l  
GDU f l o w s   i n   t h e  Red and   Ass in iboine   r ivers ,   Lakes   Mani toba   and  
Winnipeg  and Delta Marsh w i l l  b e   t o o   s m a l l   t o   a f f e c t   w a t e r f o w l   i n   t h o s e  
a reas   (Water   Quant i ty   Commit tee   1976a ,b) .   Addi t iona l   f looding  on t h e  
Westhope  reach  of   the  Souris   River  is  t o o  small t o  a f f ec t  r i v e r i n e  
wa te r fowl   popu la t ions   (Wate r   Quan t i ty   Commi t t ee   1976~) .  

A comparison  of  expected GDU l e v e l s  of t h e s e  water q u a l i t y  
components  forwarded  by  the Water Qual i ty   Commit tee   (1976a ,b) ,   aga ins t  
t o l e r a n c e   l e v e l s   f o r   d u c k s   a n d   g e e s e  showed  no an t i c ipa t ed   impac t   on  
water fowl .  

We t h e r e f o r e   p r e d i c t   n o   e f f e c t s   f r o m  GDU on  Manitoba  waterfowl 
p r o d u c t i o n  areas due t o  changed water q u a l i t y   o r   q u a n t i t y .  

7 .  O the r   Aspec t s :   Seve ra l   f ac to r s   a s soc ia t ed   w i th  GDU b u t  
e i t h e r   n o t   a u t h o r i z e d   o r   i m p o s s i b l e   t o   q u a n t i f y ,   c o u l d   a f f e c t   M a n i t o b a ' s  
wa te r fowl   popu la t ions .  A d i s c u s s i o n   o f   t h e s e   f a c t o r s   f o l l o w s :  

New w e t l a n d s   f r o m   c a n a l   s e e p a g e :   I n   p r o j e c t s  of t h i s   t y p e ,  new 
wet lands  are o f t e n   c r e a t e d  by c a n a l   s e e p a g e   i n t o  low areas. The e x t e n t  
of t h i s   w e t l a n d   c r e a t i o n   i n  GDU North  Dakota  and i t s  o f f s e t t i n g   e f f e c t   o n  
w a t e r f o w l   p o p u l a t i o n   l o s s e s   c a n n o t   b e   q u a n t i f i e d   f r o m   a v a i l a b l e   p r o j e c t  
in format ion .  

The new FWS we t l and   r e s to ra t ion   concep t :   S ince   deve lopmen t   o f  
t h e   o r i g i n a l   w i l d l i f e   p l a n  a g r e a t   d e a l  o f   wa te r fowl   r e sea rch   has  
occurred.  Based on t h i s   r e s e a r c h  FWS developed a new water fowl   mi t iga-  
t i o n   c o n c e p t  (FWS 1974;   1976e)   wi th in   the   f ramework   of   the   o r ig ina l   p lan .  
A m a j o r   f e a t u r e   o f   t h e  new concept  i s  a c q u i s i t i o n  o f   p re sen t ly   d ra ined  
wet lands  of  low a g r i c u l t u r a l   c a p a b i l i t y   t o g e t h e r   w i t h   u p l a n d   n e s t i n g  
cover .   This   premise i s  v i t a l   t o   t h e   c o n c e p t  as i t  ca l l s  f o r   e s t a b l i s h -  
ment of  "new" w e t l a n d s   t o   r e p l a c e   d r a i n e d   o n e s ,   i n s t e a d  of modifying 
e x i s t i n g   w e t l a n d s .  The theory  is  t h a t  i f  enough of t h e s e  acres can   be  
o b t a i n e d   t o   r e p l a c e   t h e  acres t o   b e   d r a i n e d  by GDU, most   waterfowl 
product ion  l o s s  due t o   p r o j e c t   c o n s t r u c t i o n   a n d   d r a i n a g e   c a n   b e   o f f s e t .  
FWS has   begun   su rveys   t o   de l inea te   such   we t l and   bas ins   i n   t he   25 -coun ty  
GDU Conservancy District  in   Nor th   Dakota  (E. S t eucke   pe r s  comm). The 
new concept   has   been  endorsed by BuRec and   has   r ece ived   congres s iona l  
a n d   a d m i n i s t r a t i v e   s a n c t i o n  (BuRec 1976b). FWS has   begun   s t ruc tu r ing  
a p l an   based  on t h i s  new concept .  

Convers ion   of   Nor th   Dakota   g rass lands :   Addi t iona l   adverse  
impact   on   Mani toba ' s   water fowl   popula t ions   can   be   expec ted   f rom 
convers ion  of N o r t h   D a k o t a   g r a s s l a n d s   t o   i r r i g a t e d   c r o p l a n d s .  We have 
p r e d i c t e d   t h e  loss, through  dra inage ,  of 50,000 wet land  acres i n   N o r t h  
Dakota   and   have   es t imated   Mani toba ' s   water fowl   loss   due  t o  t h i s   d r a i n a g e .  
Another   unquant i f iab le   water fowl  l o s s  w i l l  accrue   to   Mani toba   th rough 
reduced   product ion  on remaining  wet lands as g r a s s l a n d s   a d j a c e n t   t o   t h e s e  

33  



w e t l a n d s ,  now f u r n i s h i n g   n e s t i n g   h a b i t a t   f o r   d a b b l i n g   d u c k s ,  are con- 
v e r t e d   t o   i r r i g a t e d   c r o p l a n d s .  We were u n a b l e   t o   a s c e r t a i n   f r o m   p r o -  
j e c t  i n f o r m a t i o n  (BuRec 1974a)   the   amount   o r   type   o f   such   convers ions .  

A d d i t i o n a l   m i g r a t i o n  stress: Removal of  50,000 acres of 
w e t l a n d s   i n   N o r t h   D a k o t a   d u e   t o   p r o j e c t   d r a i n a g e  is l i k e l y   t o   h a v e  some 
e f f e c t   o n   r e p r o d u c t i o n   c a p a b i l i t i e s  of ducks,   geese  and  swans  which  re ly  
o n   t h e s e   w e t l a n d s   t o   b u i l d   f a t  reserves as t h e y   m i g r a t e   n o r t h  i n  t h e  
s p r i n g .   E s p e c i a l l y   c r u c i a l   t o   t h e s e   b i r d s  are the small, s h a l l o w  w e t -  
l a n d s   w h i c h   t h a w   e a r l y   a n d   f u r n i s h   l a r g e   a m o u n t s   o f   h i g h   p r o t e i n   f o o d s .  
Such  foods are n o t   f o u n d   i n   a b u n d a n c e   i n   d e e p   w e t l a n d s ,   l a k e s   a n d  ~: 

r e s e r v o i r s   a n d  are n o t   a v a i l a b l e   t o   m i g r a n t s   i n   a n y  case, s i n c e   t h e s e  
waters are u s u a l l y  s t i l l  ice-covered when t h e   b i r d s  arr ive.  

A n o t h e r   u n q u a n t i f i a b l e   p o t e n t i a l   e f f e c t   o f   l a r g e   m a g n i t u d e ,  
t h a t   o f   t h e  impact of  GDU on   s tag ing   geese   and   shorebi rd   and   o ther   marsh  
b i r d   p o p u l a t i o n s ,   h a s   a l r e a d y   b e e n   m e n t i o n e d .  

8 .  Summary o f   e f f e c t s   o f  GDU: B i o l o g i c a l   i m p a c t s   t o  water- 
fowl  from GDU are summarized i n   T a b l e  C.1-12.  This summary p r o v i d e s  
t h r e e   s c e n a r i o s   f o r  some impacts :  least  impact ,   mos t   l ike ly   impact   and  
g r e a t e s t   i m p a c t .  The  most l i k e l y   p r e d i c t i o n   i n d i c a t e s   l o s s e s   a t t r i b u -  
t a b l e   t o  GDU which w e  f e e l  w i l l  occur .  We p r e d i c t :  

An annua l   wa te r fowl  l o s s  of  between.l24,400  and  257,700 
ducks as a r e s u l t   o f  GDU. We b e l i e v e   t h e   m o s t   l i k e l y  l o s s  
w i l l  b e  177,500 ducks.   Manitoba 's   annual  l o s s  w i l l  vary  
between  24,900  and 51,600 ducks  with  35,500  the  most  
l i ke ly   impac t .   Abou t   7 ,500   o f   t hese  w i l l  b e   m a l l a r d s .  

Losses  w i l l  a c c r u e   f r o m   p r o j e c t   w e t l a n d   d r a i n a g e ,   a l t e r e d  
h a b i t a t  a t  NWRs, stream c h a n n e l i z a t i o n ,   c a r p   i n t r o d u c t i o n  
i n t o   t h e  Devils Lake area a n d   p r i v a t e / p u b l i c   d r a i n a g e  o f  
w e t l a n d s   a d j a c e n t   t o  GDU waterways. 

N o  d i r e c t  GDU impacts are predic ted   on   water fowl   p roduc-  
t i o n  areas i n  Manitoba as a r e su l t   o f   changed  water 
q u a l i t y  o r  q u a n t i t y .  

The 34,100 acres o f   e x i s t i n g   w e t l a n d   a n d   a d d i t i o n a l  water 
fo r   22 ,000  acres planned as m i t i g a t i o n   f o r   w e t l a n d   l o s s e s  
in   Nor th   Dakota  w i l l  p r o v i d e  no n e t   w a t e r f o w l   b e n e f i t s .  

The repor ted   26 ,950  acres t o  b e  d r a i n e d  by t h e   p r o j e c t   a r e  
based on a w e t l a n d / u p l a n d   r a t i o  which  u n d e r e s t i m a t e s   a c r e s   t o  
be   d ra ined  i n  t h e   2 5 0 , 0 0 0 - a c r e   i n i t i a l   s t a g e   p l a n   u n d e r  
c o n s i d e r a t i o n .  We estimate 50,000 acres w i l l  b e   d r a i n e d  
o r   a l t e r e d .  

Several u n q u a n t i f i a b l e   o r   u n a u t h o r i z e d   p r o j e c t   f a c t o r s  
c o u l d   d r a s t i c a l l y   i n f l u e n c e   w a t e r f o w l   p o p u l a t i o n s  
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Tab le  C.1-12.  Summary o f   a n t i c i p a t e d   a n n u a l   i m p a c t s   o f  GDU on Nor th   Dakota   and   e f fec ts   on   Mani toba  
duck   popu la t ions .  

~~ ~~~ ~~ 

North  Dakota loss Manitoba lo s s1  

l i k e l y  l i k e l y  
Impact Least Most Greatest Least Most Greatest 

- 

Projec t   wet land   dra inage   94 ,500   94 ,500   94 ,500   18 ,900   18 ,900   18 ,900  

S t r eam  channe l i za t ion  9,000 9,000  9 ,000  1 ,800  1 ,800  1 ,800 

P r i v a t e l p u b l i c  
wet land   dra inage  0 22,100 76,300 0 4 ,400   15 ,300  

A l t e r a t i o n   o f  NWRs and 
Devils  Lake  23,900  54,900  80,900  4,300 11,000 16 ,200  

w Waterfowl  produced as wl a r e s u l t  of GDU -3,000  -3,000  -3,000  -600  -600 - 600 

Total   124,400  177,500  257,700  24,900  35,500  51,600 



in   North  Dakota   and  Manitoba.   These are f a t e   o f   t h e  new 
FWS i d e a ,   e f f e c t s  of GDU on   sho reb i rd   and   o the r   mar sh  
b i rd   p roduc t ion ,   s t ag ing   o f   geese   i n   Nor th   Dako ta ,  
c o n v e r s i o n   o f   g r a s s l a n d   n e s t i n g  areas near   remain ing  
w e t l a n d s   t o   i r r i g a t e d   c r o p l a n d s   a n d  l o s s  of  h i g h - p r o t e i n  
food   sou rces   fo r   sp r ing   mig ran t s   t h rough  loss o f  Class I 
ponds. 

g )   P ro jec t   conveyances   and   r e se rvo i r s  w i l l  p r o v i d e   a d d i t i o n a l  
w a t e r f o w l   h a b i t a t   b u t   n o t   i n   p r o p o r t i o n   t o   t h a t   a d v e r s e l y  
impacted . 

I n   t h i s   r e p o r t  w e  have   p red ic t ed  GDU-caused impacts  on  Manitoba 
wa te r fowl   popu la t ions .  To a c c o m p l i s h   t h i s   t a s k  i t  was a l s o   n e c e s s a r y  
t o  assess impacts  of  GDU on  North  Dakota   waterfowl  populat ions.   This  
p r e d i c t e d  l o s s  amounts t o  176,500 ducks   annual ly .  

What t h i s  loss means t o  i n t e r n a t i o n a l   w a t e r f o w l   p o p u l a t i o n s  
o r  how i t  might  be viewed u n d e r   t h e   I n t e r n a t i o n a l   M i g r a t o r y  B i r d  T r e a t y  
are ques t ions   beyond   t he   s cope  of t h i s   s t u d y ,   b u t   i n   t h e   o p i n i o n  of  
Commit tee   members ,   quest ions  which  c lear ly  merit answers.  
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E. Major  Waterfowl Diseases 

Waterfowl  diseases ,   which  can  destroy  hundreds of  thousands 
o f   b i r d s   i n   s h o r t  time periods,   have  received  heavy  research  emphasis 
i n   r ecen t   yea r s   because  of t h e i r   c a t a s t r o p h i c   e f f e c t s  on populat ions.  
Three  waterfowl  diseases  are d i scussed   i n   t h i s   r epor t ;   bo tu l i sm,   fowl  
c h o l e r a   a n d   d u c k   v i r a l   e n t e r i t i s .  

1. Avian  botulism:  For many years   av ian   bo tu l i sm w a s  
a s s o c i a t e d   w i t h   a l k a l i n e   s o i l s   b u t   t h e   e p i d e m i o l o g y  of t h e   d i s e a s e  is 
f a r  more  complex. Now t h e  c r i te r ia  r e l a t e d   w i t h   l a r g e   e p i z o o t i c s  of 
bo tu l i sm are concent ra t ions  of l a r g e  numbers of b i r d s ,   s t a g i n g   i n  
sha l low,   i n t e rmi t t en t ly   f l ooded  areas during l a t e  summer and f a l l .  

Spores  from  the  bacterium Ceotdt, id,hn bo;tld.i.~um are ubiqui tous  
i n   n a t u r e   a n d  may germinate  and  elaborate  toxin  whenever  and  wherever 
proper   condi t ions of  oxygen de f i c i ency ,  warm tempera tures   and   bac te r ia l  
growth  media   exis t .  

One o f   t he   p re sen t   l imi t ing   f ac to r s   fo r   t he   g rowth  of C. 
bv;tLLeinum and  subsequent  production of t o x i n   r e s u l t i n g   i n   b o t u l i s m  
ep izoo t i c s  i s  the   absence  of  dead or   decaying   organic  matter. 
Envi ronmenta l   fac tors ,   such  as f l u c t u a t i n g  water l e v e l s   i n   w a t e r f o w l  
s t a g i n g  areas, a v a i l a b l e   n u t r i e n t s  and tox ic   subs tances   such  as heavy 
metals, he rb ic ides   and   i n sec t i c ides   have   s ign i f i can t   i n f luence  on 
i n v e r t e b r a t e   s u r v i v a l .  Once t h e   l i m i t i n g   f a c t o r  is removed o r   t h e  
growth medium and  anaerobic  environment  provided  for C. bo;tuRinum, 
waterfowl  botul ism  outbreaks are possible .   Waterfowl are poisoned by 
inges t ed   t ox ic  material. 

2.  Duck v i r a l   e n t e r i t u s  (DVE): DVE o r  duck  plague is  an 
acute ,   f requent ly   fa ta l ,   d i sease   o f   ducks ,   geese   and   swans ,   charac te r -  
i zed  by l i s t l e s s n e s s ,   w a t e r y   d i a r r h e a ,   n a s a l   a n d   o c u l a r   d i s c h a r g e s  and 
sudden  death.   Mortal i ty   can  range  f rom 5 t o  100 percent .  The 
causative agent of duck plague i s  a f i l t e r a b l e  v i rus  belonging t o  the 
Herpes group. 

S c i e n t i s t s   b e l i e v e  DVE i s  usua l ly   spread  by i n f e c t e d  
water fowl   tha t   shed   the   v i rus   in   d roppings .   Outbreaks   o f   the   d i sease  
in   domest ic   ducks  are f r equen t ly   a s soc ia t ed   w i th   aqua t i c   env i ronmen t s  
t h a t  are cohabi ted by wild  waterfowl  (Leibovitz  and Hwang 1968).  

The v i r u s   s u r v i v e s   i n  water. I t  may be  spread  through 
pol lu ted ,   s tagnant   and   s low moving pools,  ponds  and  waterways.  Waterfowl 
may c o n t r a c t   t h e   d i s e a s e  by d r ink ing   o r  swimming i n   p o l l u t e d  water o r  
eat ing  contaminated  feed.  The v i r u s  may e n t e r   s u s c e p t i b l e   b i r d s   t h r o u g h  
t h e  mouth,   nose,   c loaca  or   breaks  in   the  skin.   While  DVE may occur a t  
any  season, many outbreaks  have  been  associated  with  weather  extremes. 
A combination  of stresses such as overcrowding  of  ducks,   other  diseases 
and  bad  weather may increase   the   sever i ty   o f   the   ou tbreaks .  The 

37 



c r e a t i o n  of  open water areas north  of   former  winter ing areas r e s u l t s  
i n   sho r t - s topp ing  and concent ra t ion  of ducks  and  geese  during  fa l l  
migra t ions .   This  may increase   the   inc idence   o f  DVE. 

I n  mid January  1973 DVE s t ruck   win ter ing   mal la rds  on  Lake 
Andes NWR i n  South  Dakota.  Mortality was est imated a t  40,000 t o  43,000 
ducks  and 350 Canada geese.  Since  1973,  there  have  been  annual  out- 
breaks of DVE in   water fowl   popula t ions  on win ter ing  areas i n  the  US. 
It i s  f e a r e d   t h a t  DVE, a long  with  botul ism and fowl  cholera ,  i s  
becoming e s t a b l i s h e d  as a n o t h e r   m a j o r   k i l l e r  of waterfowl.   In Canada 
outbreaks  of DVE have   been   conf ined   to   d i sp lay   f locks   and   av icu l tur i s t  
f l ocks .  DVE has   not   been  diagnosed  in  free f lying  waterfowl  (Leibovi tz  
and Hwang 1968). 

3 .  Fowl cholera:  Fowl cholera   has   been   repor ted   in   spar rows ,  
r o b i n s ,   s t a r l i n g s  and  wild  and  domestic  fowl. It i s  caused by 
endotoxin  from  the  bacterium, PUtteuhd%% m&ucida, (previously known 
as P. bepL iCU) .  Fowl cholera   in   domest ic   ducks was a s e r i o u s  problem 
on Long I s l and  where i t  was diagnosed on 32 of  68  commercial  duck 
farms  and  where i t  affected  ducks  over  4 weeks of age  with a 50 percent  
m o r t a l i t y  rate (Dougherty  1953).  Jensen  and Williams (1964)  reported 
the   dea th  of  60,000  waterfowl  due  to  fowl  cholera  during  the  winter of 
1956-7 a t  t h e  Muleshoe NWR i n  Texas. 

Birds  are c h r o n i c   c a r r i e r s  of fowl  cholera  and may be 
r e s e r v o i r s   u n t i l   t h e y   d i e .  Swine  and c a t t l e  may a l s o   b e   c a r r i e r s  and 
i f   i n   c o n t a c t   w i t h   b i r d s ,  may se rve  as sources  o f  i n f e c t i o n   ( I l i e v  e t  
a l .  1963; M. Schipper   pers  comm). Man  may a l s o   s e r v e  as a source  of 
i n f e c t i o n  (Henderson  1963)  and  arthropods  such as t i c k s  and f l i e s  have 
been  implicated  (Iovev  1967). 

Dissemination  of P. m&ocida wi th in  a f l o c k  i s  p r i m a r i l y  by 
exc re t ions  from the  mouth,   nose  and  conjunctiva  of  diseased  birds  that  
contaminate   the i r   envi ronment ,   par t icu lar ly   the   feed  and water. Dorsey 
and  Harshfeld  (1959)  reported a higher   incidence of fowl  cholera 
during l a t e  summer and f a l l  months i n  South  Dakota. Carrier birds 
among the   o lde r   f l ock ,   he ld   ove r   fo r  a second  year,  provided a r e s e r v o i r  
of i n f e c t i o n   f o r  young suscep t ib l e   pu l l e t s   housed   w i th  them. 

The d i sease   i n   w i ld   wa te r fowl  seems t o   b e   a s s o c i a t e d   i n   t h e  
US with  over-concentration a t  s t ag ing  areas, p a r t i c u l a r l y   n e a r  
i n f e c t e d   f l o c k s  of ca r r i e r   b i rds   (domes t i c   o r   w i ld )   o r   nea r  swine- 
r e a r i n g  areas ( I l i e v  e t  a l .  1963).  Fowl c h o l e r a   i n c r e a s e d   i n   t h e   n o r t h  
c e n t r a l  states from 109 outbreaks i n  1962 t o  137 i n  1966.  Vaught e t  a l .  
(1967)   reported  that   over  1,000 wild  geese  died  of  fowl  cholera  in  one 
n igh t  a t  t h e  Squaw Creek NWR in   Missour i .  G.  Pearson  (pers comm) repor ted  
tha t   fowl   cho le ra  i s  moving northward  from  Missouri  in  wild  fowl. An 
outbreak  of  fowl  cholera was reported  from  Renzeinhausen  Slough  during 
November, 1975.  This is only 25 miles from  Oakes,  North  Dakota, a GDU 
p r o j e c t  area. Waterfowl i n  Canada  do not   exper ience   the   h igh   mor ta l i ty  
from  cholera  that   has  been  reported  from  the US. 
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4 .  E f f e c t s  of GDU on waterfowl  diseases:  Open water 
ex tend ing   i n to   t he   w in te r  months w i l l  c r e a t e   c o n d i t i o n s   f o r   s h o r t -  
s topping and concent ra t ing   water fowl   popula t ions .   This   s i tua t ion  
occurred   in   January  and  February  1973 a t  Lake  Andes NWEZ in   South  
Dakota  where 40 percent  of an es t imated  100,000 wintering  waterfowl 
(pr imari ly   mal lards)   died  f rom an outbreak  of DVE. Vaught e t  a l .  
(1967)  reported a similar s i t u a t i o n  on a w i l d l i f e   r e f u g e   i n   M i s s o u r i  
where pumps maintained  open water and concentrated a l a r g e  number of 
waterfowl  which  subsequently  suffered a fowl  cholera   outbreak.  

The ope ra t ing  scheme  of  changing water levels proposed by 
BuRec for   Lonetree  Reservoir ,   Taayer   Reservoir  and o t h e r   p r o j e c t  areas 
w i l l  c rea te   sha l low water s i tua t ions   conducive   to   water fowl   bo tu l i sm.  
While i t  i s  beyond the  scope of t h i s   s t u d y   t o   q u a n t i f y  impacts on 
waterfowl  caused by GDU v i a   wa te r fowl   d i seases ,  i t  i s  our   op in ion   tha t  
GDU w i l l  c r e a t e   s i t u a t i o n s  which w i l l  i n c r e a s e   t h e   p o t e n t i a l   f o r   a v i a n  
botul ism,  DVE and  fowl  cholera.  

I n  summary, w e  be l i eve   t ha t   wa te r fowl   d i seases ,   desc r ibed  
above ,   have   po ten t ia l   for   immedia te ,   l a rge   sca le   water fowl   mor ta l i ty .  
These  diseases are d i f f i c u l t   t o   d i a g n o s e  and t reat  before  thousands  of 
b i r d s  are in fec t ed .  Duck and  geese  losses   f rom  these  diseases  may 
approach  losses  from a l l  o ther   causes ,   inc luding   pro jec t   and   pr iva te  
drainage  of  wetlands  and damage Canada’s   port ion  of   the  internat ional  
waterfowl  resource.  
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F. W i l d l i f e  - AmDhibians  and R e D t i l e s  

1. I n t r o d u c t i o n :   M a n i t o b a   a m p h i b i a n s   a n d   r e p t i l e s  number 
2 4  s p e c i e s   i n  10 f a m i l i e s   ( T a b l e  C.1-13). Three of t h e s e ,   p r a i r i e  
sk ink ,   wes te rn   hog-nosed   snake   and   p la ins   spadefoot   toad  are recognized  
as rare o r   endange red   spec ie s   i n   Man i toba  (Van Zyl l   de   Jong   and   Nero  
1971) .   O the r   spec ie s ,   r ed - s ided   ga r t e r   snake ,   t i ge r   s a l amander   and  
l e o p a r d   f r o g ,  are ha rves t ed   i n   Man i toba   marshes ,  meadows and  uplands.  
Harvest seasons ,   quo ta s   and   l i cens ing   sys t ems  are c o n t r o l l e d   u n d e r   t h e  
Mani toba   Wi ld l i fe  A c t .  

GDU Man i toba   p ro j ec t  areas where   impact   on   harves tab le  
amph ib ians   and   r ep t i l e s   cou ld   occu r  are Delta Marsh  and  marshes  on 
southern  shores  of  Lakes  Manitoba  and  Winnipeg. Most snakes  are 
h a r v e s t e d   i n   o r   n e a r   h i b e r n a c u l a   i n   t h e   u p l a n d s   o f   M a n i t o b a ' s   I n t e r l a k e  
r e g i o n .  No h i b e r n a c u l a  are known t o   b e   l o c a t e d   i n  GDU Man i toba   p ro j ec t  
areas. 

2.  Methods: K. Stewart ( p e r s  comm), was consul ted   concern ing  
i n d i g e n o u s   a m p h i b i a n s   a n d   r e p t i l e s   a n d   p o t e n t i a l   i n t r o d u c t i o n s  as a 
r e s u l t  of GDU. Po ten t i a l   impac t s   on   Man i toba   r ep t i l e s   and   amph ib ians  
were a s s e s s e d   o n   t h e   b a s i s   o f   r e p o r t s   f r o m   t h e  Water Quantity  (1976b) 
and   Qua l i ty   (1976a )   commi t t ees .   The   f i na l   r epor t  was reviewed  by 
personnel   f rom MDRRTS. 

3 .  E f f e c t s  of GDU: A s  p r e v i o u s l y   m e n t i o n e d   i n   t h i s   r e p o r t  , 
a d d i t i o n a l   f l o o d i n g  as a r e s u l t  of GDU w i l l  b e   f e l t   o n l y   a l o n g   t h e  
Westhope-Lauder   sec t ion   of   the   Sour i s   River .  No impact   as  a r e s u l t  o f  
t h i s  a d d i t i o n a l   f l o o d i n g  is  expected  for  Manitoba  amphibians  and 
r e p t i l e s .  

For water q u a l i t y   a s s e s s m e n t ,   c o n s t i t u e n t   l e v e l s  were compared 
a g a i n s t   t o l e r a n c e  levels o f   va r ious   amph ib ians   and   r ep t i l e s .  No 
impacts  are predic ted   on   Mani toba   rep t i les   and   amphib ians  as a r e s u l t  
of changed w a t e r  quality. 

Four   r ep t i l e s   and   one   amph ib ian  are p o s s i b l e   c a n d i d a t e s  t o  
b e   i n t r o d u c e d   i n t o   M a n i t o b a  as a r e s u l t  of GDU. They are t h e   p r a i r i e  
ra t t le r  (chu,tLL.tUn v i 4 d h  vh ,k7kA) ,  b u l l   s n a k e  ( P d u a p k i n  rne.!.una&eucuh 
h u y i ) ,  y e l l o w - b e l l i e d  racer (CaLubQh cvVLilXhic.tO~ @avivevLthin) , western  
s p i n y   s o f t s h e l l   t u r t l e  ( T ~ ~ o M ~ x  h)~ ivL ihQhuh ~ z U h & N U j , k )  and  the  Great 
P l a i n s   t o a d  (Bud0 cugMGLtuh). 

P r a i r i e  rattlers and   bu l l   snakes   occupy   t he  same r a n g e   i n  
river v a l l e y   h a b i t a t .   B u l l   s n a k e s   c a n   o c c u p y   c o o l e r   a n d   m o i s t e r  
h a b i t a t s   t h a n   p r a i r i e  ratt lers.  GDU, w i t h  i t s  sys tem  of   cana ls ,  may 
p r o v i d e  a medium f o r   r a n g e   e x t e n s i o n s  o f   b o t h   t h e s e   s p e c i e s   i n t o  
Manitoba. 

The d i v e r s i o n  of the Colorado River i n t o   t h e   S o u t h   P l a t t e  
River t h r o u g h   t h e   c o n t i n e n t a l   d i v i d e  i s  a case h i s t o r y   f o r   c o l o n i z a t i o n  

40 



Table  C. Z,.13. Check l i s t  of Manitoba  amphibians  and  rept i les ' .  

Fami ly   Spec ies  Common name 

Amphibians 

Ambys tomidae A. ; t i g h i n u m  d h b a f i  Grey t ige r   s a l amander  
A. Lct;t.md~ Blue   spo t t ed   s a l amander  

P r o t e i d a e  k~c;tunLcn mucLdob ub Mud  PUPPY 

P e l o b a t i d a e  Scupkiapub bombi@vnh P l a i n s   s p a d e f o o t   t o a d  

Bufonidae Buds amQhicanub 
B . hemio phhyb 

Hyl idae  

Ranidae 

American  toad 
Dakota  toad 

pb eudaottin ;ttLin d a X u  Northern   chorus   f rog  
macdaXu 

Hyla Chuciaeh Spr ing   peeper  
H. vU.bic&h Gray tree f r o g  if. ChhybObcdh S o u t h e r n   g r a y t r e e   f r o g  

Runa p i p i e a  pipienh Nor thern   l eopard   f rog  

R . b e p R e d a  nulib Mink f r o g  
R. d u m ~ a n b  meLunoRta Green   f rog  

R. b y t ~ C L i k U  Wood f r o g  

R e p t i l e s  

Chelydr idae  ChQRydtLu ampenAinu 
b e.hpevLtinu 

Tes t a d i n i i d a e  pb eude.my/J b cniplta ehgautil 

S c i n c i d a e  Ewnec~n b epXevttrtionulib 
a epltevLttLionaein 

Colubr idae  Thamnopkin n W  
p d d u l i b  

T. h U d i X  haydeni 
SRtanQttia ocoipLtamacuRaJta 
OpheOdhyb V U W l u l i b  

blanchah& 
HeXehodan ~ a i c u b  naicuh  

Common s n a p p i n g   t u r t l e  

W e s t e r n   p a i n t e d   t u r t l e  

N o r t h e r n   p r a i r i e   s k i n k  

Red-s i d e d   g a r t e r   s n a k e  

Western p l a i n s   g a r t e r   s n a k e  
Red-bel l ied  snake 
Western smooth  green  snake 

Western  hognose  snake 

'Source: K .  S t e w a r t ,  p e r s  camm. 
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of i r r i g a t e d   f a r m l a n d  by p r a i r i e  rattlers and bu l l   snakes .   Th i s  
i r r i g a t e d   f a r m l a n d  was wi th in   t he   r ange  of bo th   spec ie s   bu t  w a s  
unoccupied by b o t h   p r i o r   t o   i r r i g a t i o n .  Both species a r e  now found i n  
t h e   i r r i g a t e d   p o r t i o n .   P r o b a b i l i t y  of in t roduct ion   in to   Mani toba  of 
bo th   t hese   spec ie s ,  as a r e s u l t  of GDU, is unknown. 

The same r a t i o n a l e  i s  used   fo r   ye l low-be l l i ed   r ace r s   excep t  
they are known t o  exis t  near  Estevan  and Val Marie, Saskatchewan. 
P r o b a b i l i t y  on in t roduc t ion   i n to   Man i toba  as a r e s u l t  of GDU is low. 

Great P la ins   t oads  are already  found  in  Saskatchewan  and  the 
southern  Red River   Val ley  near  Grand Forks,  North  Dakota.  There are 
few p h y s i c a l   b a r r i e r s   t o   p r e v e n t   t h e i r   i n h a b i t i n g   M a n i t o b a  a t  t h e  
p re sen t  time. Project  waterways  could  provide a medium f o r   e s t a b l i s h -  
ment in   southwes tern   Mani toba .   Probabi l i ty  of i n t roduc t ion  of t h i s  
species   because  of  GDU is low. 

The w e s t e r n   s p i n y   s o f t s h e l l  i s  a r ive r -dwe l l ing   t u r t l e ,   one  
o f   t he   s t ronges t  swimmers of t h e   t u r t l e   f a m i l y  and w e l l  adapted  for   an 
aqua t i c   ex i s t ence .  It  has  pronounced  spring  and ear ly  summer d i s p e r s a l  
movements  and occupies   the  same isotherms as g izzard   shad .   Probabi l i ty  
of   in t roduct ion  of t h i s   spec ie s   because   o f  GDU is high.  What impact  
t h i s   spec ie s   cou ld   have  on  Manitoba f i s h e r i e s  i s  no t  known. 
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G. Wi ld l i f e  - Rare and  Endangered  Species 

1. Introduction:  Concern  for  animal  species  which may be 
headed f o r   e x t i n c t i o n   o r  are already  great ly   reduced  in   abundance  has  

" 

l ead  t o  c r e a t i o n  of s e v e r a l  "save the   spec ies ' '   o rganiza t ions ,  l ists  of 
rare and  endangered  species  and  related  terminology. A t  t h e   i n t e r -  
n a t i o n a l   l e v e l ,  most no tab le  among the  groups is  t h e   I n t e r n a t i o n a l  
Union for   Conserva t ion  of Nature  and  Natural  Resources  which  publishes 
d a t a  books on s t a t u s  of b i r d s ,  mammals, amphib ians   and   rep t i les   in  
several ca t egor i e s .  

A t  n a t i o n a l   l e v e l s  FWS and  Canadian  Wildlife  Federation 
pub l i sh  rare and  endangered  species lists of North  American  animals. 
The Nat ional  Audubon Socie ty   a l so   main ta ins  rare and  endangered  species 
l ists .  Canada r e c e n t l y   j o i n e d   w i t h  80 o the r   na t ions   t o  form a t r e a t y  
on commercial   t rade  in  rare or  endangered animal s p e c i e s ,   r a t i f i e d   i n  
1975. While  not a formal rare and  endangered  species l i s t ,  t h e   t r e a t y  
does   con ta in   t r ade   r e s t r i c t ions  on many spec ie s  and thus   focuses  
federa l   concern  on those  animals  which may be   i n   popu la t ion   t roub le .  

A t  t h e   p r o v i n c i a l   l e v e l  a l ist  o f   ex t inc t ,  rare and  endangered 
w i l d l i f e  was publ ished by the  Manitoba  provincial  government (Van Zyl l  
de  Jong  and Nero 1971) .  This  list treats w i l d l i f e   i n   f i v e   c a t e g o r i e s :  
endangered, rare, per iphera l ,   s ta tus   undetermined  and e x t i n c t .  An 

immediate  jeopardy;  the species must   have  help  or   ext inct ion i s  l i k e l y .  
A "rare" spec ie s  i s  one  which is no t   p re sen t ly   t h rea t ened   w i th   ex t inc t ion ,  
bu t  i s  found i n   s u c h  small numbers  throughout i t s  range   tha t  i t  may 
become endangered i f  i t s  environment  worsens. 

11 endangered' '   species is  one  whose p r o s p e c t s   f o r   s u r v i v a l  are i n  

2.  Methods: The Committee  compared n a t i o n a l  and i n t e r n a t i o n a l  
l i s ts  with  the  Manitoba l i s t  to   f e r r e t   ou t   t hose   spec ie s   wh ich   cou ld   be  
a f f e c t e d  by GDU. Spec i f i c   hab i t a t   i n fo rma t ion  w a s  gleaned  from 
p r o v i n c i a l   e x p e r t s ,   e s p e c i a l l y   f o r   r a p t o r s .  The manuscript  was reviewed 
by personnel  from MDRRTS. 

3 .  Resul ts :   Eleven  species   found  in  GDU Manitoba  project  
areas are l i s t e d  on a t  l eas t  one   i n t e rna t iona l   o r   na t iona l  rare and 
endangered  species list.  They are: p r a i r i e   f a l c o n ,   p e r e g r i n e   f a l c o n ,  
sparrow hawk, osprey,   great   gray  owl,  snowy owl,   golden  eagle,   bald  eagle,  
t imber  wolf,   cougar and no r the rn   p ra i r i e   sk ink .  

The Manitoba list names 16  spec ie s  which i n h a b i t   t h e  GDU 
Manitoba  region as rare (8) or  endangered (8). A s i n g l e   s p e c i e s   l i s t e d  
as "per iphera l" ,   the   cougar ,   a l so  merits d i scuss ion ,  since i t s  home 
ranges are c l o s e l y   t i e d   t o   w h i t e - t a i l e d   d e e r   p o p u l a t i o n s  and these  are 
t i e d   t o  wooded r iver   va l leys   in   southern   Mani toba .  A b r i e f   d i scuss ion  
of t he  1 7  species from the  Manitoba l ist  fol lows (R. Nero pers comm): 

Cougar ( F &  carzcalo&) - p e r i p h e r a l ;  as many as f i v e  may 
inhab i t   Sour i s  and   Ass in iboine   r iver   va l leys ;  home ranges are huge (an 

4 3  



i nd iv idua l  may t r a v e l  up t o  50 miles i n  a s ing le   n igh t ) ,   t hus   exac t  
l o c a t i o n s  are d i f f i c u l t   t o  map; a specimen was i n a d v e r t e n t l y   k i l l e d   i n  
the   p rovince   recent ly ;   cont inued   ex is tence  is dependent  on  white-tailed 
dee r   popu la t ions   and   l a rge ,   un in t e r rup ted   b locks   o r   s t r i p s  of t imber;  
p ro t ec t ed   p rov inc ia l ly .  

Mule deer  (Odocodeu hmionub) - endangered; may occur   i n  
small numbers i n  Spruce Woods Provincial   Park  and  a long wooded Sour is  
and Ass in iboine   r iver   va l leys ;   once  common i n  Manitoba;  apparently 
cannot   compete   successful ly   with  white- ta i led  deer ;   probably less than 
100 an imals   in   Mani toba ,   mos t   in   the   southwes t   o r   south   cen t ra l ;  
d i f f i c u l t   t o   p r o t e c t   b e c a u s e  of s imi l a r i t y   t o   r egu la r ly   hun ted   wh i t e -  
t a i l e d   d e e r .  

White  pelican (Paecanun Qhp%LUtrhynChUb) - endangered; 
colonial   nester  of  Lakes  Manitoba and  Winnipeg;  populations  threatened 
by inundat ion  of   breeding  is lands and pes t i c ide   po i son ing ;   co lon ie s   i n  
Manitoba  rated as most  important i n  North  America;  estimated  population 
10,000; p r o t e c t e d   i n t e r n a t i o n a l l y .  

Double crested  cormorant (PhL!-Ucrtocohax auhi;tu) - endangered; 
c o l o n i a l   n e s t e r  on i s l a n d s  of Lake Manitoba,  estimated  population, 
10,000; Manitoba  colonies are some of t he  most impor t an t   i n   t he  prair ie  
provinces ;   dec l ine   due   mos t ly   to  human d is turbance  on n e s t i n g   i s l a n d s ;  
p r o t e c t e d   i n t e r n a t i o n a l l y .  

Golden eag le  (AqLLiea ChnqhaeXob) - rare; Manitoba  population 
levels have  always  been low because  of  lack of s u i t a b l e   h a b i t a t ;   c l i f f  
nes t ing  common over much of i t s  range;  resident  Manitoba  population  not 
more than 25; no known breeding  records  from  southern  Manitoba; 
p r o t e c t e d   i n t e r n a t i o n a l l y .  

Ferruginous hawk ( B u / t Q O  tteCjC&b) - rare; found on p l a i n s  of 
southwestern  Manitoba  including  grasslands  along  Souris  River and t h e  
Carberry Sand Hills; popula t ions   once   l a rge   bu t  now no  more  than a 
dozen r e s i d e n t s   i n   t h e   p r o v i n c e ;   p e s t i c i d e   r e s i d u e s  may be  decimating 
f a c t o r ;   p r o t e c t e d   i n t e r n a t i o n a l l y .  

Bald  eagle (HCdiUeeXUn h~cucQpkcceub) - endangered;  presently 
d i s t r i b u t e d   i n   c o n i f e r o u s   n o r t h e r n  areas of   the  province;   present  
populat ions  es t imated a t  several   hundred;  common migrant  along  southern 
rivers; p e s t i c i d e   r e s i d u e s  blamed f o r   g e n e r a l   d e c l i n e ;   p r o t e c t e d  
i n t e r n a t i o n a l l y .  

Osprey (Pundion hd%%W) - endangered;  alarming  declines 
i n  US populat ions  due  to   pest ic ide  poisoning;   Manitoba  populat ion 
es t imated  a t  a few  hundred; uncommon migrant   a long  southern  r ivers ;  
most breeding   grounds   in   nor thern   reg ions ;   p ro tec ted   in te rna t iona l ly .  

Prairie f a l con  (Fdco mexicanun) - r a re ,   poss ib ly  s t i l l  n e s t s  
in   extreme  southwestern  Manitoba;   preferred  nest  sites include  rough 
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b r e a k s   o r   c l i f f s ;   p e s t i c i d e   r e s i d u e s   b e l i e v e d   r e s p o n s i b l e   f o r   o v e r a l l  
d e c l i n e s ;   n e s t  sites may b e   l i m i t i n g   f a c t o r   i n   s o u t h w e s t e r n   M a n i t o b a ,  
thus   management ,   by   carv ing   nes t   she lves   a long  r iver c l i f f s ,  is  
p o s s i b l e ;   p r o t e c t e d   i n t e r n a t i o n a l l y .  

Merl in   (pigeon hawk) (FdcU cO&umb& h i C h o ! A O V L i i )  - 
endangered;   Mani toba   b reeding   records ,   f rom  the   southwes t ,   few;  
d e c l i n i n g   a c r o s s  i t s  range   f rom  pes t i c ide   r e s idues   and   mercu ry   po i son ing ;  
p r o t e c t e d   i n t e r n a t i o n a l l y .  

Long-bi l led  cur lew (Nwnel.tiuh cun&canuh) - rare; now very  
scarce i n  Mani toba ;   former   range   inc luded   southern   p la ins   o f   the  
p r o v i n c e  east t o  Red River ;  may s t i l l  b r e e d   i n  small numbers i n   n a t i v e  
g r a s s l a n d s   o f   t h e   s o u t h w e s t   a l t h o u g h   t h e r e  are n o   r e c e n t   n e s t i n g   r e c o r d s ;  
poss ib l e   Man i toba   b reed ing   popu la t ion ,  50; d e c l i n e   d u e   t o  l o s s  i n  
i n t a c t   g r a s s l a n d   n e s t i n g   h a b i t a t ;   p r o t e c t e d   i n t e r n a t i o n a l l y .  

Great gray  owl ( S M x  nebuRoaa) - rare; r e s i d e n t  of  Manitoba's 
b o r e a l   f o r e s t ;   p o p u l a t i o n  unknown, bu t   r ega rded  as t h e  rarest owl i n  
North America; several r e c e n t   n e s t   r e c o r d s   i n   M a n i t o b a ,  two i n  
Minnesota ;   popula t ion   probably   in   the   ne ighborhood of several hundred; 
t h i s   s p e c i e s  i s  v e r y  tame and   t ends   t o   be   k i l l ed   by   un th ink ing   hun te r s  
a n d   c o l l i s i o n s   w i t h   v e h i c l e s ;   p r o t e c t e d   i n t e r n a t i o n a l l y .  

Burrowing  owl (SpeuXyXo cuhnicdkhh) - endangered;  found i n  
treeless areas of southwestern  Manitoba;  much reduced  over   former 
r a n g e   d u e   t o  l o s s  o f   g ra s s l and   hab i t a t   and   r educ t ion   i n   g round-dwe l l ing  
mammals; e s t ima ted   Man i toba   popu la t ion ,  50; p r o t e c t e d   i n t e r n a t i o n a l l y .  

P l a i n s   s p a d e f o o t   t o a d  (Supkiopuh bombidhorn)  - rare; found 
i n   e x t r e m e   w e s t e r n   p o r t i o n   o f   S h i l o   M i l i t a r y  Base on   the   Ass in iboine  
River; p r e f e r s   a r i d   g r a s s l a n d s ;   l i m i t e d   b y   l a c k  of s u i t a b l e   h a b i t a t ;  
p re sen t   Man i toba   popu la t ion   cons ide red  r e l i c t ;  unpro tec ted .  

N o r t h e r n   p r a i r i e   s k i n k  (EwnecQn bQpXQvLtrtiOlU&5) - rare; 
d e n s e s t   M a n i t o b a   p o p u l a t i o n   n o r t h  of the A s s i n i b o i n e  River between 
Provincial   Trunk  Highways 240 and 258; found i n  Spruce Wood P r o v i n c i a l  
P a r k ;   p o p u l a t i o n   s i z e  unknown; l i m i t i n g   f a c t o r s  unknown; unpro tec ted .  

Western  hog-nosed  snake (ffQ;tQnodon Manicub) - rare; found i n  
low  numbers i n   s o u t h - c e n t r a l   a n d   s o u t h w e s t e r n   r e g i o n s   o f   t h e   p r o v i n c e ;  
d i s t r i b u t i o n   p r o b a b l y   l i m i t e d   b y   l o o s e ,   s a n d y   s u b s t r a t e   s u i t a b l e   f o r  
d igg ing ,   Man i toba   popu la t ion   s i ze  unknown; unpro tec ted .  

In  a d d i t i o n   t o   c o n c e r n   o v e r   t h e   a b o v e   s p e c i e s ,  GDU Manitoba 
p r o j e c t  areas h o s t  a w i d e   a r r a y   o f   o t h e r   b i r d s ,   s u c h  as p i l e a t e d  wood- 
peckers   and wood ducks,   which are n o t  common l o c a l l y .  Rivers a s s o c i a t e d  
w i t h  GDU M a n i t o b a   f u r n i s h   m i g r a t i o n   r o u t e s   f o r  many spec ie s   o f   songb i rds ;  
w a r b l e r   w a t c h e s   a l o n g   t h e s e   w a t e r w a y s   s p r i n g   a n d   f a l l  are g a i n i n g   i n  
p o p u l a r i t y  as more  and  more  Manitobans  take t o  b i r d   w a t c h i n g   a n d   n a t u r e  
s tudy .  I n  a d d i t i o n ,  GDU r e s e r v o i r s  may a l t e r  whooping   c rane   migra t ion  
r o u t e s   a n d / o r   s t a g i n g   b e h a v i o r .  
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4 .  E f f e c t s  of GDU: A s  ment ioned   e l sewhere   in   th i s   repor t ,  
GDU-caused f looding  in   Manitoba w i l l  b e   r e s t r i c t e d   t o  a small area i n  
the  Souris  River.   Adverse  impacts are not   expec ted   for  rare and 
endangered   spec ies   l i s ted   above   because   o f   addi t iona l   f looding .  

E f f e c t s  of changed water q u a l i t y  on rare and  endangered 
spec ie s  is  more d i f f i c u l t   t o  assess. Some s p e c i e s   l i s t e d   i n   t h i s  
r e p o r t   ( r a p t o r s ,  pelicans and  cormorants)  occupy  niches a t  t he   t ops  of 
food  chains and thus   rece ive   the   b runt   o f   chemica l   loadings   in   the  
environment. The d i s a s t r o u s   e f f e c t s  of p e s t i c i d e   r e s i d u e s  on r a p t o r s  
are w e l l  documented.  According t o   t h e  Water Qual i ty  Committee (19761, 
levels of  concentrations  and  loadings of heavy metals and o the r  p e s t i -  
c ide   r e s idues  w i l l  no t   be   increased   in   Mani toba  waters as a r e s u l t  of 
GDU. Therefore  adverse  impacts are no t   expec ted   fo r  rare and  endangered 
species as a r e s u l t  of  changed water q u a l i t y .  

However, the   f ina l   impact   assessment   s ta tements  from Water 
Quality  and  Quantity  Committees are based  on  best  management p r a c t i c e  
by GDU water use r s .  The Committee f e e l s  i t  is u n l i k e l y   t h a t   t h i s   l e v e l  
o f   e f f i c i e n c y  w i l l  be   a t t a ined .  Less than   bes t  water management  by t h e  
many GDU i r r i g a t o r s  and o the r  water u s e r s  w i l l  change water quan t i ty  
and q u a l i t y   p r e d i c t i o n s  and may r e s u l t   i n   f u r t h e r   a d v e r s e   e f f e c t s  on 
Manitoba  wildl i fe .  
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H. Summary of   Impact   Predict ions 

1. Waterfowl: 

a )  GDU p ro jec t   d ra inage ,  stream c h a n n e l i z a t i o n ,   a l t e r a t i o n   o f  
NWRs and   pr iva te   wet land   dra inage   ad jacent   to  GDU waterways 
in   North  Dakota  w i l l  r e s u l t   i n   t h e  most l i k e l y   a n n u a l  loss of 
177,500  ducks  with a range  between 124,400 and 257,700 i n   Nor th  
Dakota.   Manitoba's  share of t h i s  l o s s  is  es t ima ted   t o   be  
3 5 , 5 0 0   ( 2 4 , 9 0 0  - 5 1 , 6 0 0 )  of  which  5,700 ( 4 , 0 0 0  - 8 , 3 0 0 )  w i l l  
be   mal la rds .  

b)   Conversion  of   grasslands,   current ly   furnishing  nest ing  habi ta t  
fo r   dabb l ing   ducks ,   t o   i r r i ga t ed   c rop lands  w i l l  increase 
Manitoba's  waterfowl loss. This  loss cannot   be  quant i f ied  due 
to   l ack   o f   p ro j ec t   i n fo rma t ion .  

c )  Removal of Class I wetlands as a r e s u l t  of GDU cropland  develop- 
ment may p l a c e  stress on migrat ing  waterfowl  in   spr ing  through 
a r e d u c t i o n   i n   r e a d i l y   a v a i l a b l e   f o o d   s u p p l i e s .   E f f e c t s   o f  
t h i s   p o t e n t i a l  stress cannot   be  quant i f ied.  

d )   Reduct ion   of   re la t ive ly  small wet lands  and  an  increase  in   large 
w a t e r b o d i e s   ( r e s e r v o i r s )   i n  GDU North  Dakota w i l l  change f a l l  
s tag ing   behavior   and   migra t ion   pa t te rns   o f   water fowl   (par t icu-  
la r ly   geese) .   Ef fec ts   o f   these   changes   cannot   be   quant i f ied .  

e)  Manitoba w i l l  share  North  Dakota 's   shorebird  and  other  marsh 
b i r d   l o s s e s  as a r e s u l t  of GDU wet land  drainage  and  habi ta t  
a l t e r a t ion .   Man i toba ' s   sha re  of t hese   l o s ses   canno t   be  
quan t i f i ed .  

f )  Changes i n  water qua l i ty   and   quant i ty   f rom GDU are not   expected 
to   adversely  impact   waterfowl  product ion areas i n  Manitoba. 

g )  GDU impac t s   on   wa te r fowl   i n   o the r   pa r t s   i n  Canada were n o t  
eva lua ted   due   to   l ack   o f  time. 

2. Waterfowl Diseases: 

a)  Extended  open water c o n d i t i o n s   i n  f a l l  and w i n t e r   i n   p r o j e c t  
areas, r e t u r n   f l o w s   e n t e r i n g   p r o j e c t  areas during  winter  months 
and   f l uc tua t ing  water levels from  June  through  September i n  
va r ious  GDU impoundments  and  waterways w i l l  i n c r e a s e   t h e  
p o t e n t i a l   f o r   s i g n i f i c a n t   o u t b r e a k s  of waterfowl  diseases .  
These  waterfowl  losses  may approach  losses   f rom a l l  o ther   causes .  

3 .  Amphibians  and  Reptiles: 

a )   D i rec t   adve r se   impac t s  are not  expected  on  Manitoba's  indigenous 
amphibians  and reptiles as a r e s u l t  of GDU-caused changes i n  
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water q u a l i t y  and quan t i ty .  

b) GDU may p rov ide   r ange   ex tens ion   rou te s   fo r   exo t i c s :   p ra i r i e  
ratt lers,  bul l   snakes ,   ye l low-bel l ied   racers ,  western spiny 
s o f t - s h e l l   t u r t l e s  and  Great   Plains   toads.   Probabi l i ty  of 
i n t r o d u c t i o n   f o r   t h e s e   s p e c i e s  and u l t i m a t e   e f f e c t s  on 
Manitoba  cannot  be  quantified.  

4 .  Rare and  Endangered S p e c i e s :  

a)   Adverse  impacts  are  not  expected on Manitoba's rare and 
endangered   w i ld l i f e   spec ie s  as a r e s u l t  of GDU based  on  the 
assumpt ion   tha t   bes t  water management p r a c t i c e s  by GDU water 
use r s  w i l l  p r e v a i l .  Less than   bes t  water management  by t h e  
many GDU i r r i g a t o r s  and o t h e r  water use r s  w i l l  r e s u l t   i n   f u r t h e r  
a d v e r s e   e f f e c t s  on Manitoba  wildl i fe .  

5. Mammals and Birds  Except  Waterfowl: 

No s ign i f i can t   impac t s  are expected. 
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11. FISH 

A.  I n t r o d u c t i o n  

There are two ma jo r   sou rces   o f   conce rn   a s soc ia t ed   w i th   t he  
p o t e n t i a l   i m p a c t   o f  GDU on t h e   f i s h   r e s o u r c e s   o f   M a n i t o b a .  One is t h e  
p o s s i b i l i t y   o f   i n t e r b a s i n   t r a n s f e r   o f   e x o t i c s ,   t h a t  is ,  t h e   t r a n s f e r   o f  
f i s h   s p e c i e s ,   f i s h   d i s e a s e s   a n d   f i s h   p a r a s i t e s   i n d i g e n o u s   t o   t h e  
Missour i   R ive r   Bas in   i n to   t he  Hudson Bay Basin.  GDU w i l l  p r o v i d e   d i r e c t  
connec t ions   be tween   t hese   bas ins .  BuRec i s  p r e s e n t l y   b u i l d i n g  a f i s h  
s c r e e n  on t h e  McClusky  Canal t o   p r e v e n t   i n t e r b a s i n   t r a n s p o r t   o f   f i s h  
eggs ,  larvae a n d   a d u l t s .   I n   a s s e s s i n g   t h e   p o t e n t i a l   f o r   s u c c e s s f u l  
i n t r o d u c t i o n   a n d   e s t a b l i s h m e n t   o f   e x o t i c s  w e  e v a l u a t e d :  1) t h e   p o s s i -  
b i l i t y   f o r   p a s s a g e   o f   e x o t i c   s p e c i e s   i n t o   t h e  Hudson Bay Basin v i a  
means o t h e r   t h a n   t h o s e   r e l a t e d   t o  GDL! ( e x i s t i n g   n a t u r a l   i n t e r - b a s i n  
c o n n e c t i o n s ) ,  2 )  t h e   p o s s i b i l i t y   f o r   p a s s a g e   t h r o u g h   t h e   f i s h   s c r e e n ,  
3)  t h e   p o s s i b i l i t y  of  p a s s a g e   i n t o   t h e  Hudson Bay Basin v ia  o t h e r  GDU 
p ro jec t   works ,  4 )  known b i o l o g i c a l   r e q u i r e m e n t s   o f   t h e   p o t e n t i a l   e x o t i c s  
and 5) e x i s t i n g   c o n d i t i o n s   i n   t h e  Hudson Bay B a s i n   p e r t i n e n t   t o  
s u r v i v a l   o f   e x o t i c s .  

A second area of   concern i s  the   impac t   o f   changes   i n  water 
q u a l i t y   a n d   q u a n t i t y   c a u s e d  by GDU on   f i shes   i nd igenous   t o   Man i toba .  
This   impact  was a s s e s s e d   b y   r e l a t i n g   e x i s t i n g   t o x i c o l o g i c a l   a n d   o t h e r  
b i o l o g i c a l   i n f o r m a t i o n  on i n d i g e n o u s   s p e c i e s   t o   p r o j e c t e d  GDU water 
q u a l i t y   a n d   q u a n t i t y   l e v e l s .  
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B. D e s c r i p t i o n   o f  The Study Area and  Fish  Resources  

Areas u n d e r   s t u d y   i n   t h e   M i s s o u r i  River Basin are t h e  
Missouri   and James rivers and i n   t h e  Hudson Bay B a s i n   t h e  Red River 
Basin and  Lakes  Winnipeg,  Winnipegosis  and  Manitoba. The Red River 
B a s i n   i n c l u d e s   t h e   S o u r i s ,   A s s i n i b o i n e   a n d  Red rivers. Although water 
q u a l i t y   i n  Lake  Winnipegosis w i l l  no t   be   i n f luenced   by  GDU, t h e   l a k e  is 
c o n s i d e r e d   h e r e   s i n c e   a n y   e x o t i c   f i s h e s   i n t r o d u c e d   t o   L a k e   M a n i t o b a  may 
u l t i m a t e l y   f i n d   t h e i r  way t o  Lake  Winnipegosis v i a  Waterhen  River  and 
Waterhen  Lake. 

The  Missouri  River i s  t h e  water s o u r c e   f o r  GDU. I t  o r i g i n a t e s  
i n  M o n t a n a ,   f l o w s   e a s t e r l y   i n t o   N o r t h   D a k o t a   a n d   t h e n   s o u t h e r l y   i n t o  
South  Dakota. The r iver has  been  impounded  by a series of l a r g e  dams 
l o c a t e d   i n  Montana,  North  and  South  Dakota.  North  Dakota now has  approx- 
i m a t e l y  400,000 acres of   mains tem  reservoi r  waters on   the   Missour i   River  
w i t h   o n l y  80 miles of   f ree-f lowing river remaining.  The s p o r t   f i s h e r y  
i n   t h e s e  waters c o n s i s t s   o f   w a l l e y e ,   n o r t h e r n   p i k e   a n d   i n t r o d u c e d  
salmonids.  T h e   c o m m e r c i a l   f i s h e r y   i n   t h e   M i s s o u r i   R i v e r   r e s e r v o i r s  i s  
t h e   l a r g e s t   i n   N o r t h   D a k o t a .   P r i m a r y   s p e c i e s   h a r v e s t e d  are b u f f a l o f i s h ,  
carp   and   go ldeye .  The Missour i  River c o n t a i n s  a number  of   f ishes   which 
are c o n s i d e r e d   p r o b l e m   s p e c i e s   s h o u l d   t h e y   b e   i n t r o d u c e d   v i a  GDU i n t o  
t h e  Hudson Bay Basin.   There are a l s o  some f i s h   d i s e a s e s   a n d   p a r a s i t e s  
i n   t h e   M i s s o u r i   R i v e r   w h i c h   h a v e   n o t   b e e n   r e p o r t e d   i n   t h e   f i s h e s   o f  
Hudson Bay Basin.  

The James River o r i g i n a t e s   i n   c e n t r a l   N o r t h   D a k o t a   a n d   f l o w s  
sou thward   i n to   Sou th   Dako ta   t o  i t s  conf luence   w i th   t he   Missour i   R ive r  
near   the   Nebraska   border .   Wi th   the   except ion   of   James town  Reservoi r  
i n   N o r t h   D a k o t a ,   t h e   s p o r t   f i s h e r y   o n   t h e  James River  i s  of   low  qua l i ty .  
S p o r t   f i s h i n g  i s  f o r   n o r t h e r n   p i k e ,   w a l l e y e   a n d   y e l l o w   p e r c h .  The r i v e r  
is dominated by non-spor t   spec ies .   There  are a number  of f i s h   s p e c i e s  
i n  t h e  James River t h a t   c o u l d   b e   i n t r o d u c e d   i n t o   t h e  Red River  as a 
r e s u l t   o f  GDU. F i s h   d i s e a s e s   a n d   f i s h   p a r a s i t e s   i n   t h e  James River  
d r a i n a g e  are n o t  well known. 

The   Sour i s  River o r ig ina t e s   i n   Saska tchewan ,   meander s   sou th -  
ward in to   Nor th   Dakota   and   then   nor thward   in to   Mani toba   where  i t  empties  
i n t o   t h e   A s s i n i b o i n e  River. One r e se rvo i r   (Lake   Dar l ing )   on   t he   Sour i s  
River i n   N o r t h   D a k o t a   s u p p o r t s  a good s p o r t   f i s h e r y   f o r   w a l l e y e ,  
no r the rn   p ike   and   ye l low  pe rch .  The r i v e r ,   j u s t   b e f o r e  i t  e n t e r s  
Manitoba,   has   been  developed as a l a rge   wa te r fowl   marsh  (J. C la rk   Sa lye r  
NWR) by FWS. F i s h e s   i n   t h i s  area are s u b j e c t   t o   w i n t e r k i l l   b e c a u s e  of 
l ow  f lows   and   anox ic   cond i t ions   ( s ee   ca rp   s ec t ion ) .   S ix  small dams 
e x i s t  o n   t h e   S o u r i s  River be tween  the  US border   and   the   conf luence   wi th  
t h e   A s s i n i b o i n e  River. These  low dams w i l l  n o t   p r e v e n t   f i s h  movements 
i n   t h e   S o u r i s  River d u r i n g   p e r i o d s   o f   h i g h   f l o w s .  The  Manitoba  portion 
o f   t h e  river does   p rovide  some s p o r t   f i s h i n g .   T h e r e  are no known f i s h  
d i s e a s e s ,   f i s h   p a r a s i t e s   o r   u n d e s i r a b l e   f i s h e s   i n   t h e  US p o r t i o n  of t h e  
Sour i s   which  are not   found  in   Canada .  However, c a r p  are found i n   t h e  
Man i toba   r each   bu t   no t   i n   Nor th   Dako ta   o r   Saska tchewan   r eaches  of t h e  
S o u r i s  River. 
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Headwaters  of  the  Assiniboine  River  originate  in  Saskatchewan. 
The river  meanders  eastward  through  southern  Manitoba  to i ts  confluence 
w i t h   t h e  Red R i v e r   i n  Winnipeg. Pe r iod ica l ly ,   h igh   sp r ing   f l ows   i n   t he  
Ass in iboine   River   cause   f looding   in   the   lower   reaches .   This   has  
n e c e s s i t a t e d   c o n s t r u c t i o n  of a f l o o d   c o n t r o l  dam a t  Shellmouth,  Manitoba. 
Ano the r   f l ood   con t ro l   s t ruc tu re  i s  the   Ass in iboine   Divers ion  a t  Portage 
l a  Pra i r ie  b u i l t   i n  1969 t o   d i v e r t   f l o o d  waters i n t o  Lake  Manitoba.  This 
has   p rovided   an   avenue   for   the   in t roduct ion   of   b lack   bu l lheads   in to  
the  Delta Marsh area of Lake  Manitoba (J. Gee pers comm). The Assiniboine 
River   does   no t   suppor t   any   major   spor t   f i sh ing ,   bu t  some wal leye,   sauger  
and   nor thern   p ike  as w e l l  as o t h e r   s p e c i e s  are caught.  

The Red River  is  the  geographic  boundary  between  North  Dakota 
and  Minnesota. It  o r ig ina t e s   nea r   t he   Nor th  Dakota-South  Dakota  border, 
f lows   nor th   across   the  US-Canadian border   and  empties   into Lake  Winnipeg. 
The Red River  has many t r ibu tar ies   f rom  Nor th   Dakota ,   Minnesota   and  
Canada.  There is a n   h i s t o r i c   l i n k  a t  h igh  water leve ls   be tween  the  
upper   Mississ ippi   River   Basin  (Minnesota   River)   and  the Red River  Basin 
a t  Lake  Traverse-Big  Stone Lake on the  Minnesota-South  Dakota  border. 
The s p o r t   f i s h e r y  on t h e  Red River i s  var iable ,   depending on flow 
regimes. In  Nor th   Dakota   the   spor t   f i shery   cons is t s   p r imar i ly  of 
sauger   and   channel   ca t f i sh   whi le   in   Mani toba  i t  c o n s i s t s  of sauger  and 
f reshwater  drum. The i n t e n s i t y   o f   s p o r t   f i s h i n g  on t h e  Red R i v e r   i n  
Man i toba   has   i nc reased   i n   r ecen t   yea r s ,   pa r t i cu la r ly  below  Lockport. 
No commerc ia l   f i shery   ex is t s  on t h e  Red R i v e r   e i t h e r   i n   t h e  US or  Manitoba. 

Lake   Man i toba ,   t h i rd   l a rges t   l ake   i n   t he   P rov ince ,   d ra ins   i n to  
nor thern  Lake  Winnipeg v ia   the   Fa i r ford   (Dauphin)   River .  Lake  Manitoba 
suppor ts  a l a rge   w in te r   conmerc ia l   f i she ry .   P r inc ipa l   commerc ia l  
s p e c i e s  are sauger ,   wal leye   and   nor thern   p ike .   Large   quant i t ies  of 
suckers   and  carp are a l so   l anded   bu t  are of lesser commercial  importance. 
Other species harves ted  by the   commerc ia l   f i shery  are ye l low  perch ,   l ake  
wh i t e f i sh ,   l ake   he r r ing   and   bu rbo t .  Most  of the   sauger   ca tches  are made 
in   the  South  Basin.   Al though  sauger   catches  have  f luctuated  considerably 
i n   t h e  p a s t ,  annual   ca tches   dur ing   the  las t  10 yea r s   have   been   r e l a t ive ly  
s t a b l e  and  averaged 180 metric  tons.   Walleye  catches,   which are made 
pr imari ly   in   the  North  Basin,   have  exhibi ted a s t eady   dec l ine   s ince   t he  
e a r l y  1 9 5 0 ' s .  In 1974 the   wa l l eye   ca t ch  was nea r ly   ha l f   t he   ave rage  
annual   wal leye  catch  over   the  per iod 1931-74. Reasons f o r   t h i s   d e c l i n e  
are no t  known p rec i se ly   bu t   ove r -exp lo i t a t ion  may be   one   fac tor .  
Ex t r eme ly   h igh   i n fe s t a t ions  by pa ras i t i c   copepods  (E&gUAi,i?Un spp.)   have 
been  observed in   wal leye  and  sauger   f rom  the  North  Basin  of  Lake 
Manitoba (H. Welch p e r s  comm). T h i s   i n f e s t a t i o n  may b e   s t r e s s i n g   t h e s e  
popula t ions .  Lake  Manitoba a l s o   s u p p o r t s  a s i g n i f i c a n t   s p o r t   f i s h e r y .  
Angling  for   wal leye  and  northern  pike i s  concentrated  in   the  North  Basin 
and  around The Narrows  which separates the  North  and  South  basins.  

Lake Winnipegosis is the   s econd   l a rges t   l ake   i n   Man i toba .  It  
d r a i n s   v i a   t h e  Waterhen  River  and  Waterhen  Lake i n t o   n o r t h e r n  Lake 
Manitoba. Lake Winnipegosis  has a large  commercial   f ishery  which 
ope ra t e s   du r ing   sp r ing ,  summer and winter seasons.   Unt i l   about  1964 
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major   spec ie s   i n   t he   commerc ia l   ca t ch  were wa l l eye   and   no r the rn   p ike .  
Dur ing   the   per iod   1960-63   the   average   annual   ca tch   o f   wal leye   and  
nor thern   p ike   combined  w a s  1 ,440  metric t o n s   w i t h   t h e   m a j o r i t y   ( 8 0 7  
metric tons)   be ing   wal leye .   This   combined   wal leye   and   nor thern   p ike  
c a t c h   c o n s t i t u t e d  47 pe rcen t   o f   t he   ave rage   annua l   ca t ch   o f  a l l  s p e c i e s  
over   the   1960-63   per iod .   For   the   1970-73   per iod   the   average   annual  
ca tch   o f   wal leye   and   nor thern   p ike   combined  was only  451 metric tons .  
Wal l eye   con t r ibu ted   on ly  72 metric t o n s .  The nor thern   p ike-wal leye  
c a t c h  made  up only  29 pe rcen t   o f   t he   ave rage   annua l   ca t ch   o f  a l l  s p e c i e s  
dur ing   the   per iod   1970-73 .   The   commerc ia l   f i shery  on  Lake  Winnipegosis 
i s  now la rge ly   dependent   on   low  va lued   spec ies   such  as s u c k e r s .   I n  
1973 s u c k e r s   a c c o u n t e d   f o r   m o r e   t h a n   5 0   p e r c e n t   o f   t h e   t o t a l   c a t c h   f r o m  
t h e   l a k e .   R e a s o n s   f o r   t h e   d e c l i n e s   o f   w a l l e y e   a n d   p i k e   c a t c h e s   f r o m  
Lake  Winnipegosis are n o t   f u l l y   u n d e r s t o o d   a l t h o u g h  i t  was recognized 
t h a t   o v e r - e x p l o i t a t i o n  was a s i g n i f i c a n t   c o n t r i b u t i n g   f a c t o r  (A. Derksen 
p e r s  comm). A t  one time, i n   t h e   1 9 5 0 ' s   a n d   e a r l y   1 9 6 0 ' s ,   s p o r t   f i s h i n g  
f o r   w a l l e y e s   i n   t r i b u t a r y  streams f l o w i n g   i n t o   t h e  west s i d e   o f  Lake 
Winnipegosis was s i g n i f i c a n t .   A l t h o u g h   s p o r t   f i s h i n g  s t i l l  o c c u r s   i n  
some of t h e s e  areas, a n g l i n g   s u c c e s s   h a s   d e c l i n e d  (W. Howard p e r s  comm). 
Management o f f i c i a l s  are p r e s e n t l y   a t t e m p t i n g   t o   r e b u i l d   t h e   w a l l e y e  
s t o c k s   i n  Lake  Winnipegosis (Anonymous 1 9 7 6 ) .   T h e s e   e f f o r t s  are be ing  
d i r e c t e d   p r i m a r i l y  a t  r e v i t a l i z a t i o n  of t he   commerc ia l   f i she ry ,   a l t hough  
t h e   s p o r t   f i s h e r y  w i l l  also bene f i t   f rom  any   i nc rease   i n   wa l l eye   abundance  

Lake  Winnipeg i s  t h e   l a r g e s t   l a k e   i n   M a n i t o b a .  I t  i s  similar 
i n   s i z e   t o  Lake Erie and i s  t h e   t h i r d   l a r g e s t  of a l l  l a k e s   e n t i r e l y   i n  
Canad ian   t e r r i t o ry .   Lake   Winn ipeg   d ra ins   i n to  Hudson Bay v i a   t h e  
Nelson River. Major   d ra inages  are the  Saskatchewan  and  Winnipeg  r iver  
sys tems.   Lake   Winnipeg   suppor ts   the   l a rges t   commerc ia l   f i shery   in  
M a n i t o b a ;   t h i s   f i s h e r y   o p e r a t e s   d u r i n g  summer, f a l l  and  winter .   Major  
commercial   f ish  species   harvested  f rom  Lake  Winnipeg are w a l l e y e ,  
s auge r   and   l ake   wh i t e f i sh .   The   ha rves t   o f   t hese   spec ie s  i s  r e g u l a t e d  
by   ca t ch   quo ta s .   Nor the rn   p ike  are a l s o   t a k e n   i n   l a r g e   q u a n t i t i e s   b u t  
p o s s e s s  a lower   commerc ia l   va lue .   Other   spec ies   caught ,   bu t   o f  lesser 
i m p o r t a n c e   i n   t h e   o v e r a l l   f i s h e r y ,  are sucke r s ,   c a rp ,   bu rbo t   and   f r e sh -  
water drum. 

Walleye  and  sauger  are caught   throughout  Lake  Winnipeg  but  the 
c a t c h   o f   t h e s e   s p e c i e s  i s  c o n c e n t r a t e d   p r i m a r i l y   i n   t h e   s o u t h e r n   h a l f  
o f   the   l ake .   There   has   been  a c o n s i d e r a b l e   d e c l i n e   i n   w a l l e y e   c a t c h e s  
from  Lake  Winnipeg.  Commercial  catches  dropped  from a r eco rd   h igh   o f  
2,722 metric t o n s   i n   1 9 5 1   t o  389 metric t o n s   i n   1 9 6 9 ,   j u s t   b e f o r e   t h e  
commerc ia l   f i she ry  was c losed   because   o f   mercury   contaminat ion   found  in  
some Lake  Winnipeg  f ishes.   Walleye  catches  from  Lake  Winnipeg  improved 
fo l lowing   t he   r e -open ing   o f   t he   commerc ia l   f i she ry   i n   1972 .  From 1972 
to   1974   annua l   wa l l eye   ca t ches   ave raged   835  metric tons .   S teady  
dec l ines   i n   wa l l eye   ca t ches   have   been   obse rved   i n   t he   Grand   Rap ids   and  
Sturgeon Bay areas of   Lake   Winnipeg   desp i te   improved   ca tches   in   o ther  
p a r t s  of t h e   l a k e .  The   r educ t ion   i n   wa l l eye   ca t ches   i n   t he   Grand   Rap ids  
area a p p e a r s   t o   b e   l a r g e l y   r e l a t e d   t o   d e s t r u c t i o n  of a major   wal leye 
spawning area by a h y d r o e l e c t r i c  dam n e a r   t h e  mouth  of  the  Saskatchewan 
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River .   Over-explo i ta t ion   on   the   o ther   hand ,  i s  b e l i e v e d   r e s p o n s i b l e  
f o r   d e c r e a s e s   i n   w a l l e y e   l a n d i n g s   f r o m   S t u r g e o n  Bay. Although 
e x t r e m e l y   h i g h   s a u g e r   c a t c h e s  were made i n   t h e  ear l ie r  y e a r s  of t h e  Lake 
Winnipeg   f i shery   (4 ,641  metric tons   i n   1941) ,   s auge r   ca t ches   have   been  
r e l a t i v e l y   s t a b l e   o v e r   t h e  l a s t  20 y e a r s   w i t h   a n n u a l   l a n d i n g s   a v e r a g i n g  
about   1 ,400 metric t o n s .  

The l a k e   w h i t e f i s h   f i s h e r y  i s  c e n t e r e d   i n   t h e   N o r t h   B a s i n  of 
Lake   Winnipeg .   Large   whi te f i sh   ca tches  were made between  1931  and  1950 
a n d   w i d e   f l u c t u a t i o n s   i n   c a t c h e s   o c c u r r e d   ( 2 , 4 1 8  metric t o n s   i n   1 9 3 3  
and  303 metric tons   i n   1936) .   S ince   1950 ,   wh i t e f i sh   ca t ches   f rom  Lake  
Winnipeg   exhib i ted  a s t e a d y   d e c l i n e   t o  a low  of  342 metric t o n s   i n   1 9 6 9 .  
Over-explo i ta t ion  was t h e   m a j o r   c a u s e   o f   t h i s   d e c l i n e   i n   w h i t e f i s h  
ca tches   (Davidoff  e t  a l .  1973) .   With  increased  management   of   the   white-  
f i s h   f i s h e r y   i n s t i t u t e d   i n   1 9 7 1   w h i t e f i s h   c a t c h e s   f r o m  Lake  Winnipeg 
have  improved.   Annual   whitef ish  catches  over   the  1971-74  per iod 
averaged  695 metric t o n s .  

L a k e   W i n n i p e g   a l s o   f u r n i s h e s   a n   i m p o r t a n t   s p o r t   f i s h e r y   b a s e d  
on w a l l e y e   a n d   n o r t h e r n   p i k e .   S p o r t   f i s h i n g   o c c u r s   p r e d o m i n a n t l y   i n  
t he   Sou th   Bas in   and   a long   t he  west s h o r e   o f   t h e   l a k e   w h e r e   t h e r e  i s  
access. Indian   and  Metis communi t ies   ad jacent  t o  Lake  Winnipeg a l s o  
u t i l i z e   t h e   f i s h   r e s o u r c e s   f o r   s u b s i s t e n c e   ( a p p r o x i m a t e l y  100 metric 
t o n s / y e a r ,  Uses Committee  1976). 
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C. P o t e n t i a l   f o r   I n t r o d u c t i o n   o f   E x o t i c   F i s h  Via Means Other  Than 
Those  Related To GDU 

1. I n t r o d u c t i o n :  A number  of r e c e n t   a n d   h i s t o r i c   c o n n e c t i o n s  
exist  between  the Hudson Bay watershed  and  other   major   North  American 
watersheds .   These   inc lude   connec t ions   be tween  the  Hudson Bay and 
St.   Lawrence River wa te r sheds ,   t he  Hudson Bay and   Miss i s s ipp i   R ive r  
watersheds   and   the  Hudson Bay and  Missouri  River watersheds.   Furthermore,  
o n e   o f   t h e   p o t e n t i a l   p r o b l e m   s p e c i e s   a s s o c i a t e d   w i t h  GDU, t he   r a inbow 
smelt, a l r e a d y   o c c u r s   i n   t h e  Hudson Bay watershed .   Another   source   for  
i n t r o d u c t i o n s  are a c c i d e n t a l   o r   i n t e n t i o n a l   b u t   u n a u t h o r i z e d   i n t r o d u c t i o n s  
of e x o t i c s .  

2 .  Methods: A l i t e r a t u r e   s u r v e y  was conducted  and a number 
o f   e x p e r t s  were c o n t a c t e d   t o   l o c a t e   i n f o r m a t i o n  on known presence  and 
t r a n s f e r   o f   a q u a t i c   b i o t a   w i t h   r e s p e c t   t o   t h e s e   c o n n e c t i o n s   a n d   d r a i n a g e  
bas ins   (Tab le   C .11 -1 ) .   Fo r   bo th   t he  Hudson Bay-Mississ ippi   River   and 
Hudson  Bay-Missouri River connect ions,   Commit tee  members v i s i t e d   t h e  
sites f o r   d i r e c t   o b s e r v a t i o n   a n d   c o m p i l e d   f i s h   s p e c i e s  l ists .  Most  of 
t h e   e x p e r t s   l i s t e d   i n   T a b l e  C . 1 1 - 1  were a l s o   a s k e d   t o  review e a r l y   d r a f t s  
of t h i s   s u b s e c t i o n .  The  Committee a lso performed a q u a l i t a t i v e  assess- 
ment o f   t h e   p o t e n t i a l   f o r   a c c i d e n t a l   o r   i n t e n t i o n a l   b u t   u n a u t h o r i z e d  
i n t r o d u c t i o n s .  

3. Resu l t s   and   D i scuss ion :  

Hudson  Bay-St.  Lawrence River Connection:  Ryder e t  a l .  (1964) 
d i s c u s s e d   t h e   p o t e n t i a l   f o r   i n t r o d u c t i o n  of f i s h  as a r e s u l t   o f  
i n t e r b a s i n   c o n n e c t i o n s   b e t w e e n   t h e  Hudson Bay and S t .  Lawrence  River 
w a t e r s h e d s   i n   n o r t h e r n   O n t a r i o .  Two d i v e r s i o n s  of the  Albany  River  
watershed  (Hudson  Bay)  have  diverted waters f o r m e r l y   e n t e r i n g  James Bay 
i n t o  Lake   Super ior   (S t .   Lawrence   River ) .   These  are the   Longlac   and  
Ogoki River d i v e r s i o n s   a n d  were e s t a b l i s h e d   t o   o b t a i n  a l a rge r   f l ow  o f  
water f o r  pulpwood dr ives   and  hydropower  on  the  Aguasabon  and  Nipigon 
rivers. A t h i r d   d i v e r s i o n   o f   t h e   A l b a n y  River w a t e r s h e d   d i v e r t s  water 
from  Lake S t .  Joseph, a t  the Albany headwaters i n t o  Lac S e d  which 
d r a i n s   i n t o   t h e   N e l s o n  River wa te r shed   and   even tua l ly  Hudson  Bay. This  
d i v e r s i o n  was cons t ruc t ed   p r imar i ly   fo r   gene ra t ion   o f   hydropower .  

Impassable  dams prevent   ups t ream  passage  a t  a l l   t h r e e   d i v e r s i o n  
l o c a t i o n s ;  as a r e su l t ,   pas sage   o f   f i sh   can   on ly   occu r   f rom  Long lac  
i n t o  Lake  Superior ,   f rom  the  upper   Albany  (upstream  from  Mojiki t   Lake)  
i n t o  Lake  Nipigon  and  into  Lake  Superior  and  from  the  upper  Albany River 
i n t o  Lac Seu l   and   i n to   t he   Ne l son   R ive r   and  Hudson  Bay. T h e r e f o r e ,  
t h e r e  is n o   o p p o r t u n i t y   f o r   d i r e c t   f i s h   p a s s a g e   f r o m   t h e   S t .   L a w r e n c e  
River w a t e r s h e d   i n t o   t h e  Hudson Bay watershed.   Furthermore,   none of t h e  
GDU p r o b l e m   f i s h   s p e c i e s   l i s t e d   ( T a b l e   C . I I - 7 )   o c c u r   i n   t h e   A l b a n y  River 
s y s t e m   a n d   t h e r e f o r e   n o n e   o f   t h e   f i s h   s p e c i e s  w e  are c o n c e r n e d   w i t h   i n  
t h i s   r e p o r t   c a n   b e   i n t r o d u c e d   i n t o   t h e  Red R i v e r   s y s t e m   v i a   t h e  Hudson 
Bay-St.  Lawrence River i n t e r b a s i n   c o n n e c t i o n s .  
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Table  C.11-1.  Experts  contacted  concerning  introduction of exotic  biota 
via  existing  interbasin  transfers  between  the  Hudson  Bay 
and  other  drainages. 

Interbasin 
Connection  Name  Affiliation 

Hudson  Bay-  R.  Ryderl Ontario  Ministry  of  Natural  Resources 
St . Lawrence  E.  Crossman’ Royal  Ontario  Museum 

K. Loftus Ontario  Ministry  of  Natural  Resources 

Hudson  Bay- J. Caltonl US Army, Corps  of  Engineers 
Mississippi J. Seaman’ US Army, Corps  of  Engineers 

R.  Hanten’ South  Dakota  Fish  and  Game 
C. Lindsey1 University of Manitoba 

Hudson  Bay-  B.  Green US Bureau  of  Reclamation 
Missouri N. Thorson Montana  Department  of  Fish  and  Game 

A. Whitneyl Montana  Department  of  Fish  and  Game 
M. Paetz’ Alberta  Recreation,  Parks  and  Wildlife 
M.  Atton’ Saskatchewan  Department  of  Natural 

Resources 
R. Baldwin’  Inland  Waters,  Department  of  Environment 
R.  Hoferl  Inland  Waters,  Department of Environment 

~ ~ ~~ 

lThese  people  were  also  asked  to  review  Subsection C. 
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common name 1 Mains tern 
Missour i  R.  South  Saskatchewan 
(Montana to   Ye l lows   t one  R .  Milk R . 4  6 t .  Mary R . 4  A l b e r t a 7  

L.  Sakakawea)  (Montana)  (upper)  (lower)  Montana Alberta 

Emerald  shiner  X X X X X X 
River s h i n e r  X X 
Blacknose   sh iner  X 
S p o t t a i l   s h i n e r  X X 
Sand s h i n e r  
Fathead minnow X X 

Longnose  dace X X 
Creek chub 
P e a r l   d a c e  X 

F i n e s c a l e   d a c e  
Nor the rn   r edbe l ly   dace  X 

Redside  shine; 
River carpsucker  
Q u i l l b a c k  
Longnose  sucker 
White   sucker  
Mountain  sucker 
Blue  sucker  
Smallmouth  buffalo 
Bigmouth b u f f a l o  
Shorthead  redhorse 
S i l v e r   r e d h o r s e  
Black   bu l lhead  
Yel low  bul lhead 
C h a n n e l   c a t f i s h  
S t o n e c a t  
P l a i n s   k i l l i f   i s h  

0 Utah  chub 
i- 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

( c o n t ' d  ... ) 



Table C.  11-2 (cont '   d) 

common  name 1 Mains tem 
Missouri  R. South  Saskatchewan 
(Montana to   Yel lowstone  R. 3 Milk R.4  S t .  Mary R . 4  Alber ta  

L.  Sakakawea)  (Montana)  (upper)  (lower) Montana Albe r t a  

V a r i a b l e   p l a t y f i s h  
Shor t f   in   mol ly  
Green  swordtail  
Burbot 
Brook s t i ck leback  
P l a i n s  minnow 
Trout-perch 
Rock bass  
Green s u n f i s h  
Pumpkinseed 
B l u e g i l l  

r~ Largemouth  ba5s 
White  crappie 
Black  crappie  
Yellow  perch 
Iowa d a r t e r  
Sauger 
Walleye 
Freshwater drum 
Mot t led   scu lp in  
Sl imy  sculpin 
Spoonhead s c u l p i n  

rn 

X 
X 
X 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 
X 

X 

X X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X X 

X 

X X 
X 

X 
X X X 

X X 

'See  Attachment C . 1 1 - 6  f o r  key to s c i e n t i f i c  names. 
2Source: Brown (1971)  and  from  Attachment C . 1 1 - 4 .  
3Source: Brown (1971). 
4Source: Brown (1971),  Paetz  and  Nelson  (1970)  and  Scott  and Crossman (1973). 
5Above or   in   Fresno   Reservoi r .  

7Source:  Paetz  and  Nelson  (1970),  Paetz  (pers comm) and S c o t t  and  Crossman (1973). 
Below Fresno  Reservoir.  
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X 

X 
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Hudson  Bay-Missouri  River  Connection: An a r e a  of e x i s t i n g  
in te rbas in   connec t ion   be tween  the   Missour i   River   and  Hudson Bay 
d r a i n a g e s   o c c u r s   i n   n o r t h e r n  Montana., sou the rn   A lbe r t a   and   sou thwes te rn  
Saskatchewan. A year-round  connect ion v i a  an  i r r i g a t i o n   c a n a l  (600 c f s ,  
B. Green  pers  comm) h a s   c o n n e c t e d   t h e   S t .  Mary R i v e r   i n  Montana w i t h   t h e  
n o r t h   f o r k  of t h e   M i l k   R i v e r   i n   M o n t a n a   s i n c e   1 9 1 7 .   T h e r e   a l s o   a p p e a r s  
t o   b e   a n   e p h e m e r a l   c o n n e c t i o n   ( o n c e   i n   1 9 5 2 ,  R. Hofer   pers  comm) between 
F renchman   R ive r   ( t r i bu ta ry   t o   t he   Mi lk   R ive r )   and   Swi f t   Cur ren t   Creek  
( t r i b u t a r y   t o   S o u t h   S a s k a t c h e w a n )   n e a r  East End Coulee.   There  a lso  once 
w a s  a year - round  connec t ion   near   Cypress  Hills Park,  Saskatchewan  between 
Belanger   Creek  ( t r ibutary  to   Frenchman  River)   and  Maple  Creek  which  f lows 
i n t o  a c losed   d ra inage   sys t em (R.  Hofe r   pe r s   co rn ) .  

A l i s t  of f i s h e s   o c c u r r i n g   i n   w a t e r s h e d s   o f   t h e   e x i s t i n g  
S t .  Mary-Milk River   connec t ion   (Table  C.11-2) was compared  with GDU 
problem  spec ies   (Table   C .11-7 ,   subsec t ion  F) t o   d e t e r m i n e   i f   a n y  of t h e s e  
f i sh   occu r red   i n   t he   uppe r   Mi lk   R ive r   ( above   F resno   Rese rvo i r )   and   cou ld  
t h e r e f o r e   b e   i n t r o d u c e d   i n t o   t h e   S o u t h   S a s k a t c h e w a n   R i v e r  v ia  upstream 
movement e i t h e r   v i a  S t .  Mary o r  Frenchman rivers.  With   the   except ion   of  
carp,   none of 10 p r o b l e m   f i s h   s p e c i e s   a s s o c i a t e d   w i t h  GDU o c c u r   i n   t h e  
Saskatchewan, S t .  Mary o r  Frenchman r i v e r s .   P a d d l e f i s h ,  r iver  carpsucker  
and   sma l lmou th   bu f fa lo   occu r   i n   va r ious   l ower   r eaches   ( a l l   be low  F resno  
Reservoi r )   o f   the   Mi lk  River i n  Montana;  none  occur i n  u p p e r   r e a c h e s   i n  
A l b e r t a   o r  Montana. 

An a p p a r e n t l y   i s o l a t e d   p o p u l a t i o n  of carp   occurs   in   Frenchman 
River   and   has   s ince   1921  (At ton   1959) .   At ton   po in ted   ou t ,  "The s p e c i e s  
h a s   n o t   s p r e a d   i n   t h i s  area b e c a u s e   t h e r e  are  very  few  permanent waters 
i n   t h e   s e m i - a r i d   c o u n t r y   t o   t h e   n o r t h   a n d  east". Presumably  Atton is  
r e f e r r i n g   t o   s p r e a d i n g   n o r t h   a n d  east in to   the   Saska tchewan River d r a i n a g e .  
Ca rp   do   no t   occu r   i n   any   po r t ion  of t he   en t i r e   Saska tchewan   R ive r   d ra inage  
(Scott   and  Crossman  1973);   carp do o c c u r   i n   t h e   A s s i n i b o i n e  River system 
in  Saskatchewan.  

Brown (1971)   repor ted   l ake   whi te f i sh   f rom  Fresno   and   Nelson  
reservoirs i n  t h e  Milk River system. I n  d i scuss ions   w i th   Montana   f i sh -  
eries b i o l o g i s t s  (A. Whitney  and N .  Thor son   pe r s   co rns )  i t  i s  e v i d e n t  
t h a t   l a k e   w h i t e f i s h   a n d   p e r h a p s   d o l l y   V a r d e n   t r o u t   h a v e   b e e n   t r a n s f e r r e d  
f rom  the  S t .  Mary sys t em  to   t he   Mi lk   R ive r   sys t em.  We q u e s t i o n e d   t h e  
Montana b i o l o g i s t s  as t o   t h e   s o u r c e   o f   t h e s e   f i s h   i n   t h e   M i l k   R i v e r  - 
e i t h e r   v i a   s t o c k i n g   o r   d i r e c t   p a s s a g e   t h r o u g h   t h e   i r r i g a t i o n   c a n a l ;  
Whitney  and  Thorson were c o n v i n c e d   t h a t   l a k e   w h i t e f i s h   h a d   e n t e r e d   t h e  
r e s e r v o i r s   v i a  movement t h r o u g h   t h e   i r r i g a t i o n   c a n a l .  

We cons idered   Fresno  Dam on  the  Milk River t o   b e   a n   i m p a s s a b l e  
u p s t r e a m   b a r r i e r   f o r  any f i s h ,   t h e r e b y   p r e v e n t i n g   i n t r o d u c t i o n  of 
p a d d l e f i s h ,   r i v e r   c a r p s u c k e r   a n d   s m a l l m o u t h   b u f f a l o   i n t o   t h e   u p p e r   r e a c h e s  
of t h e   M i l k   R i v e r   a n d   p o t e n t i a l l y   v i a   t h e   i r r i g a t i o n   c a n a l   i n t o   S t .  Mary 
River .   Furthermore,  w e  c o n s i d e r e d   t h e   d r o p   s t r u c t u r e s   i n   t h e   c a n a l  
i t s e l f  t o   b e   i m p a s s a b l e   b a r r i e r s   t o   u p s t r e a m  movement.  The Committee 
a g r e e d   w i t h   A t t o n ' s   t h o u g h t s   a b o u t   r e s t r i c t e d   c a r p  movement i n  
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southwestern  Saskatchewan.  Therefore we f e l t   t h a t  none  of t he  11 
problem f i s h   s p e c i e s   a s s o c i a t e d   w i t h  GDU would be   in t roduced   in to   the  
Hudson Bay drainage via S t .  Mary River-Milk  River-Frenchman  River- 
South  Saskatchewan  River  interbasin  connections. 

Hudson Bay-Mississippi  Connection: A concern  has  been 
expressed by the  IJC and o t h e r s   t h a t   a q u a t i c   b i o t a  may already  have a 
path of entry  f rom  the  Missouri  River Bas in   t o   t he  Red River  Basin. 
Th i s   rou te  of e n t r y  would be as fo l lows:   Missour i   River ,   Miss i ss ippi  
River,   Minnesota  River,  Big  Stone  Lake, L i t t l e  Minnesota  River, Lake 
Traverse,   Bois  de  Sioux  River  and  f inally  the Red River  (Fig.  C.11-1). 

Big  Stone Lake i s  considered  headwaters  of  the  Minnesota 
River  and  Lake Traverse forms  headwaters of Bois  de  Sioux  River  which 
f lows   i n to   t he  Red River.  These  lakes are only a few miles apar t .   In  
t h e  p a s t ,  when e x t e n s i v e   s p r i n g   f l o o d i n g   o c c u r r e d   i n   t h e  L i t t l e  
Minnesota  River, a t r i b u t a r y  of  Big Stone  Lake, a continuous body  of 
water w a s  formed  connecting  the two l a k e s  (USACE 1963). 

H i s t o r i c a l l y  one  of the   major   rou tes   to   the  Red River  Valley 
from  St.  Paul,  Minnesota, w a s  up the  Minnesota   River   to  Big  Stone Lake 
and  thence  to  Lake Traverse and down Bois  de  Sioux  River  to  the Red 
River.  When f looding  and f a v o r a b l e   c o n d i t i o n s   e x i s t e d   t h a t   e n t i r e   t r i p  
could  be made by boat.   There are r e p o r t s  of l igh t -draf t   s teamboats  
making t h e   e n t i r e  t r i p  from S t .  Paul,  Minnesota  to  Winnipeg (USACE 1963),  
i n  some cases   being  hauled  across   the low water connection. 

With se t t l emen t  and  development  of  the Lake Traverse-Big 
Stone  Lake area the   need   fo r   f l ood   con t ro l   a rose .  The Lake Traverse- 
Bois  de  Sioux  Flood  Control  and Water Conservat ion  project  was cons t ruc ted ,  
c o n s i s t i n g   p r i m a r i l y  of White Rock Dam across  Bois  de  Sioux  River  and 
Reservation Highway Dam between  Lake  Traverse  and Mud Lake (Fig.  C.11-1). 
Also  constructed was a d ike   near  Browns Valley,  Minnesota on the   south  
end  of  Lake  Traverse.  This  closed  off  the  lake  and  enabled  flood water 
s t o r a g e   i n   t h a t   r e s e r v o i r   t o  a maximum design  elevation  of  981.  This 
dike  formed a b a r r i e r  between  Lake  Traverse  and  Big  Stone  Lake. The 
p r o j e c t  was completed,   for a l l  prac t ica l   purposes ,   on  31 December 1941 
(USACE 1963).  However, i n  1946 a 30 by 6- foot   cu lver t  was placed 
through  South  Dakota  State Highway 10 to  allow  overflows  from  the 
L i t t l e  Minnesota River t o   e n t e r  Lake Traverse.  

Information  received  from USACE (R. Fast and J. Seaman p e r s  
comms) i n d i c a t e d   t h a t   t h e r e  is an  opportuni ty   for   overf lows  f rom  the 
L i t t l e  Minnesota  River  into Lake Traverse.   Since  construct ion of t h e  
Browns Val ley  dike,  no flow  from Lake Trave r se   i n to  Big  Stone  Lake  has 
occurred and a f l o w   i n   t h a t   d i r e c t i o n   c o u l d   o n l y  happen i f  a major f lood  
o c c u r r e d   f i l l i n g  Lake Traverse t o   n e a r  maximum design level.  There are 
a number  of dams on the  Minnesota  River  below  Big  Stone Lake (Fig.  C.11-1). 
One of   these   (Grani te   Fa l l s )  had  been  considered by Schneider  (1966) t o  
be  impassable   to   upstream  passage by f i s h .  Our r e c e n t   i n v e s t i g a t i o n  
l eads   u s   t o   t he   conc lus ion   t ha t   t hese  are no t   impassab le   ba r r i e r s   t o  
upstream movement (M. Hora p e r s  comm). 
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To Red Raver 

L a k e   T r a v e r s e  

Hudson  Bay Watershed- ""-" 
Miss~Ss!ppI watershed 

9 810 Stone L a k e  

Big Stone  Lake Dam 
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Minnesota 

Gran l te  Fal ls  

F i ) : .  . ' 1- 1. Ilap showing   dams   on   t he   Minneso ta   R ive r   and  also t h e  I 
l o c a t i o n  0 ;  t h e   e x i s t i n g   i n t e r b a s i n   c o n n e c t i o n   b e t w e e n  
R ig  S tone   Lake  and Lake 'T raverse .  



From Table  C.11-3 i t  c a n   b e   s e e n   t h a t   c a r p ,   s h o r t n o s e   g a r   a n d  
g i zza rd   shad   have  a t h e o r e t i c a l   o p p o r t u n i t y  t o  move from  the  Minnesota  
River t o  Big  Stone  Lake t o  Lake Traverse and  on  downstream  into  the Red 
River. Carp ,   o f   course ,   a l ready   occur   in   Lake  Traverse and   t he  Red 
R i v e r   ( s e e   s u b s e c t i o n  F ) .  However g i zza rd   shad   and   sho r tnose   ga r  are 
n o t   p r e s e n t   i n   t h e  Red River and  Hudson Bay d r a i n a g e .  I t  a p p e a r s  
d o u b t f u l   w h e t h e r   t h e s e   s p e c i e s   c a n   o r  w i l l  p a s s   t h e   e x i s t i n g   b a r r i e r s  
t o  move i n t o   t h e  Red R ive r   bu t  w e  c a n n o t   e n t i r e l y   d i s c o u n t   t h i s .  

It s h o u l d   b e   n o t e d   t h a t   b e f o r e   1 8 7 1   ( a n d   t h e r e f o r e   f o r  a t  
least  6,000 y e a r s )   t h e r e  were n o   p h y s i c a l   b a r r i e r s   p r e v e n t i n g  movement 
of f i sh   i n to   B ig   S tone   Lake   and   on   i n to   Lake  Traverse. Gizzard  shad 
have   been   recorded   f rom  the   lower   Minnesota   River   s ince   1892 (Cox 1897).  
R. Miller ( p e r s  comm) a n d   o t h e r s   b e l i e v e   t h e s e   f i s h   h a v e   b e e n   i n  
Minneso ta   fo r  many y e a r s .   T h e   o n l y   f i s h   s p e c i e s   s u s p e c t e d   t o   h a v e  moved 
i n t o   t h e  Red River s y s t e m   t h r o u g h   t h i s   l i n k a g e  i s  t h e   s t o n e c a t   a n d   t h e y  
more l i k e l y   e n t e r e d   r o u g h l y  10,000 yea r s   ago   wh i l e   g l ac i a l   Lake   Agass i z  
was discharging  southward  through  the  Warren River o u t l e t   ( S t e w a r t   a n d  
Lindsey 1970) .  Therefore  water connec t ion   does   no t  seem t o   h a v e  
s u p p o r t e d   s i g n i f i c a n t  movement i n t o   t h e  Hudson Bay d r a i n a g e .   T h i s  
p e r h a p s   c a n   b e   p a r t i a l l y   e x p l a i n e d  by the  l imnology  of   Lake Traverse. 
Lake Traverse i s  a s h a l l o w   e u t r o p h i c   l a k e   p r o n e   t o   f r e q u e n t   w i n t e r   k i l l  
(D. Henegar   pers  comm). It i s  n o t  optimum f i s h   h a b i t a t   a n d   d o e s   n o t  
serve as a good   r e fuge   f rom  wh ich   i nvas ions   i n to   t he  Red River can  occur .  
T h i s  i s  suppor ted   by   compar ing   the   spec ies  l ists  f o r  Lake Traverse and 
Big  Stone  (Table C.11-4)  where  Lake  Traverse  has 20 spec ies   and   Big  
Stone  Lake 44 s p e c i e s .  

We c o n s i d e r e d   t h e   p o t e n t i a l   f o r   i n t e r b a s i n   t r a n s f e r   i n   c o n s i -  
d e r a b l e   d e t a i l   a n d  were i n f l u e n c e d   b o t h   b y   t h e   f a c t   t h a t   g i z z a r d   s h a d ,  
s h o r t n o s e   g a r   o r   a n y   o t h e r   p o t e n t i a l  GDU p rob lem  spec ie s   have   no t  moved 
i n t o   t h e  Red River i n  6,000 years   and   by   the  f a c t  the re   have   been  5 dams 
c o n s t r u c t e d   o n   t h e   M i n n e s o t a   R i v e r   i n   t h e  l a s t  century .   Gizzard   shad  
were r e p o r t e d   i n   t h e   l o w e r   M i n n e s o t a   R i v e r   i n   1 8 9 2  (Cox 1897).  MDNR 
c o m m e r c i a l   f i s h e r i e s   r e p o r t s  show no  documentat ion  of   gizzard  shad  above 
G r a n i t e   F a l l s  Dam (Tews 1976) .  Schneider  (1966) r e p o r t e d  no g i z z a r d  
shad   above   Gran i t e   Fa l l s  Dam. The  Committee b e l i e v e s   t h a t   s i n c e   t h e s e  
f i s h   h a v e   n o t  moved i n t o   t h e   u p p e r   M i n n e s o t a   R i v e r   i n   8 4   y e a r s  i t  i s  
u n l i k e l y   t h a t   t h e y  w i l l  move up t h e   r i v e r   u n l e s s   s i g n i f i c a n t   c h a n g e s  
o c c u r   i n   e i t h e r   t h e  river i t s e l f   o r   p h y s i c a l   b a r r i e r s  on t h e  r iver .  
T h e r e f o r e  w e  doub t   t ha t   any   o f   t he  GDU p rob lem  f i sh   spec ie s   wou ld   be  
in t roduced   by   na tura l   passage   th rough  the   Big   S tone-Lake   Traverse  
connection;  however,  we c a n n o t   e n t i r e l y   d i s m i s s   t h e   p o s s i b i l i t y .  

I n   a d d i t i o n   t o   t h e  well known i n t e r b a s i n   c o n n e c t i o n  a t  
Traverse-Big  Stone,   Underhi l l   (1957)   reported  another   connect ion a t  
Cut foot   S ioux   Lake   (Miss i ss ippi  River drainage)   and  Bowstr ing Lake 
(Hudson Bay drainage-Lake of t h e  Woods) where   appa ren t ly  a b i o l o g i s t  
t agged   wa l l eye   i n   t he   fo rmer   l ake   and   t hey  were r e c a p t u r e d   i n   t h e  l a t t e r  
l a k e .   T h i s   o c c u r r e d   i n   t h e   1 9 3 0 ' s .   R e c e n t   i n f o r m a t i o n   f r o m  a l o c a l  
b i o l o g i s t  (W. Johnson   pe r s  comm) s u g g e s t s   t h a t   s u c h  a connec t ion  i s  a 

66 



Table C.11-3. Occurrence of GDIJ problem f i s h  s p e c i e s   i n  area of Lake  Traverse-Big  Stone  Lake  connection. 

Big  Stone 
Lake  and Below Below B e  low  Below Be low 

Minnesota  River 

Problem GDU Red Lake i nf low  Minnesota  Granite Lac Qui  Marsh Big  Stone 
spec ie s ’   R ive r   T rave r se   t r i bu ta r i e s2  F a l l s  Dam F a l l s  Dam Parle Dam Lake Dam Lake Dam 

P a l l i d  
s turgeon 

Shovelnose 
s turgeon 

Paddlef i sh  

Shortnose  gar 

Gizzard  shad o\ 

Rainbow smelt 

C a r p  

River 
carpsucker 

Smallmouth 
bu f fa lo  

X X 

X 

X 

X 

X 

X 

X 

X 

X X 

k e e  Attachment C.11-6 f o r   s c i e n t i f i c  names. 
2 L i t t l e  Minnesota  River,  Whetstone  Creek. 



Table  C.11-4. F i s h   s p e c i e s   i n   M i n n e s o t a  River and i t s  t r i b u t a r i e s ,  Big Stone Lake  and Traverse'. 

Common name Minnesota  Minnesota River Minnesota   River  Big Stone  Lake 
River   and   be low  Grani te   above   Grani te  Lake  and  Traverse 

t r i b u t a r i e s   F a l l s  Dam F a l l s  Dam t r i b u t a r i e s  

Nor thern   longnose   gar  
Shor tnose   ga r  
Gizzard  shad 
River carpsucker  
Smallmouth  buffalo 
Golden  redhorse 
Northern  redhorse 
White   sucker  
Northern  hog  sucker  
Carp 
Golden   sh iner  

01 Creek  chub 
P e a r l   d a c e  
Blacknose  dace 
Nor the rn   r edbe l ly   dace  
Sou the rn   r edbe l ly   dace  
Hornyhead  chub 
Speckled  chub 
S i lve r   chub  
Brassy minnow 
Common s h i n e r  
Emerald  shiner  
Bigmouth s h i n e r  
Sand  sh iner  
S p o t f i n   s h i n e r  
Mimic s h i n e r  
River s h i n e r  
C e n t r a l  weed s h i n e r  
Rosyface   sh ine r  

on 

X 

X 

X 

X 

X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 
X 

X 

X 
X 
X 

X 

X 
X 

X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

( c o n t ' d . )  

X 

X 

X 



T a b l e  C.  11-4. ( c o n t ' d )  

Common name Minnesota  Minnesota River Minnesota   River  Big Stone  Lake 
River   and  below  Grani te   above  Grani te   Lake  and  Traverse 

t r i b u t a r i e s   F a l l s  Dam F a l l s  Dam t r i b u t a r i e s  

Fathead minnow 
Bluntnose  minnow 
S t o n e r o l l e r  
Lake  chub 
S p o t t a i l   s h i n e r  
Tadpole  madtom 
Rock b a s s  
Pumpkinseed 
Brown b u l l h e a d  
B lack   bu l lhead  
C h a n n e l   c a t f i s h  

Yel low  perch 
S l e n d e r h e a d   d a r t e r  
B l a c k s i d e   d a r t e r  
J o h n n y   d a r t e r  
E a s t e r n   b a n d e d   d a r t e r  
F a n t a i l   d a r t e r  
Rainbow d a r t e r  
Iowa d a r t e r  
Sheepshead   ( f reshwater  drum) 
White b a s s  
Largemouth  bass 
Smallmouth  bass 
G r e e n   s u n f i s h  
Orangespo t   sun f i sh  
White c r a p p i e  
B r o o k   s t i c k l e b a c k  

w S t o n e c a t  m 

X 

X 
X 

X 
X 

X 

X 

X 

X 

X 
X 

X 

X 
X 
X 

X 

X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

X 

X 

X 
X 
X 

X 

X 

X 

X 
X 
X 

X 

X 
X 

X 

X 

X 
X 
X 
X 

X 
X 

X 

( c o n t ' d . )  

X 

X 

X 

X 

X 
X 
X 
X 

X 
X 
X 



T a b l e  C ,114. ( c o n t  ' d )  

Common name2 
~~~ ~~ ~~ ~ ~~ 

Minnesota Minnesota  River Minnesota   River  Big  Stone  Lake 
River and below  Granite above   Grani te  Lake  and Traverse 

t r i b u t a r i e s  F a l l s  Dam F a l l s  D a m  t r i b u t a r i e s  

Q u i l l b a c k  
Walleye 
Sauger  
Nor the rn   p ike  
S i l v e r   r e d h o r s e  
Goldeye 
Mooneye 
Bigmouth b u f f a l o  
B lack   c r app ie  
B l u e g i l l  
Yel low  bul lhead 

X 

X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

x 

X 

X 

X 

X 

X 

ISource:  Schneider  (1966) , MDNR (1963-1965,  1971),  Bailey  and Allum (1962).  
2See  Attachment C.  11-6 f o r   s c i e n t i f i c  names. 



rare event .   Fur thermore   there  are a number  of b a r r i e r s  on t h e   M i s s i s s i p p i  
River   downstream  from  Cutfoot   Sioux,   including a 39 - foo t   h igh   s t ruc tu re  
a t   the   ou t le t   f rom  Lake   Winnib igoshish   ( immedia te ly   downst ream  f rom 
Cutfoot   S ioux) .  None o f   t he   p rob lem  spec ie s  were t a k e n   f r o m   e i t h e r  
Cu t foo t   S ioux   o r   Bows t r ing   l akes   i n  a r e c e n t   n e t t i n g   s u r v e y .  A s  t h e  
C o m m i t t e e   l e a r n e d   o f   t h i s   c o n n e c t i o n   o n l y   d u r i n g   t h e   f i n a l   s t a g e s   o f  
w r i t i n g  i t  could   no t   per form a f u l l   i n v e s t i g a t i o n  (we do  not know  how 
f r e q u e n t l y   t h e r e   h a s   b e e n  a water connec t ion   be tween  the  two l a k e s ) .  
A t  t h i s  time w e  c a n   o n l y   s a y   t h a t   f i s h   h a v e   p a s s e d   t h r o u g h   t h i s   c o n n e c t i o n  
a t   l e a s t  once i n   t h e   p a s t ;   h o w e v e r ,   t h i s   c o n n e c t i o n   h a s   o t h e r w i s e   n o t  
b e e n   r e p o r t e d   f r o m   t h e   l i t e r a t u r e .   A g a i n   t h e  same arguments  apply as 
fo r   t he   T rave r se -B ig   S tone   connec t ion :   t he re  is  no  evidence of e x o t i c  
f i s h   b e i n g   i n t r o d u c e d   i n t o   t h e  Hudson Bay d r a i n a g e   v i a   C u t f o o t   S i o u x  
Lake ,   bu t   t he re   appea r s  t o  b e  a t h e o r e t i c a l   r i s k .  

E x i s t i n g   P r e s e n c e   o f   E x o t i c s   i n  Hudson Bay D r a i n a g e :   I n   t h e  
Hudson Bay d r a i n a g e  smelt are found i n   h e a d w a t e r   l a k e s  of the   Rainy  
River   sys tem  in   Ontar io   (Eva   Lake)   and   Minnesota   (Burnts ide   Lake ,   F ig .  
C.11-2). We d e f i n e d  how f a r  smelt had  spread  f rom Eva Lake  and 
B u r n t s i d e   L a k e   a f t e r   t h e y  were i n t r o d u c e d   t h e r e .   T h i s   i n f o r m a t i o n  
p e r m i t t e d  some comparisons  of   the  ra te  o f   d i s p e r s a l   i n   t h e  Eva Lake  and 
Burnts ide   Lake  areas wi th   tha t   o f   the   Grea t   Lakes   and   wi th  known r a t e s  
of d i s p e r s a l   f o r   o t h e r   s p e c i e s .  

S m e l t  were f i r s t   o b s e r v e d   i n   t h e   s t o m a c h   o f  a l a k e   t r o u t   ( o n e  
specimen)  from Eva Lake i n   t h e   w i n t e r  of  1971-2 (B. Caldwel l   pers  comm). 
Ca ldwe l l   obse rved   i n   excess  of 200 smelt spawning i n  a t r i b u t a r y   i n t o  
Eva Lake i n   t h e   s p r i n g   o f   1 9 7 2 .   S i n c e   1 9 7 2  several hundred smelt have 
been   se ined   f rom Eva Lake  by a h igh   s choo l   b io logy  c lass ;  OMNR h a s   n o t  
c o n d u c t e d   a n y   n e t t i n g   i n  Eva Lake .   Apparent ly   the   popula t ion  is  now well 
e s t a b l i s h e d .  It is  b e l i e v e d   t h a t   t h e s e  smelt were i n t r o d u c e d  by  dumping 
f e r t i l i z e d   e g g s   i n t o  Eva Lake:  people  from Eva Lake  do  go  "smelting" i n  
Lake  Superior   near   Thunder  Bay dur ing   the   spawning   run .  It is  known 
t h a t   f e r t i l i z e d  smelt eggs   can   remain   v iab le   ou t  of water f o r   s e v e r a l  
hour s   p rov ided   no   des s i ca t ion   occu r s  (R. Ryder   pers  comm). OMNR n e t t e d  
f o r  smelt in   F rench   Lake  (180 m downstream  from  Eva  Lake) i n   t h e   s p r i n g  
of 1974:  one smelt was taken  (OMNR only   sampled   enough  to   es tab l i sh  
smelt p r e s e n c e ;   t h a t  i s ,  t h e y   s t o p p e d   n e t t i n g   a f t e r   c a p t u r i n g   o n e  
specimen, B. Gibson  pers  comm). Four smelt were t a k e n   f r o m   l a k e   t r o u t  
stomachs  from  French  Lake i n   t h e   s p r i n g  of  1976 (B. Gibson  pers  comm). 
It is  e v i d e n t   t h a t  smelt are now es t ab l i shed   i n   F rench   Lake .  No n e t t i n g  
has   been   conducted   in   French   Lake   s ince   1974.  OMNR n e t t e d   P i c k e r e l  Lake 
( the   next   l ake   downst ream  f rom  French   Lake)   in   1974  and   d id   no t   ca tch  
any smelt; however  they were n o t   f i s h i n g  f o r  smelt and mesh s i z e  was 
t o o   l a r g e   f o r  smelt (B. Gibson  pers  comm). It  has   been  suggested  by 
v a r i o u s   O n t a r i o   b i o l o g i s t s  (3. Gibson  and A.  E l s e y   p e r s  comm) t h a t   i n  
con t r a s t   w i th   F rench   and  Eva lakes ,   which  are "deep   co ld   t rou t   l akes" ,  
t h e r e  are  s h a l l o w  warm lakes   which may serve as t h e r m a l   b a r r i e r s   f o r  
downstream movement of smelt i n t o  Lake  Winnipeg. 

S m e l t  were f i r s t   o b s e r v e d   i n   B u r n t s i d e   L a k e ,   M i n n e s o t a   i n   t h e  
summer of 1972;   these  were three-p lus   years   o f   age   and  were c a p t u r e d  by 
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n e t t i n g   ( J o h n s o n   1 9 7 6 ) .   S i n c e   t h a t  time smelt have   increased   subs tan-  
t i a l l y   i n  numbers. They are repor t ed   t o   be   compe t ing   w i th  a dwarf   c isco 
p o p u l a t i o n ;   i n   a d d i t i o n   t h e y   h a v e   b e e n   p r e y i n g  on  newly-hatched  lake 
t r o u t ,   l a k e   h e r r i n g ,   w h i t e f i s h   a n d   w a l l e y e   f r y   ( J o h n s o n   1 9 7 6 ) .  S m e l t  
have moved downstream t o  Shagawa  Lake  where  two  specimens were taken  
i n  a U n i v e r s i t y  of Wiscons in   s tudy   ( Johnson   1976) .   Johnson   f e l t   t ha t  . 
Shagawa  Lake  and a series of small lakes   downstream  would  serve as 
t h e r m a l   b a r r i e r s   b e c a u s e   o f   t h e i r   s h a l l o w ,  warm-water n a t u r e .  Beyond 
t h e  series of small l a k e s ,  Basswood  Lake is  t h e   n e x t   l a r g e   l a k e  on t h e  
c h a i n   b e f o r e   t h e   R a i n y  River; t h i s  is  upstream  from  where  the Eva  Lake 
c h a i n  of l akes   empt i e s   i n to   t he   Ra iny   R ive r   d ra inage .   Fo r   r ea sons  
d i s c u s s e d   i n   s u b s e c t i o n  F w e  d o   n o t   a g r e e   w i t h   s u g g e s t i o n s   t h a t  w a r m  
s h a l l o w   l a k e s   i n   t h e  Eva and   Burn t s ide   d ra inages  w i l l  s t o p   t h e  downward 
movement of smelt t o  Rainy  River.  However t h e r e  may b e   o t h e r   r e a s o n s  
(unknown t o   u s )   t o   e x p l a i n  why smelt have   no t  moved rapidly  downstream; 
i n   o t h e r   i n s t a n c e s   t h a t  w e  are aware   o f ,  smelt have moved r a p i d l y  down- 
stream f r o m   t h e   p o i n t   o f   i n t r o d u c t i o n   ( s m e l t   h a v e  moved a t  least  250 
m i l e s  down t h e   M i s s o u r i   R i v e r   w i t h i n  4 yea r s   o f   be ing   i n t roduced   i n to  
Lake  Sakakawea IF. J u n e   p e r s  comml). 

There is p r e s e n t l y   n o   p h y s i c a l   o b s t r u c t i o n   t o   p r e v e n t   t h e  
even tua l   ( and   pe rhaps   i nev i t ab le )   i nvas ion   o f   Man i toba  waters by smelt 
f rom  the   Rainy   River   sys tem  in   Ontar io   o r   Minnesota .   For  smelt from 
the  Rainy  River   headwaters   to   reach  Lake  Winnipeg  they  must   pass   through 
two large  lakes  (Rainy  Lake  and  Lake  of  the  Woods),   numerous smaller 
lakes  and  six  hydroelectric  impoundments  on  the  Winnipeg  River.   However,  
t h e r e  i s  a bypass   tha t   would   permi t  movement  of smelt, once i n  Lake of 
t h e  Woods t o  move d i r e c t l y   i n t o   t h e  Red R i v e r :   t h e  Greater Winnipeg 
Water Dis t r ic t  aquaduct  which  conducts water from  Lake of t h e  Woods. 
There i s  a 4-mesh s c r e e n  and c h l o r i n e   i n f e c t i o n   s y s t e m   ( 2  ppm a n d   g r e a t e r )  
a t  t h e   i n l e t   b u t   a l o n g   t h e   a q u a d u c t   t h e r e  are a number  of ove r f lows   ( t o  
h a n d l e   e x c e s s   f l o w s   t o   p r e v e n t   b u r s t i n g  of pipes),   one  of  which  (Deacon) 
c a n   s p i l l  up t o  10 m i l l i o n   g a l l o n s / d a y .  The  Deacon o v e r f l o w   d r a i n s   i n t o  
t h e  Red River   F loodway.   P ike   and   whi te f i sh   have   been   repor ted  i n  water 
r e s e r v o i r s   w i t h i n   W i n n i p e g ;   t h e i r   o c c u r r e n c e s  are b e s t   e x p l a i n e d  by 
movement down t h e  aquaduct  from  Lake of t h e  Woods. 

Most lakes   on   the   Rainy   and   Winnipeg   r ivers   have   l a rge  popu- 
l a t i o n s  of p r e d a t o r y   f i s h e s   s u c h  as nor the rn   p ike   and   wa l l eyes .   P reda to ry  
p r e s s u r e s   b y   t h e s e   f i s h e s   c o u l d   r e t a r d   c o l o n i z a t i o n   o f  new waters by 
smelt a l though   t h i s   d id   no t   happen  a t  Lake  Sakakawea  where  populations 
of smelt have become e s t a b l i s h e d   i n   f o u r   y e a r s   s i n c e   t h e i r   i n t r o d u c t i o n  
(E.   Berard  pers  comm). Furthermore,  i t  is  ev iden t   f rom  obse rva t ions  on 
the   Grea t   Lakes   t ha t  smelt d o   n o t   h a v e   t o   c o l o n i z e  a new water body 
be fo re   t hey  move on t o   a n o t h e r   l a k e .  S m e l t  were f i r s t   i n t r o d u c e d   i n   t h e  
Grea t   Lakes   sys tem  in   Crys ta l   Lake ,   Michigan   in   1912.  They were f i r s t  
observed  from  Lake  Superior  in  1930 (Van Oosten  1937a)  and  Lake Er ie  i n  
1936 (Van O o s t e n   1 9 3 7 b ) .   C o l o n i z a t i o n   a n d   p r o l i f e r a t i o n  of smelt 
appeared   to   occur   dur ing   the   1930 ' s   in   Lakes   Michigan   and   Huron   and  
d u r i n g   t h e  l a t e  1940 ' s   in   Lake  Erie and  Ontario.  The bui ldup  of  smelt 
s tocks   i n   Lake   Supe r io r   occu r red   be tween   1952   and   1964   (Chr i s t i e   1974) .  
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I f   the   above  events  are e x t r a p o l a t e d   t o   t h e  Hudson Bay 
drainage,  i t  may r equ i r e  anywhere  from 25 t o  50 y e a r s   f o r  smelt from 
the  Rainy  River  headwaters  to  reach  and  colonize Lake  Winnipeg. 
Applying  the rate of carp  invasion  in  Manitoba  and  Saskatchewan  (Atton 
1959) ,  i t  would r e q u i r e  a minimum of 15 y e a r s   f o r  smelt from Eva Lake 

' t o  reach Lake  Winnipeg. In   cont ras t   wi th   the   above ,  smelt have  been 
i n  Lake  Winnipeg  headwaters f o r  a t  l eas t  seven  years  and  have  not  been 
r e p o r t e d   i n  Rainy River o r   f u r t h e r  downstream.  Therefore we cannot 
p r e d i c t  when o r   i f  smelt w i l l  reach Lake  Winnipeg  from t h i s   s o u r c e .  

Accidenta l   o r   In ten t iona l   bu t   Unauthor ized   In t roduct ion  of 
Exot ic   F ish   Spec ies   in to  Canada: I n  s p i t e  of l e g i s l a t i o n ,   r e g u l a t i o n s  
and b e s t  management p r a c t i c e s ,   t h e r e  i s  always a p o s s i b i l i t y   t h a t  
acc iden ta l   o r   i n t en t iona l   bu t   unau thor i zed   i n t roduc t ions  of fo re ign  
f i s h   s p e c i e s   o r   d i s e a s e d   f i s h   s t o c k   i n t o   C a n a d i a n  waters could  occur.  
These  introduct ions can be  accomplished by va r ious  means such as 
t r anspor t  of   eggs  or   larvae by wa te r fowl ,   ba i t   bucke t   t r ans fe r  by 
f i shermen,   non-of f ic ia l   s tocking   or   ventures   where   loca ls   fee l   f i sh ing  
can  be  improved  by  introduction of  an exo t i c .  With or   wi thout  GDU, 
t h e   p o s s i b i l i t y  of   such   t ransfers   has   ex is ted  and w i l l  cont inue   to  
e x i s t .  The p o t e n t i a l   o r   p r o b a b i l i t y  of   such  introduct ions  occurr ing 
cannot   be   es t imated;   however ,   the   po ten t ia l   for   in t roduct ions  of t h i s  
type   has   ex is ted  since the   r eg ion  was s e t t l e d  and with  one  exception 
i t  h a s   a p p a r e n t l y   n o t   r e s u l t e d   i n   t h e   s u c c e s s f u l   i n t r o d u c t i o n   o f  any 
of t he   Missour i   f i sh   spec ie s   cons ide red  t o  be  problem  species. One 
problem species, rainbow smelt, has  been accidentally/intentionally 
t r a n s f e r r e d  from t h e  S t .  Lawrence watershed  to  the  headwaters of t he  
Rainy  River i n   t h e  Hudson Bay watershed. Even though  problem spec ie s  
(Table C.11-7) exis t  i n  c lose   p rox imi ty   t o   t he  Hudson Bay Basin (Lake 
Sakakawea  and t h e  James and  Minnesota   r ivers) ,   unauthorized  introduct-  
ions  have  not   occurred.  GDU w i l l  provide a permanent  but  seasonal  high flow 
connection  between  the  Missouri  and Hudson Bay watersheds  and  even  if  
downstream b a r r i e r s   c o m p l e t e l y   f i l t e r   o u t   f o r e i g n   s p e c i e s  of f i s h ,  i t  
w i l l  u n i t e   t h e  two watersheds and t h u s   i n c r e a s e   t h e   p o s s i b i l i t y  of 
a c c i d e n t a l  o r  i n t en t iona l   bu t   unau thor i zed   i n t e rbas in   t r ans fe r s .  

Conclusions: 

Exis t ing   in te rbas in   connec t ions   be tween  the  Hudson 
Bay Basin  and  both  the  St.  Lawrence  and Missouri  
River   bas ins  w i l l  no t   permi t   in t roduct ion  of  any 
GDU problem f i s h   s p e c i e s .  

There i s  a remote p o s s i b i l i t y  of t ransfer   between 
the   Miss i ss ippi   River  and Hudson Bay bas ins :  
gizzard  shad  and  shortnose  gar  could move  up the  
Minnesota  River  into  Big  Stone Lake  and i n t o   t h e  
L i t t l e  Minnesota   River ,   through  the  culver t  on 
Highway 10, and  thence  into Lake Traverse.  

There i s  an a d d i t i o n a l   p o i n t  of t ransfer   between 
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these   bas ins   in   nor thern   Minnesota .  However, 
a number  of manmade b a r r i e r s   o c c u r   i n   t h e   u p p e r  
Miss i s s ipp i  River prevent ing   fur ther   ups t ream 
movement of f i s h   t h r o u g h   t h i s   r o u t e .  

c )  One o f   t h e   p o t e n t i a l  GDU problem species, rainbow 
smelt, o c c u r s   i n   t r i b u t a r i e s   t o   t h e   R a i n y   R i v e r  
(Hudson Bay Basin) .  We canno t   p red ic t  when o r   i f  
smelt w i l l  r each  Lake  Winnipeg  from t h i s   s o u r c e .  

d) The p o s s i b i l i t y   f o r   a c c i d e n t a l   o r   i n t e n t i o n a l   b u t  
unauthor ized   in<t roduct ion  of p rob lem  spec ie s   i n to  
t h e  Hudson Bay Basin  has  and  always w i l l  e x i s t .  
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D. Evaluation  of The McClusky Canal  Fish  Screen 

1. In t roduct ion:  A major   concern  associated  with GDU i s  
t h e   p o s s i b l e   i n t e r b a s i n   t r a n s f e r  of f i s h e s  from the  Missouri   River 
Bas in   to   the  Hudson Bay Basin. Some o f   t hese   f i sh  may cause damage t o  
Manitoba f i s h e r i e s .  GDU w i l l  provide a permanent  seasonal  high volume 
water exchange  between  the two bas ins .  The  McClusky Canal f i s h   s c r e e n  
i s  b e i n g   c o n s t r u c t e d   i n   a n   a t t e m p t   t o   p r e v e n t   t h i s   t r a n s f e r  of f i s h ,  
f i s h  larvae and f ish  eggs  between  the two bas ins .   Th i s   f i sh   s c reen  i s  
l o c a t e d   i n  what i s  now an  extension  of   the Hudson Bay drainage.  There- 
fore,   the  importance  of  the  screen  cannot  be  overemphasized;  for as 
long as water cont inues   to   pass   th rough  the   sc reen  i t  must  prevent  the 
passage  of   undesirable   f ish.  

2 .  Methods: In   January 1976 we received a p resen ta t ion  from 
BuRec eng inee r s   dea l ing   w i th   r e sea rch   ac t iv i t i e s   l ead ing   t o   des ign  of 
t h e  GDU f i s h   s c r e e n ;  members were b r i e f e d  on cons t ruc t ion  and opera t ion  
of t h e   f i s h   s c r e e n  and  had  an  opportunity  to  observe water flowing  over 
an   exper imenta l   hydraul ic   un i t   o f   an   inc l ined   sc reen .  The GDU screen  
design  has  been  partially  derived  from  an  inclined  weedseed  screen 
developed by BuRec and f i r s t  used  on  the  Whitestone  Coulee  unit,  Chief 
Joseph Dam p r o j e c t ,  Washington. The inc l ined   s c reen  was used by Wolf 
(1951) t o   t r a p   f i s h  and other  organisms moving  downstream. Af t e r  
obse rv ing   t he   hydrau l i c   un i t   o f   an   i nc l ined   s c reen   i n   ope ra t ion  we 
developed a list of questions  concerning  the  screen.  These were for -  
warded t o  BuRec fo r   cons ide ra t ion  and rep ly .   Fur ther  sets of  questions 
and  responses  followed,  involving  the  Biology  and  Engineering  committees 
as well as BuRec. 

BuRec provided   an   in te rna l  f i l e  r e p o r t  on  methods f o r  
r e s t r i c t i n g  movements  of f i s h .  The Committee,  wishing  to  supplement 
th i s   b ib l iography,   per formed i t s  own l i t e r a t u r e   s e a r c h .  We learned  
from BuRec t h a t  an i n c l i n e d   f i s h   s c r e e n  was b u i l t  and   opera t ing   in  
Sweden (Biology  Committee  1976).  Subsequently two e x p e r t s   i n  Sweden 
were contac ted   to   ob ta in   an   assessment   o f   the   e f fec t iveness   o f   th i s  
sc reen .  

In   June 1976 members of  the  Biology Committee  viewed the  
weedseed  screen i n   o p e r a t i o n  a t  the  Whitestone  Coulee  unit .   In 
add i t ion  a number  of f i s h   s c r e e n s   i n   u s e   i n   t h e  s ta tes  of  Washington 
and  Oregon were observed.   In   July 1976  committee members viewed t h e  
pa r t i a l ly -cons t ruc t ed  McClusky Canal f i s h   s c r e e n .  

Because  of  continual  design  modifications by BuRec, w e  were 
u n a b l e   t o   a s c e r t a i n   f i n a l   s p e c i f i c a t i o n s  of the   sc reen .  We t h e r e f o r e  
dec ided   to   cons ider  a l l  material provided by BuRec concerning  the f i s h  
s c r e e n   p r i o r   t o  18 June  1976,  but  not a f t e r  t h a t   d a t e .  

3. Resu l t s :   F i sh   s c reen   s t ruc tu re   des ign  and  operation 
(Fig.  C.11-3): The fol lowing i s  a resume of d i scuss ions   wi th  BuRec 
engineers  (BuRec p e r s  comm, Attachments C . 1 1 - 1  and 2 )  and BuRec f i s h  
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NOTE: 
NOT  TO SCALE 

Fig. C . 1 1 - 3 .  F i s h  screen as currently  designed by BuRec. 
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screen  blueprints   (1976a) .  McClusky Canal water w i l l  flow (maximum 
1 ,950   c fs )   th rough  the   in le t   t rashrack   ups t ream  f rom  the   f i sh   sc reens ,  
where   l a rge   f l oa t ing   o r  submerged o b j e c t s  w i l l  be  retained  and 
removed. Canal water then w i l l  enter a concrete   inf low  channel  which 
narrows  dis ta l ly   to   maintain  an  even  head  over   the weir. It then w i l l  
f l ow  to   t he   l e f t   and   r i gh t   ove r  a weir c r e s t   ( t o t a l   l e n g t h  325 f e e t )  
onto  and  through  the  incl ined  screens  and  into a concrete  sluiceway 
a t  the  bottom of t h e   s t r u c t u r e .  

There w i l l  be  two sets of  main sc reens ,  a n  upper   service  screen 
and a backup  screen 1 f o o t  below  and p a r a l l e l   t o   t h e   s e r v i c e   s c r e e n .  
Both screens  w i l l  be   i nc l ined  a t  a 5-degree  angle   to  p e r m i t  se l f  
cleaning  (Attachment  C.11-1).  Both  screens w i l l  c o n s i s t  of a f r i c t i o n  
woven wire of 40-mesh (openings i n  the   sc reen  are 0.43 x 0.43 mm) 
phosphor  bronze f i l t e r   s c r e e n  backed up by a 2-mesh screen supported 
i n   p l a c e  by a steel frame.  Phosphor  bronze was se lec ted :   a )   because  
of i t s  high  percentage  of  copper  content  which BuRec f e e l s   c o u l d   i n h i b i t  
algae  growth on the  screen  and  b)  because  of i ts  h i g h   t e n s i l e   s t r e n g t h .  
There w i l l  be  approximately 60 upper  screen panels  and 60 lower  screen 
panels  on bo th   s ides  of the  concrete  channel  (Attachment  C.11-2). 

A l l  screened material and water that   does   not  pass through 
e i t h e r  of t h e  40-mesh screens  w i l l  move ac ross   t he   s c reens  and f a l l   i n t o  
t r a s h   g u t t e r s   a d j a c e n t  t o  the   sc reens .   This  material w i l l  then  flow 
through a s i n g l e   p o r t   i n t o   c l e a n o u t  chambers  and  then i n t o  a deep 
(approximately  20-font)  manhole  (4  feet x 4 f e e t ) .  A p a i r  of 40-mesh 
aux i l i a ry   s c reens  similar t o   t h e  main screens  w i l l  be l o c a t e d   a t  t h e  
bottom  of  the  manhole  to  screen  the  water  from  the w e l l  before  i t  i s  
a l lowed  to   f low  in to   the   cana l .  Well screens  w i l l .  be   c leaned   a t  
pe r iod ic   i n t e rva l s .   I n   each   gu t t e r   s c reened   ma te r i a l  w i l l  be  conducted 
through a gate2  port   in to   c leanout   chambers;   excess   screened  mater ia l  
and water would pass on t o   t h e  well. 

Deta i led  O&M cr i ter ia  have not   yet   been  developed  to  meet 
f u l l  scale pro jec t   opera t ing   d i scharges .   Mechanica l   p lans  and c r i t e r i a  
are not  a v a i l a b l e .  A l a r m  systems,   procedures   for   c leaning  screens and 
emergency procedures   to   be  fol lowed  in   event   of   severe   c logging of a l l  
s c reens  are presented  in   Attachment  C.11-2. 

Other  screens: We contacted two e x p e r t s   i n  Sweden t o   o b t a i n  
an   eva lua t ion  of i nc l ined   s c reens .  Both expe r t s   adv i sed   t ha t   wh i l e  
t he   i nc l ined   s c reens  were q u i t e   e f f e c t i v e   i n   c o l l e c t i n g   d e t r i t u s  i n  
streams, they were n o t   e f f e c t i v e   i n   p r e v e n t i n g   f i s h   p a s s a g e  (Rosemarin 
1976,  Svardson  1976). 

Four members of t h e  Committee  had an  opportunity  to  view and 
assess a number of  screen  types  used t o  con t ro l  downstream  and  upstream 
passage  of  fish  and  downstream  passage  of  weedseeds.  These were 
loca ted  on v a r i o u s   t r i b u t a r i e s  of t he  Columbia  River i n  Washington  and 
Oregon  (Attachment C.11-3). The Whitestone  Coulee  unit  weedseed  screen 
had s ignif icant   c logging  problems  because:   a)   the   t rashrack  did  not  
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remove  enough d e b r i s ,   b )   t h e   s c r e e n s  were t o o   f l a t   t o   a l l o w   d e b r i s  
t o  move down and s p i l l   i n t o   t h e   g u t t e r   a n d   c )   t h e  mesh may have  been 
t o o  small f o r   t h e  material being  screened.  We a l s o   o b s e r v e d   t h a t  
e s t a b l i s h e d   o p e r a t i n g  c r i t e r i a  f o r   f u n c t i o n i n g  of s c r e e n s  were n o t  
a lways   p rope r ly   d i scha rged  by operators .   Clogging  of   the  weedseed 
sc reen   occu r red   because   deb r i s  was n o t  removed manually  and worn 
s c r e e n s  were n o t   r e p l a c e d .  We observed   tha t   worn  seals i n   t h e   r e v o l v i n g  
f i s h   s c r e e n   i n   t h e   O r o v i l l e - T o n a s k e t   C a n a l  were not   rep laced   and   punct -  
u r e s   i n   t h e  Crown Z e l l e r b a c h   i n c l i n e d   s c r e e n  were a l lowed  to   remain  
wi thout   sc reen   rep lacement .  However, t h e   s c r e e n - f i l t e r e d  water a t  t h e  
Crown Z e l l e r b a c h   p l a n t   d o e s  go through a s a n d   f i l t e r   b e f o r e  i t  i s  used 
i n  paper-making. The  Committee b e l i e v e s   t h e s e  were examples  of  normal 
o p e r a t i n g   p r a c t i c e s   f o r   t h e   o b s e r v e d   s c r e e n s .  

L i t e r a t u r e   r e v i e w   o n   f i s h   s c r e e n s :  Two l i t e r a t u r e   r e v i e w s  
were conducted   on   methods   for   cont ro l ing   f i sh  movement (Swain  1976a; 
BuRec 1 9 7 3 a ) .   I n  summary, t he   t h ree   mos t  commonly used  methods of 
p reven t ing   pas sage   o f   f i sh  are t r a v e l i n g   o r  drum sc reens ,   l ouve r  
d e f l e c t o r s   a n d  e l ec t r i c  b a r r i e r s .  None o f   t hese   dev ices  are 100 p e r c e n t  
e f f e c t i v e   a g a i n s t   a d u l t   o r   j u v e n i l e   f i s h ;   n o n e  are a t  a l l  e f f e c t i v e  
a g a i n s t   f i s h   e g g s .  A s  a r e s u l t ,  BuRec considered  "only  sand f i l t e rs  
o r   f i n e   s e l f - c l e a n i n g   s c r e e n s  . . . t o   b e  100 p e r c e n t   e f f e c t i v e   i n  
s t o p p i n g   t h e   p a s s a g e   o f   f i s h  as well as f i s h   e g g s   a n d   l a r v a e "  (BuRec 
1973a).  BuRec o p t e d   f o r   t h e   " f i n e   s e l f - c l e a n i n g   s c r e e n " .  

I n  i t s  inves t iga t ions   and   in te rv iews ,   the   Commit tee   d id   no t  
encounter  a f i s h   s c r e e n   d e s i g n   t h a t   h a d   b e e n   i n t e n d e d   t o   t o t a l l y  
p reven t   pas sage   o f   f i sh ,   f i sh   eggs   and   l a rvae .   The re fo re   t he  McClusky 
C a n a l   f i s h   s c r e e n  i s  u n i q u e   i n   t h i s   d e s i g n   o b j e c t i v e .  

4 .  Discussion:  BuRec (1974)   wro te   t ha t   t he   f i sh   s c reen ,  
" i f   p roper ly   opera ted   and   main ta ined  . . . i s  e x p e c t e d   t o   b e  100 p e r c e n t  
e f f e c t i v e   i n  removing a l l  f i s h  and  eggs  from  the  Canal". The importance 
of   the   sc reen   cannot   be   over   emphas ized;  i t  m u s t   f u n c t i o n   w i t h o u t   f a i l  
f o r   t h e   l i f e  o f   t h e   p r o j e c t .  The s p e c i f i c   j o b   o f   t h e   s c r e e n  i s  to   ensu re  
t h a t  no f i s h ,   f i s h   e g g s   o r   f i s h   l a r v a e   p a s s   v i a   t h e  McClusky Canal  from 
the   Missour i   River   d ra inage   (Lake  Audubon) t o   t h e  Hudson Bay d r a i n a g e  
(Lone t r ee   Rese rvo i r ) .   The re fo re ,  w e  h a v e   c r i t i c a l l y   r e v i e w e d   t h e   d e s i g n  
a n d   o p e r a t i o n   o f   t h e   f i s h   s c r e e n .  

S c r e e n   r e s i s t a n c e   t o   p e r f o r a t i o n   a n d  wear: The  ph'osphor- 
b r o n z e   s c r e e n s   i n   u s e  a t  Crown Zel le rbach  were pe r fo ra t ed .   O the r   s c reens  
of similar mesh s ize   v iewed  by   the   Commit tee   suppor ted   s izeable   loads  
o f   de t r i t u s .   Un les s   comple t e   c logg ing   occu r s ,  i t  i s  u n l i k e l y   t h e  
McClusky Canal   sc reens  w i l l  b reak   a l though  they  may b e   s u b j e c t   t o  small 
punctures .  The s c r e e n s  may b e   s u b j e c t   t o   c o r r o s i o n   a n d   i o n i z a t i o n  as a 
r e s u l t  of water q u a l i t y   i n   t h e   c a n a l .  We are n o t  aware o f   t h e   e x t e n t  
t o   w h i c h   t h i s  w i l l  occur .  No method  of   de te rmining   the   ex ten t   o f  
p o s s i b l e   s c r e e n   p u n c t u r e   o r  wear e x i s t s  a t  t h i s  time. BuRec ( p e r s  comm, 
Attachment  C.11-2)  advised  that   these c r i t e r i a  w i l l  be   developed  based 
on a c t u a l   o p e r a t i n g   c o n d i t i o n s .  
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Screen  mesh s i z e :  The  mesh s i z e   o f   t h e   s c r e e n   ( a p e r t u r e s  
0.43  x 0.43 mm) is d e s i g n e d   t o   p r e v e n t   p a s s a g e   o f   f i s h ,   f i s h   e g g s   a n d  
larvae. Actua l   d imens ions   o f   the   opening  w i l l  b e  0.43 mm o n   t h e   s i d e s  
and 0.6 mm a c r o s s   t h e   d i a g o n a l .  A s  d i s c u s s e d   i n   s u b s e c t i o n  F ,  w e  
be l i eve   r a inbow smelt, gizzard  shad  and  Utah  chub  could  pass   through 
t h e  40-mesh s c r e e n .   F u r t h e r m o r e ,   w h i l e   t h e   c r o s s - s e c t i o n a l  area of 
eggs  and larvae o f  o t h e r   f i s h   s p e c i e s  may b e   g r e a t e r   t h a n   t h e  minimum 
r e q u i r e d ,   t h e y  may h a v e   s u f f i c i e n t   c o m p r e s s i b i l i t y  t o  pass   through 
t h e   s c r e e n .   I n   a d d i t i o n ,   t h e r e  are o t h e r   f i s h   s p e c i e s ,   n o t   c o n s i d e r e d  
as problem  spec ies ,   which   1 i .ke ly  are  small enough i n   t h e   l a r v a l  and  egg 
s t a g e  t o  pass   through.  

A f i n a l   c o n s i d e r a t i o n   h e r e  i s  t h a t   t h e r e   m u s t   b e  a 100 p e r c e n t  
a s s u r a n c e   o f   f i s h   p a s s a g e   p r e v e n t i o n   o v e r   i n f i n i t e  t i m e .  Under t h e s e  
c o n d i t i o n s   t h e   f r e q u e n c y   d i s t r i b u t i o n   o f   s i z e s   b e c o m e s   i m p o r t a n t .  
Extremely rare s i z e s  a t  the  lower  end of t he   spec t rum become i n c r e a s i n g -  
l y  common o v e r  time. 

Screen  c logging:  The  proposed f i s h   s c r e e n ,  by d e s i g n ,  i s  
i n c l i n e d   f i v e   d e g r e e s  downward t o   a i d   i n   s e l f - c l e a n i n g .  An o n - s i t e  
i n spec t ion   o f   t he   Whi t e s tone   Cou lee   un i t   weedseed   s c reen   by   t he   B io logy  
Committee  showed t h a t   t h e   i n c l i n e d   s c r e e n   c o n c e p t   d o e s  remove s i z e a b l e  
amounts of d e b r i s   b u t  is s u b j e c t   t o   p l u g g i n g .  However, t h i s   s c r e e n  was 
n o t   h y d r a u l i c a l l y   m o d e l e d   p r i o r   t o   c o n s t r u c t i o n   w h i l e   t h e   u p p e r   m a i n  
s c r e e n s   o f   t h e  McClusky f i s h   s c r e e n  were. Local. O&M p e r s o n n e l   a t  
Whi tes tone   advised   the   Commit tee   tha t   sc reen   p lugging  was caused  by  a lgae 
and   o the r  material such as tumbleweed. Water f low  over   and/or   th rough 
t h e   s c r e e n  a t  time of  viewing was about   one- th i rd  of d e s i g n   c a p a c i t y  
(15 o r  45 c f s ) .  Water t u r b i d i t y  was v i r t u a l l y   n o n - e x i s t e n t .  

The  McClusky C a n a l   f i s h   s c r e e n   h a s   n o t   b e e n   f i e l d   t e s t e d .  
BuRec d i d   s u b j e c t   t h e   e x p e r i m e n t a l   s c r e e n   u n i t ,   i n   t h e i r   D e n v e r  
l a b o r a t o r y ,   t o  a number of p o t e n t i a l   " p l u g g e r s "  (P.  Johnson  pers  comm). 
The tests were no t   conduc ted   unde r   con t ro l ed   expe r imen ta l   cond i t ions ,  
were n o t   c o n d u c t e d   i n   t h e  McClusky Cana l   unde r   f i e ld   cond i t ions   and   d id  
no t   r ep resen t   t he   w ide   r ange   o f   s i ze   and   t ype   o f   ma te r i a l s   t ha t  McClusky 
Canal water w i l l  t r a n s p o r t .  The f i s h   s c r e e n  w i 1 . l  n e e d   t o   f i l t e r   b o t h  
air-borne  and  water-borne material of a d i m i n u t i v e   s i z e .  A p a r t i a l  
l i s t  i n c l u d e s :   w e e d s e e d s ,   p l a n t   d e b r i s ,   o r g a n i c   m a t e r i a l   i n  a l l  s t a g e s  
of fragmentation/decomposition, s k e l e t a l  components   of   plants   and 
a n i m a l s ,   s o i l   p a r t i c l e s ,   l i v i n g   i n v e r t e b r a t e s   b o t h   m i c r o   a n d  macro- 
s c o p i c   i n   s i z e   a n d   a l g a e   ( f i l a m e n t o u s   a s  w e l l  as p l a n k t o n i c ) .  Some 
o f   t h e s e  materials w i l l  c o l l e c t   o n   t h e   s c r e e n ;  some of  them w i l l  
impregna te   t he re .  The  Commit tee   observed  that   the   Whitestone  Coulee 
weedseed  screen (40-mesh) was p lugged   wi th   weedseeds   and   o ther   o rganic  
matter. It s h o u l d   b e   f u r t h e r   p o i n t e d   o u t   t h a t   a l g a e ,  e tc .  does   no t  
need   t o   r ema in   a l ive   t o   cause   c logg ing   p rob lems ;   fu r the rmore ,   decay ing  
o r g a n i c  matter o n   t h e   s c r e e n  w i l l  s e r v e  as a n   e x c e l l e n t  medium f o r   i r o n  
bac te r i a ,   s ewage   fung i   ( eg .  S ~ ~ U W ' L U ~ ~ ~ A  spp . )   and   fungal   (eg .  
SayJnvkjniu spp.  ) growth .   Therefore  i t  i s  l i k e l y   t h e   s c r e e n  w i l l  c log .  
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We do n o t   a n t i c i p a t e   a n   i n s t a n t a n e o u s  100 pe rcen t   c logg ing  of a l l  
s c r e e n s .  (BuRec s t a t e d   t h a t  up t o  50 p e r c e n t   o f   t h e   t o t a l   s c r e e n  area 
can   be   c logged   w i thou t   dange r   t o   t he   ope ra t ion   o f   t he   s c reen ) .  However, 
w e  e x p e c t   r a p i d   c l o g g i n g   o f   g r e a t e r   t h a n  50 p e r c e n t   o f   t h e   s c r e e n s  a t  
c e r t a i n  times o f   t he  summer due   to   water -borne  materials i n   t h e  canal 
waters. 

A s  t h e   s c r e e n s   b e g i n   t o   c l o g ,   a n   i n c r e a s i n g  amount  of water 
and   deb r i s  w i l l  p a s s   o v e r  them i n t o   t h e   c o l l e c t i o n   g u t t e r s   a n d   t h r o u g h  
t h e   c l e a n - o u t   p o r t   i n t o   t h e  w e l l  sc reen   sys tem.   This   f low w i l l  c o n t i n u e  
u n t i l   t h e  water level  i n   t h e   g u t t e r s  rises to   approx ima te ly  two i n c h e s ;  
i t  i s  i n t e n d e d   t h a t   t h e   f l o w  w i l l  ac t iva te  t h e  alarm sys tem  and   s top  
water f l o w   i n t o   t h e   f i s h   s c r e e n   s t r u c t u r e .  

BuRec ( p e r s  comm, At t achmen t   C . l l -2 )   desc r ibed   t he   fo l lowing  
sequence   o f   even t s   p roposed   i n   t he   even t   o f   comple t e   c logg ing   o f   t he  
s c r e e n  . 

" In   t he   even t   o f   s eve re   c logg ing   t he   fo l lowing   wou ld  
occur :  alarms would  sound; s l i d e  g a t e s   t h a t   c o n t r o l  
d ra inage   f rom  the   t r a sh   t roughs   wou ld   au tomat i ca l ly  
c l o s e ;   r a d i a l   g a t e s  a t  upstream  checks  would  auto- 
m a t i c a l l y   c l o s e ;  pumps a t  Snake  Creek  pumping p l a n t  
w o u l d   a u t o m a t i c a l l y   t u r n   o f f ;   s t o p   l o g s   w o u l d   b e  
p laced  a t  t h e   u p s t r e a m   e n d   o f   t h e   s c r e e n   s t r u c t u r e ;  
t h e   s t r u c t u r e   w o u l d   b e  pumped o u t   ( r e t u r n i n g   t h e  
water t o   t h e   c a n a l   u p s t r e a m  of t h e   s t r u c t u r e ) ;   s c r e e n s  
would  be  c leaned  and  replaced as p rev ious ly   desc r ibed . "  

We do n o t   h a v e   o f f i c i a l   v e r i f i c a t i o n   t h a t   t h e s e   e v e n t s  w i l l  occur ;  no 
o p e r a t i o n a l  c r i t e r i a  are a v a i l a b l e   f o r   r e v i e w .   F u r t h e r m o r e ,  a t  t h i s  
time, the   Commi t t ee   doub t s   t h i s  i s  t h e   s e q u e n c e   o f   e v e n t s   t h a t  w i l l  
a c t u a l l y   o c c u r ;   i n   p a r t i c u l a r  w e  are u n s u r e   o f   t h e   a u t o m a t i c   n a t u r e   o f  
t he   c los ing   o f   t he   ups t r eam  r ad ia l   ga t e s   and   shu t t ing   o f f   o f   t he   Snake  
Creek  pumping  plant.  

With o r   w i t h o u t   c l o g g i n g ,  water w i l l  p a s s   o v e r   t h e   s c r e e n s  
v i a  two r o u t e s .   F i r s t ,  some water w i l l  c o n t i n u o u s l y   f l o w   i n t o   t h e  
t r a s h   g u t t e r s  by s p l a s h ,   s p r a y   a n d   f l o w   o v e r   u n s c r e e n e d   p o r t i o n s   o f  
t h e   u n i t ,   s u c h  as t h e   s c r e e n   j o i n i n g   s t r u c t u r e s .   S e c o n d ,  a p r o p o r t i o n  
o f   t h e   s c r e e n s  w i l l  f i l l   w i t h   d e b r i s .  A t  some time water w i l l  f low 
a c r o s s   t h i s   s c r e e n e d  material and i n t o   t h e   g u t t e r s .  BuRec ( p e r s   c o w ,  
Attachment  C.11-2)  reported  that ,  "as t h e   s c r e e n s  s tar t  t o   c l o g ,  small 
q u a n t i t i e s  of f low w i l l  e n t e r   t h e   t r o u g h .  By having the alarm sound 
when f l o w s   i n   t h e   t r o u g h  are small, t h e  O&M f o r c e s  are given  adequate, 
time t o   c l e a n   o u t   t h e   s c r e e n . "  We are n o t   s u r e   t h a t  0 & M  f o r c e s  w i l l  
have  adequate  time t o   c l e a n   t h e   s c r e e n .   T h i s  i s  p a r t i a l l y   b e c a u s e  w e  
l a c k   o p e r a t i n g  c r i t e r i a  a n d   p a r t i a l l y   b e c a u s e  w e  have a number of 
concerns  about  O&M; th ree   examples  are: w e  do n o t  know 1 )   i f  water w i l l  
b u i l d  up w i t h i n   t h e   s t r u c t u r e   r a p i d l y ,   p r e v e n t i n g  access, 2 )  where   the  
O&M f o r c e s  w i l l  be  housed  and 3)  whethe r   t he re  i s  an  automatic   power 
backup  sys t e m .  
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Even wi thout   major   c logging   of   the   main   sc reens   the   2 - inch  
c l e a r a n c e   f r o m   t h e   f l o o r   o f   t h e   c o l l e c t i n g   g u t t e r   t o   t h e   s e n s o r  w i l l  
a l l o w  a s i g n i f i c a n t ,   c o n t i n u o u s   f l o w   t h r o u g h   t h e   g u t t e r   p o r t .  As a 
r e s u l t   t h e   f o l l o w i n g   s e q u e n c e   o f  events w i l l  t ake   p l ace .   Sp ray ,  wet 
s c r e e n e d  material and water p a s s i n g   a c r o s s   t h e   s c r e e n   j o i n t s  w i l l  
cons t an t ly   cause   unsc reened  water t o   f l o w   i n t o   t h e   t r a s h   c o l l e c t i o n  
system. It a p p e a r s  some o f   t he   s c reened  material %-inch o r  smaller 
washed  f rom  120  screen  uni ts  w i l l  f i n d  i t s  way t o   t h e  well s c r e e n   u n i t .  
This  material w i l l  con ta in   eggs ,  larvae and small f i s h .  The cont inuous 
f l o w   p l u s   t h e  well s c r e e n  weir pool  w i l l  p r o v i d e  a good envi ronment   for  
su rv iva l   o f   t hese   o rgan i sms .  Water p lus   s c reened  material must  even- 
t u a l l y  arrive a t  t h e  w e l l  s c r e e n .   T h i s  water w i l l  then  p a s s  through 
t h e  w e l l  s c r e e n   w i t h   t h e   s c r e e n e d  material b e i n g   r e t a i n e d .  No 
o p e r a t i o n a l   d e t a i l s  are ava i l ab le   conce rn ing   t he   p lugg ing   o r   c l ean ing  
of t h i s   s c r e e n ,   a l t h o u g h   a n  alarm system w i l l  d e t e c t  when water rises 
one   foo t   above   t he  well s c r e e n .  When t h i s   o c c u r s ,   t h e   b o t t o m   s c r e e n  
w i l l  be  under more than  two f e e t  o f  water before   any   c leaning   can   take  
p l a c e .  We be l i eve   t he   c l ean ing   o f   t he   submerged  well s c r e e n s   i n   p l a c e  
w i l l  b e   e x t r e m e l y   d i f f i c u l t ,   i f   n o t   i m p o s s i b l e .  Any removal   of   screens 
f o r   c l e a n i n g   w i t h   c o n s e q u e n t   o p e n i n g  of t h e   j o i n t  seals w i l l  a l l o w  
passage  of   organisms.  

Removal ,   c leaning   and   rep lacement   o f   sc reens :  The  Committee 
w a s  informed  by BuRec des ign   and  O&M p e r s o n n e l   t h a t   t h e   p r o p o s e d  
s t anda rd   p rocedure   fo r   c l ean ing   s c reens   wou ld   occu r  as f o l l o w s  (BuRec 
p e r s  comm, Attachment C.11-2) :  

S c r e e n s   c l e a n e d   i n   p l a c e  - "A hinged  3-sided  bulkhead  secured 
t o   t h e   c e i l i n g  w i l l  be   lowered   and   sur round  the   c logged   sc reen   and  two 
ad jo in ing   s c reens .   The   bu lkhead  w i l l  b e   b u t t e d   a g a i n s t   t h e  weir wall 
and w i l l  h a v e   n e o p r e n e   f l a p s ;   t h i s  w i l l  cause  water t o   p a s s   a r o u n d   t h e  
bulkhead.   Debris  w i l l  be   r emoved   f rom  the   s c reens   i n   p l ace   by   u s ing  
water sp ray   and /o r   b rush ing .   Sc reens  w i l l  t h e n   b e   p u t   b a c k   i n t o  
o p e r a t i o n  a t  t h i s   p o i n t   i f   a d e q u a t e l y   c l e a n e d . "  

Screens   removed  for   c leaning  - "Seals w i l l  b e   c l e a n e d   t o  make 
s u r e   n o   l o o s e   d e b r i s   f a l l s   t h r o u g h  when s c r e e n s   a r e  removed. When t h e  
c logged   s c reen   pane l  is  removed i t  w i l l  b e   l i f t e d   v i a   a n   o v e r h e a d   h o i s t .  
The e y e   b o l t   o n   t h e   s c r e e n   p a n e l  i s  l o c a t e d   o f f - c e n t e r   s u c h   t h a t  when 
i t  is l i f t e d  i t  w i l l  h a n g   o b l i q u e l y   r a t h e r   t h a n   h o r i z o n t a l l y ,   w h i c h  
c o u l d   p e r m i t   d e t r i t u s   t o   f a l l   f r o m  i t  o n t o  a second  sc reen .  The s c r e e n s  
w i l l  b e   r e p l a c e d   w i t h   p r e v i o u s l y   c l e a n e d   s c r e e n s .  The bulkhead  can  then 
b e   r a i s e d   a n d   t h e   s c r e e n s   p u t   b a c k   i n t o   o p e r a t i o n " .  

The   Commit tee   found  these   p rocedures   and   p lans   to   be   incomple te  
i n   t h a t   b l u e p r i n t s   p r o v i d e d  (BuRec 1 9 7 6 a )   d i d   n o t   s u p p o r t   t h e   v e r b a l  
d e s c r i p t i o n   g i v e n   f o r   t h e   b u l k h e a d .   F u r t h e r m o r e ,   t h e   b l u e p r i n t s  were 
p r e l i m i n a r y   a n d  many s p e c i f i c a t i o n s  were n o t   g i v e n .  No d e t a i l e d  
o p e r a t i n g   p r o c e d u r e s  were provided .  Two areas of unscreened water 
p a s s a g e   a p p e a r   l i k e l y .  A n e o p r e n e   f l a p   a p p a r e n t l y   p r o v i d e s  water block- 
age   be tween  the   bu lkhead   and   the  weir crest t o   p r e v e n t   u n s c r e e n e d  water 
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f rom  pass ing   under   the   bu lkhead   and   in to   the   spaces   where   the   sc reens  
are removed.  The  neoprene f l a p   m u s t   n o t   l e a k  - y e t   t h e   o n l y   a p p a r e n t  
p r o v i s i o n   f o r   p o s i t i v e   s e a l i n g  i s  water pressure   f rom  f low  on   the  
sc reen .   A l so ,  water may f low  a round  edges   o f   the   bu lkhead   and   in to  
v a c a n t   s c r e e n   s p a c e s .  From in fo rma t ion   p rov ided  i t  a p p e a r e d   t h a t   i f  a 
number  of  screens were clogged,  when the   bu lkhead  w a s  lowered t o   e n a b l e  
sc reen   c l ean ing   ad jacen t   c logged   s c reens   wou ld   pas s   cons ide rab le  water 
e i t h e r   i n t o   t h e   g a p   l e f t  by t h e  r e m o v e d   s c r e e n   p a n e l s   o r   i n t o   t h e  
t rough.  

The   Commit tee   be l ieves   tha t   c leaning   a r rangements   for   backup 
lower   s c reens  are inadequate  as o u t l i n e d   b y  BuRec. No method  of 
de t e rmin ing   t he   ex ten t   o f   p lugg ing   o f   t he   backup   s c reen  is a v a i l a b l e  
wi thou t   r emov ing   t he   t op   s c reen .  We are u n s u r e   o f   t h e   a b i l i t y  of t h e  
s e c o n d   s c r e e n   t o   b e   s e l f - c l e a n i n g .  The h y d r a u l i c   c h a r a c t e r i s t i c s   o f  
the  f low-over   backup  screen w i l l  b e   d i f f e r e n t   f r o m   t h o s e   e s t a b l i s h e d   f o r  
t he   t op   s c reen .   The re fo re   t he   bo t tom  sc reen  may n o t   s e l f   c l e a n .   B e c a u s e  
o p e r a t i n g   a n d   d e s i g n   d e t a i l s  were no t   ava i l ab le ,   an   i n -dep th   r ev iew  o f  
t he   c l ean ing   p rocedures   cou ld   no t   be  made. 

Spacing  between  screen  panels :   Design c r i t e r i a  i n d i c a t e  neo- 
prene  seals w i l l  be   u sed   t o   cove r  small spaces   be tween  sc reens  (BuRec 
pers   corn ,   At tachment  C. 1 1 - 2 ) .  These same cr i ter ia  a l s o   a l l o w  as much 
as % - i n c h   s e p a r a t i o n s   b e t w e e n   s c r e e n s   a n d   v a r i o u s   s u p p o r t   s t r u c t u r e s .  
T h e s e   t o l e r a n c e s  are ,  we be l i eve ,   t o   a l l ow  sc reen   r emova l .   Because   o f  
t h e  w e t  envi ronment   and   the i r  secretive n a t u r e ,   f i s h  larvae w i l l  c o l l e c t  
i n  small spaces   a round   t he   s c reen   edges .  BuRec i n d i c a t e d   t h a t  seal  
r e g i o n s  w i l l  be   c leaned   before   removal .   Such   c leaning   cannot   be  100 
p e r c e n t   e f f e c t i v e  a l l  t h e  time. Therefore  when t h e   s c r e e n   s e c t i o n  i s  
l i f t e d   f o r   m a i n t e n a n c e ,   t h e s e   o r g a n i s m s  w i l l  f i n d   t h e i r  way t o   t h e  
backup  screen  and  by  the same p r o c e s s ,   b y - p a s s   t h e   s c r e e n .   I n   a d d i t i o n ,  
water f a l l i n g   o n t o   t h e   u p p e r   s c r e e n s  w i l l  pa s s   unde r   t he   neoprene   f l aps  
t h a t   l a p   o n t o   a d j a c e n t   s c r e e n s .   T h i s   p a s s a g e   o f  water could l i f t   t h e  
f l a p s ,   p e r m i t t i n g   p a s s a g e   o f   f i s h ,  larvae a n d / o r   e g g s   b a c k   i n t o   t h e  
McClusky Canal. We are a l s o   c o n c e r n e d   w i t h   v i b r a t i o n s   o f   t h e   s c r e e n  
p a n e l s   d u e   t o  water p r e s s u r e ,   c a u s i n g   t h e   n e o p r e n e   f l a p s   t o   j i g g l e ,  
w a f f l e   o r  warp s u f f i c i e n t l y  t o  a l low  organism  passage .  From p l a n s   t h a t  
were p rov ided   t o   t he   Commi t t ee   t he re  i s  n o   p r o v i s i o n   t o  al leviate t h i s  
problem . 

O p e r a t i n g   c o n s i d e r a t i o n s :  We are c o n c e r n e d   t h a t   o p e r a t i n g  
and  maintenance cri teria have  not   been  developed  by BuRec. We obvious ly  
cannot  review o p e r a t i n g  c r i t e r i a  t o   b e   d e v e l o p e d   i n   t h e   f u t u r e .  However, 
l i t t l e  o r   n o   l a t i t u d e   e x i s t s ,   i n   o p e r a t i o n   o f   t h e   s c r e e n ,   f o r   c o r r e c t i n g  
d e f i c i e n c i e s   d i s c o v e r e d   d u r i n g   o p e r a t i o n .   O p e r a t i o n a l   r e s e a r c h   w i t h   t h e  
a c t u a l   d i v e r s i o n  water a n d   t r a n s p o r t e d  material s h o u l d   b e   d o n e   p r i o r   t o  
p u t t i n g   t h e   s c r e e n   i n t o   o p e r a t i o n .  We do   no t   be l i eve   no rma l   eng inee r ing  
O&M development  procedures are v a l i d   f o r   t h e  McClusky f i s h   s c r e e n .  A 
f a i l - s a fe   sys t em  (wh ich  i t  must   be)   cannot   be   t es ted   on  s i te  u n d e r   a c t u a l  
o p e r a t i n g   c o n d i t i o n s .  It a p p e a r s   t o   b e  a v e r y   v u l n e r a b l e  way t o   d e v e l o p  
a mandate of g r e a t   r e s p o n s i b i l i t y .  / 
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The  Committee i s  concerned as t o   t h e   r e s p o n s i b i l i t y   f o r  
s u p e r v i s i o n   a n d   o p e r a t i o n  of t h e  McCl.usky f i s h   s c r e e n .  We have  been 
t o l d   t h a t  BuRec may d e l e g a t e   t h i s   o p e r a t i o n   t o   t h e   C o n s e r v a n c y  District. 
I f  t h i s  were to   occu r   t he   "manda te   o f   r e spons ib i l i t y"   wou ld   on ly  
f u r t h e r   e x p a n d .   F i s h   s c r e e n s   a s s o c i a t e d   w i t h   i r r i g a t i o n   p r o j e c t s   i n  
Washington  and  Oregon were maintained  by  local   Conservancy Districts; 
as d i s c u s s e d   p r e v i o u s l y ,  0 & M  was not   p roper ly   conducted  a t  t h e s e   f a c i l -  
i t i e s .  

4 .  Summary: The Bio logy   Commit tee ,   for   the   fo l lowing   reasons ,  
b e l i e v e s   t h e  McClusky C a n a l   f i s h   s c r e e n  as proposed w i l l  n o t   p r e v e n t  
i n t e r b a s i n   t r a n s f e r   o f   p r o b l e m   f i s h   s p e c i e s ,   t h e i r   l a r v a e   o r   e g g s :  

The s c r e e n  mesh s i z e  i s  l a r g e   e n o u g h   t h a t  some 
larvae could p a s s  t h r o u g h   t h e   s c r e e n s .  

F i s h   a n d   f i s h   e g g s  w i l l  pass   by  and  through 
t h e   a u x i l i a r y   ( w e l l )   s c r e e n   d u e   t o   d e s i g n  
a n d   o p e r a t i o n a l   c o n s i d e r a t i o n s .  

F i s h  larvae a n d   f i s h   e g g s  w i l l  pa s s   by   t he  
s c r e e n s ,   u t i l i z i n g   s p a c e s   b e t w e e n   s c r e e n s .  
I n   a d d i t i o n ,   f i s h ,   l a r v a e   a n d   e g g s  w i l l  
c o l l e c t   i n   v a r i o u s   n o o k s   a n d   c r a n n i e s   a l o n g  
sc reen   edges   and   t hey  w i l l  pass   a round 
and   th rough  sc reens   dur ing   c leaning .  

We are p a r t i c u l a r l y   c o n c e r n e d   a b o u t   t h e   l a c k  
o f   s p e c i f i c  O&M p r o c e d u r e s   a n d   d e t a i l s  of t h e  
a c t u a l  alarm system. 

I n   a d d i t i o n ,   t o   d a t e   n o   s c r e e n s  of t h i s   t ype   have   been   cons t ruc t ed  
or  o p e r a t e d   f o r   f u l l y   p r e v e n t i n g   f i s h   p a s s a g e .   C e r t a i n   a l t e r n a t i v e s   a r e  
a v a i l a b l e   w h i c h  may d e c r e a s e   t h e   p r o b a b i l i t y  of € i sh   pas sage .   These  w i l l  
be   discussed  under   Recommendat ions.  
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E. E v a l u a t i o n  of t h e   P o t e n t i a l   f o r   F i s h   P a s s a g e  Via GDU P r o j e c t  Works 

1. In t roduc t ion :   The   Commi t t ee   has   de t e rmined   t ha t   f i sh  w i l l  
p a s s   t h e  McClusky C a n a l   f i s h   s c r e e n ,   a l l o w i n g   t r a n s p o r t   o f   f i s h   i n t o  
Lonet ree   Reservoi r ,   which  i s  i n   t h e  Hudson Bay Bas in .  Once t h i s   e v e n t  
h a s   o c c u r r e d   t h e r e  a re  t h r e e   m a j o r   r o u t e s   o f   i n v a s i o n   i n t o   t h e  Red River 
s y s t e m :  the  Sheyenne,  the  James-Wild Rice a n d   t h e   S o u r i s  river d r a i n a g e s .  

2 .  Methods: We r e v i e w e d   v a r i o u s   r o u t e s   w i t h i n   t h e   p r o j e c t  
works  by  which  f ish  might  move f rom  the   Missour i  River B a s i n   t o   t h e  
Hudson Bay B a s i n .   P r i o r   t o   t h i s  review, the  Committee m e t  w i t h   t h e  
Engineering  Committee  and BuRec p ro jec t   manage r s  who descr ibed  methods 
u s e d   t o  move water i n   a n d   o u t   o f   t h e  areas t o   b e   i r r i g a t e d .  

3. Resul t s   and   Discuss ion:   For  a l l  o f   t h e   i r r i g a t i o n  areas, 
water w i 1 . l  be   shun ted   t o  w a s t e w a y s  whenever   supply   cana l   l eve ls   exceed  
t h e  weir level  of t h e  wasteway. Canal levels w i l l  i n c r e a s e :   a )  when 
between 5 and 10 p e r c e n t   o f   t h e   e n t i r e  water supply w i l l  be   was t ed   t o  
e n s u r e   t h a t   w a t e r   u s e   l o g i s t i c s  do n o t   r e s u l t   i n   t h e   o p e r a t i o n   o f  a 
dry pump; t h i s  water m u s t   b e   s p i l l e d   t o  a wasteway,  b) when severe 
r a i n s t o r m s  create r u n o f f   i n t o   t h e   c a n a l s   o r   c )  when improper   or   undes-  
i g n a t e d   a g r i c u l t u r a l   u s e   o c c u r s .   F u r t h e r m o r e ,   h e a v y   s n o w f a l l  may create 
s p r i n g   f l o o d i n g   a n d   p r o j e c t   w o r k s  may serve as d r a i n s ;  e l ec t r i ca l  
o u t a g e s  o r  m e c h a n i c a l   f a i l u r e s  w i l l  r e s u l t   i n  water s p i l l a g e   f r o m   c a n a l s  
to   was teways .  

We d i s c u s s e d   w i t h  BuRec pe r sonne l   and  members o f   t he   Eng inee r ing  
Commi t t ee   t he   ope ra t ion   o f   f eede r   cana l s ,  l a t e ra l s  and  wasteways.  While 
t h i s  is a complex  system  and i t  i s  imposs ib le  a t  t h i s  time t o   p i n p o i n t  
a l l  areas o f   p o s s i b l e   f i s h   t r a n s f e r .  i t  c a n   b e   s a i d   t h a n  when Lonet ree  
Rese rvo i r   becomes   con tamina ted   w i th   undes i r ab le   f i sh   spec ie s   t he re  are 
n o   e f f e c t i v e   b a r r i e r s   t o   t h e i r   d o w n s t r e a m  movement i n t o   t h e   S o u r i s ,  
Sheyenne  and Red rivers. 

F i s h  w i l l  move downstream  from  Lonetree via t h e  Velva Canal .  
During periods of high  flows and wasting of operational  water, fish 
w i l l  move f r o m   v a r i o u s   f e a t u r e s   i n   t h e   s u p p l y   s y s t e m   t o   t h e   w a s t e w a y s .  
There are n o   e f f e c t i v e   b a r r i e r s   t o   d o w n s t r e a m  movement i n  wasteways 
i n t o   t h e   S o u r i s  River; t h e r e  w i l l  b e   o b s t a c l e s   t o   i n d i s c r i m i n a t e  up- 
stream m i g r a t i o n   ( h i g h   d r o p   s t r u c t u r e s ) .  

F ish   f rom  Lonet ree   Reservoi r  w i l l  p a s s   d i r e c t l y   t h r o u g h   t h e  
o u t l e t  works in to   t he   headwa te r s   o f   t he   Sheyenne  River. They can   then  
proceed   downst ream  in to   the  Red River. 

Release f r o m   L o n e t r e e   i n t o   t h e  New Rockford   Canal   to   the  James 
River f e e d e r   c a n a l  w i l l  p r o v i d e   d i r e c t   r o u t e s  down t h e  James River i n t o  
the  Oakes area. The f i s h  w i l l  t hen   go   i n to   t he   Oakes   Cana l   and   i n to  
Taayer   Reservoi r .  Pumping s t a t i o n s  commonly t r a n s f e r   f i s h e s   f r o m   o n e  
area t o   a n o t h e r   ( l a k e   w h i t e f i s h  were t ransferred  f rom  Lake  Sakakawea,  
by the  Snake  Creek numping p l a n t ,   t o   L a k e  Audubon, D .  Henegar   pers  comm); 
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they  are n o t   b a r r i e r s   t o   f i s h  movement. There are no f i s h   s c r e e n s  
proposed   for   the   Oakes  area (BuRec 1974,  1976b).  From Taayer   Reservoir  
f i s h  w i l l  move t o   t h e   W i l d  Rice River a n d   i n t o   t h e  Red River via  p r o j e c t  
works i n  a manner similar t o   t h a t   d e s c r i b e d   a b o v e   f o r   t h e  Velva Canal.  
T h i s  same sequence   of   events  w i l l  o c c u r   f o r   a n y   s p e c i e s  of f i s h  moving 
ups t ream  f rom  the   South   Dakota   por t ion   o f   the  James River .  

W i t h i n   t h e  time cons t ra in ts   imposed   on   the   Bio logy   Commit tee  
i t  was i m p o s s i b l e   t o   e v a l u a t e  a l l  p o s s i b i l i t i e s   f o r   f i s h   t r a n s f e r   w i t h i n  
t h e  area encompassed  by GDU. There are a number  of l a te ra l s  and small 
and   l a rge   was t eways   t ha t   have   no t  as y e t   b e e n   f i n a l i z e d   i n   r e l a t i o n   t o  
d e s i g n   a n d / o r   l o c a t i o n .   T h e r e  i s  a l s o  a p o s s i b i l i t y   o f   f i s h  moving 
upstream via  l a t e r a l s   w h i c h   b y - p a s s   d r o p   s t r u c t u r e s ,   n o r m a l l y   b a r r i e r s  
t o   u p s t r e a m  movement. T h e s e   n e e d   t o   b e   f u l l y   e v a l u a t e d   i f  a complete 
assessment  i s  t o   b e  made. 

Two p o t e n t i a l   n a t u r a l   b a s i n   c o n n e c t i o n s  were reviewed  by  the 
Committee. A na tura l   waterway  be tween  the   Pembina  River drainage  and 
t h e  Devils Lake  Basin a t  Rock Lake,  North  Dakota was examined. The 
Engineer ing  Commit tee   provided  topographic  maps a n d   a n   e v a l u a t i o n   l i n e  
drawing   which   ind ica ted  no i n t e r b a s i n   t r a n s f e r  is poss ib l e   because   o f  a 
& f o o t   d i f f e r e n t i a l   i n   e l e v a t i o n .  A n a t u r a l   i n t e r c h a n g e  a t  Bear Creek 
on  the  James-Wild Rice d i v i d e  w a s  examined i n   t h e  same manner. A similar 
b a r r i e r  was i n d i c a t e d  a t  t h i s   p o i n t .  

A f u r t h e r   c o n n e c t i o n  i s  the   Kindchi   Lake   tu rnout .   This  i s  a 
water b y p a s s   l o c a t e d   i n   t h e  McClusky Canal   approximate ly   four  miles up- 
stream from  the  McClusky C a n a l   f i s h   s c r e e n .  Water w i l l  b e   d i v e r t e d   i n t o  
Kindch i   Lake   t o   enhance   t h i s  area as a wetland.  Kindchi  Lake i s  p a r t   o f  
the  Sheyenne River dra inage;  i t  w i l l  d r a i n   i n t o   L o n e t r e e   R e s e r v o i r .  
T h e r e f o r e ,   t h e r e  i s  a d i r e c t   b y - p a s s   o f   t h e  McClusky C a n a l   f i s h   s c r e e n .  
A f i s h   s c r e e n   h a s   b e e n   p r o p o s e d   a n d   d e s i g n s   a v a i l a b l e   f o r   t h i s   t u r n o u t  
(Engineering  Committee  1976).  We d i d   n o t  review t h e   d e s i g n   p l a n s  
thoroughly as i t  was v e r y   s i m i l a r   i n   d e s i g n   t o   t h e  McClusky C a n a l   f i s h  
s c r e e n   a n d   f i s h  w i l l  p a s s   t h i s   s c r e e n   i n   t h e  same ways as d e s c r i b e d  
p r e v i o u s l y .  

A n o t h e r   t u r n o u t   a v a i l a b l e   f o r   f i s h   p a s s a g e  i s  from  the New 
Rockford   Canal   in to   the   upper  James River (upstream  from  the  James  River  
f e e d e r   c a n a l ) .  A t  p r e s e n t   t h i s   t u r n o u t   h a s  a 3- foot   d rop   f rom  the   cana l  
i n t o   t h e  James River. This   d rop  i s  n o t   s u f f i c i e n t   t o   p r e v e n t  movement of 
f i s h   ( p r e s e n t l y   i n   t h e  James River above  Jamestown Dam) f rom  the  James 
River i n t o   t h e  New Rockford   Canal   and   then   bo th   in to   the   Devi l s   Lake  area 
and   Lonet ree   Reservoi r .  

4.  Summary: We b e l i e v e   f i s h   i n   L o n e t r e e   R e s e r v o i r  w i l l  p a s s  
v ia  p r o j e c t   w o r k s   i n t o   t h e  Red River systems  of  North  Dakota,   Minnesota 
and  Manitoba. A f u r t h e r  mode o f   d i r e c t   i n t r o d u c t i o n  w i l l  b e   v i a   t h e  
Oakes  pumping p l an t ,   Taaye r   Rese rvo i r   and   t he   Wi ld  Rice River. 
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F. P o t e n t i a l   f o r  and  Impact  of  Introduction of Exot ic   Fish  Species  Due 
t o  GDU 

1. In t roduct ion:  On a wor ldwide   bas i s ,   the   in t roduct ion  of 
e x o t i c   a n i m a l s   h a s   l e d   t o   s i g n i f i c a n t   d e s t a b i l i z a t i o n  of  ecosystems. 
There are a number of  examples - h a r e s   i n   A u s t r a l i a ,   s e a  lamprey i n  
the  Great Lakes,   carp  in  North America. Consequently much concern  has 
been   expressed   about   the   e f fzc ts  of i n t roduc t ion  of e x o t i c   f i s h e s   v i a  
GDU on the   f i she ry   r e source  of  Manitoba. 

F i sh   spec ie s   p re sen t ly   found   i n   t he  Hudson Bay drainage by- 
and-large  or iginated  f rom  the  Missouri-Mississ ippi   River   drainages 
approximately 12,000 years   ago  fol lowing  the retreat  of  the last  
con t inen ta l   i ce   shee t   and   t he   fo rma t ion  of g l a c i a l  Lake  Agassiz 
(Crossman 1976) .   Except   for   several   in termit tent   connect ions  between 
the  headwaters  (subsection  C),   the  Missouri-Mississippi  River  and 
Hudson Bay systems  have  been  dis t inct ly   separate   drainages  for   about  
t he  l a s t  10,000 years .   Dur ing   th i s  time d i f f e r e n t   f i s h   f a u n a s   h a v e  
developed i n   t h e  two dra inage   bas ins .  A number of f i s h   s p e c i e s  now 
occur   in   the  Missouri   River   Basin  which are not  found i n   t h e  Hudson Bay 
Basin. Most of t hese   spec ie s  are na t ive   to   the   Missour i   River   bu t  a 
few  have  been  introduced by man i n   r e c e n t   y e a r s .  The obse rva t ion   t ha t  
the  species   composi t ion of f i s h e s  found in   t he   Missour i  River; Basin 
d i f f e r s  from tha t   found   i n   t he  Hudson Bay Bas in   sugges t s   t ha t   ex i s t ing  
intermit tent   connect ions  have  been  of   minor   importance  in   the  interbasin 
t r a n s f e r  of f i s h e s .  GDU w i l l  provide a high volume connection  between 
the  waters of t h e  two bas ins  from a t  least  May to   October .  

The Committee has   determined  that   f ish w i l l  be   ab le   to   pass  
through  or  by t h e  GDU f i s h   s c r e e n  and  through GDU i r r i g a t i o n  works t o  
reach  the  Souris ,   Assiniboine  and Red r ivers .   Fol lowing is a d e t a i l e d  
a n a l y s i s  of the   b io logy  of t h e  "GDU problem  species' '   and  an  evaluation 
of t h e   p o t e n t i a l   f o r  and  impact   of   int roduct ion  of   these  exot ics .  

2 .  Determination  of  Problem  Species: We r e v i e w e d   l i t e r a t u r e  
desc r ib ing  past  and p r e s e n t   f i s h   d i s t r i b u t i o n   i n   N o r t h  Dakota, 
Minnesota-and  Manitoba  drainage  systems  affected by GDU (Owen and ~ 

Russell   1975a, b and  c;   Scott  and  Crossman  1973; Eddy e t  a l .  1972; Benson 
1 9 6 8 ) .   F i s h   d i s t r i b u t i o n   r e c o r d s   i n   a d j a c e n t  s ta tes  (Montana,  South 
Dakota)  and  provinces  (Ontario,  Saskatchewan,  Alberta) were examined 
(Brown 1971; Simon 1946; B a i l e y  and  Allum 1962; S c o t t  and  Crossman  1973). 
From these   records ,  l ists  were compiled  of f i s h   s p e c i e s   o c c u r r i n g   i n   t h e  
fol lowing  drainage  basins:   a)   Missouri   River   drainage  in   North  Dakota  
and  the James River  in  North  and  South  Dakota,  b) Red R ive r   d ra inage   i n  
Minnesota,  North  and  South  Dakota,  c)  Assiniboine  River  drainage, 
including  the  Souris   River ,   in   North  Dakota  and  Manitoba  and  d) Red 
River   drainage  in   Manitoba,  Lake  Manitoba  and  Lake  Winnipeg.  These 
l i s ts  (Attachment C.11-4) summarize t h e   f i s h   d i s t r i b u t i o n   i n  waters 
t h a t   c o u l d   b e   d i r e c t l y   o r   i n d i r e c t l y   a f f e c t e d  by GDU. A number of expe r t s  
(C. Lindsey, W. S c o t t ,  E. Crossman p e r s  comms) reviewed  and  ver i f ied 
these  l ists  and  provided  addi t ional   information on ce r t a in   spec ie s .  
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We r e c o g n i z e d   t h a t   i n   d e a l i n g   w i t h   p o s s i b l e   r a n g e   e x t e n s i o n s  
of f i s h  up t h e  3ames R i v e r  t h e r e  is  n o   i m p a s s a b l e   f i s h   b a r r i e r  on t h e  
Missouri  River between  the mouth of   the James River  and  the M i s s i s s i p p i  
R i v e r .   T h e r e f o r e ,   f i s h   s p e c i e s   i n   t h e   M i s s i s s i p p i   R i v e r  are a l s o  
a v a i l a b l e   f o r   i n t r o d u c t i o n .  It was imposs ib l e   t o  make an assessment of 
a l l  p o s s i b l e   f i s h   i n t r o d u c t i o n s   f r o m   t h i s  mammoth area. We evalua ted  
on ly   t hose   spec ie s   cons ide red   t o   be   c lose  enough t o   t h e  GDU p r o j e c t  area 
to   be   r ead i ly   and   ea s i ly   i n f luenced  by  changes in   uppe r  James River and 
which may have a p o t e n t i a l   n e g a t i v e   i m p a c t   i f   i n t r o d u c e d   i n t o  Canada. 
T h i s   d o e s   n o t   i n f e r   t h a t   i n t r o d u c t i o n s  of f i s h  from the  lower  Missouri  
o r   M i s s i s s i p p i   r i v e r s  may not   occur   nor   does  i t  i n f e r   t h a t   s u c h   f i s h  
in t roduc t ions  may no t  be  as s e r i o u s  as range   ex tens ions  of f i s h  from 
the  lower James River.  

A composite l i s t  inc luding  a l l  the  above lists was compiled  to 
determine  which  f ishes  do n o t   o c c u r   i n   t h e  Hudson Bay Bas in   bu t   occu r   i n  
the   Missour i   River  Basin (Table C.11-5).  Twenty s p e c i e s  were i d e n t i f i e d  
and  considered as "poten t ia l   p roblem  spec ies"   tha t   might   be   involved   in  
i n t e r b a s i n   t r a n s f e r   r e s u l t i n g  from GDU (Table  C.11-6). Carp were added 
t o   T a b l e  C.11-6 even  though  they  occur  in  both  North  Dakota  and 
Manitoba. They are n o t  known to   occu r   i n   t he   Nor th   Dako ta   o r  
Saskatchewan  portions of the   Sour i s   River .  GDU may enhance   habi ta t  
condi t ions   for   carp   in   the   Sour i s   River   in   Nor th   Dakota .   This  would 
a l low  the   es tab l i shment  of c a r p   p o p u l a t i o n s   i n  some North  Dakota   wildl i fe  
refuges  and  in   Saskatchewan  port ions of t he   Sour i s   R ive r .  

We a l s o  compared f i s h  species l i s t s  f o r   t h e   v a r i o u s   d r a i n a g e s  
to   de te rmine   those   f i shes   found  in   Mani toba   bu t   no t   in   the   upper  
Missouri   River  Basin i n  North  Dakota. A t o t a l  of 1 7  species were i d e n t i -  
f ied  (Attachment  C.11-5)  and w e  conc luded   t ha t   t hese   f i sh   d id   no t   pose  a 
ser ious  problem.  This   conclusion was premised on t h e   c a p a b i l i t y  of 
manmade b a r r i e r s   s u c h  as B a l d h i l l  Dam and GDU d r o p   s t r u c t u r e s   i n h i b i t i n g  
the   emigra t ion   of   f i shes   f rom  the  Hudson Bay Bas in   to   the   Missour i   River  
Basin.   Furthermore  the I J C  d i r e c t i v e   t o   t h e   B i o l o g y  Committee was t o  
examine   e f f ec t s   o f   f i sh   i n t roduc t ions   t h rough  GDU i n t o  Canada, no t  from 
Canada. 

B r i e f   l i f e   h i s t o r i e s   o f   t h e  2 1  p o t e n t i a l  GDU problem  species 
(Table C.11-6) were prepared   and   eva lua ted   us ing   the   fo l lowing   c r i te r ia :  
a )   f requency  of occur rence   wi th in   s tudy  area, b )   r ep roduc t ive   po ten t i a l  
i n   p r e f e r r e d   h a b i t a t ,   c )   h i s t o r y  of p o p u l a t i o n   i r r u p t i o n s ,  d)  undes i rab le  
c h a r a c t e r i s t i c s   e )   m i g r a t o r y   h a b i t s  and f )   a s ses smen t  of p o s i t i v e ,  
nega t ive   o r   neu t r a l   impac t  of t h e s e   s p e c i e s  on Manitoba  f ishes  based on 
knowledge  and f a m i l i a r i t y   w i t h   t h e  species. 

Topeka sh ine r ,   s tu rgeon   chub ,   p l a ins  minnow, b lue   sucker ,   red  
s h i n e r ,   f l a t h e a d   c a t f i s h ,   p l a i n s  topminnow, yellow  bullhead,  coho  salmon, 
b l u e   c a t f i s h   a n d   s i l v e r b a n d  minnow were not   cons idered   to   be  GDU problem 
species   because  of  a combinat ion  of   the  fol lowing:   a)  rare i n   t h e   s t u d y  
area, b) of low rep roduc t ive   po ten t i a l ,   c )   have   no   h i s to ry  of popula t ion  
i r r u p t i o n s ,   d )   h a v e   r e s t r i c t e d   m i g r a t o r y   t e n d e n c i e s ,  e )  non-competitive 
o r   f )  would   have   neut ra l   o r   min imal   impact   i f   in t roduced   in to  Canada. 
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Tab le  C.11-5. L i s t  o f  f i shes   occu r r ing   i n   wa te r sheds   a f f ec t ed  by GDU. 

Common  name’ Watershed 
Missouri   River James River  Sour i s  R Assiniboine Red River Lake Winnipeg L 
Sakakawea Oahe Upper Lower ND Man. River ND and ?Ian. S Basin N Basin Man. 

llinn. 

Chestnut  lamprey 
S i l v e r  lamprey 
Lake  sturgeon 
P a l l i d   s t u r g e o n  X X 

Shovelnose  sturgeon X X 

P a d d l e f i s h  X X 

Longnose  gar 
Shortnose  gar  X X 

Bowfin 
Gizzard  shad x3 

co Goldeye X X 
Mooneye 
Lake  herr ing 
B lack f   i n   c i s co  
Shor t  j aw c i s c o  
Lake  whitef ish 
Coho salmon 
Rainbow t r o u t  
Brown t r o u t  
Brook t r o u t  
Lake t r o u t  
Rainbow smelt 
C e n t r a l  mudminnow 
Nor thern   p ike  
Muskellunge 
Sturgeon chub 
Lake  chub 
S t o n e r o l l e r  

2 

Lo 

X X X X X X 
X X X 

X X X X X X 

X 

X 

X 
X 

X 

X X X 

X X 

X X 

X 
X 

X 

X 

X X 

X 
X 

X X X X 

X 
X 

X 
X 

X 
X 

X 

X X X X X X 

X 

X X X X 

X 

X X 

X 

X X X 

X X X 

X X 

X X 

X 

X 

X 

X 

X X 

X 

X 

X 
X X X X X 

X 



Common  namel- Watershed 
Missouri   River James River  Sour i s  R Assiniboine Red River  Lake  Winnipeg L 
Sakakawea  Oahe Upper Lower ND Man. River ND and Man. S Basin N Basin Man. 

Minn. 

X x4 
X X 
X X 
X X 

X 

X 

X X 

Goldfish 
Carp 
Brassy minnow 
S i lve ry  minnow 
Flathead chub 
Hornyhead  chub 
S i l v e r  chub 
Silverband minnow 
Golden sh iner  
Emerald sh ine r  

LC Rosyface  shiner 
River   sh iner  
Common sh ine r  
Bigmouth sh ine r  
Blacknose  shiner 
Pugnose sh ine r  
S p o t t a i l   s h i n e r  
Weed sh ine r  
Blackchin  shiner  
Red sh ine r  
Sand sh ine r  
Mimic sh ine r  
Spotf i n   s h i n e r  
Topeka sh ine r  
Bluntnose minnow 
Fathead minnow 
Blacknose  dace 
Longnose dace 
Creek  chub 

0 

X 

X 
X X X X X 

X 

X 
X X 

X X X 

X X X 

X 
X 

X X 

X X X X 

X 
X 

X X 

X X 

X X X 

X X 
X 

X 

X X 

X X 

X X 
X X 

X X 
X X 

X X 

X X 

X X 

X 
X X 

4 

4 

X 

X 

X 

X 
X 
X 

X 

X 

X X 

X 

X 

X X X 
X X 
X X 

X 
X X X 

X 

X 
X X X 

X 

X 

X 

X 

X 

X X 

X X 

X 
X 

X X 
X 
X X X 

X 
X X 

X X 
X X 

4 

X 

X X X 

X 

X X 

X X X 
X X X 

X 
X X X 

X X 
X X 
X X 

X X 

X X 

X X 

X 

X 
X 

X 
X 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X X X X 



T a b l e  C.11-5. (cont inued)  

Common name 1 Watershed 
Missour i  River James River S o u r i s  R A s s i n i b o i n e  Red River Lake  Winnipeg L 
Sakakawea  Oahe  Upper  Lower ND Man. River ND and Man. S Basin N B a s i n  Man. 

Minn . 
P e a r l   d a c e  
F i n e s c a l e  dace 
Nor the rn   r edbe l ly  
d a c e  
River carpsucker  
Q u i l l b a c k  
Lake  chubsucker 
Longnose  sucker 
White sucker  

Smallmouth  buffalo 
Bigmouth  buffalo 
Shorthead  redhorse 
S i l v e r   r e d h o r s e  
Golden  redhorse 
Greater redhorse  
Black  bul lhead 
Brown bul lhead  
Yel low  bul lhead 
Channe l   ca t f i sh  
B l u e   c a t f i s h  
S toneca t  
Tadpole madtom 
F l a t h e a d   c a t f i s h  
Banded k i l l i f i s h  
Burbot 
P l a i n s  topminnow 
Brook  s t ick leback  . 
P l a i n s  minnow 

~ Blue  sucker  

X X X X X 

X 
X 

X X X X 

X 

X 

X 

X 

X 

X 

x4 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X X X 
X 

X 

X X X X 

X X 
X X X X 

X 

X 

X 

X 

X X 

X X X 

X X 

X X 

X X X 

X 

X 

X 
X 

X 
X 

X X 

X X 

X X X X X X 

X X X 

X 

X 

X 

X 

X 

X X 

X X X X X 

X 

X 

X X 

X 

X 

X 

X 
X X X X X X X 

X 
X 

X X X X 

X 

X X X X 

X 

X 

X 

X 

X 

X X 

X X X 

X 

X 



Table C - 11-5. (cont inued)  

Common name 1 Watershed 
Missouri   River James Rive r   Sour i s  R Ass in iboine  Red River  Lake  Winnipeg L 
Sakakawea Oahe  Upper Lower ND Man. River  ND and Man. S Basin N Basin Man. 

Minn. 

Ninespine 
s t i c k l e b a c k  
Trout-perch 
White bass 
Rock b a s s  
Green  sunfish 
Pumpkinseed 
Orangespotted 
s u n f i s h  
B l u e g i l l  
Smallmouth bass  
Largemouth bass  
White  crappie 
Black   c rappie  
Crappie   sp.  
Yellow  perch 
B l a c k s i d e   d a r t e r  
Iowa d a r t e r  
Johnny  dar te r  
R i v e r   d a r t e r  
Least d a r t e r  
Logperch 
Sauger 
Walleye 
Freshwater drum 

X X X X X X 

X X 

X 

X 

X 

X 
X 

X 
X 

X 
X 

X X X 

X 

X X 

X X4 

X 
X X 4 

X 

X 

X 
X X X 

X 

X X 
X 

X 

X 

X X X 

X X 

X X 

X X 

X X 

X X 
X 

X X 

X X 

X X 
X X 

X X 

X X 

X X 

X X 

X X 

X X 

4 

4 

X 

X 

X 

X X 

X 

X X 

X X 
X 

X X X 

X X X 
X X X 

X X X 

X 

X 

X 

X 

X 

X 
X 

X 

X X X 

X X 

X 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 
X 

X X 
X X X 

X X 

X 

X X X 

X 



Table c -11-5 - (continued) 

Common name Watershed 
Missouri   River James River Sour i s  R Ass in iboine  Red River Lake  Winnipeg L 
Sakakawea Oahe Upper Lower ND Man. River ND and Man. S Basin N Basin Man. 

Minn . 
Mott led   scu lp in  
Sl imy  sculpin 
Spoonhead scu lp in  

X x5 x X X X 
X X X X X X 

X X X X X 

ISee  Attachment C.11-6 f o r   c o r r e s p o n d i n g   s c i e n t i f i c  names. 
2Reported  from  the Otter T a i l  R ive r   i n   t he   19 th   cen tu ry   bu t  Eddy e t  a l .  (1972)  suggested i t s  removal  from  the 

3Carufel   and Witt (1963)  reported a s ing le   g i zza rd   shad   i n   t he   Missour i  River 2.5 miles below  Garrison Dam. 
4Fedoruk  (1971)   noted  that   these  species   occur   in   the Red River   d ra inage   in   Nor th  Dakota o r  Minnesota  and  thus 
may s p r e a d   i n t o  Manitoba via t h e  Red River   o r  may a l r eady   be   p re sen t   i n   t he   p rov ince   i n   t he  Red River  system. 

f a u n a l  l i s t  of   the  Red River dra inage   un t i l   suppor t ing   spec imens  are found. 

a (A l a r g e   g o l d f i s h  w a s  taken  from a small t r i b u t a r y  stream of   the  Red River nea r   Se lk i rk   i n   1976) .  
5N0 r e p o r t e d   i n c i d e n c e   i n   t h e  Red River   drainage  in   North  Dakota   or   Minnesota   but  Eddy e t  a l .  (1972) suspec t  
i t s  presence   there .  



Table  C.11-6. P o t e n t i a l   p r o b l e m   f i s h   s p e c i e s   a s s o c i a t e d   w i t h  GDU. 

Common Name Common Name 

P a l l i d   s t u r g e o n   P l a i n s  minnow 

Shovelnose   s turgeon River carpsucker  

Padd le f i sh   B lue   sucke r  

Shortnose  gar   Smallmouth  buffalo 

G i z z a r d   s h a d   F l a t h e a d   c a t f i s h  

Rainbow smelt Yel low  bul lhead 

Carp 2 P l a i n s  topminnow 

Topeka  shiner  Utah  chub'  

S turgeon  chub  S i lverbank minnow 

Red s h i n e r  Coho salmon 

B l u e   c a t f i s h  

'See Attachment C. 11-6 f o r   c o r r e s p o n d i n g   s c i e n t i f i c  names. 
"See t e x t   f o r   r a t i o n a l e   f o r   i n c l u s i o n   i n   t h i s  l i s t .  
3 N ~ t  i n c l u d e d   i n   T a b l e  C.11-5, t h i s   s p e c i e s   o c c u r s   i n   u p p e r   M i s s o u r i  
River i n  Montana. 
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T h e r e f o r e ,   t h e   i n i t i a l  l ist o f   2 1   p o t e n t i a l   p r o b l e m   s p e c i e s  
was r e d u c e d   t o  10 problem  species  (Table  C.11-7).  I t  shou ld   be  
e m p h a s i z e d   t h a t   t h e   a b o v e   a n a l y s i s  was a p r e l i m i n a r y   s c r e e n i n g   t o   s o r t  
o u t   t h o s e   s p e c i e s  w e  c o u l d   s c r u t i n i z e   i n   c o n s i d e r a b l e   d e t a i l .  The 
r a t i o n a l e   d e v e l o p e d   f o r   t h e   p r o b l e m   s p e c i e s  i s  n o t  an impact   assessment .  
On the   o the r   hand ,   by   omiss ion   f rom  fu r the r   cons ide ra t ion  w e  are n o t  
d i s m i s s i n g   t h e   p o s s i b i l i t y  of i n t r o d u c t i o n   o f   t h e  11 e l i m i n a t e d  
p o t e n t i a l   p r o b l e m   s p e c i e s .  We are s a y i n g   t h e   i m p a c t   o f   i n t r o d u c t i o n   o f  
t hese   spec ie s   wou ld   l i ke ly   be   min ima l .  

We e x a m i n e d ,   d i s c u s s e d   a n d   e v a l u a t e d   t h e   d e t a i l e d   b i o l o g y   a n d  
l i f e   h i s t o r y   l i t e r a t u r e  reviews t h a t  were prepared  (Swain  1976b-g, 
McRae 1976,  Attachment  C.11-7)  on  the 10 p rob lem  spec ie s   t o   de t e rmine  
those   spec ie s   mos t  c r i t i c a l  i n  terms o f   e c o l o g i c a l   i m p a c t s  on f i s h e r i e s  
i n  Canada i f   i n t r o d u c e d  by GDU. 

3. L i f e   H i s t o r i e s   a n d   P o t e n t i a l   I m p a c t  of GDU Problem  Species 

Impac t   o f   i n t roduc t ion  of rainbow smelt (Ohmmu5 mmdax): I n  
the   Missour i   R ive r   d ra inage  smelt e x i s t   i n  Lake  Sakakawea  upstream  from 
Garr i son  Dam. S m e l t  were introduced  to   Lake  Sakakawea  by NDGFD i n  1972 
t o   p r o v i d e   f o r a g e   f o r   p r e d a t o r y  game f i s h e s .  

A s  d i s c u s s e d   p r e v i o u s l y   i n   s u b s e c t i o n  C, rainbow smelt a l r e a d y  
o c c u r   i n   t h e  Hudson Bay Bas in   bu t   on ly   i n   t he   headwa te r s   o f   t he   Ra iny  
River sys t em  in   Que t i co   Pa rk ,   On ta r io   and   i n   t he   Boundary  Waters area 
of  Minnesota.  These smelt p o p u l a t i o n s   r e p r e s e n t  a p o t e n t i a l   s o u r c e   f o r  
t h e   i n v a s i o n  of smelt i n t o  Lake  Winnipeg. GDU would  provide a second 
source  (Lake  Sakakawea)  from  which smelt may invade  Lake  Winnipeg. It 
h a s   a l r e a d y   b e e n   s t a t e d   t h a t  smelt from  Lake  Sakakawea w i l l  bypass   t he  
f i s h   s c r e e n   i n   t h e  McClusky Canal   and  enter   Lonetree  Reservoir   (sub-  
s e c t i o n  D). It is our   op in ion   tha t   the   Lonet ree-Lake   Winnipeg   rou te  
provided  by GDU w i l l  a l l o w   r a p i d   i n v a s i o n .   T h i s   o p i n i o n  is  based  on 
t h e  f a c t  t h a t  smelt g e n e r a l l y  move down major   watercourses   rap id ly  as 
evidenced in t h e  Great Lakes   and   a l so   i n   t he   Missour i   R ive r   where  smelt 
have moved at least 250 miles  downstream from Lake  Sakakawea i n   f o u r  
y e a r s .  A s  s t a t e d   i n   s u b s e c t i o n  C ,  we  c a n n o t   p r e d i c t  when o r   i f  smelt 
w i l l  move through  the   na tura l   l ake- r iver   sys tem  (Rainy   Lake ,   Rainy   River ,  
Lake of t h e  Woods, Winnipeg  River)  to  Lake  Winnipeg.  This was p r i m a r i l y  
based on t h e   f a c t   t h a t  smelt have  been i n   t h e  Rainy River headwaters  
f o r  a t  least seven   yea r s   bu t   have   no t   ye t   been   r epor t ed   i n   t he   Ra iny  
R i v e r   ( l e s s   t h a n  a 50-mile  downstream t r i p ) .   T h i s  i s  i n   c o n t r a s t   t o  
o t h e r   i n s t a n c e s   w h e r e  smelt have   been   i n t roduced   i n to   headwa te r s  as 
d i scussed   above .   Fu r the rmore ,   t he   cu r ren t   p rob lem  p re sen ted   by   t he  
e x i s t e n c e   o f  smelt i n   t h e   R a i n y  River system i s  complicated  by GDU. 
GDU w i l l  compl ica te  management w i t h   r e s p e c t   t o  smelt i n   t h r e e  ways: 
a )  i t  doub les   t he   sou rces   f rom  wh ich   i nvas ion   can   occu r ,   b )  i t  p l a c e s  
management i n   a n   i n t e r n a t i o n a l   s e t t i n g   w h i c h  i s  more d i f f i c u l t   t o  
r e s o l v e   a n d   C )   d u e   t o   t h e   p o s s i b l e   r a p i d   i n v a s i o n  v i a  GDU, i t  s h o r t e n s  
l e a d  time f o r   a n y   r e m e d i a l   a c t i o n s .  On t h e   b a s i s  of t h e s e   a n d   o t h e r  
f ac to r s ,   r a inbow smelt were c o n s i d e r e d   t o   b e  a problem  spec ies .  
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Table  (1.11-7. Problem f i s h   s p e c i e s   a s s o c i a t e d   w i t h  GDU. 

Common name common name 1 
- - l____l 

P a l l i d  sturgeon Rainbow smelt 

Shovelnose   s turgeon 

P a d d l e f i s h  

Shor tnose   ga r  

Gizzard  shad 

Carp  

R i v e r  carpsucker  

Smallmouth  buffalo 

Utah  chub 

' s e e  Attachment C.11-6 f o r   c o r r e s p o n d i n g   s c i e n t i f i c  names. 
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S m e l t  have   success fu l ly   r ep roduced   and   e s t ab l i shed   t hemse lves  
i n  Lake  Sakakawea (E.  Be ra rd   pe r s  comm). It  i s  unknown whether   they 
have   been   t ransfer red   f rom  Lake   Sakakawea   to   Lake  Audubon but   they  have 
moved a t  least  250 miles down the  Missouri   from  Lake  Sakakawea  to  Lake 
Sharpe (F. J u n e   p e r s  corn) .  Smelt w i l l  move i n t o  Lake Audubon  when Snake 
Creek  pumping p l a n t   o p e r a t e s .  We e x p e c t   t h a t  smelt w i l l  s u c c e s s f u l l y  
r ep roduce   and   e s t ab l i sh   t he re .   Fu r the rmore ,   adu l t  smelt cou ld 'move   i n to  
t h e  McClusky  Canal  and  spawn. MacCallum and  Regier   (1970)   repor ted  smelt 
spawning i n  a d i t c h   n e a r  Lake Erie; Rupp ( 1 9 5 9 )   r e p o r t e d   t h a t  smelt eggs 
have   been   found  depos i ted   on   sand ,   boulders ,  mud, a q u a t i c   v e g e t a t i o n ,  
b r u s h ,   f l o o d e d   g r a s s l a n d s ,   c o n c r e t e   o r  wood s lu icebeds   and   on  a l l  t y p e s  
o f   deb r i s .  Rupp r e p o r t e d   a ' l a r g e   v a r i a t i o n   i n   t i m i n g  of spawning  runs,  
w i th   runs   beg inn ing  as e a r l y  as 55 days   before   i ce-out   and  as l a t e  as 
19   days   a f te r   i ce-out   and   ending  as e a r l y  as 40 days   be fo re   and  as   l a te  
a s  31 d a y s   a f t e r   i c e - o u t .   I n   t h e  case of  Lakes  Sakakawea  and  Audubon, 
ice-out  varies from mid-March to   mid-Apri l .   Therefore ,   spawning may 
occur  anytime  from 1 March o r  ear l ie r  t o  1 May o r  l a te r .  Consequently,  
r i p e   a d u l t s   c a n  move th rough   t he  McClusky  Canal i n   A p r i l   a n d  May. Smel t  
e g g s   r e q u i r e  LO days a t  60°F t o  30 days a t  43°F t o   h a t c h  (Swain  1976b). 
Therefore  larvae c o u l d   b e   p r e s e n t   i n  McClusky Canal  by 1 A p r i l   o r  
earlier t o  1 J u n e   o r  la ter .  BuRec w i l l  l i k e l y   b e g i n   o p e r a t i n g   t h e   S n a k e  
C r e e k   p u m p i n g   p l a n t   s h o r t l y   a f t e r   i c e - o u t   t o   f i l l  up Lonet ree   Reservoi r .  
The re fo re   t he re  w i l l  be water moving i n   t h e   c a n a l  t o  t r a n s p o r t   e g g s ,  
l a r v a e   a n d   b o t h   r i p e   a n d   s p a w n e d - o u t   a d u l t s   t o   t h e  McClusky f i s h   s c r e e n .  
Owen a n d   R u s s e l l   ( 1 9 7 5 ~ )   b e l i e v e d   t h a t   a d u l t   f i s h e s   w o u l d   s u r v i v e   i n  
t he   cana l s   bu t   sugges t ed   t ha t   young-o f - the -yea r   f i sh   wou ld   no t   su rv ive  
because   o f   l ack   o f   su i t ab le   food .  We b e l i e v e   t h a t   p l a n k t o n   i n  waters 
diver ted  f rom  Lake Audubon w i l l  p r o v i d e  a s u i t a b l e   f o o d   s u p p l y   i n   t h e  
cana ls   immedia te ly ;   fur thermore ,  some popula t ions   o f   aqua t ic   macro-  
i n v e r t e b r a t e s  w i l l  b e   e s t a b l i s h e d   i n   t h e   c a n a l s   w i t h i n  a y e a r   a f t e r  
f i l l i n g .  It s h o u l d   b e   f u r t h e r   n o t e d   t h a t  several s p e c i e s   o f   f i s h   a l r e a d y  
o c c u r   i n   p o r t i o n s   o f   t h e  McClusky  Canal (D.  Henegar   pers  comm). I n  
a d d i t i o n ,   l a k e s   i n   t h e   c a n a l   s y s t e m  w i l l  p r o v i d e   s u i t a b l e   h a b i t a t   f o r  
o v e r w i n t e r i n g   f i s h .  

A s  p rev ious ly   desc r ibed ,   t he   p roposed   open ing  f o r  t h e  GDU f i s h  
s c r e e n  i s  0 .43  x 0.43 mm. The d iameter  of smelt egg  ranges  from  0.79 to 
0.39 mm wi th   an   ave rage   o f  0.86 mm (Bai ley   1964) .   Therefore  i t  i s  
u n l i k e l y   t h a t  smelt e g g s   c o u l d   p a s s   t h r o u g h   t h e   f i s h   s c r e e n .  

To de termine   whether  smelt la rvae   could   pass   th rough 0.43 x 
0 .43  mm, in fo rma t ion   on   t he   c ros s - sec t iona l   body   d imens ions   o f  smelt 
l a r v a e  was ob ta ined   f rom D.  Fabe r   (pe r s  comm). Fabe r   measu red   f i ve  smelt 
larvae which   had   an   average   to ta l   body  length   o f  5 .5  mm. The fo l lowing  
average  measurements were r e c e i v e d :  

Head depth  = 0.8  mm 
Head width  a t  eye  = 1 . 2  mm 
Body depth  a t  yolk  sac = 0.8 mm 

Head width  is g r e a t e r   t h a n   t h e   h e a d   d e p t h  since t h e  eyes pro- 
t r u d e   s l i g h t l y   f r o m   t h e   h e a d .   F a b e r   i n d i c a t e d   t h a t   t h e   y o l k  sac o f   t h e s e  
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l a r v a e   c o n t r i b u t e d   o n e - t h i r d   o f   t h e  body depth  dimension.  These 
measu remen t s   i nd ica t e   t ha t  smelt l a r v a e  w i l l  no t   pas s   t h rough  a 0.43  x 
0.43 nun opening. However, i t  should  be  noted,  as p r e v i o u s l y   s t a t e d ,  
t h a t   t h e   s i z e   o f  smelt eggs   var ies .   Fur thermore  w e  do n o t   c o n s i d e r   f i v e  
f i s h   t o   b e   a n   a d e q u a t e   s a m p l e   t o   c o n c l u d e   a n y t h i n g   a b o u t   t h e   d i a m e t e r   o f  
smelt l a r v a e .  Smaller eggs  produce smaller l a r v a e .  The Committee was 
unable  t o  f ind   any   da t a   on   t he   f r equency   and   d i s t r ibu t ion  of  body s i z e s  
of smelt la rvae .   Judging   f rom  the  minimum egg  d iameter   repor ted  by 
Ba i l ey   (1964)   t he   c ros s - sec t iona l  body s i z e s  of some smelt l a r v a e  
hacclled  from small eggs   could   approach   or   equa l   the   d iagonal   d imens ion  
(0.6 mm) of a 0.43  x 0.43 mm pore  opening.  Although  most smelt l a r v a e  
may b e   t o o   l a r g e   t o   p a s s   t h r o u g h   t h e   0 . 4 3  x 0 . 4 3  mm openings ;   in  some 
c a s e s  smelt l a r v a e  w i l l  l i k e l y   p a s s .  

As d i s c u s s e d  i n  s u b s e c t i o n  D ,  a f i n a l   c o n s i d e r a t i o n  is t h a t  
t he re   mus t   be  a 100 pe rcen t   a s su rance   o f   f i sh   pas sage   p reven t ion   ove r  
i n f i n i t e  time. Under t h e s e   c o n d i t i o n s   t h e   f r e q u e n c y   d i s t r i b u t i o n   o f  
s i z e s  becomes  important.  Extremely rare s i z e s  a t  the  lower  end  of   the 
spectrum become i n c r e a s i n g l y  common over  time. With time, the   p robabi -  
l i t y   t h a t   e x t r e m e l y  small ( o r   r a r e )  smelt l a r v a e  w i l l  pa s s   t h rough   t he  
0.43  x 0 .43  mm mesh s c r e e n   i n c r e a s e s .   T h i s   p r o b a b i l i t y   c o u l d   n o t   b e  
d e t e r m i n e d   b e c a u s e   o f   t h e   l a c k   o f   d a t a   o n   t h e   f r e q u e n c y   d i s t r i b u t i o n   o f  
smelt l a r v a e  body s i z e s .  We be l i eve ,   however ,   t ha t   even tua l ly  smelt 
l a r v a e  w i l l  p a s s   t h r o u g h   t h e  GDU f i sh   s c reen   even   t hough  i t  f u n c t i o n s  
con t inua l ly   w i thou t   mechan ica l   f a i lu re s .   Es t ab l i shmen t  of a smelt 
p o p u l a t i o n   t h e r e  w i l l  p rovide  a s o u r c e   f o r   f u r t h e r   d o w n s t r e a m   i n v a s i o n s .  

The  most d i r e c t  and l i k e l y   r o u t e s  by  which smelt from  Lonetree 
Reservoi r  w i l l  invade  Manitoba are v i a   t h e  Sheyenne  and Red r i v e r s   o r   t h e  
Velva  Canal  and  Souris  River.  The Sheyenne, Red R i v e r   r o u t e  w i l l  b e   t h e  
f i r s t  avenue   opened   fo r   t he   i nvas ion   o f  smelt into  Manitoba.   Lonetree 
Reservoi r  i s  s c h e d u l e d   f o r   f i l l i n g   i n   1 9 7 8  and waters will b e   s p i l l e d  
a lmost   immedia te ly   in to   the   Sheyenne   River .  BuRec h a s   n o t   i n d i c a t e d  
t h a t  a f i s h   s c r e e n i n g   d e v i c e  w i l l  be   placed  on  the  Lonetree  Reservoir  
o u t l e t   t o   t h e  Sheyenne  River. Once smelt reach   the   Sheyenne   River ,   the i r  
t r a n s f e r   t o  Lake  Winnipeg  could  occur  rapidly. 

Another  route  by  which smelt may invade  Manitoba  from  Lonetree 
Reservoi r  i s  the  Sheyenne  River ,  James Rive r   f eede r   cana l ,  James River ,  
Oakes  Canal,  Wild Rice R ive r   and   f i na l ly  Red R i v e r   r o u t e .   I n v a s i o n s   v i a  
t h i s   r o u t e  w i l l  o c c u r   a f t e r   t h e  Oakes  Canal i s  completed,  about  1981. 

The  Velva  Canal ,   Souris   River   route  w i l l  n o t   b e   a v a i l a b l e   u n t i l  
approximately  1985 when the  Velva  Canal  i s  scheduled  for   complet ion  and 
i r r i g a t i o n   r e t u r n   f l o w s  w i l l  b e   s p i l l e d   i n t o   t h e   S o u r i s   R i v e r .  

One c r i t i c a l  hab i t a t   r equ i r emen t   t ha t   mus t   be   cons ide red  
r e g a r d i n g  smelt emigra t ion  i s  temperature .  Water t e m p e r a t u r e s   i n  GDLJ 
waterways   and   the   Sour i s   and   Ass in iboine   r ivers ,   dur ing  rnost of t h e   y e a r ,  
w i l l  no t   exceed   t he   uppe r   t he rma l   t o l e rance   fo r  smelt. Smel t  appea r   t o  
b e   r e l a t i v e l y   e u r y t h e r m i c ;   t h a t  i s ,  t h e y   c a n   t o l e r a t e  a wide  range i n  
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t empera ture .  Smel t  p o p u l a t i o n s  are known t o   e x i s t   i n   l a k e s   w h i c h   d o   n o t  
t h e r m a l l y   s t r a t i f y   a n d  when summer temperatures  sometimes  exceed  70°F 
(Swain  1976b) .   Young-of- the-year ,   year l ing  and  adul t  smelt have  been 
cap tu red   by   t r awl ing   du r ing  May and  October i n  Lake S t .  Clair, which i s  
a r e l a t i v e l y   s h a l l o w ,  warm water lake.  Young-of-the-year smelt have 
a l s o   b e e n   c a u g h t   d u r i n g  mid-summer i n   s h a l l o w   i n s h o r e  waters of  Lake 
S t .  Clair (A. Derksen   pers  comm). 

There are no known env i ronmen ta l   cond i t ions  or b a r r i e r s   w h i c h  
wou ld   p rec lude   t he   ex i s t ence   and   r ep roduc t ion   o f  smelt i n  Lake  Winnipeg. 
Although  the  South  Basin of Lake  Winnipeg,  because  of i ts  ve ry   sha l low 
d e p t h   a n d   h i g h   t u r b i d i t y ,  w i l l  n o t   p r o v i d e   s u i t a b l e   h a b i t a t   f o r   t h e  
e s t a b l i s h m e n t  of l a r g e  smelt p o p u l a t i o n s ,  w e  be l i eve   t he   Nor th   Bas in  w i l l  
p rov ide   nea r -op t imum  hab i t a t   cond i t ions .  We be l i eve   no r the rn   Lake  
Winnipeg w i l l  s u p p o r t   h i g h  smelt d e n s i t i e s .  

C h r i s t i e   ( 1 9 7 4 )   n o t e d   t h a t   c o l o n i z a t i o n   o f  smelt i n  Lakes 
Michigan  and  Huron w a s  l a r g e l y   r e s t r i c t e d   t o   G r e e n  Bay and  Saginaw  Bay, 
r e spec t ive ly .   These   bays   have   sha l low  to   modera t e   dep ths .  The c h i e f  
smelt c o n c e n t r a t i o n   i n   L a k e   S u p e r i o r   o c c u r s   i n   t h e   s h a l l o w   w e s t e r n   e n d  
(Baldwin  and  Saalfeld  1962,   Anderson  and  Smith  1971) .  Smel t  f i r s t  
appea red   i n   l a rge   numbers  a t  t h e  west end   o f   t he   Cen t ra l   Bas in  of Lake 
Erie (Kennedy 1961),   which  has  been  compared  to  Saginaw Bay and  Green 
Bay ( C h r i s t i e   1 9 7 4 ) .  The Central   Basin  of   Lake Erie i s  r e l a t i v e l y   u n i -  
form i n   c o n f i g u r a t i o n   w i t h   d e p t h s   r a n g i n g   f r o m  18 t o  24 m. S m e l t  
p o p u l a t i o n s   h a v e   a l s o  become very   abundant   in   the   Eas te rn   Bas in   o f   Lake  
Erie. Annual   commercial   catches  f rom a 518 km2 area i n  Long P o i n t  Bay, 
e a s t e r n  Lake Erie, averaged 75 kg/ha  during  the  years   1961-1965 (MacCallum 
and  Regier   1970) .  The E a s t e r n  Basin h a s  a maximum depth  of 64 m 
(Appelgate   and Van Meter 1970) .  S m e l t  i n  Lake  Ontar io  are found i n  a l l  
par t s  of   the  Lake  and a t  d e p t h s   t o  46 m ( C h r i s t i e   1 9 7 4 ) .  The North  Basin 
of  Lake  Winnipeg i s  comparable i n  terms of d e p t h   t o   t h e   C e n t r a l   B a s i n  of 
Lake Erie. Northern  Lake  Winnipeg  has  an  average  depth of 15 m and a 
maximum dep th   o f  30 m (Rybicki   1966) .  

Summer tempera ture   condi t ions   in   nor thern   Lake   Winnipeg  are 
a l s o   s u i t a b l e   f o r   t h e   s u r v i v a l   o f  smelt. S m e l t   p r e f e r   c o l d  water b u t  
t hey   can  exist  in   temperatures   ranging  f rom  60"  to   70°F  (Swain 197613). 
MacCallum and   Reg ie r   (1970)   obse rved   t ha t   fo r   yea r l ing  smelt i n  Lake 
Erie, " s p a t i a l   d i s t r i b u t i o n  i s  a f f e c t e d   b y  a complex i n t e r a c t i o n  of 
f a c t o r s   r a t h e r   t h a n  a s imple   t empera ture   p reference" .   Sur face  water 
tempera tures   in   Lake   Winnipeg   reach   70°F  dur ing   Ju ly   and   ear ly   Augus t .  
Bottom  temperatures i n   t h e   N o r t h   B a s i n   d u r i n g  midsummer may average 59 
to   66.2"F,   depending on depth  (Rybicki   1966) .  However, s i n c e   t h e s e  
t e m p e r a t u r e s   p r e v a i l   i n   L a k e   W i n n i p e g   f o r   o n l y  a r e l a t i v e l y   s h o r t   p e r i o d  
of  time (two  months o r   l e s s ) ,  w e  b e l i e v e  smelt w i l l  a d a p t   t o   t h e   t h e r m a l  
regime i n   t h e   n o r t h e r n   p o r t i o n   o f   t h e   l a k e .  

Smelt  are spr ing   spawners   and  w i l l  spawn i n  streams of  almost 
a n y   t y p e   o r   o n   s h o a l s   a n d   b e a c h e s   i n   l a k e s  (Rupp 1959).  Lake  Winnipeg 
and  environs  contain  numerous areas which   would   p rovide   su i tab le  

99 



s p a w n i n g   h a b i t a t   f o r  smelt. S m e l t  would  spawn i n   t h e   t r i b u t a r y  streams 
presen t ly   u sed   by   such   spec ie s  as wal leye   for   spawning .   There  are a l s o  
e x t e n s i v e  areas of  wave-swept g r a v e l   b e a c h e s   i n   n o r t h e r n  Lake  Winnipeg 
which  would  provide optimum  spawning h a b i t a t   f o r  smelt. Smelt may a l s o  
spawn  on  the  rocky  shoals   and  reefs   which are s t r e w n   a l o n g   t h e   e n t i r e  
east  s h o r e  of  the   Nor th   Bas in .  

S m e l t  spawn over  a r e l a t i v e l y   w i d e   r a n g e  of water tempera tures  
(35.6"-59"F, Swain  1976b).   The  onset  of smelt spawning  runs  c losely 
f o l l o w s  ice  breakup (Rupp 1959) .   Peak   concen t r a t ions   o f  smelt on o r   n e a r  
spawning  grounds may b e   e x p e c t e d   f o r   p e r i o d s  up t o   s e v e r a l  weeks 
(MacCallum  and  Regier 1970) .  Breakup on northern  Lake  Winnipeg  occurs  
u s u a l l y   d u r i n g   t h e  l a t t e r  ha l f   o f  May and   wa l l eyes   and   no r the rn   p ike  
begin  spawning  from  about mid-May t o   e a r l y   J u n e .  S m e l t  spawning i n  
n o r t h e r n  Lake  Winnipeg  would t h e r e f o r e   c o i n c i d e   c l o s e l y   w i t h   w a l l e y e  
and   nor thern   p ike   spawning .  

Food would  not   be a l i m i t i n g   f a c t o r   t o  smelt s u r v i v a l   i n  Lake 
Winnipeg  s ince  hatching  of  smelt eggs   would   co inc ide   c lose ly   wi th   the  
s p r i n g   p l a n k t o n   p u l s e .  Food organims similar t o   t h o s e   u t i l i z e d  by 
smelt i n   o t h e r   a r e a s  are a l s o  common t o  Lake  Winnipeg. 

Although i t  can   be   concluded   f rom  the   above   cons idera t ions   tha t  
smelt w i l l  e s t a b l i s h   i n  Lake  Winnipeg,   precise   impacts   of   an  invasion 
of smelt o n   i n d i g e n o u s   f i s h   f a u n a   c a n n o t   b e   e a s i l y   i d e n t i f i e d   o r   q u a n t i -  
f i e d .   T h e r e  is no  doubt smelt w i l l  have a d i s r u p t i v e   i n f l u e n c e  on 
ex i s t ing   f i sh   communi t i e s   i n   Lake   Winn ipeg .  The e x t e n t   t o   w h i c h  smelt 
may a f f e c t   n a t i v e   f i s h   s t o c k s   d e p e n d s   o n   l e v e l s   o f   a b u n d a n c e   t h a t  smelt 
p o p u l a t i o n s   a c h i e v e .   S i n c e   f o o d   a n d   h a b i t a t   a v a i l a b i l i t y  w i l l  n o t   b e  
l i m i t i n g   t o   t h e   p r o l i f e r a t i o n  of smelt, t h e   k e y   f a c t o r  is p r e d a t i o n  
upon smelt b y   p i s c i v o r o u s   f i s h e s .  

Because   o f   compe t i t i on   fo r   hab i t a t   and   food   t ha t  may occur  
between smelt a n d   o t h e r   p r e d a t o r y   f i s h e s  i t  may r e q u i r e  some time f o r  
smelt t o  c o l o n i z e   L a k e   W i n d p e g   a n d   a t t a i n   l e v e l s  of abundance  which 
h a v e   b e e n   w i t n e s s e d   i n   t h e  Great Lakes.  Lake  Winnipeg,  throughout, 
c o n t a i n s   p o p u l a t i o n s  of p i s c i v o r o u s   f i s h e s   s u c h  as n o r t h e r n   p i k e ,  
wa l l eye   and   s auge r .   P reda t ion   by   t hese   popu la t ions  may r e t a r d   t h e  
s p r e a d   a n d   p r o l i f e r a t i o n   o f  smelt. However, i n  Lake  Sakakawea smelt 
h a v e   e s t a b l i s h e d   l a r g e   p o p u l a t i o n s   w i t h i n  Eour y e a r s   d e s p i t e   t h e  
p r e s e n c e  of ma jo r   p reda to r   popu la t ions  (E.  Berard pers comm). Fur ther -  
more ,   any   severe   reduct ion   in   Lake   Winnipeg   preda tor   popula t ions   resu l t -  
i n g   f r o m   n a t u r a l   f l u c t u a t i o n s   a n d l o r   e x p l o i t a t i o n s  w i l l  s u f f i c i e n t l y  
relieve p r e d a t i o n   p r e s s u r e s   a n d   a l l o w  smelt p o p u l a t i o n s   t o   i n c r e a s e   i n  
s i ze   and   number .   Excess ive   exp lo i t a t ion ,   coup led   w i th   adve r se   env i ron -  
men ta l   cond i t ions ,   cou ld   r educe   p reda to r   popu la t ions ,  a t  least  i n  some 
areas of  Lake  Winnipeg, t o  a l e v e l   a t   w h i c h  smelt c o u l d   i n c r e a s e .  

It i s  n o t   p o s s i b l e   t o   s t a t e   t h e   d e g r e e  o f   p r e d a t o r   s t o c k  
r e d u c t i o n   b e f o r e  smelt p o p u l a t i o n s   w o u l d   p r o l i f e r a t e .  It  shou ld   be  
n o t e d ,   h o w e v e r ,   t h a t  smelt d e n s i t i e s  i n  Lake Erie were i n c r e a s i n g  when 
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blue-pike (S iXkai \&cb~ V&C!UW ghucum) and  wal leyes  were b e i n g   h e a v i l y  
ove r -exp lo i t ed   du r ing   t he   1950 ' s .  The r e c o r d   y i e l d   o f  smelt from  Lake 
Erie w a s  i n  1962 when 8 .2  m i l l i o n  kg were c a u g h t   ( C h r i s t i e   1 9 7 4 ) .   T h i s  
was o n l y   f o u r   y e a r s   a f t e r   t h e   a l m o s t   t o t a l   c o l l a p s e   o f   w a l l e y e   p o p u l a -  
t i o n s  i n  the 1.ake (Baldwin   and   Saa l f ie ld   1962) .  

R e a s o n s   f o r   t h e   p r o l i f e r a t i o n   o f   i n v a d i n g   s p e c i e s  may n o t   b e  
as s imple  as descr ibed   above .   Exper iences   on   the   Grea t   Lakes   have  
d e m o n s t r a t e d   t h a t   i n v a d i n g   f i s h e s  w i l l  p r o l i f e r a t e   d e s p i t e   t h e   p r e s e n c e  
o f   r e a s o n a b l y   l a r g e   p o p u l a t i o n s  of p reda to r s .   Fo r   example ,   Chr i s t i e  
( 1 9 7 4 )   p o i n t e d   o u t   t h a t   t h e   a l e w i f e  (A-hbU pbnudaIwtengub) colonized  
Lake  Ontar io  a t  a time when l a k e   t r o u t   s t o c k s  were d e c l i n i n g   b u t  s t i l l  
r e l a t i v e l y   a b u n d a n t .  H e  f u r t h e r   n o t e d   t h a t  a similar s i t u a t i o n   e x i s t e d  
when smelt co lon ized   Lake   Mich igan .   Chr i s t i e   sugges t ed   t ha t   dec l ines  
i n  p r e d a t o r   s t o c k s   w o u l d   a l l o w   s i g n i f i c a n t   i n c r e a s e s   i n   t h e   i n d i g e n o u s  
f o r a g e   f i s h   p o p u l a t i o n s   a n d   c o n s e q u e n t l y   r e l i e v e   p r e d a t i o n  on invading  
fi.sh. 

L a k e   W i n n i p e g   c o n t a i n s   l a r g e   p o p u l a t i o n s   o f   n a t i v e   f o r a g e  
f i s h e s   s u c h  as cypr in ids ,   t rou t -pe rch   and   t he   young   o f   o the r  species 
( lake   her r ing ,   ye l low  perch)   which  are s u f f i c i e n t   t o   m a i n t a i n   e x i s t i n g  
p r e d a t o r   p o p u l a t i o n s  by a n   i n c r e a s e   i n   t h e i r  own abundance. A s l i g h t  
r e d u c t i o n   i n   p r e d a t o r   p o p u l a t i o n s   i n  Lake  Winnipeg as a r e s u l t   o f   e i t h e r  
e x p l o i t a t i o n ,   a d v e r s e   s p a w n i n g   c o n d i t i o n s   o r   b o t h   c o u l d   i n i t i a t e  a major 
i n c r e a s e   i n   n a t i v e   f o r a g e   s t o c k s .  Under these   c i r cums tances ,  smelt i n  
Lake  Winnipeg  would  not  be as v u l n e r a b l e   t o   p r e d a t i o n ,   s i n c e   p r e d a t o r y  
f i s h e s   w o u l d   f e e d   o n   t h e i r   n a t u r a l   p r e y .   S m e l t ,   r e l i e v e d   o f   p r e d a t i o n ,  
c o u l d   t h e n   i n c r e a s e   i n   a b u n d a n c e .  

O t h e r   f a c t o r s  may a f f e c t   t h e   r e l a t i o n s h i p   o r   i n t e r a c t i o n s  
between  inva.di.ng f i s h   a n d   p r e d a t o r s .   R e g i e r  e t  a l .  (1969) ,   for   example ,  
s u g g e s t e d   t h a t   d e p l e t i o n  of  d i s so lved   oxygen   i n   t he   hypo l imnia1  waters 
of   cen t ra l   Lake  Erie provided  the  pelagic   young  of  smelt a s a n c t u a r y  
f rom  p reda t ion  by wal leyes .   Wal leyes ,   which   use   the   bo t tom as t h e   b a s e  
f rom  which   they   forage ,  were excluded  f rom  the area because of d i s s o l v e d  
oxygen  deple t ion .   Al though  d i sso lved   oxygen   deple t ion   does   no t   occur  
i n  Lake  Winnipeg, similar env i ronmen ta l   cond i t ions  may occur   which   in  a 
s u b t l e  way w i l l  p r o v i d e  some advan tage   t o  smelt. 

G i v e n   t h e   a d v a n t a g e   i n  Lake  Winnipeg, smelt c o u l d   a t t a i n  a 
r a p i d  ra te  o f   i n c r e a s e .  It  i s  g e n e r a l l y   p o s t u l a t e d   t h a t   i n v a d i n g  
s p e c i e s  may t e m p o r a r i l y   l o s e  some o f   t h e i r   s p e c i a l i z e d   h a b i t a t   r e q u i r e -  
ments   and   increase  a t  a g r e a t e r  ra te  t h a n   n a t i v e   s p e c i e s   w h i c h  are s t i l l  
s u b j e c t   t o   e c o l o g i c a l   c o n s t r a i n t s   ( C h r i s t i e   1 9 7 4 ) .   F u r t h e r m o r e ,   s i n c e  
smelt m a t u r e   i n  two o r   t h r e e   y e a r s   a n d   h a v e  a h i g h   r e p r o d u c t i v e   c a p a c i t y ,  
t h e i r   p r o l i f e r a t i o n   c o u l d  well a t t a i n   p r o p o r t i o n s  of a p o p u l a t i o n  
i r r u p t i o n .   I n   o t h e r   w o r d s ,   t h e  ra te  of   increase   would   be  so r a p i d   t h a t  
smelt d e n s i t i e s   w o u l d  soon r e a c h   o r   e x c e e d   t h e   i n t r i n s i c   c a r r y i n g  
c a p a c i t y   o f   t h e   l a k e .   P r e d a t o r   p o p u l a t i o n s   i n   L a k e   W i n n i p e g ,   b e c a u s e  
of t h e i r   s l o w e r  rate of m a t u r a t i o n   a n d   o t h e r   e n v i r o n m e n t a l   c o n s t r a i n t s ,  
would n o t  b e   a b l e   t o   i n c . r e a s e   q u i c k l y   e n o u g h   t o   e f f e c t i v e l y   c o n t a i n   t h e  
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smelt p o p u l a t i o n   i r r u p t i o n .   P r o v i d e d   t h e y  were n o t   a d v e r s e l y   a f f e c t e d  
by smelt, p reda to r   popu la t ions   wou ld   r equ i r e  several g e n e r a t i o n s  (10 t o  
20  y e a r s )   b e f o r e   t h e y   w o u l d   b e   a b l e   t o   b r i n g  smelt p o p u l a t i o n s   i n t o  some 
s ta te  o f   e q u i l i b r i u m   o r   s t a b i l i t y .  

I r r u p t i n g  smelt p o p u l a t i o n s   m i g h t   a l s o   b e   c o u n t e r a c t e d  by 
f a c t o r s   o t h e r   t h a n   p r e d a t i o n .  Van Oosten (1947) r e p o r t e d  a d r a s t i c  
m o r t a l i t y   o f  smelt i n  Lakes  Michigan  and  Huron  during  the  winter   of  
1942-43. Nepszy  and  Dechtiar (1972) r epor t ed   an   unusua l ly   h igh  
pos t - spawning   mor ta l i ty   o f  smelt i n  Lake Erie i n  1 9 7 1  and  suggested i t  
may have   been   pa r t ly   due   t o  a h e a v y   i n f e s t a t i o n   o f  GLugW h&~Uigi, a 
m i c r o s p o r i d i a n   p a r a s i t e   s p e c i f i c   t o  smelt. The i n f e s t a t i o n  of  Lake Erie 
smelt w i t h  G. h W i g i  d i d   n o t   a t t a i n   s i g n i f i c a n t   p r o p o r t i o n s   u n t i l   t h e  
middle   and late 1960’s .  It shou ld   be   no ted ,   however ,   t ha t   t hese   even t s  
d i d   n o t   o c c u r   u n t i l  w e l l  a f t e r   t h e   p o p u l a t i o n   i r r u p t i o n   o c c u r r e d .  By 
t h a t  time, damage  by smelt upon n a t i v e   f i s h   s t o c k s   c o u l d   m a r k e d l y  
a f f e c t  a t  least  some n a t i v e   f i s h   s t o c k s .  

Some b e n e f i c i a l   a f f e c t s   c o u l d   a c c r u e .  S m e l t  cou ld   p rov ide  
some a d d i t i o n a l   f o r a g e   f o r   p r e d a t o r y   f i s h e s   a n d   r e s u l t   i n   i n c r e a s e d  
growth rates and  abundance  of   such  species  as n o r t h e r n   p i k e ,   w a l l e y e s  
and  saugers .   Such  benefi ts ,   however ,  may b e   o n l y   t r a n s i t o r y .   T h e r e  
i s  a g r e a t e r   d a n g e r   t h a t  smelt could   compete   wi th   more   des i rab le   f i sh  
spec ie s   fo r   food   and   space .   Sme l t   cou ld   a l so   p rey   on   o the r   spec ie s .  
Young smelt are pelagic   and  feed  on  invertebrate   organisms  (Gordon 1961)  
and   t he re fo re   cou ld   compe te   w i th   t he   pe l ag ic   young   o f   na t ive   spec ie s   fo r  
food.   Larger  smelt c o u l d   b e   c o m p e t i t o r s   f o r   f o o d   b u t   t h e y   a l s o   c o n s t i -  
t u t e  a p r e d a t o r y   t h r e a t   b e c a u s e   o f   t h e i r   f i s h - e a t i n g   h a b i t s   ( B a l d w i n  
1948) .  In   Burnts ide   Lake ,   Minnesota ,  smelt have  been  observed  preying 
o n   n e w l y   h a t c h e d   l a k e   t r o u t ,   l a k e   h e r r i n g   a n d  on l a k e   w h i t e f i s h   l a r v a e  
(Johnson 1 9 7 6 ) .  La rge   concen t r a t ions   o f  smelt c a n   a l s o   c a u s e   o t h e r  
f i s h e s   t o   b e  crowded out   o f   an  area. Crowding   can   be   par t icu lar ly  
d e t r i m e n t a l   i f  i t  d i sp laces   t he   spawning   runs  of o t h e r   f i s h e s .  

Some i n s i g h t   i n t o   t h e   p o s s i b l e   r a m i f i c a t i o n s   r e s u l t i n g   f r o m  
t h e   i n v a s i o n   a n d   p r o l i f e r a t i o n  of smelt i n  Lake  Winnipeg was o b t a i n e d  
from a review o f   l i t e r a t u r e   o n   t h e  Great Lakes   f i sher ies .   Al though 
e v i d e n c e   p r e s e n t e d   i n   t h e  Great L a k e s   l i t e r a t u r e   f o r   t h i s  case i s  
l a r g e l y   c i r c u m s t a n t i a l ,   t h e   a s s o c i a t i o n   b e t w e e n   i n c r e a s e s   i n  smelt as 
well as o the r   non-na t ive   f i sh   popu la t ions   and   subsequen t   occu r rences  
i n   i n d i g e n o u s   f i s h   p o p u l a t i o n s  are t o o   a p p a r e n t   t o   b e   s i m p l y   d i s m i s s e d  
as c o i n c i d e n t a l .  

Conce rn   ove r   poss ib l e   adve r se   e f f ec t s  of smelt i n   t h e  Great 
Lakes w a s  expressed  as e a r l y  as t h e  1930’s .  Van Oosten (1937a)  s t a t e d ,  

“The  phenomenal  spread  of  the  introduced smelt . . . 
t h roughou t   t he  Great L a k e s   r e g i o n   d u r i n g   t h e   p a s t  
decade w i l l  b e   r e f e r r e d   t o   r e p e a t e d l y   i n   t h e   y e a r s  
t o  come as a n o t h e r  c lass ic  e x a m p l e   i l l u s t r a t i n g   t h e  
many c o m p l i c a t i o n s   t h a t   f o l l o w   t h e   s u c c e s s f u l  
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establ ishment   of   an  exot ic   species  of f i s h .  Whether 
t h e  smelt w i l l  p rove   to   be  a c u r s e   o r  a b l e s s i n g   t o  
t h e  Great Lakes s ta tes  I cannot  say. ' '  

Although i t  was no t  known a t  t h a t  time what e f f e c t s   f l o u r i s h -  
i n g  smelt popula t ions  were exe r t ing  on o t h e r   f i s h   p o p u l a t i o n s   i n   t h e  
Great Lakes,  Schneberger  (1937)  reported smelt i n  Green Bay, Lake 
Michigan were f o u l i n g   g i l l   n e t s   t o   s u c h  a degree  that   commercial   f ishing 
had t o  cease f o r  pa r t  of the   season .  

Van Oosten  (1947)  found some evidence   tha t  smelt had l i m i t e d  
y e a r   c l a s s   s u c c e s s  on lake   her r ing ,   l ake   whi te f i sh   and   "perhaps   wal leyes"  
i n  Green Bay. A s  s t a t e d   p r e v i o u s l y ,   t h e  smelt p o p u l a t i o n   i n  Green Bay 
s u f f e r e d  a heavy   mor t a l i t y   i n   t he   w in te r  of 1942-43. In t h e  l a t e  1940's  
a high  abundance  of   lake  herr ing,   lake  whitef ish  and  wal leye  occurred 
because  of  the  phenomenal  strength of the  1947  year  class i n   e a c h  popu- 
l a t i o n   ( H i l e  e t  a l .  1953,  Pycha  1961).  Anderson  and  Smith  (1971) 
sugges ted   tha t   th i s   occur red   because   o f   reduced   pressure  by smelt. The 
same events  were experienced by lake   her r ing   and  smelt s t o c k s   i n  Lake 
Huron a t  t h e  same t i m e  (Chr is t ie   1974) .  An in t ens ive   s tudy  by Anderson 
and   Smi th   (1971)   in to   fac tors   involved   in   the   dec l ine   o f   l ake   her r ing   in  
wes tern   Lake   Super ior   s t rongly   sugges ted   tha t   an   increase   in  smelt 
popula t ions ,   and   to  a lesser e x t e n t ,   b l o a t e r  (CUhegOnUn h o y i ) .  popula t ions  
was the  major  cause.  Food competition  between larval s t ages   o f   l ake  
h e r r i n g  and  between smelt and   b loa t e r s  was impl ica ted .   Resul t s   o f   th i s  
s tudy   a l so   sugges t ed  a l o s s  o f   r ec ru i tmen t   i n   l ake   he r r ing   popu la t ions  
due   t o   t he i r   d i sp l acemen t  from  spawning  grounds by smelt. 

A r ecen t  and   comprehens ive   rev iew  of   f i sh   spec ies   changes   in  
t h e  Great Lakes was made by Chr is t ie   (1974) .  H e  no ted   tha t   an   apparent ly  
c o n s i s t e n t   r e a c t i o n   t o  smelt invas ions  of  Lakes  Superior  and  Michigan 
was a swi f t   co l l a spe   o f   l ake   he r r ing   s tocks .   Chr i s t i e   pos tu l a t ed   t ha t  
these   co l lapses   occur red   because   o f   c lose  similarities between  lake 
h e r r i n g  and smelt i n   t h e i r   d i s t r i b u t i o n  and h a b i t s .   S m e l t ,   l i k e   l a k e  
h e r r i n g ,  w i l l  spawn along  lake  shorel ines .   Both species occupy t h e  
the rmoc l ine   i n  summer and  feed  on  plankton.  Christie  disagreed,  however,  
wi th  Van Oosten   regard ing   the   e f fec t   o f  smelt on l a k e   w h i t e f i s h .   C h r i s t i e  
sugges ted   the  two s p e c i e s  do n o t   i n t e r a c t   s i g n i f i c a n t l y   s i n c e   w h i t e f i s h  
i n  Lake Superior   have  increased  a long  with a t h r i v i n g  smelt popula t ion  
and  s ince Lake O n t a r i o   w h i t e f i s h   h a v e   p e r s i s t e d   l o n g   a f t e r   t h e   i n v a s i o n  
of smelt. C h r i s t i e   a l s o   s t a t e d   t h a t   w h i t e f i s h   c a t c h e s   h a v e  improved 
s i g n i f i c a n t l y   i n  Lake  Michigan. He i n t e r p r e t e d   t h e   i n c r e a s e s  i n  white- 
f ish  catches  in   Lakes  Michigan  and  Superior  as a response   to  sea lamprey 
(PQ;tttumyzuK rncvLinUn) con t ro l .  With r e s p e c t   t o  Lake Michigan, i t  should 
be  noted  that   concomitant   with  the  program  to   control   the  sea lamprey 
there   has   been  an  intensive  program  to   plant   salmonids  (Pacif ic   salmon,  
l a k e   t r o u t ,   e t c . ) .   T h e s e   p l a n t i n g s  of   predaceous  f ishes  may have 
r e s u l t e d   i n  some c o n t r o l  of smelt a n d   o t h e r   p e s t   f i s h e s ,   w h i c h ,   i n   t u r n ,  
has   a l lowed   wh i t e f i sh   s tocks   t o   r ecvoe r .  

Regier e t  a l .  (1969)  tended to   suppor t  Van Oosten 's  claim t h a t  
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smelt may i n t e r a c t   w i t h   w a l l e y e s .  They p o s t u l a t e d   t h a t ,   a l o n g   w i t h  
i n t e n s i v e   e x p l o i t a t i o n   a n d   e n v i r o n m e n t a l   d e g r a d a t i o n ,   g r o w i n g  smelt 
p o p u l a t i o n s   i n  Lake Erie h a d   a n   a d d e d   d e l e t e r i o u s   e f f e c t   o n   w a l l e y e s ,  
e s p e c i a l l y   i n   t h e   C e n t r a l   B a s i n .  However,  Leach  and  Nepszy  (1975) 
d i s p u t e d   t h i s   s t a t e m e n t   a n d   i n d i c a t e d   t h a t   t h e   p r e s e n t  smelt abundance 
i n  Lake Erie d o e s   n o t   a p p e a r   t o   h a v e   a f f e c t e d   s u c c e s s   o f   r e c e n t   y e a r  
classes o f   wa l l eyes .  

On t h e   b a s i s   o f   e x p e r i e n c e s   w i t h  smelt i n   t h e  Great Lakes i t  
i s  expec ted   t ha t   an   i nvas ion   o f  smelt i n t o  Lake  Winnipeg w i l l  r e s u l t   i n  
c o l l a p s e   o f   l a k e   h e r r i n g   s t o c k s .   L a k e   h e r r i n g  are commercially 
e x p l o i t e d   i n  Lake  Winnipeg.   The  record  commercial   catch  of   lake  herr ing 
was made i n  1947 when approximately 2 m i l l i o n  kg were produced.  Since 
1961  ca tches   have   been  less t h a n  0.5 mil l ion  kg.   Commercial   product ion 
s ta t is t ics  do n o t ,   h o w e v e r ,   r e f l e c t   t h e   a b u n d a n c e   o f   l a k e   h e r r i n g   i n  
Lake  Winnipeg.  Lake  herring are g e n e r a l l y   t o o  small t o   b e   c a p t u r e d   i n  
l e g a l  mesh s i z e s  of g i l l   n e t s   a l l o w e d   i n   c o m m e r c i a l   f i s h e r i e s  on t h e  
l a k e .   F u r t h e r m o r e ,   l a k e   h e r r i n g  are n o t   s p e c i f i c a l l y   s o u g h t   s i n c e   t h e y  
are i n f e s t e d   w i t h  ThiaWophoU~h s p .   w h i c h   e n c y s t s   i n   t h e i r   f l e s h   a n d  
r e d u c e s   t h e i r   c o m m e r c i a l   v a l u e .   E x p e r i m e n t a l   g i l l   n e t t i n g   i n   L a k e  
W i n n i p e g   i n d i c a t e d   t h a t   l a k e   h e r r i n g  are a t  least  as abundant as l a k e  
w h i t e f i s h  (G. P r o u s e   p e r s   c o r n ) .  The l o s s  of l a k e   h e r r i n g   s t o c k s  as a 
r e s u l t   o f  smelt i n v a s i o n   c o u l d   a f f e c t   o t h e r   p o p u l a t i o n s  of more d e s i r a b l e  
f i s h e s .  Young l a k e   h e r r i n g  may p r o v i d e  a s i g n i f i c a n t   s o u r c e   o f   f o r a g e  
f o r   p r e d a t o r   p o p u l a t i o n s   i n  Lake  Winnipeg (K. Doan p e r s  comm). Lake 
h e r r i n g  may c o m p e t e   w i t h   l a k e   w h i t e f i s h ,   p a r t i c u l a r l y  a t  t h e  young s t a g e s ,  
f o r   f o o d .  A r e d u c t i o n   i n   l a k e   h e r r i n g   c o u l d   t h e r e f o r e  a l s o  r e s u l t   i n  an 
i n c r e a s e   i n   w h i t e f i s h   p o p u l a t i o n s .  

There i s  c o n c e r n   t h a t  smelt i n  Lake  Winnipeg w i l l  compete  with 
w h i t e f i s h   s t o c k s .   T h a t   s u c h   i n t e r a c t i o n s   h a v e   n o t   a p p a r e n t l y   o c c u r r e d  
i n   t h e  Great Lakes may b e   r e l a t e d   t o   t h e   g r e a t e r   d i v e r s i t y  of h a b i t a t s .  
Those Great Lakes   where   whi te f i sh   popula t ions  s t i l l  e x i s t   h a v e   d e e p  
areas w h i c h   u n d e r g o   t h e r m a l   s t r a t i f i c a t i o n .  The hypol imnia1 areas of 
t h e s e   l a k e s   h a v e   s u f f i c i e n t   d i s s o l v e d   o x y g e n   t e n s i o n s   t o   m a i n t a i n  
w h i t e f i s h ,   w h i c h  are p r i m a r i l y   b e n t h i c   f e e d e r s .  S m e l t ,  o n   t h e   o t h e r  
hand, are pe lag ic   f eede r s   and   u sua l ly   found   i n   o r   above   t he   t he rmoc l ine .  
It is  t h e r e f o r e   e v i d e n t   t h a t   h a b i t a t s   o f  smelt a n d   w h i t e f i s h   i n   t h e  
Great Lakes may n o t   o v e r l a p   s i g n i f i c a n t l y .  

This   would   no t   be   the  case i n  Lake   Winnipeg   and   par t icu lar ly  
the   Nor th   Bas in .  The North  Basin i s  re l a t ive ly   sha l low  compared   t o   t he  
Great Lakes   and   does   no t   undergo   any   permanent   thermal   s t ra t i f ica t ion  
d u r i n g   t h e  summer. It is  a r g u e d   t h e r e f o r e ,   t h a t   t h e   d i s t r i b u t i o n  of 
smelt a n d   w h i t e f i s h   h a b i t a t s  w i l l  o v e r l a p   s i g n i f i c a n t l y .   S i n c e   w h i - t e f i s h  
form a major   component   of   the   f ish community i n   n o r t h e r n  Lake  Winnipeg, 
ma jo r   compe t i t i on  w i l l  occur  between them  and smelt, should  smelt popula- 
t i o n s   a t t a i n   h i g h  levels of   abundance .   These   in te rac t ions  w i l l  most 
probably   be   in   the   form  of   compet i t ion   be tween  yomg smelt a n d   w h i t e f i s h  
f o r   f o o d .  Some p r e d a t i o n  of s m e l t  upon   la rva l .   whi te f i sh  w i l l  a l s o   o c c u r  
b u t  i t s  p o t e n t i a l  f o r  n e g a t i v e   e f f e c t s  upon w h i t e f i s h  i s  l a r g e l y  
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specu la t ive .  The presence   o f   l a rge  smelt concent ra t ions  on w h i t e f i s h  
spawning  grounds w i l l  have some e f f e c t  on  reproduct ion  of   whitef ish.  
Whi t e f i sh   popu la t ions   i n  Lake  Winnipeg  have  been  subject  to  over- 
explo i ta t ion   p rev ious ly   (Davidoff  e t  a l .  1973) .  I f  i t  occurred  again,  
smelt could eas i ly  ga in  a compet i t ive   advantage   over   whi te f i sh .  The 
p o t e n t i a l   t h e r e f o r e   e x i s t s   f o r  smelt to   cause  a c o l l a p s e   i n  Lake 
Winnipeg w h i t e f i s h   s t o c k s .  

There is a l s o  a p o t e n t i a l   f o r   l o c a l i z e d   i m p a c t s  of smelt on 
wa l l eye   popu la t ions   i n  Lake  Winnipeg. S igni f icant   dec l ines   have   been  
observed   in   commerc ia l   wal leye   ca tches   in   the  Grand Rapids  and  Sturgeon 
Bay areas. The d e c l i n e   i n   t h e  Grand Rapids area a p p e a r s   r e l a t e d   t o   t h e  
d e s t r u c t i o n  of a major  walleye  spawning  ground  in  the area. S t r e s s e s  
c r e a t e d  by a la rge   popula t ion  of smelt c o u l d   r e s u l t   i n   a n   e v e n   f u r t h e r  
d e c l i n e  of w a l l e y e   s t o c k s   i n   t h e  area. Smelt may have a p o s i t i v e   e f f e c t  
on   wal leye   s tocks   in   S turgeon Bay s ince   t he   p rob lem  the re   appea r s   t o   be  
more r e l a t e d   t o   e x p l o i t a t i o n   r a t h e r   t h a n   a v a i l a b i l i t y  of  spawning  habitat .  

S m e l t  w i l l  invade Lake  Manitoba e i t h e r  by the  Assiniboine  River  
Divers ion   or   poss ib ly   f rom Lake  Winnipeg via   the  Dauphin-Fairford  River  
during  very  high water per iods  (when the   Fa i r fo rd  Dam i s  overtopped).  
Smelt i n  Lake  Manitoba  could  freely  enter Lake Winnipegosis  through  the 
Waterhen  River  system. 

Although smelt w i l l  e n t e r  Lake Manitoba i t  is not   expected 
tha t   popu la t ions   cou ld   a t t a in   t he   abundance   cons ide red   poss ib l e   i n  Lake 
Winnipeg.   Environmental   condi t ions,   par t icular ly  water t e m p e r a t u r e s   i n  
the  shal low  South  Basin of  Lake  Manitoba, are no t   conduc ive   t o   e s t ab l i sh -  
ment of permanent smelt populations.   Smelt  may use  the  South Basin 
during  spr ing  for   spawning  and  perhaps  during  winter .  Some p o r t i o n s  of 
no r the rn  Lake  Manitoba,   where  lake  herr ing  and  lake  whitef ish  popula-  
t i o n s   o c c u r ,  may be   f avorab le   t o  smelt. However, s i n c e  water depths  
similar t o   t h o s e   f o u n d   i n   n o r t h e r n  Lake  Winnipeg  do not   occur  i n  t h e  
North  Basin  of  Lake  Manitoba,  habitat   for smelt is l imi t ed .  

The poss ib le   impacts  of smelt on   ind igenous   f i sh   popula t ions  
i n  Lake  Manitoba are polemic.   Generally,  Lake  Manitoba  contains  sfzable 
popula t ions  of predaceous  f ishes   such as sauger ,   wal leye  and  northern 
p ike .   Def ic iency  of p r e f e r r e d   h a b i t a t   f o r  smelt i n   c o n c e r t   w i t h  
p re s su res  from ex i s t ing   p reda to ry   popu la t ions  would a c t   t o   c o n t r o l  smelt 
i n  Lake Manitoba.   Smelt   populat ions  could  provide  addi t ional   forage 
and  consequently  favour  the  growth  and  production of p reda to ry   f i shes .  
On the   o ther   hand ,  smelt may e x e r t   p r e s s u r e s  similar to   t hose   desc r ibed  
i n   r e f e r e n c e   t o  Lake  Winnipeg  and  cause  the  collapse  of  lake  herring 
and   l ake   wh i t e f i sh   popu la t ions   i n   no r the rn  Lake Manitoba.  Since  lake 
he r r ing   and   wh i t e f i sh   ca t ches  are small i n  comparison  to   catches of 
o t h e r  species, loss of l a k e   h e r r i n g  and wh i t e f i sh   popu la t ions  would n o t  
have a major  impact upon t h e   t o t a l  commercial   f ishery on Lake  Manitoba. 
Establishment  of smelt p o p u l a t i o n s   i n   n o r t h e r n  Lake Manitoba may a l s o  
present   another   source  of  stress t o  w a l l e y e  popula t ions .  A s  discussed  
i n  subsec t ion  B ,  wal leye   popula t ions  i n  nor thern  Lake Manitoba  have 
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decl ined  and may b e   p r e s e n t l y   s t r e s s e d  by   heavy   i n fe s t a t ions  of EhplLdUn 
sp .  The combined e f f e c t   o f   e x p l o i t a t i o n ,   p a r a s i t i c   i n f e s t a t i o n  and 
pressures   f rom smelt cou ld   cu lmina te   i n   co l l apse   o f   wa l l eye   popu la t ions  
i n   n o r t h e r n  Lake  Manitoba. To s t a t e  the   ve ry  least  impact ,   the   presence 
of smelt i n  Lake  Manitoba w i l l  c o m p l i c a t e   f i s h e r i e s  management e f f o r t s .  

The invasion  and  es tabl ishment   of  smelt p o p u l a t i o n s   i n  Lake 
Winnipegosis may have  impacts similar t o   t h o s e   d i s c u s s e d   a b o v e   f o r  Lake 
Manitoba.   Despi te   the  minor   contr ibut ion  of   whitef ish  to   the  commercial  
f i s h e r y  on  Lake Winnipegosis,  l o s s  o f   wh i t e f i sh   s tocks  w i l l  b e   s i g n i f i -  
can t .  Absence  of  whitefish,  a valuable   conlmercial   species ,  would 
d e c r e a s e   t h e  number of management o p t i o n s   f o r   r e v i t a l i z i n g   t h e   c o m m e r c i a l  
f i s h e r y   o n  Lake  Winnipegosis.   Replacement  of  lake  herring  populations 
i n  Lake  Winnipegosis  with smelt may b e   b e n e f i c i a l .  Lake h e r r i n g   i n  Lake 
Winnipegosis are small o r   s tun ted   f i sh   wh ich   have  l i t t l e  or  no  commercial 
va lue .  S m e l t  may be  of more commerc ia l   va lue   than   lake   her r ing .  A s  
s t a t e d  earlier, w a l l e y e   s t o c k s   h a v e   s e r i o u s l y   d e c l i n e d   i n   t h e  l a s t  decade. 
The presence of smelt i n  Lake  Winnipegosis w i l l  g r e a t l y   c o m p l i c a t e  manage- 
ment e f f o r t s   t o   r e s t o r e   d w i n d l i n g  and  depauperate   wal leye  s tocks.  

I n  summary, we be l i eve   t ha t   r a inbow smelt w i l l  be   success fu l ly  
in t roduced   and   es tab l i shed   in   Mani toba  waters. Smel t   in t roduced   to  
Lone t r ee   Rese rvo i r   v i a  GDU w i l l  move i n t o  Lake  Winnipeg. Smel t  could 
a l s o   i n v a d e  Lake  Winnipeg  from the  Rainy River system  which i s  w i t h i n  
t h e  Hudson Bay dra inage .  The Committee a n t i c i p a t e s   r a p i d   i n v a s i o n   i n t o  
Lake  Winnipeg v i a  GDU; w e  do  not  know when and i f   i n v a s i o n  w i l l  occur  
through  the  natural   lake,   r iver   system  (Rainy  Lake  and  River ,  Lake  of 
t h e  Woods and  Winnipeg  River). GDU compounds the  problem  by  creat ing  an 
a d d i t i o n a l   s o u r c e  of i n v a s i o n ,   p l a c e s   f i s h e r i e s  management i n   a n   i n t e r -  
n a t i o n a l   s e t t i n g   w h i c h  i s  more d i f f i c u l t   t o   a d m i n i s t e r  and l a s t l y ,   d u e  
t o   p o t e n t i a l   r a p i d   i n v a s i o n  of smelt v i a  GDU waterways,   shortens  lead 
time f o r  any  possible   remedial   measures .  The Committee f u r t h e r   b e l i e v e s  
t h a t  smelt, when i .ntroduced  to   Manitoba,  w i l l  c ause   t he   co l l apse  of l a k e  
herr ing  populat ions  in   Lakes  Winnipeg,   Manitoba  and  Winnipegosis   and 
w i l l  have a major  negative  impact on t h e   l a k e   w h i t e f i s h   f i s h e r y   i n   t h e  
North  Basins  of  Lakes  Winnipeg  and  Manitoba. S m e l t  w i l l  a l so   have  
negat ive   impacts  on w a l l e y e   f i s h e r i e s   i n   c e r t a i n   l o c a l e s  of Lakes  Winnipeg, 
Manitoba  and  Winnipegosis.   Declines  in  the  abundance  of  higher-valued 
s p e c i e s  w i l l  r e s u l t   i n   d e c r e a s e s   i n   f i s h e r m e n ' s   i n c o m e s   s u c h  as occurred 
i n  Lake Erie dur ing   t he  l a t e  1 9 5 0 ' s  (F r i ck  1965) .  These   losses  w i l l  no t  
gene ra l ly   be   r ep laced  by u t i l i z a t i o n  of smelt, which  have a lower  market 
va lue .  

Impact   of   int roduct ion  of   gizzard  shad (Pvhv6vrna cepediavzwn): 
Gizzard  shad  do  not  occur  in  Manitoba waters. A s ingle   spec imen  has  
been  taken  f rom  the  Missouri   River   several  miles below  the  Garr ison Dam 
(Carufel   and Witt 1963) .  This  i s  the   on ly   r eco rd  of t h e   s p e c i e s   i n  
North  Dakota.   Populations of gizzard  shad do e x i s t   i n   M i s s o u r i   R i v e r  
r e se rvo i r s   i n   Sou th   Dako ta .  The c u r r e n t   d i s t r i b u t i o n   o f   g i z z a r d   s h a d  
i n   t h e   M i s s o u r i   R i v e r '   a p p e a r s   c l o s e l y   r e l a t e d   t o   c o n s t r u c t i o n  of  main- 
stem r e s e r v o i r s  on the  river. 
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The gizzard  shad i s  b a s i c a l l y   a n  anadromous  marine  species  of 
t he   ea s t e rn   A t l an t i c   s eaboa rd .  It has   adapted  to  a t o t a l l y   f r e s h w a t e r  
ex is tance .   Gizzard   shad   exhib i t  a h igh   propens i ty   for  moving i n t o  man- 
made cana l s  and  waterways  and  by t h i s  means ex tended   the i r   in land   range  
i n   e a s t e r n   N o r t h  America (Miller  1957).   Gizzard  shad  have  long  been 
p r e s e n t   i n  and are c o n s i d e r e d   n a t i v e   t o   t h e  M i s s i s s i p p i  River.  From 
th i s   sou rce   t hey   i nvaded   t he   Missour i   R ive r .  

Gizzard  shad were f i r s t   recorded   f rom  the   lower   Missour i  
River   near   Sioux  Ci ty ,  Iowa around  the   tu rn  of the   cen tury   and  since 
then  have  gradually moved upstream  (F.  June  pers comm). They p resen t ly  
o c c u r   i n   t h e   M i s s o u r i   R i v e r   a s ' f a r   n o r t h  as t h e  tail-waters of Oahe Dam 
near  Pierre,  South  Dakota.  Gizzard  shad  must  have  reached  this area 
sometime pr ior   to   1952.   In   Ju ly   1952,   For t   Randal l  Dam, which i s  on 
the  Missouri  River  downstream  from Pierre, was closed.  It is no t  known 
whether   the movement of gizzard  shad  into  South  Dakota   resul ted  f rom 
the   c rea t ion   of   For t   Peck   Reservoi r  on t h e  Upper Missour i   i n  Montana. 
This   large  mainstem  reservoir  came i n t o   b e i n g   i n  1938.  Since  large 
r e s e r v o i r s   t e n d   t o   s t o r e   h e a t ,  downstream  discharges,  during l a t e  
autumn, win ter   and   ear ly   spr ing  w i l l  t end   t o   be  warmer than  under 
n a t u r a l   r i v e r i n e   c o n d i t i o n s .   F o r t   P e c k   R e s e r v o i r  may have  increased 
average  downstream water temperatures  enough  to  al low  the  northward 
incursion  and  survival   of   gizzard  shad.  The continued  northward 
movement of  gizzard  shad appears to   have   been   fu r the r   s t imu la t ed  by 
completion  of  Garrison Dam (Lake  Sakakawea) i n  1953. It has  been 
obse rved   t ha t   g i zza rd   shad   p re sen t ly   occu r r ing   i n   t he   Missour i   R ive r  
w i l l  move ups t r eam  in  autumn i n   r e s p o n s e   t o  warmer discharges  f rom  the 
r e s e r v o i r s  (F. June p e r s  comm). Discharges  from  Lake  Sakakawea may have 
ameliorated  temperature   condi t ions i n  the  Missouri   River  enough  to 
p e r m i t  gizzard  shad  to  invade  North  Dakota.   This would expla in   the   one  
specimen  that  was c o l l e c t e d  from  Garrison Dam tail-waters in   October ,  
1955  (Carufel  and Witt 1963).   Although  gizzard  shad had ev iden t ly  
begun to   invade   the   Nor th   Dakota   por t ion  of the   Missour i  River, they   d id  
no t   e s t ab l i sh   popu la t ions .   In t ens ive   s ampl ing  of  Lake  Oahe,  downstream 
of Garr ison Dam, has  not  produced  any  gizzard  shad (Beckman and  Elrod 
1971). It is conceivable  t h a t  a c t iv i t i e s  a s soc ia t ed  w i t h  the  cons t ruc t -  
i on  of Oahe Dam,  which was completed i n  1958, may have  prevented 
movement of s u f f i c i e n t  numbers of gizzard  shad  into  North  Dakota   to  
e s t a b l i s h  a reproducing  populat ion.  

Gizzard  shad  occur   in  two areas of t h e  James River   system  in  
South  Dakota  and in   the  Missouri   River   in   South  Dakota   (Bai ley  and 
Allum 1962).   Lake  Mitchell ,   which  drains a d i s t a n c e  of  about 2 km v i a  
Firesteel  Creek   in to   the  James River   in   South  Dakota ,   contains  a 
se l f - sus t a in ing   popu la t ion  of g izzard   shad .   Gizzard   shad   in  Lake 
Mitchel l   and  the  Missouri   River   form a nuc leus   fo r   i nvas ion  up t h e  James 
River.  There are p r e s e n t l y  no in su rmoun tab le   phys i ca l   ba r r i e r s   t o  
p r e v e n t   t h e i r  movement from  Lake Mi tche l l ,  down F i r e s t ee l   Creek ,  up t h e  
James River  and  into  North  Dakota as f a r  as Jamestown Dam (Harza  1976, 
Owen and Russel l   1975a,  BuRec 1 9 7 6 b ) .   I n   f a c t ,   f i s h   k i l l s   i n v o l v i n g  
g izzard   shad   have   been   repor ted   in   the  James River  upstream of  Huron, 
South  Dakota  (Fig. C.1, Study  Plan  Section, R. Hanton pe r s  comm). 
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Gizzard   shad  are r e s t r i c t e d   i n   t h e i r  movement t o   a n d   s u r v i v a l  
i n   t h e  James River in   South   Dakota   by   low  f lows   and   low  d isso lved   oxygen  
d u r i n g  summer a n d   w i n t e r .   W i n t e r   f i s h   k i l l s  are common i n   t h e  James 
River in   Sou th   Dako ta .  GDU, however, w i l l  s u b s t a n t i a l l y   i n c r e a s e   f l o w s  
i n   t h e  r iver  du r ing   bo th  summer and   w in te r .  Water Qual i ty   (1976)   has  
de te rmined   tha t   a )   improved   f lows  w i l l  i nc rease   d i s so lved   oxygen  levels 
i n   t h e  James River in   Sou th   Dako ta   and   b )   d i s so lved   oxygen   cond i t ions  
i n   t h e  James between  the  North  Dakota-South  Dakota  border  and  Oakes- 
Lamoure w i l l  c o n t i n u e   t o   b e   s a t i s f a c t o r y .   H a r z a   ( 1 9 7 6 )   a n d  BuRec 
(1976b)   have  determined  there  w i l l  be   i nc reased   f l ows   (3 ,600   t o  13,000 
AF/y r   nea r   t he  S ta te  L i n e )   i n   t h e  James River   in   Nor th   and   South   Dakota  
as a r e s u l t   o f  GDU. I n  a d d i t i o n ,   s u b s t a n t i a l   i n c r e a s e s   i r r f l o w w i l l   o c c u r  
i n   t h e  James River in   Sou th   Dako ta  as a r e s u l t   o f   t h e  Oahe p r o j e c t  (BuRec 
1973b) .   There w i l l  be   an  annual   increase  of   259,000  AF/yr  a t  a poin t   above  
James River D i v e r s i o n  Dam loca ted   near   Huron ,   South   Dakota   wi th   the   major i ty  
o f   t h i s   i n c r e a s e   r e s u l t i n g   f r o m   i r r i g a t i o n   r e t u r n   f l o w s .   T h e s e   i m p r o v e d   c o n -  
d i t i o n s   s h o u l d   p e r m i t   t h e   g i z z a r d   s h a d   t o   e x t e n d   t h e i r   r a n g e   i n t o   N o r t h   D a k o t a .  

D i s t r ibu t ion   o f   g i zza rd   shad ,   once   i n   Nor th   Dako ta ,  w i l l  be  
f u r t h e r   i n f l u e n c e d   b y  GDU. S w a i n   ( 1 9 7 6 ~ )   i n d i c a t e d   t h a t   g i z z a r d   s h a d  
spawning   genera l lyoccurs   be tween  tempera tures   o f  60"-75'F which i n   t h e  
James Rive r   i n   Nor th   Dako ta  a t  Oakes  would  be  from  the  end  of May t o  mid- 
J u l y .  A t  t hese   t empera tu res ,   eggs   wou ld   ha t ch   i n  less than   one  week (Swain 
1 9 7 6 ~ ) .   T h e r e f o r e   d u r i n g   t h e  summer  when t h e  Oakes  pumping s t a t i o n   a n d  
Canal  would  be i n   o p e r a t i o n ,   t h e r e   c o u l d   b e   e g g s   ( t h e   a d h e s i v e   e g g s   s i n k  
o r   d r i f t   w i t h   t h e   c u r r e n t ,   a t t a c h i n g   t o   a n y   o b j e c t   c o n t a c t e d ,   u s u a l l y   a q u a t i c  
v e g e t a t i o n  [Miller 1 9 6 0 ] ) ,  larvae a n d   a d u l t   s h a d   i n   t h e   c a n a l s   ( g i z z a r d  
shad   have   u sed   cana l s   fo r   r ange   ex tens ion   (Mi l l e r   1960) ,   mak ing   i n t e rbas in  
t r a n s f e r   q u i t e   p o s s i b l e .   G i z z a r d   s h a d   a d u l t s  o r  eggs w i l l  be  pumped i n t o  
Oakes  Canal  by  the  Oakes  pumping  plant.   Project waters i n  Oakes  Canal w i l l  
b e  pumped by the   Taayer   pumping   p lan t   in to   Taayer   Reservoi r   for   s torage  
and  subsequent  release when r e q u i r e d .  The  Oakes  pumping p l a n t  w i l l  have a 
t r a v e l i n g  water screen   which  BuRec (1976b)   be l i eves   shou ld   p reven t   f i sh  
from  moving  from  the James River in to   the   Oakes   Canal   and   Taayer   Reservoi r .  
T h i s  i s  t h e   o n l y   m i t i g a t i o n   m e a s u r e   p r o p o s e d   t o   i n h i b i t  movement o f   f i s h  
f rom  the  James River i n t o  the   Wi ld  Rice River.  The Committee does n o t  f i n d  
t h i s   m e a s u r e   s a t i s f a c t o r y   a n d  feels  g i z z a r d   s h a d   a n d   o t h e r   f i s h   s p e c i e s  w i l l  
move f rom  the  James River t o   t h e  Red River v i a  Oakes  Canal ,   Taayer   Reservoir  
and  Wild Rice River. 

I f  a f i s h   s c r e e n  similar t o   t h e  McClusky C a n a l   f i s h   s c r e e n  
is  i n c o r p o r a t e d   i n   t h e   O a k e s   p u m p i n g   p l a n t   o r   c o n s t r u c t e d  a t  some p o i n t  
a l o n g   O a k e s   C a n a l ,   t h i s   s c r e e n  w i l l  h a v e   t o   b e  smaller than   t he   0 .43  
x 0.43 mm-mesh p r o p o s e d   f o r   t h e  McClusky C a n a l   f i s h   s c r e e n .  Newly 
ha tched   g i zza rd   shad  larvae are 3.25 mm i n   t o t a l   l e n g t h   a n d   h a v e   a n  
es t imated   average   body  depth   o f   on ly   0 .2  mm (Swain 1 9 7 6 ~ ) .   S i n c e   t h e  
eggs   o f   g i zza rd   shad  are a d h e s i v e   s h o r t l y   a f t e r   t h e y  are spawned,  they 
may c l i n g   t o  a f i s h   s c r e e n .  Water f lowing   t h rough   t he   s c reen  w i l l  
p rov ide   a lmos t  optimum c o n d i t i o n s   f o r   i n c u b a t i o n   a n d   h a t c h i n g .  Upon 
h a t c h i n g ,   t h e  larvae w i l l  pa s s   t h rough   any   s c reen   w i th  a mesh s i z e   o f  
0 .43  x 0 .43  mm. Fu r the rmore   t he   o the r   conce rns   r ega rd ing   t he   i nc l ined  
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sc reen   concep t   app ly   he re  as d i scussed   p rev ious ly .   The re fo re ,  we do n o t  
f e e l  any f i s h   s c r e e n  similar t o   t h e   p r o p o s e d  McClusky  Canal f i s h   s c r e e n  
would   p revent   passage   o f   g izzard   shad   in to   the   Wi ld  Rice and Red r i v e r s .  

Temperature i s  a p p a r e n t l y   i m p o r t a n t   i n   c o n t r o l l i n g   t h e   d i s t r i -  
bu t ion   o f   g i zza rd   shad .   L indsey   (1975)   r epor t ed   t ha t   a l t hough   g i zza rd  
shad   in   Nor th   Amer ica  are d i s t r i b u t e d   p r i m a r i l y   s o u t h   o f   t h e   7 0 ° F   J u l y  
i so therm,   they   have   ex tended   the i r   range   nor thward   be tween  the   70°F  and  
65°F  Ju ly   i so therms  (F ig .   C .11-4) .  The southern  end  of  Lake  Winnipeg 
l i es  be tween  the  65O and  70°F  July  isotherms  (Fig.   C.11-4).  A s  g i z z a r d  
shad   occu r   t h roughou t   t he  Great, Lakes   t he   Commi t t ee   a t t empted   t o   ob ta in  
s e a s o n a l  water t e m p e r a t u r e   d a t a   f o r   t h e  Great Lakes  and  Lake  Winnipeg. 
The c r i t i c a l   d a t a ,   w i n t e r  water tempera tures ,  were l a c k i n g   b u t  K. P a t a l a s  
( p e r s  comm) made t h e   f o l l o w i n g   g e n e r a l i z a t i o n :   t h e r e  may b e  up t o  a 
4°F  difference  between  Lake Erie and  Lake  Winnipeg  and less f o r   o t h e r  
Great Lakes   dur ing   win ter   months   wi th   the   t empera ture   in   Lake   Winnipeg  
going as low as 34"-36"F,  depending  upon  freeze-up  conditions.   Certainly 
Lake Erie i s  warmer d u r i n g  summer, b u t   t h e  summer water tempera ture  of 
Lake  Winnipeg  does  exceed  60°F  for a t  least  t h r e e   m o n t h s   i n  summer. 
Once gizzard  shad  reach  Lake  Winnipe5  they may exper ience  some winter  
m o r t a l i t y .  Water tempera tures  of 34 F have   been   r epor t ed   i n   t he   Sou th  
Basin  of  Lake  Winnipeg  during  March  (Crowe  1973).   Swain  (1976~)  reported 
a number of   lower   l e tha l   t empera tures ;   however  a l l  of  them  range  from 
36"-38°F. Some m o r t a l i t y  of gizzard  shad  in   Conchas  Lake,  New Mexico, 
o c c u r r e d  a t  water tempera tures  of 36°F  ( Jes te r   and   Jensen   1972) .  How- 
e v e r ,   g i z z a r d   s h a d  were found i n   P r e s q u e  Isle Bay, western  Lake Erie, i n  
water temperatures  of  34"to  35°F. They a p p e a r e d   t o   b e   a c c l i m a t e d   t o  
t h e s e   t e m p e r a t u r e s   s i n c e   m o r t a l i t i e s   o c c u r r e d   i n   a n  area of   thermal  
o u t f a l l   i n   t h e   b a y   w h e r e   t h e   t e m p e r a t u r e s   o f   a d j a c e n t  waters were e l e v a t e d  
t o  55" o r  60°F ( M i l l e r  1960) .  In Lake Erie shad are m o s t   p l e n t i f u l   i n  
sha l low waters a round   t he   pe r iphe ry  of the   wes te rn   end   and  i n  t h e  Bass 
I s l a n d s   a r e a ,   e s p e c i a l l y   i n   p r o t e c t e d   b a y s   a n d   m o u t h s   o f   t r i b u t a r i e s  
w i t h  mud bottoms  (Bodola  1966,  Nash  1950). Similar h a b i t a t   c o n d i t i o n s  
p reva i l   i n   Ne t l ey   and   L ibau   marshes  a t  t h e   s o u t h   e n d  of Lake  Winnipeg. 

Gizzard  shad spawn over a v a r i e t y  of subs t r a t e s   f rom  bou lde r s  
and gravel  t o  s i l t  beds   and   rocky   sho re l ines   (Swa in   1976~) .   These  
habi ta t   types   occur   in   the   South   Bas in   o f   Lake   Winnipeg .  Young g i z z a r d  
shad  feed on zoop lank ton   wh i l e   adu l t s  are phytoplankton   feeders .  
Organisms  u t i l i zed   as   food   by   g izzard   shad   occur   in   Lake   Winnipeg .   There-  
f o r e ,   h a b i t a t   r e q u i r e m e n t s   f o r   g i z z a r d   s h a d  are met i n  Lake  Winnipeg  and 
p a r t i c u l a r l y   i n   t h e   S o u t h   B a s i n   a n d   c e n t r a l  area o f   t h e   l a k e .  

Gizzard  shad  have a h i g h   r e p r o d u c t i v e   c a p a c i t y   a n d   e x h i b i t  
r a p i d   g r o w t h   d u r i n g   t h e i r   f i r s t   a n d   s e c o n d  summer. I n   f a v o r a b l e   h a b i t a t s ,  
shad w i l l  p roduce   l a rge   popu la t ions .   Ex t r eme ly   l a rge   popu la t ions  are 
l i k e l y   t o   o c c u r   i n   s h a l l o w  w a r m  w a t e r   l a k e s   w i t h  mud bottoms,  high 
t u r b i d i t y  and h i g h   f e r t i l i t y .   B e c a u s e   g i z z a r d   s h a d   f e e d   a l m o s t   e x c l u s i v e l y  
on phytoplankton  they are immedia t e ly   bene f i t ed  by a n y   i n c r e a s e   i n  
aquat ic   p roduct iv i ty .   For   example ,   in   George   Lake ,   F lor ida ,   g izzard   shad  
p o p u l a t i o n s   i n c r e a s e d  300 t o  400   pe rcen t   ove r  a 20-year  period.  This 
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LEGEND: p - 4  Isotherms m] ,*>>>:.~,>:....~. . . .:. , . .::. Gizzard  Shad  Distribution 

Fig .  C . 1 1 - 4 .  D i s t r i b u t i o n  of g i z z a r d   s h a d   i n   r e l a t i o n   t o   t h e  65 and 70' 
J u l y  isotherms ( a f t e r  Lindsey 1 9 7 5 ) .  
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i n c r e a s e  was a t t r i b u t e d   t o   t h e   i n c r e a s i n g   n u t r i e n t   e n r i c h m e n t   o f   t h e  
lake   (Wi l l iams   1976) .  

Because   g izzard   shad   can  grow r a p i d l y   t o  a l a r g e   s i z e ,   t h e i r  
popula t ion   growth  i s  n o t   e f f e c t i v e l y   c o n t r o l e d  by   preda t ion .   Only   the  
v e r y   l a r g e s t   p r e d a t o r s ,   s u c h  as n o r t h e r n   p i k e ,  may u t i l i z e   l a r g e   s h a d .  
Kutkuhn  (1958) s t a t e d   t h a t   s t u d i e s  o f   g i zza rd   shad   i n   t he   mid -wes te rn  
US i n d i c a t e d   t h e   s p e c i e s ,  by the   midd le   o f  i t s  s e c o n d   y e a r   o f   l i f e ,  i s  
beyond  the   s ize   range   which  i s  e f f e c t i v e l y   u t i l i z e d  as forage.   There-  
f o r e ,   g i z z a r d   s h a d   e s s e n t i a l l y   r e p r e s e n t  a "dead  end" i n   t h e   a q u a t i c  
food   cha in   and ,   s ince   t hey  are n o t   u s e d   a s  human f o o d ,   i n   t h e   t o t a l  
food  chain  (Coutant   1976) .  

E x t e n s i v e   p r o l i f e r a t i o n  of g i z z a r d   s h a d   i n   l a k e s   h a s ,   a l m o s t  
i n v a r i a b l y ,   r e s u l t e d   i n   a d v e r s e   e f f e c t s   o n   t h e   i n d i g e n o u s   f i s h  
popula t ions .   Shad  are e f f i c i e n t   c o m p e t i t o r s   w i t h   o t h e r   f i s h e s .  
Va le squez   (1939)   s t a t ed   t ha t   g i zza rd   shad  may s e l e c t i v e l y   f e e d   o n  
phytoplankton   which   would   t end   to   e l imina te   the   more   des i rab le   phyto-  
p l a n k t o n   s p e c i e s   a n d   f a v o r   t h e   u n d e s i r a b l e   s p e c i e s .   T h i s   c o u l d   d i r e c t l y  
a f f e c t   o t h e r   f i s h   s p e c i e s   w h i c h   f e e d   o n   p h y t o p l a n k t o n   o r   i n d i r e c t l y  
a f f e c t   f i s h  by a l t e r ing   t he   spec ie s   compos i t ion   o f   zoop lank ton   wh ich  
feed  on phy top lank ton .   G izza rd   shad   cou ld   a f f ec t   o the r   f i shes   s imp ly  
by  numbers.  Large  numbers  of  young-of-the-year  walleyes were n o t  
c a u g h t   i n  areas a long   t he   sou th   sho re   o f  Lake S t .  Clair, Ontar io   where 
heavy  catches  of   young-of- the-year   gizzard  shad were made (A.  Derksen 
p e r s  comm). Thompson e t  a l .  (1940)   sugges ted   tha t   l a rge   numbers   o f  
g i zza rd   shad  may r o i l   t h e  water, i n t e r f e r i n g   w i t h   o t h e r   s p e c i e s   t h a t  
depend   on   v i s ion   fo r   f eed ing .  

Gizzard   shad   have   rece ived   "bad   press ' '   in  many areas where  they 
have become e s t a b l i s h e d   e i t h e r   t h r o u g h   i n v a s i o n   o r   b y   i n t r o d u c t i o n   t o  
p r o v i d e   f o r a g e   f o r  game f i s h   s p e c i e s .   R e s e r v o i r s   i n   t h e   m i d - s o u t h e r n  
US h a v e   b e e n   o v e r p o p u l a t e d   w i t h   s h a d   r e s u l t i n g   i n   d e c l i n e s   i n  game f i s h  
popula t ions   (Mi l le r   1960,   Coutant   1976) .   Bennet t   (1943)   observed   tha t  
l a r g e   s h a d   p o p u l a t i o n s  were a l w a y s   a s s o c i a t e d   w i t h  small numbers  of  bass 
i n  a r t i f i c i a l  w a r m w a t e r  l a k e s  i n  I l l i n o i s .  An i r r u p t i o n  of s h a d   i n  
Black Hawk Lake ,   Iowa ,   r e su l t ed   i n   dec reased  game f i s h   c a t c h e s  (Madden 
1951).  The s e l e c t i v e   r e m o v a l  of g izzard   shad   f rom waters i n  Kentucky 
and   f rom  o ther   southern  US r e s e r v o i r s   r e s u l t e d   i n   i m p r o v e d   f i s h i n g  
s u c c e s s   f o r  game f i shes   (Smi th   1959,  Zellar and  Wyatt   1967).   Gizzard 
shad  have  only  been  valued as a f o r a g e   f i s h   i n  impoundments  wi'th  deep 
waters, f l u c t u a t i n g  water levels,  no l i t t o r a l   z o n e s ,   a b r u p t   s h o r e l i n e s ,  
adequa te   p l ank ton   c rops   and   l a rge   p reda to ry   f i sh   popu la t ions   (Mi l l e r  
1960) .  It s h o u l d   b e   n o t e d   t h a t   t h e s e   c o n d i t i o n s  are a r t i f i c i a l   a n d  
r a r e l y ,   i f  ever, o c c u r   i n   n a t u r a l   l a k e s .   I n   g e n e r a l ,   g i z z a r d   s h a d  are 
p r e s e n t l y   c o n s i d e r e d  a p e s t   s p e c i e s .   T h i s  is i l l u s t r a t e d  by t h e   f a c t  
t h a t   i m p o r t a t i o n   o r   p o s s e s s i o n   o f   g i z z a r d   s h a d  i s  p roh ib i t ed   by  law i n  
t h e  s ta tes  of   Arizona,   Cal i fornia ,   Colorado,   Nevada,  New Mexico,  Utah 
and Wyoming (Lindsey  1975) . 

I n t r o d u c t i o n   a n d   p r o l i f e r a t i o n   o f   g i z z a r d   s h a d   i n   L a k e   W i n n i p e g  
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w i l l  r e s u l t  i n  n a t i v e   f i s h   p o p u l a t i o n s   h a v i n g   t o   c o n t e n d   w i t h   i n c r e a s e d  
compet i t ion   for   food   and   space .   Severe   compet i t ion   f rom  shad  w i l l  a l ter  
t h e   e x i s t i n g   b a l a n c e   b e t w e e n   p r e d a t o r   f i s h e s   a n d   t h e i r   m a j o r   p r e y   s p e c i e s .  
Gizzard  shad w i l l  mos t   l i ke ly   compe te   w i th  minnows (Cypr in idae)   and   the  
y o u n g   o f   o t h e r ,   l a r g e r   s p e c i e s .   T h i s  w i l l  a f f e c t   s u c h   s p e c i e s  as wal leye  
a n d   s a u g e r   w h i c h   u t i l i z e  minnows and  young  f ishes  as forage .   Gizzard  
shad may a l s o   c o m p e t e   d i r e c t l y   w i t h   y o u n g   w a l l e y e   a n d   s a u g e r   i n   t h e   S o u t h  
Bas in   and   cen t r a l  areas of Lake  Winnipeg. As g izza rd   shad   r ap id ly   ach ieve  
a s i z e   w h e r e   t h e y  are n o t   v u l n e r a b l e   t o   p r e d a t i o n ,   s h a d   p o p u l a t i o n s   c o u l d  
soon   r ep lace   t he   ou t - compe ted   fo rage   spec ie s .   Th i s   wou ld   r educe   t he  
a m o u n t   o f   f o r a g e   f i s h   a v a i l a b l e   a n d   r e d u c e   p r e d a t o r   f i s h   p o p u l a t i o n s   i n  
Lake  Winnipeg  even  further.   The  impact of g i z z a r d   s h a d   i n v a s i o n   i n t o  
Lake  Winnipeg w i l l  b e   g r e a t e s t   i n   t h e   S o u t h   B a s i n   a n d   c e n t r a l  area of 
t h e   l a k e   w h e r e   t h e   g r e a t e s t   c o n c e n t r a t i o n s  of wal leye  and  sauger   occur  
and  where  shad w i l l  f i n d   f a v o r a b l e   h a b i t a t   c o n d i t i o n s .  

Hab i t a t   r equ i r emen t s   o f   adu l t   g i zza rd   shad  are e s s e n t i a l l y  
d i f f e r e n t   f r o m   t h o s e   o f   a d u l t   w h i t e f i s h   a n d   l a k e   h e r r i n g .  Shad p r i m a r i l y  
o c c u p y   s h a l l o w   o r   l i t t o r a l  areas of   l akes   whereas   whi te f i sh   and   lake  
h e r r i n g   p r e f e r   o p e n  water during  most  of t h e   y e a r .  I t  i s  t h e r e f o r e  
d o u b t f u l   t h a t   s h a d  w i l l  i n t e r a c t   s i g n i f i c a n t l y   w i t h   w h i t e f i s h   o r   l a k e  
h e r r i n g .   T h e r e  may b e  some i n t e r a c t i o n   b e t w e e n  them d u r i n g   t h e i r  
j u v e n i l e   s t a g e s .   h o w e v e r ,   s i n c e   m a j o r   w h i t e f i s h   a n d   l a k e   h e r r i n g  
p o p u l a t i o n s   i n   L a k e   W i n n i p e g   o c c u r   i n  areas n o t  as s u i t a b l e   t o   g i z z a r d  
s h a d ,   t h e   i n t e r a c t i o n s  w i l l  b e   l i m i t e d .  

I n  view o f   e x p e r i e n c e   e l s e w h e r e ,   a v a i l a b i l i t y   o f   s u i t a b l e  
h a b i t a t ,   a n d   p o t e n t i a l   f o r   i n t e r a c t i o n s   w i t h   d e s i r a b l e   f i s h   s p e c i e s ,   t h e  
Commit tee   be l ieves   g izzard   shad  w i l l  have  an adverse impact  on  Lake 
Winn ipeg   f i she r i e s .  The e x t e n t   o f   t h i s   i m p a c t   c a n n o t   b e   p r e c i s e l y  
q u a n t i f i e d   b u t  i t  w i l l  r ange   f rom  modera te   to   h igh .   F ina l   ou tcome of 
t h e   i n t r o d u c t i o n   a n d   p r o l i f e r a t i o n  of gizzard  shad  in   Lake  Winnipeg w i l l  
a l s o   d e p e n d   t o  some e x t e n t   o n   o t h e r   f a c t o r s   s u c h  as c h a n g e s   i n   e x p l o i t a -  
t i o n   o f   e x i s t i n g   f i s h   p o p u l a t i o n s   a n d   i n   e u t r o p h i c a t i o n   p r o c e s s e s   w h i c h  
may act  t o   i n c r e a s e   o r   r e t a r d   i m p a c t .  The  worst   possible   impact   would 
b e   t o t a l   c o l l a p s e   o f   w a l l e y e   a n d   s a u g e r   p o p u l a t i o n s   w i t h i n   t h e   S o u t h  
Bas in   and   cen t r a l  areas of  Lake  Winnipeg. 

Gizzard  shad  can  enter   Lake  Manitoba  f rom  Lake  Winnipeg  via  
t he   Dauph in   (Fa i r fo rd )   R ive r   du r ing   pe r iods   o f   h igh   f l ows   i n   wh ich   t he  
F a i r f o r d  Dam i s  overtopped.   Environmental   condi t ions  in   Lake  Manitoba 
are  even   more   f avorab le   fo r   e s t ab l i shmen t  of shad   popu la t ions .  The 
impact  of gizzard  shad  on  the  f isher ies   of   Lake  Manitoba  would  be similar 
t o  t h o s e   o u t l i n e d   f o r  Lake  Winnipeg. The l o s s  of wal leye   and   sauger  
popu la t ions   i n   Lake   Man i toba  as a r e s u l t  of i n t r o d u c t i o n   a n d   p r o l i f e r a -  
t i o n  of gizzard  shad  would  cause a s i g n i f i c a n t   r e d u c t i o n   i n   c o m m e r c i a l  
f i s h   h a r v e s t   f r o m   t h e   l a k e .  

Lake  Winnipegosis l i es  s o u t h   o f   t h e  65°F J u l y   i s o t h e r m   a n d  
h a s   h a b i t a t   c o n d i t i o n s  similar t o  those  found  in   Lake  Manitoba.   Gizzard 
s h a d   c o u l d ,   t h e r e f o r e ,  become e s t a b l i s h e d   i n  Lake  Winnipegosis  from  Lake 
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Mani toba .   They   would   p resent   fur ther   p roblems  to   the  management  of 
commerc ia l   f i she r i e s   i n   Lake   Winn ipegos i s .  Management i s  p r e s e n t l y  
s t r i v i n g   t o  overcome  economic d i f f i c u l t i e s   r e s u l t i n g   f r o m   r e c e n t  
d r a s t i c   d e c l i n e s   i n   w a l l e y e   s t o c k s .  The commerc ia l   f i shery  on t h e  lake 
i s  cu r ren t ly   dependen t   on  low and medium v a l u e   s p e c i e s   s u c h  as s u c k e r s  
and   no r the rn   p ike .  

In summary, t he   Commi t t ee   be l i eves   g i zza rd   shad  w i l l  be  
in t roduced   and   can   be   es tab l i shed   in   Lakes   Winnipeg ,   Mani toba   and  
Winnipegosis .   There are s u i t a b l e   e n v i r o n m e n t a l   a n d   h a b i t a t   c o n d i t i o n s ,  
food  suppl ies   and  spawning areas f o r   e s t a b l i s h m e n t  of g i zza rd   shad  
p o p u l a t i o n s   i n   t h e s e  waters. The e x t e n t   o r   m a g n i t u d e  of impact  of 
g i z z a r d   s h a d   o n   t h e s e   l a k e s  w i l l  depend  on   acc l imat ion   of   g izzard   shad  
t o   c o l d e r   t e m p e r a t u r e ,   p r e d a t i o n   f r o m   e x i s t i n g   f i s h   p o p u l a t i o n s   a n d  
changes i n  hab i t a t   due   t o   eu t roph ica t ion .   Magn i tude   o f   impac t  may range 
from m i n i m a l   i m p a c t   t o   t h e   w o r s t   p o s s i b l e   i m p a c t   o f   t o t a l   c o l l a p s e   o f  
w a l l e y e   a n d   s a u g e r   p o p u l a t i o n s   i n   t h e s e   l a k e s .  

Impact of  i n t r o d u c t i o n   o f   p a d d l e f i s h  (Polyodon 6puXhdu): 
Paddlef i sh   occur   in   Nor th   Dakota   in   Lakes   Sakakawea ,  Audubon and  Oahe. 
They h a v e   a l s o   b e e n   f o u n d   i n   t h e   l o w e r  James River   approximately 29 km 
upstream  from i t s  conf luence   w i th   t he   Missour i   R ive r  (E. S t eucke   pe r s  
comm). It i s  n o t  known w h e t h e r   p a d d l e f i s h   i n   t h e  James River r e p r e s e n t  
a r e p r o d u c i n g   p o p u l a t i o n   o r  are s i m p l y   t r a n s i e n t   f r o m   t h e   M i s s o u r i  River. 
P a d d l e f i s h  do n o t   o c c u r   i n   M a n i t o b a .  

The in t e rbas in   t r ans fe r   o f   padd le f i sh   f rom  Lakes   Sakakawea   and  
Audubon i s  l i k e l y   t o   o c c u r   i n   s p i t e   o f   t h e  McClusky  Canal f i s h   s c r e e n ,  
f o r   r e a s o n s   d i s c u s s e d   p r e v i o u s l y ,   e x c e p t   t h e   f i s h   s c r e e n  mesh w i l l  s t o p  
eggs  and larvae o f   padd le f i sh .   Padd le f i sh   eggs   va ry   f rom 2 . 7  t o  4.0 mm 
in   d i ame te r   and   l a rvae   r ange   f rom 8.0 t o  9.5 mm i n  t o t a l   l e n g t h   ( P u r k e t t  
1961) .  P a d d l e f i s h  are h i g h l y   m i g r a t o r y   a n d   i m p r o v e d   f i s h   h a b i t a t   i n   t h e  
James River  as a r e s u l t   o f  GDU may p e r m i t   p a d d l e f i s h   t o  move i n t o   t h e  
Nor th   Dako ta   po r t ion   o f   t he  river. P a d d l e f i s h   c o u l d  move f rom  the  James 
t o   t h e  Wild Kice and Red r i v e r s   v i a  Oakes  Canal  and  Taayer  Reservoir. 

Padd le f i sh   can   su rv ive   and  become e s t a b l i s h e d   i n   L a k e s  
Winnipeg,   Winnipegosis   and  Manitoba  because  environmental   and  habi ta t  
c o n d i t i o n s  are f a v o r a b l e   f o r   t h e i r   r e p r o d u c t i o n   a n d   g r o w t h .   S i n c e  
win ter   t empera tures   in   Lake   Sakakawea  do n o t   d i f f e r   g r e a t l y   f r o m   t h o s e  
i n  Lakes  Winnipeg,  Winnipegosis  and  Manitoba  there i s  n o   r e a s o n   t o  
s u s p e c t   t h a t   p a d d l e f i s h   c o u l d   n o t   e x i s t   i n   t h e s e   l a k e s   a n d  i n  t r i b u t a r i e s  
of t h e s e   l a k e s .   P a d d l e f i s h  are l a r g e l y   p l a n k t i v o r o u s   ( c l a d o c e r a n s ,  
c o p e p o d s ,   r o t i f e r s   a n d   p h y t o p l a n k t o n )   a l t h o u g h   a q u a t i c   i n s e c t s   a n d  small 
f i s h  are a lso   comet imes  consumed.  Lakes  Winnipeg,  Winnipegosis  and 
Manitoba  contain  an  abundance  of   these  food  organisms.  

Padd le f i sh   have   r eached   an   apprec i ab le  level  of  abundance i n  
Lake  Sakakawea.  Populations of t h i s   s p e c i e s  may a l s o  become abundant i n  
Lakes  Winnipeg,   Winnipegosis   and  Manitoba.   The  resul t   of   large-numbers  
of p a d d l e f i s h   i n   t h e s e   l a k e s   c o u l d   b e  a r e d u c t i o n   i n   t h e   z o o p l a n k t o n  
b iomass .   S ince   padd le f i sh  may a t t a i n  a l a r g e   s i z e   ( i n   e x c e s s  of  50 kg) 
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the   impact   o f  a l a r g e   p o p u l a t i o n  on the   zooplankton   c rop   could   be   severe .  

R e d u c t i o n s   i n   t h e   p l a n k t o n   c r o p   i n   l o c a l i z e d  areas of t h e s e  
l a k e s ,   p a r t i c u l a r l y   a f t e r   s p r i n g   b r e a k u p ,   w o u l d   a d v e r s e l y   a f f e c t   i n d i -  
g e n o u s   f i s h   p o p u l a t i o n s .  It  i s  d u r i n g   t h e   s p r i n g   t h a t   n e w l y   h a t c h e d  
f i shes   in   Lakes   Winnipeg ,   Winnipegos is   and   Mani toba  are heavi ly   dependent  
on  zooplankton  and  phytoplankton.  The  impact o f  p a d d l e f i s h   w o u l d   b e   f e l t  
by  most f i s h   s p e c i e s   r a t h e r   t h a n  by   on ly   one   o r  a f ew  spec ie s .   S ince  
p a d d l e f i s h  grow r a p i d l y   d u r i n g   t h e i r   f i r s t   y e a r ,   t h e y   q u i c k l y   a t t a i n  a 
s i z e   w h e r e   t h e y   c a n n o t   b e   e a t e n   b y   o t h e r   f i s h e s .   P r e d a t o r s ,   t h e r e f o r e ,  
would  not   be a f a c t o r   i n   c o n t r o l i n g   t h e   a b u n d a n c e   o f   p a d d l e f i s h .  

P a d d l e f i s h  may a l s o   i n d i r e c t l y   a f f e c t   l a k e   s t u r g e o n   p o p u l a t i o n s  
i n   t h e  Hudson Bay Basin.  Eggs  of p a d d l e f i s h   i n   t h e   M i s s o u r i   R i v e r   B a s i n  
c o n t a i n  a c o e l e n t r a t e   p a r a s i t e  ( P O k # ~ o d i m  s p . ,  Suppes  and Meyer 1975). 
Lubinsky   (1976a)   repor ted   tha t '  P. /lydtridcJ/zme is found i n   s t u r g e o n   i n   t h e  
USSR a n d   t h a t  i t  d e s t r o y s  a c o n s i d e r a b l e  number of o o c y t e s   ( e g g s   c e l l s )  
i n   t h e s e   f i s h .   T h i s   i n h i b i t s   b o t h   r e p r o d u c t i o n   o f   t h e s e   f i s h   a n d  
q u a l i t y   o f   t h e   c a v i a r .   L u b i n s k y   f u r t h e r   s t a t e d ,  "The pe rcen tage   o f  
o o c y t e s  varies g r e a t l y ,   f r o m  a f r a c t i o n  of  o n e   p e r c e n t   t o   s e v e r a l   p e r c e n t ,  
t hough   an   i n fec t ion  ra te  of over  10 percent   se ldom  occurs .  'I PulZypodiwn 
had no t   been   r eco rded   i n   any   l ake   s tu rgeon   i n   Man i toba   (Lub insky   1976a ) .  
This  parasite could  have a nega t ive   impac t   on   s tu rgeon   popu la t ions ,  
w h i c h   h a v e   a l r e a d y   b e e n   s u b j e c t e d   t o   o v e r e x p l o i t a t i o n .  

Although  nothing i s  known a b o u t   t h e   f r e e - l i v i n g   s t a g e   o f  
POcypUciium sp .  i t  i s  l i k e l y   t h a t   t h e   s p r e a d   o f   t h e   p a r a s i t e   w o u l d   n o t   b e  
conta ined   by   the  McClusky C a n a l   f i s h   s c r e e n .  The p a r a s i t e   c o u l d   a l s o   b e  
t r a n s f e r r e d   t o   t h e  Kudson Bay B a s i n   b y   a d u l t   p a d d l e f i s h  moving i n t o   t h e  
Red River v i a  Oakes  Canal  and  the  Wild Rice River. 

I n  summary, w e  b e l i e v e   p a d d l e f i s h  w i l l  b e   s u c c e s s f u l l y   i n t r o -  
duced   and   e s t ab l i shed   i n   Man i toba  waters. Because  of t h e i r   p l a n k t o n  
f e e d i n g   h a b i t s   t h e y  w i l l  c a u s e   r e d u c t i o n   i n   f o o d   a v a i l a b i l i t y   f o r   o t h e r  
f i s h   s p e c i e s .  We are u n s u r e   t h a t   t h e   M a n i t o b a   l a k e s  w i l l  p rovide  a l a r g e  
amount of s u i t a b l e   h a b i t a t   a n d   s u s p e c t   p a d d l e f i s h  w i l l  have l i m i t e d  
d i s t r i b u t i o n   i n   t h e s e   l a k e s .   P a d d l e f i s n  w i l l  have a negat ive   impact   on  
M a n i t o b a   f i s n e r i e s   b u t   n o t  as e x t e n s i v e  as g i z z a r d   s h a a   o r  smelt. 

Impact   o f   in t roduct ion   of   shovelnose   s turgeon (Scap/Li.Lhyncilun 
J J ~ U h ~ z q K c b l U n )  a n d   p a l l i d   s t u r g e o n  (SCUp~dd1LJMCiLub UlebUA) : Two s p e c i e s  
o f   a c i p e n s e r i d   f i s h ,   s h o v e l n o s e   a n d   p a l l i d   s t u r g e o n   o c c u r   i n   t h e   M i s s o u r i  
River i n  Xorth  Dakota .   Both  species  are found  in  Lakes  Sakakawea  and 
Oahe.  The o n l y   a c i p e n s e r i d   i n   M a n i t o b a  waters i s  t h e   l a k e   s t u r g e o n .  

Shove lnose   and   pa l l i d   s tu rgeon   cou ld   be   i n t roduced   t o   Man i toba  
by GDU from  Lakes  Sakakawea  and Audubon v i a   t h e  McClusky and  Velva 
cana l s ,   f rom  the  James E ive r   v i a   Oakes   Cana l   t o   t he   Wi ld  Rice River  and 
f rom  Lonet ree   Reservoi r   to   the   Sheyenne  River. Although  tnese species 
may b e   t r a n s f e r r e d   b y  GDU, t h e   p r o b a b i l i t y   o f   t h i s   o c c u r r i n g   a p p e a r s  
remote .   Both   spec ies  are non--migratory;  for  example,   tagged  shovelnose 
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s t u r g e o n  are u s u a l l y   r e c a p t u r e d   w i t h i n  a few miles of   the   t agging  s i t e  
(Helms 1973).  P a l l i d   s t u r g e o n  are a l s o  rare i n  Lake  Sakakawea.  Eggs 
and larvae of   bo th   spec ies ,   should   they   reach   the   I lcClusky   Canal ,  are 
t o o   l a r g e   t o   p a s s   t h r o u g h   t h e   f i s h   s c r e e n  mesh. 

I n  the   even t   t ha t   shove lnose   and   pa l l i d   s tu rgeons   bypassed   t he  
McClusky Cana l   f i sh   s c reen   by   me thods   desc r ibed   p rev ious ly   o r  were 
in t roduced   f rom  the  James River v ia  Oakes  Canal,   environmental   conditions 
i n   t h e   S o u r i s ,   A s s i n i b o i n e   a n d  Red rivers w o u l d   b e   s u i t a b l e   f o r   n a t u r a l  
p r o p a g a t i o n   o f   b o t h   s p e c i e s .   T h e s e   r i v e r s   p o s s e s s   f a s t  water areas 
w i t h   r o c k y   o r   g r a v e l l y   s u b s t r a t e   w h i c h  are i d e a l   f o r   s t u r g e o n   s p a w n i n g .  
S i l t y  areas of t h e s e  r ivers would   a l so   p rovide  a f o o d   s o u r c e   f o r   t h e  
spec ies .   Wi th  time, shovelnose   and   pa l l id   s turgeon  might   invade   Lake  
Winnipeg ,   Winnipegos is   and   Mani toba   and   the i r   t r ibu tary  streams. 

The   es tab l i shment  of popula t ions   o f   shovelnose   and   pa l l id  
s t u r g e o n   i n   M a n i t o b a  waters i s  nlost l i k e l y   t o   h a v e   a n   i m p a c t   o n  
ind igenous   l ake   s tu rgeon   po lu l a t ions .   Shove lnose   s tu rgeon   ma tu re  a t  
ear l ie r  age  and smaller s i z e   t h a n   l a k e   s t u r g e o n   a n d   t h e r e f o r e   c a n   q u i  
a t t a i n  ' n i g h   p o p u l a t i o n   l e v e l s .   S h o v e l n o s e   s t u r g e o n   a t t a i n   s e x u a l  
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m a t u r i t y   a f t e r   a b o u t   f o u r   y e a r s .  Lake  s turgeon,  on t h e   o t h e r   h a n d ,  are 
n o t   m a t u r e   u n t i l   a b o u t   a g e  20. S ince   bo th   spec ies   have   approximate ly  
t h e  same habi ta t   requi rements ,   an   abundant   shovelnose   popula t ion   would  
compete d i r e c t l y   w i t h   l a k e   s t u r g e o n   f o r   f o o d   a n d   s p a c e .  L i t t l e  b io lo-  
g i c a l   i n f o r m a t i o n  i s  a v a i l a b l e  on p a l l i d   s t u r g e o n .  

Tne impac t   o f   shove lnose   and   pa l l i d   s tu rgeon  on t h e   l a k e  
s t u r g e o n   c a n n o t   b e   p r e c i s e l y   q u a n t i f i e d .  I n  many areas of Manitoba  lake 
s tu rgeon   popu la t ions   have   been   s e r ious ly   dep le t ed  by o v e r e x p l o i t a t i o n  
a n d   d e l e t e r i o u s   e n v i r o n m e n t a l   c o n d i t i o n s   s u c h  as dams w h i c n   i n t e r f e r  
w i t h   s p a w n i n g .   B e c a u s e   o f   t h e s e   c o n d i t i o n s   m o s t   s t u r g e o n   f i s h e r i e s   i n  
Manitoba  have  been  c losed.   Competi t ion  f rom  shovelnose  and  pal l id  
s t u r g e o n   c o u l d   e x t i r p a t e   e x i s t i n g   l a k e   s t u r g e o n   p o p u l a t i o n s   i n  some areas. 

In t roduc t ion   o f   shove lnose   and   pa l l i d   s tu rgeon   i n to   Man i toba  
waters could adversely  impact n a t i v e   l a k e   s t u r g e o n   p o p u l a t i o n s  i n  
a n o t h e r  way. S h o v e l n o s e   a n d   p a l l i d   s t u r g e o n s   i n   t h e   M i s s o u r i  River, l i k e  
p a d d l e f i s h ,  may a l s o   b e   c a r r i e r s  of P~&ypUdhum s p .  The w o r s t   e f f e c t  of 
t h i s   c o e l e n t e r a t e   p a r a s i t e  u p o n   r e p r o d u c t i v e   c a p a c i t y   o f   l a k e   s t u r g e o n  
would  be a p o t e n t i a l  10 p e r c e n t   r e d u c t i o n   i n   e g g   s u r v i v a l   ( L u b i n s k y   1 9 7 6 a ) .  

I n  summary, t he   Commi t t ee   be l i eves   pa l l i d   and   shove lnose  
s tu rgeon   cou ld  become e s t a b l i s h e d   i n   M a n i t o b a  waters i f   i n t r o d u c e d   b y  
GDU. however ,   due   to   the   non-migra tory   habi t s   o f   bo th   spec ies   and   the  
r a r i t y  o f   p a l l i d   s t u r g o n ,   t h e   p r o b a b i l i t y   o f   t h i s   o c c u r r i n g  i s  remote. 
Shove lnose   and   pa l l i d   s tu rgeon  may negat ive ly   impact   Mani toba  waters by 
d i r e c t l y   c o m p e t i n g   w i t h   n a t i v e   l a k e   s t u r g e o n   p o p u l a t i o n s   o r   b y   t r a n s f e r -  
r i n g   t h e   c o e l e n t e r a t e   p a r a s i t e  Pa&ypVdiwn sp .   P rec i se   magn i tude  of 
th i s   impac t   canno t   be   a s ses sed   bu t   t he   wors t   impac t   wou ld   be   even tua l  
d e s t r u c t i o n  of e x i s t i n g   l a k e   s t u r g e o n   p o p u l a t i o n s .  
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I m p a c t   o f   i n t r o d u c t i o n   o f   s h o r t n o s e   g a r  ( k / JhVh ie lLh  pk%tvh,tvmuh) : 
Shor tnose   ga r  are found i n  Lake  Sakakawea,  Lake Oahe and i n   t h e   l o w e r  

~ 

James River. The s p e c i e s   d o e s   n o t   o c c u r   i n   M a n i t o b a   n o r  do  any members 
of t h e   f a m i l y   o f   g a r f i s h e s .   W i t h  GDU t h e   p o t e n t i a l   e x i s t s   f o r   i n t r o d u c t i o n  
o f   sho r tnose   ga r   t o   Man i toba  waters. 

L i t t l e  is known o f   t he   b io logy   o f   sho r tnose   ga r .  To o b t a i n  
some a s s e s s m e n t   o f   t h e   p o s s i b i l i t y   o f   i n t r o d u c t i o n   a n d   i m p a c t   o f  
s h o r t n o s e   g a r ,   a d d i t i o n a l   i n f o r m a t i o n  on a c l o s e  re la t ive,  the   longnose  
g a r ,  was e v a l u a t e d .  

Eggs  of  longnose  gar  range  from 2 . 1  (Netsche  and Witt 1962) t o  
5.0 m (Mansueti  and  Iiardy  1967) i n   d i a m e t e r ;   e g g s  o f  s h o r t n o s e   g a r  are 
smaller (Echel le   and  Riggs  1972) .  Larvae o f   s h o r t n o s e   g a r  are about  8 mm 
long   (Echel le   and   Riggs   1972) .  Body d e p t h  of s h o r t n o s e   g a r   l a r v a e  i s  
l i k e l y   g r e a t e r   t h a n  1 nm. Eggs and larvae of s h o r t n o s e   g a r   s h o u l d   n o t  
p a s s   t h r o u g h   t h e  McClusky C a n a l   f i s h   s c r e e n  mesh. 

Shor tnose   ga r   cou ld   ga in  access t o   t h e  Hudson Bay Basin by 
bypass ing   t he   l 4cClusky   Cana l   f i sh   s c reen   o r   f rom  the  James River  v i a  
Oakes   Canal .   Shor tnose   gar   p refer   ca lm,  clear and  shal low waters such 
as p o o l s ,  oxbows and  backwaters  of  slow  moving streams. It i s  n o t  known 
w h e t h e r   s h o r t n o s e   g a r  now o c c u r   i n   t h e  Janles River   in   Nor th   Dakota .  The 
s p e c i e s   c o u l d   e x i s t   i n   t n i s  area during  open water p e r i o d s   d e s p i t e  low 
f lows  and  low  dissolved  oxygen levels. (They are capable   o f   supplement ing  
b r a n c h i a l   r e s p i r a t i o n  b y   g u l p i n g   a i r . )  Any s h o r t n o s e   g a r   t h a t  may spora-  
d i c a l l y   o c c u r   i n   t h e   N o r t h   D a k o t a   p o r t i o n  of t h e  James River  are 
w i n t e r k i l l e d   a n n u a l l y .   I n c r e a s e d   f l o w s   o c c u r r i n g   t o   t h e  James River  and 
r e s u l t a n t   i n c r e a s e d   d i s s o l v e d   o x y g e n   l e v e l s  may p e r m i t   s h o r t n o s e   g a r   t o  
e s t a b l i s h  a p e r m a n e n t   p o p u l a t i o n   i n   t h e  area. 

I f   s h o r t n o s e   g a r   r e a c h   L o n e t r e e   R e s e r v o i r   o r   O a k e s   C a n a l ,   t h e y  
can  reach  Lakes  Manitoba,  Winnipegosis  and  Winnipeg.  Shortnose  gar are 
p r i m a r i l y   a d a p t e d   t o  w a r m  waters. The l o w e r   l e t h a l   t e m p e r a t u r e   f o r  
s h o r t n o s e   g a r  i s  n o t  known. However, t h e   f a c t  tnat t h e y   e x i s t   i n  Lake 
Sakakawea i m p l i e s  t ha t  they  have some c a p a b i l i t y  t o  adapt  to colder  
h a b i t a t   c o n d i t i o n s .  

Shor tnose   ga r   cou ld   e s t ab l i sn   popu la t ions   i n   Lakes   Winn ipeg ,  
Winnipegos is   o r   Mani toba   because   envi ronmenta l   condi t ions   o f   these   l akes  
do not   d i f fe r   markedly   f rom  those   o f   Lake   Sakakawea .   Winter  water 
temperatures  of  Lake  Sakakawea are similar t o   t h o s e   e x p e r i e n c e d   i n   t h e s e  
lakes   bu t   the   annual   hea t   budget   for   Lake   Sakakawea  may b e  somewnat 
g r e a t e r .   S h o r t n o s e   g a r  may f i n d  m o r e   f a v o r a b l e   h a b i t a t   i n  areas a d j a c e n t  
t o   Lakes   Winn ipeg ,   Winn ipegos i s   and   Man i toba   t han   ex i s t s   i n  Lake Sakakawea. 
The quie t   backwaters   o f   Net ley   and  Delta marshes   c lose ly   approximate  
p r e f e r r e d   h a b i t a t   f o r   g a r f i s h e s .   O t h e r   m a r s h e s   o c c u r   a r o u n d   t h e s e   l a k e s  
w h e r e   s h o r t n o s e   g a r  may e s t a b l i s h   p o p u l a t i o n s .  The level  of  abundance 
t h a t   s h o r t n o s e   g a r   c o u l d   r e a c h   i n   t h e s e  areas c a n n o t   b e   e s t i m a t e d   i n  the 
s o u t h e r n   p o r t i o n   o f   t h e i r   r a n g e ,   h o w e v e r ,   g a r f i s h e s   a t t a i n   h i g h   p o p u l a -  
t i o n   d e n s i t i e s .  Gar i n   F l o r i d a   r e a c h e d   d e n s i t i e s   o f  270   f i sh /100   ya rds  
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of  canal  (Hunt  1952)  but w i l l  n o t   a p p r o a c h   t h e s e   l e v e l s   i n   M a n i t o b a .  

A d u l t   s h o r t n o s e   g a r  are h ighly   p redaceous   and   feed   a lmost  
e x c l u s i v e l y  on o t h e r   f i s h e s .  Young g a r   f e e d   o n   i n s e c t s   a n d   o t h e r  
a q u a t i c   i n v e r t e b r a t e s .   T h e r e  i s  an  abundance of food  in  Lakes  Winnipeg, 
Winn ipegos i s   and   Man i toba   ava i l ab le   t o   sho r tnose   ga r .   Shor tnose   ga r  
wou ld   t he re fo re  ac t  as bo th   p reda to r s   and   compe t i to r s  of indigenous 
f i s h   p o p u l a t i o n s .  The degree  of  impact of s h o r t n o s e   g a r   o n   f i s h e r i e s  
resources   in   Lakes   Winnipeg ,   Winnipegos is   and   Mani toba   would   depend on 
levels of   popula t ion   abundance   a t ta ined   and   ex ten t  of i n t e r a c t i o n s   w i t h  
o t h e r   f i s h   s p e c i e s .  

I n  summary, s h o r t n o s e   g a r  are s u f f i c i e n t l y   c o l d - t o l e r a n t   t o  
e x i s t   i n   M a n i t o b a  waters and   would   f ind   an   ava i lab le   food   supply   and  
s u i t a b l e   h a b i t a t   i n   M a n i t o b a  waters. The re fo re   t he   Commi t t ee   be l i eves  
s h o r t n o s e   g a r   c a n   e s t a b l i s h   i n   a n d   h a v e  a nega t ive   impac t  on  Manitoba 
waters. The impac t   o f   sho r tnose   ga r  w i l l  n o t   b e  as e x t e n s i v e  as t h a t  
f o r e c a s t   f o r  smelt o r   g i zza rd   shad   because   env i ronmen ta l   and   hab i t a t  
c o n d i t i o n s  are n o t  optimum f o r  them. 

Impact of introduct ion  of   Utah  chub (Gdu &C&U): Utah 
chub are n a t i v e   t o   t h e   B o n n e v i l l e   B a s i n  of Utah  and  the  upper  Snake 
R ive r   d ra inage   o f  Wyoming and  Idaho. They are found i n   t h e   M i s s o u r i  
River i n  Montana a t  Canyon Fer ry   Reservoi r   and  may e v e n t u a l l y   i n v a d e  
and  become es tab l i shed   in   Lake   Sakakawea .  

S i g l e r   a n d  Miller (1961)   reported  that   Utah  chub are found i n  
a wide   va r i e ty   o f  waters and t h r i v e   o v e r  a wide  range  of   temperatures .  
They are a t  home i n   c o o l  (60°-68"F) or warm (81"-88"F)   spr ings,  
i r r i g a t i o n   d i t c h e s ,   p o n d s ,   s l o u g h s ,   c r e e k s ,   l a k e s ,   r i v e r s   a n d   r e s e r v o i r s .  
They are omnive rous   f eede r s ,   r ead i ly   f eed ing  on p l a n t s ,   a q u a t i c   a n d  
terrestr ia l  i n s e c t s ,   c r u s t a c e a n s   a n d   o c c a s i o n a l l y  small f i s h  and f i s h  
eggs.  They  spawn i n  less t h a n  two f e e t   o f  water a n d   s p r e a d   t h e i r  eggs 
a t  random  over a wide   d ive r s i ty   o f   subs t r a t e .   The   eggs  are h e a v i e r   t h a n  
w a t e r   a n d   s i n k   t o   t h e   b o t t o m .  We d o   n o t   a n t i c i p a t e   a n y   e c o l o g i c a l  
barr iers  prevent ing  downstream movement i n   t h e   M i s s o u r i  River t o  Lake 
Sakakawea  and  on  through  the GDU s t u d y  area t o   t h e  Red River Basin.  

Peak  spawning  usual ly   occurs   between  June 5-15 b u t   t h i s  
a c t i v i t y   c a n  s tar t  i n  mid-May and las t  u n t i l  mid-August.  Temperatures 
assoc ia ted   wi th   spawning   range   f rom  52"-68°F.  The eggs   ha t ch   w i th in  
two weeks. We were a b l e   t o   o b t a i n   l i m i t e d   i n f o r m a t i o n   o n   e g g   d i a m e t e r s  
of  the  Utah  chub  from Wydoski (1976).  Graham (1961)  found  Utah  chub 
l a r v a e   l e n g t h s   i n   A u g u s t   1 9 5 3   t o   a v e r a g e   0 . 8   i n c h e s   a n d   r a n g e   f r o m  
0 . 4  i n c h e s   t o   1 . 3   i n c h e s   a n d   i n   J u l y   1 9 5 4   t o   a v e r a g e  0.3 inches   and  
range  f rom  0.25  inches  to   0 .5   inches.   Approximately 30-50 eggs  from 
10  Utah  chub were measured  with  egg  diameters   ranging  between  1 .04  and 
1.17 mm fo r   f i sh   be tween   1 .69   and   2 .67  mm t o t a l   l e n g t h .  
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T h e r e f o r e  w e  suspec t   bu t   canno t   con f i rm  tha t   U tah   chub   l a rvae  may 
pass   t h rough   t he  40-mesh s c r e e n ;  i n  a d d i t i o n ,   t h e y  may bypass   t he   s c reens  
by methods   descr ibed   prev ious ly .  

Cons ider ing   the   eco logica l   requi rements   o f   Utah   chub,  we 
b e l i e v e   t h e y   c o u l d  ex i s t  a n d   t h r i v e  i n  waters such as Lakes  Winnipeg 
and  Manitoba  or  Manitoba streams o r   r i v e r s   t o   w h i c h   t h e y   g a i n  access. 
Utah  chub  have a h i g h   r e p r o d u c t i v e   p o t e n t i a l   a n d   p o p u l a t i o n   i r r u p t i o n s  
may o c c u r   a f t e r   t h e y   e n t e r  waters where   they   have   been   prev ious ly  
e x c l u d e d   b y   n a t u r a l   b a r r i e r s .   T h e i r   g e n e r a l i z e d   f e e d i n g   h a b i t s   n a y  
enab le   t hem  to  become se r ious   compe t i to r s   w i th   mos t   f i sh   spec ie s   fo r   food .  

Brown (1971) r e f e r r e d   t o   t h e  Utah  chub as fol lows:  "It h a s  
p roven   t o   be  a n u i s a n c e   t o   f i s h e r m e n  who f i n d   d i f f i c u l t y   a v o i d i n g  i t  
w h i l e   f i s h i n g   f o r   t r o u t  . . . t h e r e  i s  no e c o n o m i c a l l y   f e a s i b l e  way of 
e r a d i c a t i n g   s u c n   p e s t   f i s h   o n c e   t h e y  are es t ab l i shed   and   w ide ly  
d i s t r i b u t e d . "   F u r t h e r m o r e   S i g l e r   a n d  Miller (1961) r e p o r t e d :  

"Because  of i t s  g r e a t   a b u n d a n c e ,   w i d e   d i s t r i b u t i o n ,  
l a r g e  s i z e  a n d   g e n e r a l i z e d   f e e d i n g   h a b i t s ,   t h i s  
s p e c i e s  may become a se r ious   compe t i to r   o f  game 
f i s h e s .  It  i s  known t o  compete   with them f o r   f o o d .  
Widely  used as b a i t   f i s h ,  i t  h a s   e s t a b l i s h e d   i t s e l f  
i n   r e s e r v o i r s   t o   w h i c h  i t  was o r i g i n a l l y   b a r r e d   b y  
n a t u r a l   b a r r i e r s .  Under t h e s e   c o n d i t i o n s  i ts  h igh  
r e p r o d u c t i v e   p o t e n t i a l  may l e a d   t o   r a p i d   m u l t i p l i c a -  
t i o n   t o   t h e   p o i n t   w h e r e  i t  ove rpopu la t e s   such   bod ie s  
of water; expens ive   means   o f   cont ro l  may then   be  
r e q u i r e d ,  as f o r  example i n   F i s h   L a k e ,   P a n g u i t c h  
Lake   and   Scof ie ld   Reservoi r  (Olson 1959) .  The  Utah 
chub  became s o  a b u n d a n t   i n   S t r a w b e r r y   R e s e r v o i r   t h a t  
a s p e c i a l   t r a s h   f i s h e r y  w a s  se t  up t o   h a n d l e   t h e  
menace (Anonymous 1949) .  Its s p r e a d   o u t s i d e  of t h e  
Bonnevi l le   Bas in   should   be   d i scouraged .  I t  i s  
s i g n i f i c a n t   t h a t   t h o s e  waters i n  which the s p e c i e s  
has  become a n u i s a n c e  are  e i t h e r   n o t   w i t h i n  i t s  n a t i v e  
r a n g e   o r ,   i f  s o ,  have  been much modified  by man." 

In  summary,  Utah  chub  have a h i g h   r e p r o d u c t i o n   p o t e n t i a l ,  a 
p o t e n t i a l   f o r   p o p u l a t i o n   i r r u p t i o n s   a n d   l i k e l y   c a n   e s t a b l i s h   i n   M a n i t o b a  
waters. We b e l i e v e  Utah   chub  could   be   successfu l ly   in t roduced   and  
e s t a b l i s h e d  i n  Manitoba waters i f   t h e y   g e t   t o  Lake  Sakakawea.  Further- 
more, i f   i n  Manitoba waters, Utah  chub w i l l  have a nega t ive   impac t  on 
i n d i g e n o u s   f i s h e s   a n d  may become a nu i sance   t o   ang le r s   and   commerc ia l  
f i s h e r m e n   ( t h r o u g h   s h e e r   v o l u m e   o f   c a t c h   i n   t h e   n e t s ) .  We expect  Utah 
chub w i l l  c o m p e t e   w i t h   w h i t e f i s h   a n d   w a l l e y e   f o r   f o o d   a n d   l i k e l y   d i s p l a c e ,  
t o  a m a j o r   e x t e n t ,   e x i s t i n g   f o r a g e   s p e c i e s ,   p a r t i c u l a r l y  minnows. On 
the  other   hand,   Utah  chub were i n t r o d u c e d   i n   t h e  1930's i n  Montana  and 
h a v e   n o t   s p r e a d   s i g n i f i c a n t l y   t h r o u g h   t h e   m a i n s t e m   M i s s o u r i   R i v e r   ( o r   a t  
least h a v e   n o t   b e e n   d e t e c t e d ) .  We b e l i e v e   t h a t  i t  i s  a matter of t i m e  
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before   they   explo i t   the   Missour i   River  as t h e r e  are no   eco logica l  
b a r r i e r s   p r e v e n t i n g   t h e i r  downstream movement. Therefore  we consider  
t h i s   f i s h   t o   r e p r e s e n t   t h e  same po ten t i a l   fo r   ma jo r   impac t  as rainbow 
smelt o r   g i zza rd   shad .  

Impact  of  introduction  of  smallmouth  buffalo ( 7 c t 0 b ~ n  b u b d a )  : 
Smallmouth b u f f a l o  are p r e s e n t   i n  Lake  Sakakawea  and t h e  James River.  
This   spec ies  is  no t  known t o   o c c u r   i n  Canada. 

Habi ta t   requirements  of  smallmouth  buffalo are va r i ab le .   Th i s  
spec ie s   u sua l ly   i nhab i t s   deepe r ,   swi f t e r  and c l e a r e r  waters of l a r g e  
r i v e r s .  Food of   smal lmouth   buf fa lo   cons is t s   l a rge ly  of a q u a t i c   i n s e c t s ,  
crustaceans,   molluscs   and some vegeta t ion ,   main ly  duckweed. There i s  
l i t t l e  publ i shed   in format ion   on   spawning   charac te r i s t ics  of t h e s e   f i s h .  
No information i s  a v a i l a b l e  on egg   o r   l a rvae   s i ze s .  Eggs are depos i ted  
a t  random over   r iver   bo t toms  and   aquat ic   vege ta t ion .  Egg s i z e   o f  a 
similar spec ies ,   the   b igmouth   buf fa lo ,  i s  in   t he   r ange   o f  1 . 2  t o   1 . 8  mm 
i n   d i a m e t e r .  

Cons ide r ing   t he   c lose   s imi l a r i t y   be tween  bigmouth  and small- 
mouth b u f f a l o   a n d   t h a t   b i g m o u t h   e x i s t   i n   t h e  Red River   in   Manitoba,  we 
be l ieve   smal lmouth   buf fa lo   could   a l so   surv ive   in   Mani toba .  The p o t e n t i a l  
f o r  harm f rom  the   i n t roduc t ion  of  smallmouth  buffalo  cannot  be  assessed 
due   to   l ack  o f  ava i lab le   da ta .   I f   smal lmouth   buf fa lo   cause  no  more  harm 
than   the   a l ready   present   b igmouth   buf fa lo ,   the   adverse   impact   o f  
i n t r o d u c t i o n  w i l l  n o t   b e   s i g n i f i c a n t .  

Impact   of   int roduct ion  of   r iver   carpsucker  ( C a t r p h d u  cmpi~): 
River   carpsuckers   occur   in   Lakes Sakakawea  and Oahe and i n   t i l e  James 
River .  They are n o t  known t o   o c c u r   i n   t h e  Red River  Basin. 

No information i s  a v a i l a b l e  on r iver   carpsucker   egg  o r  l a r v a e  
s i zes .   Th i s   spec ie s   cou ld   be   i n t roduced   i n to   t he  Hudson Bay Basin by 
bypassing  the McClusky Cana l   f i sh   s c reen  by  methods  discussed  previously 
o r  by e n t e r i n g  Oakes Canal  from  the James River .   Prefer red   habi ta t   o f  
r i ve r   ca rpsucke r s  is  backwater   and   qu ie t   p laces   in  rivers, l a r g e r  streams 
and canals .   Carpsuckers  are e spec ia l ly   found   nea r  p i l e s  of  brush 02 
exposed  roots.  

Food of r iver  ca rpsucke r s   cons i s t s  of   immature  insects ,   o ther  
aqua t i c   i nve r t eb ra t e s   and   o rgan ic  matter contained  in   bot tom  sediments .  
Their  food i s  similar t o   o t h e r  members of   the   sucker   fami ly   except   tha t  
a g r e a t e r  amount of s i l t  a n d   d e t r i t u s  is  included.  

River   carpsuckers  spawn i n   t h e   s p r i n g   i n   l o w l a n d  areas a f t e r  
f looding  and  in   backwater  areas among submerged po r t ions  of trees and 
shrubs.  They are similar to   qu i l l back   sucke r s   wh ich   a l r eady   occu r   i n  
Lake  Winnipeg  and t h e  Red River i n  Manitoba.  Considering  environmental, 
habi ta t   and   food   requi rements   o f   r iver   carpsuckers ,  w e  be l ieve   they  
could   surv ive   in   Mani toba  waters. 
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The impact   of   int roduct ion of r iver   carpsuckers   to   Manitoba 
waters cannot   be  assessed  due  to  a l a c k  of ava i l ab le   i n fo rma t ion .  It  
i s  known t h a t   q u i l i b a c k   s u c k e r s ,  a similar spec ies   which   a l ready  
e x i s t s   i n  Manitoba waters, are very  rare and  have l i t t l e  o r  no  impact  on 
e x i s t i n g   f i s h   p o p u l a t i o n s .  

Impact of   in t roduct ion   of   carp  (Cg'phhLM C c u t j J i O ) :  The i n t r o -  
duct ion  of  carp to   the  Souris   River   Basin  in   North  Dakota  as a r e s u l t  
of GDU h a s   b e e n   i d e n t i f i e d  as a concern  of  the  Biology  Committee. Carp,  
found i n  many North  Dakota waters, p r e s e n t l y  do no t   occu r   i n   t he   Sour i s  
River  loop (Owen and Russe l l   1975~) .   A l though   ca rp  are no t  common i n  
the  upper   Souris   River   in   Manitoba,   individual   specimens  have  been 
captured   there   occas iona l ly  (Swain  1975d).  Carp  populations do e x i s t ,  
however, i n   t he   Ass in ibo ine   R ive r .  Movement of  carp up the  Souris   River  
i s  prevented  during low water pe r iods  by s i x  small dams between  the 
Souris-Assiniboine  confluence  and  the US border .   During  high  spr ing 
f lows  carp  could move  up the   Sour i s   River  as f a r  as North  Dakota.  High 
water may have, on occas ion ,   a l l owed   ca rp   t o   en t e r   Sour i s   R ive r  impound- 
ments   within J. Clark   Sa lyer  NWR. Absence of reproducing  carp  populations 
i n   t n i s   r e f u g e   h a s   b e e n   a t t r i b u t e d   t o  low winter   f lows  and  dissolved 
oxygen  condi t ions.   Winterki l ls   have  occurred  within J. Clark   Sa lyer  
NWR s y s t e m  i n  7 ou t  of 1 3  years ,   cover ing   the   per iod  1960 t o  1973 (FWS 
1960-1974). Low win te r  oxygen l e v e l s   o c c u r   f r e q u e n t l y   i n   t h e   S o u r i s  
River  from  Lake  Darling  to J. Clark   Sa iyer  NWR (NDHD 1968-72). No 
o t h e r   h a b i t a t   c o n d i t i o n s  are be l i eved   l imi t ing   t o   e s t ab l i shmen t  of carp 
i n   t h i s  area. 

The Souris   River   in   North  Dakota   f ron  below Lake D a r l i n g   t o  
the   Canadian   border   re f lec ts  a f i s h  species composition similar t o   t h a t  
found i n  Lake Darl ing.  The  downstream movement of f i s h e s  from  Lake 
Dar l ing   occurs   annual ly   dur ing   spr ing   runoff .  The o n l y   s p o r t   f i s h  of any 
major  consequence  that  exists i n  J. Clark   Sa lyer  IWR on a n   i n t e r m i t t e n t  
b a s i s  is northern  pike.   Northern  pike are the   mos t   r e s i s t en t   o f  a l l  
game f i s h e s   t o  low  oxygen l e v e l s .   T h i s   t o l e r a n c e   t o  low  oxygen l e v e l s  
exceeds   tha t   o f   carp .   This   expla ins  why nor the rn   p ike   can   fu rn i sh  a 
l i m i t e d   s p o r t   f i s h e r y   i n  J. Clark   Sa lyer  NWR, whi le   carp  may be   absent  
from  the  system. 

The Water Quant i ty  Committee  (1976) p r e d i c t e d   t h a t   r e t u r n   f l o w s  
from GDU w i l l  i n c r e a s e  mean f lows   i n   t he   Sour i s   R ive r  a t  Westnope during 
January  through March f ron   about  2 4  t o  85 cfs .   These  increased  f lows 
w i l l  p r even t   w in te r   d i s so lved   oxygen   l eve l s   i n  J. Clark   Sa lyer  IWR 
impoundments  from f a l l i n g  below  5.0  mg/l  (Water  Quality  Committee  1976). 
Win te rk i l l   o f   ca rp   i n   t he   Sour i s   R ive r   t he re fo re  w i l l  not   occur  and 
popula t ions  w i l l  become es tab l i shed .   Es tab l i shment  of a s izable   popula-  
t i o n   i n  J. Clark   Sa lyer  IJiJR w i l l  g r e a t l y   e n h a n c e   p o s s i b i l i t i e s   f o r  
invas ion  of ca rp   fu r the r   ups t r eam,   t o  Lake Darling  and the Souris   River  
into  Saskatchewan.  Carp w i l l  have some impacts on ind igenous   f i shes  of 
the  Souris   River   in   North  Dakota .   Scot t   and Crossman (1973)  noted  that  
carp ". . . i n c r e a s e   t h e   t u r b i d i t y  of t h e  water and  uproot  and  destroy 
submerged a q u a t i c   v e g e t a t i o n   t h a t  is e s s e n t i a l   f o r   t h e   s u r v i v a l  of 
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nat ive  species ,   s ince  such  growth  provides   cover ,   food  and  sometimes 
spawning sites." Scot t   and Crossman f u r t h e r   n o t e d   t h a t   c a r p  'I. . . a l s o  
a d v e r s e l y   a f f e c t  duck  populations by t h e   d e s t r u c t i o n  of roo ted   aqua t i c  
p l a n t s   i n   m a r s h e s . "   P r o l i f e r a t i o n   o f   c a r p  i n  Nor tn   Dakota   wi ld l i fe  
re fuges   a long   the   Sour i s   River  w i l l  r e s u l t   i n  damage to  waterfowl-pro- 
duc ing   marshes   and   exacerba te   o ther   water fowl   losses   resu l t ing   f rom GDU. 

General   Discussion:  The fo rego ing   d i scuss ions  on t h e  10 f i s h  
s p e c i e s   i d e n t i f i e d  as problem  species   (except   carp)   have  pr imari ly  
s t r e s sed   poss ib l e   impac t s  on three   major   l akes  i n  Manitoba  (Lakes 
Winnipeg,  hlanitoba  and  Winnipegosis).  Emphasis  has  been  placed  here 
s ince   t hese   l akes   suppor t  a l a r g e   p a r t  of the  commercial   f ishing 
i n d u s t r y ,  as w e l l  as some spor t   f i sh ing   i n   Man i toba .  The Committee, 
however ,   recognizes   tha t   impacts   resu l t ing   f rom  invas ion   of   exot ic   f i shes  
w i l l  n o t   b e   l i m i t e d   t o   t h e   a b o v e   l a k e s .  It i s  v e r y   l i k e l y   t h a t   t h e  
invas ion  of problem  species   into  Manitoba w i l l  have some impact upon f i s h  
s t o c k s   i n   t h e   S o u r i s ,   A s s i n i b o i n e  and Red r i v e r s .  Some problem  species;  
such as t h e   p a l l i d  and  shovelnose  sturgeons,   shortnose  gar,   smallmouth 
buf fa lo   and   r iver   carpsucker ,   which  are adapted   to   lo t ic   envi ronments ,  
may become e s t a b l i s h e d   i n   t h e s e   r i v e r s .   A v a i l a b i l i t y   o f   s u i t a b l e  
h a b i t a t s ,  however, may r e s t r i c t   t h e i r   p r o l i f e r a t i o n   i n   t h e s e   r i v e r s .  

Es tab l i shment   o f   invading   spec ies   in   the   Sour i s ,   Ass in iboine  
and Red r i v e r s  would  undoubtedly  have some b io log ica l   impac t s  on 
ind igenous   f i shes .  The p r e c i s e   n a t u r e  of e x t e n t  of these  impacts  cannot 
be   a s ses sed   s ince   ve ry  l i t t l e  i s  known conce rn ing   t he   d i s t r ibu t ion ,  
benav io r   o r   popu la t ion   s i ze s  of f i s h e s   i n   t h e s e   r i v e r s .  The Sour is ,  
Assiniboine  and Red rivers are u t i l i z e d   f o r   a n g l i n g .  One area which i s  
subjec ted   to   heavy   angl ing   pressure  i s  on t h e  Red River  below  Lockport. 
Al though  des i rab le  species such as sauger ,   wal leye  and  northern  pike 
are caught ,   o ther  less d e s i r a b l e   s p e c i e s   s u c h  as f reshwater  drum, burbot ,  
suckers   and  bul lheads are also  angled.   Since  angl ing  on  the  Souris ,  
Assiniboine  and R e d  r i v e r s  i s  l a r g e l y   n o n s e l e c t i v e ,  i t  i s  d o u b t f u l   t h a t  
the   invas ion   of  new s p e c i e s  would d e t e r   a n g l e r s  and  consequently  cause a 
ser ious   nega t ive   impact  on the   ang l ing  fishery. Indeed paddlef ish  and 
shor tnose   gar  would l i k e l y   p r o v i d e   i n t e r e s t i n g  new s p e c i e s   f o r   a n g l e r s .  

Although i t  is beyond o u r   a b i l i t y   t o  go i n t o   t h e  same d e t a i l  
as above, some b r i e f  comments should  be made concerning  invasion  of 
e x o t i c   f i s h e s   i n t o   M a n i t o b a  waters o the r   t han   t hose   r e fe r r ed   t o   above .  
E x o t i c   f i s h e s  w i l l  not   be   able   to   invade  the  Saskatchewan  or   Winnipeg 
r ive r s   because   o f   l a rge ,   impassab le  dams n e a r   t h e  mouths  of  these rivers. 
Most smaller t r i b u t a r i e s   t o   t h e  west s ide   o f  Lake  Winnipeg  and t h o s e   t o  
Lake Manitoba  which  have low g r a d i e n t s  Day be   sub jec t   t o   i nvas ion .  
Exot ic   f i shes   could   a l so   invade   lower   reaches   o f  some t r i b u t a r i e s   t o  
Lake  Winnipegosis.  There are n o   b a r r i e r s   t o   h a l t  downstream  invasion 
of  the  Nelson  River. I t  might  be  assumed  that   not a l l  invading   exot ic  
f i s h e s  w i l l  ex tend   the i r   range   nor thward   in to   the   Nelson   River .   This  
assumption  could  be  argued  on  the  premise  that ;s ince  invaders  come from 
sou tne r ly  climes, they would no t   be   ab l e  t o  cope w i t h  t h e  more r igo rous  
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e n v i r o n m e n t a l   c o n d i t i o n s   i n   t h e   N e l s o n  River. This  argument,  however, 
i s  weakened  by  observat ion of ca rp   i n   t he   Ne l son   R ive r .   A l though  i t  i s  
b e l i e v e d   t h a t   c a r p   p o p u l a t i o n s   i n   t h e   N e l s o n   R i v e r   l a k e s   h a v e   n o t  
a t t a i n e d  a s i g n i f i c a n t  level  of   abundance,   carp  have  nonetheless   extended 
t h e i r   d i s t r i b u t i o n   i n   t h e  river as f a r  downstream as Eiudson Bay. 

4 .  E f f e c t s   o f   I n t r o d u c t i o n  o f  Exo t i c   F i shes   on  the Canadian 
Fishery  Resource:  We i d e n t i f i e d  20 f i s h   s p e c i e s   w h i c h   p r e s e n t l y   o c c u r  
i n   t h e   M i s s o u r i  River B a s i n   b u t   n o t   i n   t h e   S u d s o n  Bay Bas in   in   E ian i toba .  
Because GDU w i l l  p rovide  a d i r e c t   l i n k   b e t w e e n   t h e  2 b a s i n s ,   t h e  20 
s p e c i e s  were cons idered  as p o t e n t i a l   p r o b l e m   s p e c i e s .  We t h e n   b r i e f l y  
rev iewed  in format ion   on   the  20 spec ies   and   consequent ly   recognized  9 
f i s h   s p e c i e s   w n i c h ,   i f   i n t r o d u c e d   t o   M a n i t o b a ,  w i l l  create a d v e r s e  
i m p a c t s   o n   i n d i g e n o u s   f i s h   r e s o u r c e s .  Tnese s p e c i e s  are t i l e   pa l l i d   and  
shove lnose   s tu rgeon ,   padd le f i sh ,   sho r tnose   ga r ,   g i zza rd   shad ,   r a inbow 
smelt, Utah   chub,   sna l lmouth   buf fa lo   and   r iver   carpsucker .   Carp  was 
a d d e d   t o   t h e  l i s t  s i n c e  GDU will e n h a n c e   c o n d i t i o n s   f o r   t h e   i n t r o d u c t i o n  
of t h i s   s p e c i e s   i n t o   t h e   S o u r i s  River in   i ior th   Dakota   and  Saskatchewan 
where   t hey   p re sen t ly  cio no t   occu r .  

These   assessments ,   by   spec ies ,  of t h e   p o t e n t i a l   f o r   i n t r o -  
d u c t i o n   a n d   s u r v i v a l  as well as the   ex ten t   and   na tu re   o f   impac t   o f   t hese  
e x o t i c s   o n   f i s h e s   i n  ivlanitoba are summarized i n   T a b l e  C . 1 1 - 8 .  

A f t e r   a s s e s s i n g   i n  a qua l i t a t ive   manner   t ne   impac t  of each of 
t h e   p r o b l e m   s p e c i e s  w e  t h e n   q u a n t i t a t i v e l y   p r e d i c t e d   t h e   o v e r a l l   i m p a c t  
of t h e s e   i n t r o d u c t i o n s  on commerc ia l ly   impor tan t   spec ies   in   Lakes  
Winnipeg  and  Manitoba.  This  impact  assessment is  o u r   p r e d i c t i o n   b a s e d  
o n   d a t a   p r e s e n t e d  i n  t h i s   r e p o r t .  Our p r e d i c t i o n s  were b a s e a   t o  some 
ex ten t   on  Great Lakes   expe r i ences   and   i n   t hese  cases e f f e c t s  of 
i n t r o d u c t i o n  of e x o t i c s  were c o n p l i c a t e d   b y   o t h e r   f a c t o r s   s u c n  as 
e u t r o p h i c a t i o n ,   o v e r e x p l o i t a t i o n ,  management e f f o r t s   a n d   i n t r o d u c t i o n  
o f   e x o t i c   f i s h   d i s e a s e s   o r   p a r a s i t e s .  

The four   comnlercial iy   i raportant  species cons idered  were l a k e  
w h i t e f i s h ,   l a k e   n e r r i n g ,   w a l l e y e   a n d   s a u g e r .  The p red ic t ed   impac t  was 
measured as p e r c e n t   r e d u c t i o n   i n   p o p u i a t i o n   s i z e .   W a t e r   b o d i e s   c o n s i d e r e d  
were Lake  Winnipeg  (South  and  North  basins)  and  Lake  Manitoba.  (Lake 
Uinnipegos is  was n o t   c o n s i d e r e d ,  as the   commerc ia l   f i she ry  i s  i n   s u c h  a 
poor  state t h a t   t h e   i m p a c t  of i n t r o u u c t i o n  of e x o t i c s   c o u l d   n o t   b e  
p r e d i c t e d ) .  We e s t i m a t e d   p e r c e n t   r e d u c t i o n   i n   p o p u l a t i o n   s i z e  by   g iv ing  
a range  of pe rcen tages   r ep resen t ing   l ow,   mos t   l i ke ly   and  maximum impact 
(Table  C.  11-9). 

Lake  Winnipeg: A s  d i s c u s s e d   p r e v i o u s l y ,  smelt w i l l  have a 
major  impact on l a k e   w h i t e f i s n ,   p a r t i c u l a r l y   i n   t h e   N o r t h   E a s i n .  We do 
n o t   t h i n k  smelt w i l l  do well i n   t h e   S o u t n   U a s i n   a n d   t h e r e f o r e   t h e i r  
impact w i l l  b e  less. We d o   a n t i c i p a t e   m a j o r   i n t e r a c t i o n s   b e t w e e n   l a k e  
whi te f i sh   and   Utah   chub as w e l l ,  due   t o   compe t i t i on   fo r   food .   Th i s  
a n a l y s i s   r e s u l t e d   i n  a p r e d i c t i o n  of 25-50-75 p e r c e n t   r e d u c t i o n   i n   t h e  
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T a b l e  C.11-8. Summary of i n t e r b a s i n   f i s h   i n t r o d u c t i o n s   b a s e d   o n  l i f e  h i s t o r y   i n f o r m a t i o n .  

P o t e n t i a l   P o t e n t i a l   f o r   P o t e n t i a l   f o r   P o t e n t i a l   A v a i l a b i l i t y  
f o r   s u r v i v a l   i n   b i o l o g i c a l   f o r   a d v e r s e   o f   i n f o r m a t i o n  

Spec ies   in t roduct ion   Hudson Bay Basin  impact  impact on  Manitoba f o r   e v a l u a t i o n  

Pa l l i d   s tu rgeon   l ow  h igh  medium low 1 ow 

Shovelnose  s turgeon  low  high medium low  low 

P a d d l e f i s h  medium h i g h  medium low medium 

Shor tnose   gar  medium h i g h  medium medium 1 ow 

Gizzard  shad  high medium h i g h  medium h i g h  

Rainbow smelt 
w 

h i g h  

6 w River carpsucker  medium 

h i g h   h i g h   h i g h  

h i g h  medium low 

h i g h  

low 

Smallmouth b u f f a l o  medium h i g h  medium low  low 

Utah  chub medium h igh   h igh   h igh  medium 



Table  C.11-9.  Biology  Committee's  prediction  of  percent  reduction  in 
population  size  of  four  commercially  important  fish 
species  in  Lakes  Winnipeg  and  Manitoba  as  a  result  of 
introduction of exotic  fish  species. 

Percent  reduction  in  population  size 
(lowest-most  likely-maximum) Walleye 

Lake  whitefish  Lake  herring  and  sauger 
~~~ 

Lake  Winnipeg 

North  Basin 25-50-75 50-75-99 25-50-75 

South  Basin 0- 5 -10 0- 5 -10 25-50-75 

Lake  Manitoba  10-30-50  50-75-99  50-75-99 
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l a k e   w n i t e f i s h   p o p u l a t i o n   s i z e   i n   t h e   N o r t h   E a s i n   a n d  10-25-40 p e r c e n t  
r e d u c t i o n   i n   t h e   S o u t h   I j a s i n .  

Ice b e l i e v e   t h a t  smelt could   cause   the   co l lapse   o f   t i l e  lake 
h e r r i n g   f i s h e r y   i n   t h e   I l o r t h   B a s i n   b u t ,  as w i t h   w h i t e f i s h ,  smelt w i l l  
no t   have  a m a j o r   i n f i u e n c e   i n   t h e   S o u t h   B a s i n .   O t h e r   e x o t i c s  are 
a n t i c i p a t e d   t o   n e g a t i v e l y   i n t e r a c t   w i t h   l a k e   h e r r i n g .   T h e r e f o r e  w e  
p r e d i c t  a 50-75-99 p e r c e n t   r e d u c t i o n   i n   t h e   l a k e   h e r r i n g   p o p u l a t i o n   s i z e  
i n  tile iIorti1  Basin  and a 0-5-10 p e r c e n t   r e d u c t i o n   i n   t h e   S o u t h   B a s i n .  

Wi th   respec t   to   wal leye   and   sauger  w e  be l ieve   ra inbow smelt, 
g izzard   shad   and  Litah chub w i l i  c ause   ma jo r   nega t ive   impac t   i n  Lake 
Winnipeg: 25-50-75 p e r c e n t   i n   b o t h   b a s i n s .  

Lake  Manitoba:   The  Commit tee   bel ieves   that   in t roduct ion  of  
smelt, g izzard   and   Utah   chub  pr imar i ly ,  w i l l  r e s u l t   i n  a r e d u c t i o n   i n  
p o p u l a t i o n   s i z e   o f  10-30-50 p e r c e n t   f o r   w h i t e f i s h ,  50-75-99 p e r c e n t   f o r  
l a k e   h e r r i n g   a n d  50-75-99 p e r c e n t   f o r   w a l l e y e   a n d   s a u g e r .   T a b l e   C . I I . 9  
summar izes   t hese   impac t   p red ic t ions .  

I n   a d d i t i o n   t o  tile f o u r   s p e c i e s   d e s c r i b e d   a b o v e ,   l a k e   s t u r g e o n  
w i l l  a i so  l ike ly   be   nega t ive ly   impac ted   i n   Lake   Winn ipeg .  We p r e d i c t  a 
p o s s i b l e  50-75-99 p e r c e n t   r e d u c t i o n   i n   p o p u l a t i o n s   d u e   t o   i n t r o d u c t i o n  
o f   t h e   p a l l i d   a n d   s h o v e l n o s e   s t u r g e o n ,   p a d d l e f i s h   a n d   t h e   p a r a s i t e  
PULlj)JU&Um s p  . 

The C o r m i t t e e ,   w h i l e   a n t i c i p a t i n g  a n e g a t i v e   i m p a c t   o n   b a i t  
f i s h ,   c o u l d   n o t   p r o v i d e  a quan t i t a t ive   a s ses smen t   o f  this impact .   This  
was d u e   b o t h   t o  a l ack   o f   i n fo r r l l a t ion   and   a l so  a f e e l i n g   t h a t   p o t e n t i a l  
l o s s e s   t o   i n d i g e n o u s   b a i t   f i s h   c o u l d   b e   o f f s e t  by  use  of  Utah  chub  and 
t o  a lesser e x t e n t  smelt o r   g i z z a r d   s h a d ,  as b a i t   f i s h .  

We p o i n t   o u t   t h a t   p e r c e n t   r e d u c t i o n   i n   p o p u l a t i o n   s i z e  i s  n o t  
n e c e s s a r i l y   e q u i v a l e n t   t o   p e r c e n t   r e d u c t i o n   i n   t h e   f i s h e r i e s   h a r v e s t .  
It may b e   t h a t   t i l e   e f f o r t   r e q u i r e d   t o   c a t c h  a reduced   popula t ion  i s  n o t  
economical such that  a 50 percent r e d u c t i o n  i n  t h e   p o p u l a t i o n  s i z e  may 
mean a 100 pe rcen t   r ec iuc t ion   i n   ha rves t .   Fu r the rmore  some o f   t he  
i n t r o d u c e d   e x o t i c s   n a y   i r r u p t   t o   s u c h   l a r g e   n u m b e r s   t h a t   n e t s  become 
p l u g g e d   w i t h   t r a s h   f i s h ,   a g a i n   i n f l u e n c i n g   f i s h e r m e n ' s   e f f o r t s   t o   c a t c h  
commerc ia l ly   va luab le   spec ie s ;  such c o u l d   l i k e l y   b e   t h e  case with  Utah 
chub. 

I n   a d d i t i o n   t o   t h e   q u e s t i o n   o f   i m p a c t  of  i n t r o d u c t i o n s ,  i t  w a s  
necessa ry   t o   add res s   t he   ques t ion   o f   impac t   t i n ing .   Th i s  was accomp- 
l i s h e d  by r e v i e w i n g   l i t e r a t u r e   o n   d i s p e r s a l  rates o f   s e l e c t e d   f i s h  
( those   fo r   wh ich   enough   pe r t inen t   da t a  were a v a i l a b l e :   c a r p ,   w h i t e  
p e r c h  [Rucca U ~ ~ C U I Z ~ ] ,  rainbow smelt and   a l ewi fe  [ M u ~ u  p h e u d ~ h e ~ g u h ] ,  
.clrhich are n o t e d   f o r   i n v a s i o n   i n t o  new watersheds,   Table  C.11-10).  A l l  
f o u r  species could move 360 miles on t h e   a v e r a g e   i n  less than   55   years .  
Extreme  ranges are from 6 y e a r s   t o  180 y e a r s .  O f  p a r t i c u l a r   i n t e r e s t  are 
t h e   d a t a   f o r   r a i n b o w  smelt: 6-16-45 y e a r s .   F u r t h e r m o r e ,   t a g g i n g   s t u d i e s  
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T a b l e  C.11-10 Rates of d i s p e r s a l   a n d   r e s u l t i n g   e s t i m a t e d   t r a v e r s e  times 
(from GDU t o  Lake  Winnipeg) f o r   f o u r  known e x o t i c   f i s h e s .  

Rate o f   d i s p e r s a l   C a l c u l a t e d  time (ye-ars )   to  

Minimum  Mean  Maximum  Maximum  Mean  Minimum 
( m i l e s / y e a r )  move 360 miles’ 

Carp2 20 26 40 18 14 9 

White   Perch3 7 1 5  29 51  24  1 2  

Smelt  8 23 63 45 16 6 

Alewif e5 2 7 9 180 55 40 

‘Using 360 r i v e r  miles as t h e   d i s t a n c e   f r o m  GDU t o  Lake  Winnipeg. 

3Source :   Scot t   and   Chr is t ie   (1963) .  
‘Source: Dymond (1944)  and  Biology  Committee  data on Missour i   River .  

Source : Atton  (1959).  

Source: Miller (1957).  
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by t h e   F r e s h w a t e r   I n s t i t u t e   i n   W i n n i p e g  (D. Hodgins  pers  comm) have 
shown t h a t   s a u g e r   h a v e  moved from  the  Ci ty   of   Winnipeg up t h e  Red R ive r  
as f a r  as Drayton (140 km) i n  4 weeks,   and  wal leye  have moved a s   f a r  as 
Grand  Forks i n  1 2  weeks .   Therefore ,  w e  a n t i c i p a t e   r a p i d  movement down 
t h e  Red R ive r  by i n t r o d u c e d   s p e c i e s .  

The re fo re ,   based   on   t he  Great Lakes   and   o ther   exper iences ,  
t h e   C o m m i t t e e   b e l i e v e s   t h e s e   i n t r o d u c t i o n s   a n d   i m p a c t s  w i l l  commence 
s h o r t l y   ( l e s s   t h a n  10 y e a r s )   a f t e r  GDU is c o m p l e t e d   b u t   f u l l   e f f e c t s  
w i l l  b e   f e l t   w i t h i n  25-50 y e a r s .   R e m e d i a l   ( a f t e r - t h e - f a c t )   m e a s u r e s   t o  
CDU w i l l  b e   f u t i l e   a f t e r   i n i t i a l   i n t r o d u c t i o n   o f   s p e c i e s .  

In  summation,  the  Committee i s  f i r m   i n  i t s  b e l i e f   t h a t  
i n t r o d u c t i o n  of e x o t i c   f i s h e s   v i a  GDU poses  a s e r i o u s   t h r e a t   t o   t h e  
f i s h e r i e s   r e s o u r c e s   o f   M a n i t o b a .  We w i s h   t o   u n d e r l i n e   o u r   g e n e r a l  
c o n c e r n   r e g a r d i n g   t h e   i n t r o d u c t i o n   o f   e x o t i c s   i n   g e n e r a l .   L i t e r a t u r e  
r e v i e w s   o n   t h e   h i s t o r y  of unmanaged e x o t i c   i n t r a d u c t i o n s   e m p h a s i z e   t h i s  
conce rn :   (ha res  i n  A u s t r a l i a ,  sea l a m p r e y   i n   t h e  Great L a k e s ,   c a r p   i n  
North America, a d   n a u s e u m ) .   T h e   i n t r o d u c t i o n   o f   e x o t i c s   h a s   l e d   t o  
s i g n i f i c a n t   d e s t a b i l i z a t i o n  of   ecosys tems.   Concern   over   the   in t roduct ion  
of e x o t i c   f i s h e s  is e x e m p l i f i e d  by r e c e n t   a c t i o n   i n   t h e  US r e q u e s t i n g  
a p r o t o c o l   g o v e r n i n g   i n t e r s t a t e   t r a n s f e r   o f   e x o t i c   f i s h e s   ( S p o r t   F i s h i n g  
I n s t i t u t e  1 9 7 6 ) .  
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G. F i s h  Diseases a n d   P a r a s i t e s  

1. I n t r o d u c t i o n :  The l i n k i n g   o f   t h e   h u d s o n  Bay and  Missouri  
River   watersheds  w i l l  p e r m i t   i n t e r b a s i n   t r a n s f e r   o f   p a r a s i t e s   a n d   a g e n t s  
w h i c h   c a u s e   f i s h   d i s e a s e s .  An i n c l i n e d   f i s h   s c r e e n   s u c h  as t h a t   p r o -  
p o s e d   f o r   t h e  McClusky Canal w i l l  n o t   p r o h i b i t   t h e   p a s s a g e   o f   t h e s e  
o r g a n i s n s .  

There is  l i t t l e  i n f o r m a t i o n  on f i s h   d i s e a s e s  i n  w i l d  
p o p u l a t i o n s .   U n l e s s   m o r t a l i t i e s   o c c u r   i n  areas o f   p a r t i c u l a r   i n t e r e s t  
( h a t c h e r i e s ,   r e c r e a t i o n a l   a r e a s )   a n   e p i z o o t i c   u s u a l l y   g o e s   u n n o t i c e d .  
C o n s e q u e n t l y ,   b a c t e r i a l   a n d   v i r a l   d i s e a s e s  are well known f rom  ha tchery  
environments.  Parasi t ic  d i seases ,   however ,   gene ra t e   an   academic   i n t e re s t  
and   have   been   ex tens ive ly   s tud ied .  

There are s e v e r a l  ways  by  which f i s h   p a r a s i t e s   n a y   d e g r a d e  a 
r ec ip i en t   env i ronmen t .  They may cause   dea th   o f   l a rge   numbers   o f   f i sh  
( e p i z o o t i c ) ,   i m p a i r   g r o w t h  and r e p r o d u c t i o n   o r  make t h e   f i s h   u n s i g h t l y .  

2.  Methods: Lists of f i s h   p a r a s i t e s   f o r   b o t h   t h e  Hudson Bay 
and   Missour i   River   bas ins  were prepared  f rom a Tist o f   p rob lem  f i sh  
developed  by  the  Committee,   by  reviewing Hoffman (1967),   Larson  (1972) 
and  Lubinsky  (1976a).  Twenty f i s h   s p e c i e s   ( T a b l e  C.11-6) were i d e n t i f i e d  
as p o t e n t i a l   h o s t s   a n d   t h e i r  known p a r a s i t e s   i d e n t i f i e d   a n d   i n   a d d i t i o n  
Lubinsky  (1976b, c a n d   d )   p r o v i d e d   a s s i s t a n c e   i n   c o m p i l a t i o n   o f   p o t e n t i a l  
p rob lem  spec ie s  l i s ts ,  l i f e   h i s t o r i e s   a n d  case h i s t o r i e s   f r o m   R u s s i a n  
l i t e r a t u r e .  Bacterial and v i r a l  f i s h   d i s e a s e s   i n   t h e  US were l i s t e d  and 
t h e i r   s i g n i f i c a n c e   i n   t h e   t r a n s b a s i n   d i v e r s i o n   o f  water e v a l u a t e d   w i t h  
t h e   a s s i s t a n c e   o f   f i s n   d i s e a s e   s p e c i a l i s t s   i n  Canada  and  the US. 
D. G i l l e s p i e   ( p e r s  comm) provided  the  Commit tee   with comments on 
b a c t e r i a l   a n d  v i r a l  d i s e a s e s   o f   f i s h   i n   M a n i t o b a .  tie a l s o   a i d e d   i n  
d e f i n i n g  a problem  spec ies  l i s t  f o r   f i s h   d i s e a s e s .   O t h e r   e x p e r t s  were 
c o n t a c t e d  as w e l l .  

The Cormi t tee   rev iewed  these  l i s ts  o f   f i s h   d i s e a s e s   a n d   p a r a -  
sites a n d   e s t a b l i s h e d   t h e   p o t e n t i a l   f o r   i n t r o d u c t i o n   a n d   i m p a c t  v ia  GDU. 

3 .  Resu l t s   and   D i scuss ion :   In fec t ious   hema topo ie t i c   nec ros i s  
v i r u s  (1H.N) infec ts   ch inook  and   sockeye   sa lmon  and   ra inbow  t rou t .  
Diseased   f i sh   d i sp lay   changed   ac t iv i ty ,   pop-eye ,   abdominal   swel l ing   and  
i n t e r n a l   o r g a n   p a t h o l o L y   c u l m i n a t i n g   i n   d e a t h   d u e   t o   k i d n e y   f a i l u r e .  
O u t b r e a k s   o f   t h e   d i s e a s e s   h a v e   o c c u r r e d   i n   t h e  GDU s t u d y  area i n   S o u t h  
Dakota,   Minnesota a d  Nontana  (Anderson  1976,  Smith  1976,  Whitney  1976). 
i i e l l y   ( p e r s  comm) r e p o r t e d  ItFN h a s  only  b e e n   r e p o r t e d   i n   B r i t i s h  
C o l u m b i a ;   h e   f u r t h e r   a s s e r t e d   t h a t   i f  IHN had   been   p re sen t   i n   any  
d i a g n o s t i c  work  conducted on Hudson Bay d r a i n a g e   f i s h  i t  would  have  been 
d e t e c t e d .  It has   no t   been   observed .  Wolf (1976)  considered ItLN a 
pathogen  which  might   cause  problems  in   central   Canada.  An IHN e p i z o o t i c  
i n   r a i n b o w   t r o u t  was r e p o r t e d   i n   M i n n e s o t a  by Wolf (1972)   and   na tura l ly  
t h e   p o s s i b i l i t y   e x i s t s ,   a l b e i t  small, t h a t  the v i r u s  may e n t e r   t h e  Hudson 
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Bay d r a i n a g e   v i a   t h e   B i g   S t o n e  Lake  and  Lake  Traverse  connection. Tne 
Commit tee   suspec ts   tha t   sa lmonids   and ,   accord ing   to  D. G i l l e s p i e   a n d  
G. K e l l y   ( p e r s  conuns), p e r h a p s   w h i t e f i s h   i n  Canada may s u f f e r   m o r t a l i t y  
as a r e s u l t   o f   t h i s   d i s e a s e   b e i n g   t r a n s m i t t e d  v ia  GDU. 

I n f e c t i o u s   p a n c r e a t i c   n e c r o s i s  (IPIJ) i s  a v i r a l   d i s e a s e  of 
salmonids known th roughou t   t he   t rou t   p roduc ing  area o f   t h e  US. It 
c a u s e s  a p h y s i o l o g i c a l   d e g e n e r a t i o n   b e g i n n i n g   w i t h   t h e   p a n c r e a s .  It  i s  
t r a n s m i t t e d   f r o m   f i s h   t o   f i s h  by f e c e s   a n d   g e n i t a l   p r o d u c t s   i n  water 
a n d   f r o m   p a r e n t   t o   o f f s p r i n g  v ia  eg t ; s .   Beg inn ing   w i th   t he   onse t   o f   an  
e p i z o o t i c   a n d   e x t e n d i n g   t h r o u g h o u t   t h e   l i f e   o f   s u r v i v o r s ,  of wnicil 
there always seem t o   b e  some, t h e   d i s e a s e  is cormunicable.   t iealthy 
a p p e a r i n g   s u r v i v o r s   h a r b o r   t h e   v i r u s .   I n f e c t e d   f i s h   s t o c k e d   i n   n a t u r a l  
env i ronmen t s   appa ren t ly  do n o t   c o n t i n u e   t o   s u f f e r   m o r t a l i t i e s .  

Smith  (1976)   reported IPI3 from  federal   and  commercial  
h a t c h e r i e s   i n  Montana   wh ich   d ra in   i n to   t he   Missour i   R ive r   Eas in ;  
E. S t eucke   (pe r s  comm) noted  i t  t o   h a v e   o c c u r r e d   ( l a s t   r e p o r t   1 9 6 9 )  a t  
the   Garr i son   Nat iona l   F ish   ha tchery   be low  Lake   Sakakawea .   This   s tock  
was used i n  North  Dakota   f ish  nanagement   programs (D. I ienegar   pers  conm) 
i n v o l v i n g  several r e s e r v o i r s   a r a i . n i n g   i n t o   t h e  Red R ive r .   Th i s   s tock ing  
has   been  going on f o r  more  than 15 y e a r s .  

IPN has  been  diagnosed  f rom  Shel l   Lake  in  Duck Mountain 
P rov inc ia i   Pa rk ,   Man i toba   (G i l l e sp ie   1976) .   She l l   Lake  is  a c l o s e d  
b a s i n   a n d   t h e   i n f e c t i o n   l i k e l y   o r i g i n a t e d   i n   h a t c h e r y   s t o c k e d   f i s h .  
IPii was a l so  recent ly   d iagnosed   f rom two s a l m o n i d   h a t c h e r i e s   i n  
M a n i t o b a   ( K e l l y   1 9 7 6 ) .   I n   a n   e f f o r t   t o   e l i m i n a t e   t h e   c o n t i n u e d   o c c u r -  
r e n c e  of t h e   d i s e a s e   i n   h a t c h e r i e s   t h e   s a l m o n i d s  were e r a d i c a t e d   a n d  
t h e   h a t c n e r i e s   d i s i n f e c t e d  (A. Derksen   pers  comm). 

Two a s s o c i a t e d   o b s e r v a t i o n s  seen t o   f u r t h e r   c o m p l i c a t e   t h e  
epidemiology  of I P J  r e l a t i n g   t o  GDU. We suspec t   t ha t   l a rge   numbers   o f  
f i s h  from a commerc ia l   ha t che ry   i n   t he  Lis w i t h  a h i s t o r y  of IPlJ were 
s t o c k e d   d u r i n g   t h e   p a s t   e i g h t   y e a r s   i n   l i a n i t o b a   f a r m   p o n d s .   I n  
a d d i t i o n ,  Wolf (1972) r e p o r t e d   r e s e a r c h   r e s u l t s   f r o m   t h e   U n i v e r s i t y  of 
Gue lph ,   On ta r io ,   wh ich   appea r   t o   i nd ica t e   t he   l ong- t e rm  su rv iva l   and  
d i s p e r s i o n   o f  IPiJ i n  non-salmonid f i s h   a n d   p i s c i v o r o u s   b i r d s .  

For   these   reasons   tne   Commit tee   recognizes   long   s tanding  
o p p o r t u i l i t i e s ,   i n   a t i d i t i o n   t o   n o n - s a l m o n i d   f i s h   a n d   p i s c i v o r o u s   b i r d s ,  
f o r   i n t r o d u c t i o n   o f  IPN i n t o   t h e  Hudson Gay d r a i n a g e .  

A t  any ra te ,  w e  f e e l   t h a t  GDU, w h i l e   p r o v i d i n g   a n o t h e r   r o u t e  
of t r a n s p o r t   o f   t h e   v i r u s ,  may n o t   s i g n i f i c a n t l y   i n c r e a s e   t h e   i n c i d e n c e  
o r   i n t e n s i t y  of tile i n f e c t i o n   i n   M a n i t o b a .  

C h a n n e l   c a t f i s h   v i r u s   d i s e a s e  (CCVD) i s  a d i s e a s e   o f   c h a n n e l  
a n d   b l u e   c a t f i s h  (Plumb 1372) .  The d i s e a s e  i s  n o t  known nor th   o f  
West V i r g i n i a .   E p i z o o t i c s  of  CCVD gene ra l ly   occu r   above  77'F and   t he  
d i s e a s e  w i l l  no t  l i k e l y   p o s e  a t h r e a t  t o  c a t f i s h   i n  Manitoba  ana iu'orth 
Dakota (Wolf 1976) .  
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Lymphocystis i s  a d i s e a s e   w h i c h   a f f e c t s  several s p e c i e s   o f  
f i s h .  The v i r u s   s t i m u l a t e s  ce l l s  t o   e n l a r g e   r e s u l t i n g   i n  a w h i t e  
" c a u l i f l o w e r "   l e s i o n ,   e s p e c i a l l y   a b o u t   t h e   f i n s .  It  seldom  causes 
m o r t a l i t i e s   b u t   r e d u c e s   m a r k e t a b i l i t y   o f   f i s h ,   e s p e c i a l l y   w a l l e y e .  It  
i s  known f rom  the   Missour i  River and Red R i v e r   i n   t h e  US (Hanten  1976; 
Econonon  1976)  and  from f i s h   i n  Lake  of  the Woods, Ontario  and  f rom 
c e r t a i n  areas of  Saskatchewan ( R .  K e l l y   p e r s  comm). However Kelly  (1976) 
examined 5,000 spawning  wal leye a t  Duck Bay i n  Lake  Winnipegosis  and 
f o u n d   n o   i n c i d e n c e   o f   t h e   d i s e a s e .   T h e r e f o r e ,   t h e   i n t e r b a s i n   t r a n s f e r  
of dater i n t o   t h e   S o u r i s   a n d  Red r i v e r s  w i l l  n o t   i n t r o d u c e   t h e   d i s e a s e  
to   Man i toba   bu t  w i l l  p r o v i d e   a n   a d d i t i o n a l   s o u r c e   f o r   i n f e c t i o n .  

Most o f   t h e   b a c t e r i a l   d i s e a s e s   o f   f i s h  are shown i n   T a b l e  
C.  11-11. The C o n m i t t e e   r e v i e w e d   t h e   p o t e n t i a l   f o r   t r a n s f e r  of t h e s e  
i n t o   M a n i t o b a   a n d   e s t a b l i s h e d   t h a t   o n l y   o n e ,   e n t e r i c   r e d m o u t h   o f  
salmonids (ERM) i s  a l i k e l y   c a n d i d a t e   f o r   i m p a c t .  ERM is  c h a r a c t e r i z e d  
b y   a n   o r a l   i n f l a m a t i o n   w h i c h  may s p r e a d   t o   t h e   f i n s .  The d i s e a s e ,  
i n v o l v i n g  a low l e v e l   m o r t a l i t y ,   c a n   r e s u l t   i n   l a r g e   l o s s e s .   I n f e c t i o n s  
are s p r e a d  by f i s h   t o   f i s h   c o n t a c t   a n d   b a c t e r i a   s h e d   b y  carriers. The 
d i s e a s e  i s  known f r o m   r a i n b o w   t r o u t ,   s t e e l h e a d s ,   c u t t h r o a t   t r o u t   a n d  
coho  and  chinook  salmon. ERM has  been  diagnosed a t  L i v i n g s t o n  
(1972 to   1976)   and  Emigrant   (1976) ,   Montana  (Anderson  1976)   in   the 
Missour i   River   d ra inage .   Al though i t  i s  n o t  known from  Manitoba i t  has  
been  reported  f rom  Saskatchewan (Wobeser 1973).  The i n t e r b a s i n   t r a n s -  
f e r  of water by GDU w i l l  deve lop   an   avenue   for   the   spread   of   the  
c a u s a t i v e   a g e n t   o f  ERM in to   Mani toba .  The magnitude  of   the  impact   cannot  
b e   a s c e r t a i n e d  . 

Almost a l l  o t h e r   b a c t e r i a l   d i s e a s e s   o f   f i s h  are known i n   t h e  
GDU areas of   both  Manitoba  and  the US. Human i n f e c t i o n   d u e   t o   t h e s e  
organisms i s  u n l i k e l y  as t h e   b a c t e r i a  are g e n e r a l l y   k i l - l e d  by cooking. 

Parasites from a l l  p o t e n t i a l   p r o b l e m   f i s h   s p e c i e s  were l i s t e d  
(Holloway  1976).  However,  Hoffman  (1971)  reported  ten known f i s h  
p a r a s i t e s   o f   e p i z o o t i c   i n t e r e s t   ( T a b l e  C.11-12)  which were u s e d   t o  
e v a l u a t e   t h e   s i g n i f i c a n c e  of p a r a s i t e s   o f   p o t e n t i a l   p r o b l e m   s p e c i e s .  
Of t h e s e ,  SUyJhu~& j l l iU  p%hUA.i;iicU ( fungus)  , 1c/Lti lyO)JiLti l ihU.h m&ii.iein 
( p r o t o z o a n ) ,  h g u h h  U p p U l & c d V d h  and E h g U d d u A  C C h t ~ l h U d h  (copepods) ,  
~ ~ h O d c L & k h  sp .   ( t rematode)   and  L g d ~  i~&hLi~&i%h ( c e s t o d e )  are 
cosmopoli tan.  It  i s  u n l i k e l y   t h a t   t h e   i n t e r b a s i n   t r a n s f e r   o f  water w i l l  
i n t r o d u c e   o r   i n c r e a s e   p o p u l a t i o n s   o f   t h e s e  parasites.  

O t h e r   p a r a s i t e s  on  Iioffrnan's l i s t  may be   e l imina ted   f rom 
f u r t h e r   c o n s i d e r a t i o n   b e c a u s e   t h e y   h a v e   n o t   b e e n   i d e n t i f i e d   f r o m   t h e  GDU 
s t u d y  area. CQhcu%niqxu AhCLilRU and hlyxvdvmu cehebh& are myxosporidian 
p a r a s i t e s   w h i c h  may c a u s e   s e v e r e   m o r t a l i t i e s   i n   t r o u t   a n d   s a l m o n .  
Nei ther   has   been   d iagnosed   f rom  the   s tudy  area and  they are no t   cons ide red  
f u r t h e r .  

Two paras i tes   on   Hoffman ' s  l i s t  may be   o f  some conce rn   i nasmuch  
as t h e y  do not   appear   in   Lubinsky ' s   (1976b)   Mani toba  l i s t  of f i s h   p a r a s i t e s .  
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Table  C . I I - . U .  (Cont'd) 

Disease Et io logica l   Hos t   S t ressor   Geographica l   Assoc ia ted  
name a g e n t   d i s t r i b u t i o n   w i t h  

epidemics 
i n   w i l d ?  

G i l l  
disease 

T a i l   r o t  

Kidney 
disease 

w Myxobacteriosis 
w 
N 

Vibr io  
disease 

Kidney 
s t r e p t o c o c c o s i s  

P a s t e u r e l l a  
p i s c i c i d a  

Nocard ios i s  

MyxobaotQnium Salmonids,  bass 
SPP. and  crappie  

Myxo ba&& Salmonids 
SPP 

Cohyne- Salmonids 
buotehiurn 
SPP * 

Myxo baot- Salmonids 
auhonipkieurn 

V.ibn;io Salmonids, smelt 
ang u i l l a h u m  

SA;tLep~ococcuA Rainbow t r o u t  and 
6aecaLh ( ? 1 golden  shiner  

PUA;tQwL& White  perch 
SPP 

NoccvLdia Rainbow t r o u t  

S t r e s s  

? 

S e v e r i t y  
i n c r e a s e d   i n  
hard water 

Raw a d u l t  
salmon i n  
d i e t  

High water 
temperatures  

? 

? 

? 

Widespread US 

Probably 
ubiqui tous 

Ca l i fo rn ia ,  
Massachusetts 
and Scot land 

Washington, 
Idaho,  Oregon, 
Ca l i fo rn ia ,  
Alaska and 
ubiqui tous  

Ubiquitous 

Japan  and US 
(Arkansas) 

Chesapeake 
Bay 

? 

No 

? 

? 

No 

? 

? 

Yes 

No 

]Source:  Bullock and McLaughlin  (1970) and.Wolf (1972). 



Table C.11-12. Known  epizootic  parasites of North  American  freshwater 
r isill . 

Fungi 

Protozoa 

Trematoda 
Monogenea 

Digenea 
Metacercariae 

Cestoda 

Nematoda 

Acanthocyphala 

Leeches 

Copepods 

None 

C W o r n  yxa n hamix 
Tch;thyaph;tkiniun m L L e t i & t A  
Myxan  oma c e t t e b u  

G yhodcrctq& sp . 2 

None 

None 

None 

AngURu a p p e n d i c d o j h  
(syn. A.  b h a m o n u )  

€ & g a m  arr/thnonh 
(syn. port im E. v e ~ A c o l a k )  
Lennam cyphinacea 

*Source:  Hoffman (1971). 
2Known in Manitoba. See Appendix II-10. 
3Source:  Hoffman (1967). 
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L U k % e C C  C y p k i t l U C Q a Q  i s  a copepod  which i s  though t   t o   be   cosmopo l i t an .  
G. Lubinsky  (pers  comm) s u s p e c t e d  i t s  absence  from  Manitoba was d u e   t o  
a lack  of   sar , lpl ing.  The Commit tee   agreed  with  Lubinsky 's   analysis   and 
d i d   n o t   f u r t h e r   c o n s i d e r   t h e   o r g a n i s m .  

The o t h e r  parasite on  Hoffman's l ist  i s  t h e   d i g e n e t i c  
t rematode  AhcucO;ty& s p .  The metacercaria o f   t r e m a t o d e s   u t i l i z e   f i s h  
as a secondary  host .   While  some d e b i l i t a t i o n   o f   t h e   h o s t  may occur ,  
m o r t a l i t i e s  are seldom  encountered as a r e s u l t   o f  metacercarial 
i n f e s t a t i o n .  The Commit tee   does   no t   fee l  h c u c u k q h  sp .  w i l l  impact 
f i s h   p o p u l a t i o n s   i n  Canada t o  a n y   g r e a t   e x t e n t .  

Lubinsky, i n   h i s  review of   Man i toba   pa ra s i t e s ,   a l so   deve loped  
in fo rma t ion   on  two p a r a s i t e s   o f   p a d d l e f i s h .   B o t h   h a v e   b e e n   i d e n t i f i e d  
f rom  the   Missour i   R ive r   d ra inage .  One, the  nematode TllqklkUbCCUh dUldl.b5i, 
w a s  reported  from  Lake  Sakakawea in   North  Dakota   (Schmidt  e t  a l .  1974).  
Its e p i z o o t i c   s i g n i f i c a n c e  i s  n o t  known a t  t h i s  time. The second,   the  
c o e l e n t r a t e  PO&jpudium s p .   h a s   r e c e n t l y   b e e n   r e c o r d e d   f r o m   p a d d l e f i s h   i n  
t h e  Osage  River in   Missour i   (Suppes   and  Pleyer 1975) .  

A member of t h i s   g e n u s ,  Po&@udium i u j d U 6 0 4 m Q ,  a f f e c t s   s t u r g e o n  
i n   R u s s i a ,   i n f i l t r a t i n g   t h e   o v a r y   a n d   r e d u c i n g   r e p r o d u c t i v e   c a p a b i l i t y  
by as much as 10 p e r c e n t .  It is p o s s i b l e   t h a t  POkkjpOdium s p .  may be 
t r a n s m i t t e d  v ia  GDU waterways   in to   Lake   Winnipeg   where   suscept ib le   hos ts  
( s t u r g e o n )  are a v a i l a b l e .  The  economic  impact  of t h i s   p a r a s i t e  on 
s tu rgeon   i n   Lake   Winn ipeg  will l i k e l y   b e  small because  of   the low l e v e l  
o f   t he   p re sen t   f i she ry .   I i owever ,   t he   impac t  of a 10 p e r c e n t   r e d u c t i o n  
i n   r e p r o d u c t i v e   e f f o r t   b y  a d e p r e s s e d   s p e c i e s  may s e v e r e l y   i m p a c t   t h e  
a b i l i t y  of t h e   f i s h   t o   r e m a i n  a v i a b l e  member of   the  lake  community.  

The  Committee  attempted t o   d e a l   w i t h   a n o t h e r   r e l a t i o n s h i p   o f  
f i sh   d i seases   and   paras i tes ;   namely   the   changes   which  may o c c u r   i n  
i nd igenous   popu la t ions  of d i s e a s e   o r g a n i s m s   a s  a result  of GDU. The 
many complex   cond i t ions   i nvo lved   i n   c r ea t ing   t hese   cond i t ions   ( changes  
i n   f l o w ,   t e m p e r a t u r e ,   c h e m i c a l   p a r a m e t e r s ,   e t c . )  are such   t ha t   no  
d e t e r m i n a t i o n s  were p o s s i b l e .  Stresses O R  hos t  f i s h  u s u a l l y   p r o v i d e  
a v e n u e s   f o r   t h e   e x p a n s i o n   o f   v i r u s e s ,   b a c t e r i a   a n d   p a r a s i t e s .  

4 .  Summary: Viral d i s e a s e s  IiiN and IPN may b e   t r a n s m i t t e d  
f rom t h e  US t o  Canada. I€iN is  n o t  known from  central   Canada (Ziudson Bay 
watershed)   and IPii has   on ly   been   r ecen t ly   d i agnosed   f rom  tha t  area. 
A f f e c t e d   f i s h   s p e c i e s   w o u l d   l i k e l y   b e   s a l m o n i d s   a l t h o u g h   w h i t e f i s h   m i g h t  
a l s o  come u n d e r   a t t a c k .  The  Committee was unab le   t o   a s s ign   any   p roba -  
b i l i t y  of i n f e c t i o n   o r  loss t o   t h e s e   d i s e a s e s   a l t h o u g h   i n t e r b a s i n   t r a n s -  
f e r  i s  l i k e l y .  

Lynphocyst is  i s  known f rom  the   Missour i   R ive r ,   t he  US p o r t i o n  
o f   t h e  Red River ,   Saskatchewan  and  Ontar io   (Lake  of   the Woods). Why i t  
has   no t   been   found  in   Mani toba   and  i s  n o t  known b u t  i t  c e r t a i n l y  i s  
a l r e a d y   i n   t h e  Hudson Bay d r a i n a g e .  GDU w i l l  p rovide   another   avenue  
f o r   t r a n s f e r .  
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The o n l y   b a c t e r i a l   f i s h   d i s e a s e  of concern is ERM. The 
d i s e a s e  may b e   i n t r o d u c e d   v i a  GDU. Its impact  on  Manitoba  salmonids 
and w h i t e f i s h   c o u l d   b e   s u b s t a n t i a l .  

The p a r a s i t e  Pu&YpOcLium sp.  w i l l  l i k e l y   b e   t r a n s p o r t e d   v i a  
GDU f rom  the   Missour i   River   to  Lake  Winnipeg.  While  the  economic 
impact of P O f p O d i u m  sp .   on   t he   s tu rgeon   f i she ry  may n o t   b e   g r e a t ,   t h e  
i m p a c t   o n   r e p r o d u c t i v e   e f f o r t s   o f   t h e s e   f i s h   i n  Lake  Winnipeg may 
reduce   s turgeon  popula t ions .  
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H. E f f e c t s  of Water Qual i ty   and  Quant i ty   on  Indigenous  Fish  Fauna 

We r e v i e w e d   t h e   p r e d i c t e d   c h a n g e s   i n   w a t e r   q u a l i t y   a n d  
q u a n t i t y   d u e   t o  GDU (Water  Quality  1976, Water Quant i ty   1976)   wi th  
r e s p e c t   t o   m a j o r   i o n s .   T h e   p r e d i c t e d   c h a n g e s   i n   m a j o r   i o n s  w i l l  l e a d  
t o   c h a n g e s   i n   t h e   s t r u c t u r e  of a q u a t i c   e c o s y s t e m s   o f   t h e   S o u r i s ,  
Ass in ibo ine   and  Red rivers a n d   t h e   g r e a t e r   t h e   c h a n g e  i n  water q u a l i t y ,  
t h e   g r e a t e r  w i l l  b e   t h e   c h a n g e   i n   e c o s y s t e m s .  We were u n a b l e   t o  make 
quan t i t a t ive   a s ses smen t s ;   however ,  we d o   n o t   b e l i e v e   t h e r e  w i l l  b e  
d i r e c t   l e t h a l   e f f e c t s  as a r e s u l t  of c h a n g e s   i n   c o n c e n t r a t i o n s  of major 
ions .  

I n   a d d i t i o n ,  a r e p o r t  was r e c e i v e d   o n   t h e   i n t e r r e l a t i o n s h i p  
of t o x i c i t y   a n d   s u s p e n d e d   s o l i d s   i n  water (Turner   1976) .   This   repor t  
s t r o n g l y   i m p l i e s   t h a t   t h i s   C o m m i t t e e   w o u l d   h a v e   g r e a t   d i f f i c u l t y   i n  
i n t e r p r e t i n g   l a b o r a t o r y - d e r i v e d   t o x i c i t y   d a t a   f o r   v a l i d   a p p l i c a t i o n   t o  
p e r t i n e n t  GDU Manitoba waters and  fauna.   This  is  due   t o   l ab -de r ived  
t o x i c i t y   d a t a   b e i n g   b a s e d  on f i l t e r e d ,   d e c h l o r i n a t e d   c i t y   t a p  water a t  
a s ing le   oxygen   concen t r a t ion   and  a s ingle   t empera ture ,   hardness   and  
pH l e v e l .  

I n c r e a s e s   i n  water f l o w s   i n   t h e   S o u r i s   R i v e r  are e x p e c t e d   t o  
improve   the   d i sso lved   oxygen .  No adverse   impacts  are expected  from 
changes i n  water q u a n t i t y   i n   M a n i t o b a  waters. The Biology  Committee 
h a s   p r e d i c t e d   t h e r e  w i l l  b e   i n c r e a s e d   a l g a l   g r o w t h  as a r e s u l t   o f   i n -  
c r eased   nu t r i en t   p roduc t ion   i n   t he   t h ree   r i ve r s   and   Lakes   Man i toba   and  
W i n n i p e g .   T h i s   c o u l d   r e s u l t   i n   l o c a l i z e d   f i s h   k i l l s   i n   t h e   S o u r i s   a n d  
Ass in ibo ine   and   pe rhaps   t he  Red due t o  oxygen   dep le t ion   and /o r   a lga l  
blooms. 
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I. Summary 

1. None of t h e   e x i s t i n g   i n t e r b a s i n   c o n n e c t i o n s  (Hudson Bay-Missouri, 
hudson  Bay-Mississippi, Hudson Bay-Great  Lakes) are expec ted   to  
p e r m i t  i n t roduc t ion  of  any  of t h e  GDU problem f i s n   s p e c i e s .  The 
p o t e n t i a l   f o r   a c c i d e n t a l   o r   i n t e n t i o n a l   b u t   u n a u t h o r i z e d   i n t r o -  
duc t ions   (ba i t   bucke t s ,   e t c . )   has   ex i s t ed   fo r  some time and w i l l  
c o n t i n u e   t o   e x i s t .  GDti w i l l  e n h a n c e   t h i s   p o t e n t i a l .  Rainbow 
smelt, one  of  the GDU p rob lem  spec ie s ,   a l r eady   occu r s   i n   t he  
headwaters of t h e  Rainy  River  drainage  (tiudson Bay Bash).  These 
f i s h   h a v e   e x i s t e d   t h e r e   f o r  a t  least seven  years   and  apparent ly  
have  not  moved v e r y   f a r  downstream i n   c o n t r a s t   w i t h   o t h e r   i n s t a n c e s  
of i n t r o d u c t i o n  of t h i s   spec ie s   i n to   p rev ious ly   unoccup ied  
watersheds.  We do n o t  know  when o r   i f  smelt w i l l  move into  Manitoba 
waters from t h i s   s o u r c e .  

2 .  Because  of  the  dimensions  and  compressibil i ty of c e r t a i n   f i s h  
eggs  and  larvae  (rainbow smelt, titah  chub), some of t hese  w i l l  p a s s  
througn  the 0 .43  x 0.43  mm open ings   i n   t he  McClusky Cana l   f i sh  
sc reen  as w i l l  f i sh   d i sease   o rgan i sms  and paras i tes .   Because  of 
spaces   be tween  sc reen   pane ls ,   f i sh   eggs ,   l a rvae   and   perhaps   even  
a d u l t s  w i l l  pass around  the main  and wel l  s c r e e n s .   I n   a d d i t i o n  
t h e   s c r e e n s  may b e   s u b j e c t   t o  small punctures  and cor ros ion .  

3 .  The f i s h   s c r e e n s  w i l l  c log  a t  some p o i n t   i n  time and  considerable 
screened material ( inc lud ing   f i sn )   and  water w i l l  a r r i v e  a t  t h e  
well sc reen .  The well s c reen  w i l l  clog  causing  backup of water 
and i t  w i l l  b e   a i f f i c u l t   i f   n o t   i m p o s s i b l e   t o   c l e a n   t h e  w e l l  sc reen  
wi thout   permi t t ing   passage   of   f i sh .  

4 .  Fish  can  bypass   the PlcClusky f i s h   s c r e e n  a t  the  Rindchi  Lake 
turnout   and   tne   sc reening   device   p roposed   for   tha t  s i t e  w i l l  be  no 
more e f f e c t i v e   t h a n   t h e   o n e   p r o p o s e d   f o r   t h e  McClusky Canal. 

5. F i s h  f rom  the  PI issouri   River   drainage,   once  past   the  McClusky 
Cana l   f i sh   s c reen ,  w i l l  be in   the   hudson  Bay Basin.  There are no 
i m p a s s a b l e   b a r r i e r s   w i t h i n   o t h e r  GDU p r o j e c t   w o r k s   t o   p r e v e n t   f i s h  
pas sage   i n to   t ne  Red River  Basin.   Fish w i l l  a l s o   p a s s   i n t o   t h e  
Iiudson Bay Bas in   v i a  James River ,  Oakes  Canal,  the  Oakes pumping 
p l a n t ,  Taayer  Reservoir   and  the Wild Rice  River.  

6.  Padd le f i sh ,   sho r tnose   ga r ,   g i zza rd   shad ,  Utah  chub  and  rainbow 
smelt have medium to   h igh   po ten t i a l   fo r   i n t roduc t ion   and   success -  
f u l   e s t a b l i s h m e n t   i n   t h e  Hudson Bay B a s i n ,   s p e c i f i c a l l y  Lake 
Winnipeg. All of  these  species   have a t  least  a medium p o t e n t i a l  
for   impact  on Canadian   f i sher ies ;   the  smelt, shad  and  chub  have 
p o t e n t i a l   f o r  a major   impact .   Carp ,   a l ready   present   in   the  
hudson Bay dra inage   bu t   absent   f rom  the   upper   Sour i s   River   in  
Saskatchewan,  have a h i g h   p o t e n t i a l   f o r   i n t r o d u c t i o n ,   e s t a b l i s n -  
ment  and negat ive  impact  i n  those  waters. O t h e r   f i s h   s p e c i e s  
(pa l l i d   s tu rgeon ,   shove lnose   s tu rgeon ,   r ed   sh ine r ,   r i ve r  
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carpsucker   and   smal lmouth   buf fa lo)   have   e i ther  a low o r  medium 
p o t e n t i a l   f o r   i n t r o d u c t i o n   a n d   s u c c e s s f u l   e s t a b l i s h m e n t   a n d  a l l  
have a low p o t e n t i a l   f o r   i m p a c t  on   Canad ian   f i she r i e s .  

7. I t  i s  p r e d i c t e d   t h a t   t h e   i n t r o d u c t i o n  of var ious   p roblem f i s h  
s p e c i e s  w i l l  r e d u c e   t h e   p o p u l a t i o n   s i z e   o f   c o m m e r c i a l   f i s h .  The 
range i n  p e r c e n t   r e d u c t i o n  w i l l  b e  25-75 f o r   w h i t e f i s h ,  50-99 f o r  
l a k e   h e r r i n g   a n d  25-75 f o r   w a l l e y e   a n d   s a u g e r   i n   t h e   N o r t h   B a s i n  
of Lake  Winnipeg;  10-40 f o r   w h i t e f i s h ,  0-10 f o r   l a k e   h e r r i n g   a n d  
25-75 for   wal leye   and   sauger   in   the   South   Bas in   o f   Lake   Winnipeg;  
and  10-50 f o r   w h i t e f i s h   a n d  50-99 f o r   l a k e   h e r r i n g  , wal leye   and  
sauge r   i n   Lake   Man i toba .  

8. The f i s h   d i s e a s e s  I H N  and ERM have a p o t e n t i a l   f o r   i n t r o d u c t i o n  
in to   Man i toba  waters. GDU w i l l  i n c r e a s e   t h e   p o t e n t i a l   f o r  
t r a n s f e r  of lymphocystis  and IPN i n  Manitoba waters. Extens ive  
and  expensive  measures   have  been  undertaken by Mani toba   to  
e r a d i c a t e  IPN. T h e   e f f e c t s   o f   i n t r o d u c t i o n s   o f   t h e s e   f i s h   d i s e a s e s  
is  expec ted   to   be   min imal .   However ,   whi le   perhaps   remote ,   there  is 
a p o s s i b i l i t y  of o u t b r e a k s   o f   t h e s e   d i s e a s e s   i n   t r o u t   a n d   w h i t e f i s h .  
Such   ou tbreaks   could   cause   l a rge  scale m o r t a l i t i e s .  A p a d d l e f i s h  
p a r a s i t e ,  P O & p O d i w n  s p .   h a s  a medium p r o b a b i l i t y   o f   i n t r o d u c t i o n  
and i t  may i n f e c t   t h e   l a k e   s t u r g e o n   i n   t h e  Hudson Bay Basin.  The 
p o t e n t i a l   f o r   i n t r o d u c t i o n   a n d / o r   i m p a c t   i n  a number  of o t h e r  
d i s e a s e s   a n d   p a r a s i t e s  is  low. 

9. Changes i n  water q u a l i t y   a n d   q u a n t i t y  as a r e s u l t  of GDU may have 
s i g n i f i c a n t   b u t   p r e s e n t l y   u n q u a n t i f i a b l e   e f f e c t s   o n   i n d i g e n o u s  
f i s h   s p e c i e s   t h r o u g h   e c o s y s t e m   p e r t u r b a t i o n s .  

10.   These  impacts w i l l  commence w i t h i n   1 0  years a f t e r   t h e   p r o j e c t  is 
c o m p l e t e d ;   f u l l   e f f e c t s  w i l l  b e   f e l t   w i t h i n  25-50 y e a r s   a f t e r  
i n i t i a l  i n t r o d u c t i o n   o f   e x o t i c   s p e c i e s .   R e m e d i a l   m e a s u r e s   t o  GDU 
w i l l  b e   f u t i l e .  
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111. AQUATIC INVERTEBRATES 

A.  I n t r o d u c t i o n  

A q u a t i c   i n v e r t e b r a t e s ,   a s  a r e s o u r c e ,   h a v e   n o t   r e c e i v e d   t h e  
same d e g r e e   o f   a t t e n t i o n  as f i s h   a n d   w i l d l i f e ,   I n d e e d ,   f a r   f r o m   b e i n g  
i n  a p o s i t i o n   t o  manage a q u a t i c   i n v e r t e b r a t e s ,   m o s t   s u r v e y s  are s t i l l  
t u r n i n g  up new s p e c i e s .   N e v e r t h e l e s s ,   t h i s   g r o u p  i s  o f   c o n s i d e r a b l e  
i m p o r t a n c e   t o   f i s h   a n d   w i l d l i f e   s i n c e  i t  c o n s t i t u t e s  a primary  food 
s o u r c e .   I n t e r b a s i n   i n t r o d u c t i o n   o f   f o r e i g n   s p e c i e s  via  GDU i s  a 
p o s s i b i l i t y ;   f u r t h e r m o r e ,   c h a n g e s  i n  water q u a l i t y   o r   q u a n t i t y  may have 
a n  impact on   ind igenous   spec ies .  

Some a q u a t i c   i n v e r t e b r a t e s ,   s u c h  as b i t i n g   f l i e s   ( m o s q u i t o e s  
a n d   b l a c k f l i e s )   a n d   s w a r m i n g   i n s e c t s   ( m a y f l i e s   a n d   c a d d i s f l i e s )   h a v e  
ma jo r   i n t e rac t ions   w i th   humans ,  c a t t l e  a n d   p o u l t r y .   T h e r e f o r e ,   i n t r o -  
d u c t i o n  of new s p e c i e s  o r  a d v e r s e  water q u a l i t y   o r   q u a n t i t y   e f f e c t s  
o n   e n d e m i c   s p e c i e s   c a n   h a v e   s i g n i f i c a n t   r a m i f i c a t i o n s   f o r   f i s h e r i e s ,  
w i l d l i f e   a n d  humans. 

B. Methods 

The p o t e n t i a l   f o r   i n t r o d u c t i o n   o f  new s p e c i e s  was d e l i n e a t e d  
by   compi l ing   spec ies  l ists  of a q u a t i c   i n v e r t e b r a t e s   f o r  GDU Manitoba 
waters, combining   these   wi th   Nor th   Dakota   in format ion   on   the  Red and 
S o u r i s  r ivers and   compar ing   these   wi th  l i s ts  from  the  North  Dakota- 
Missour i  River s y s t e m .   S p e c i e s   o c c u r r i n g   i n   t h e   M i s s o u r i   R i v e r   b u t  
absen t   f rom  the   o the r   sys t em were t o   b e   l i s t e d   a s   p o t e n t i a l   p r o b l e m  
s p e c i e s .  All s p e c i e s  l i s ts  were reviewed by t a x o n o m i s t s ;   i n   a d d i t i o n ,  
t hese   expe r t s   and   o the r s   (A t t achmen t   C .111-1 )  were asked t o  i n d i c a t e  
any   pa r t i cu la r   p rob lem  spec ie s   t hey   t hough t   migh t   be   i n t roduced  as a 
r e s u l t  of GDU. L i f e   h i s t o r i e s  were compiled by the  Biology  Committee 
f o r   t h o s e   p r o b l e m   s p e c i e s .  

The e f f e c t s  of changes i n   w a t e r   q u a l i t y  on indigenous fauna 
were as ses sed   by   C la rke  (1976) .  A l i t e r a t u r e   r e v i e w  was performed t o  
i n v e s t i g a t e   t h e   r e l a t i o n s h i p   b e t w e e n   t o x i c i t y   o f   c h e m i c a l s   a n d   s u s p e n d e d  
s o l i d s   i n  water. 
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C.  Resu l t s   and   D i scuss ion  

1. In t roduc t ion   o f   Exo t i c   Spec ie s :  A t e n t a t i v e  l i s t  of 
spec ie s   o f   mos t   ma jo r   aqua t i c   i nve r t eb ra t e   g roups  was compi l ed   fo r   t he  
Canadian   por t ions   o f   the   Red ,   Sour i s   and   Ass in iboine  rivers and  Lakes 
Winnipeg  and  Manitoba  (Attachment  C.111-2). We were u n a b l e   t o   o b t a i n  
comparab le   da t a   fo r  US po r t ions   o f   t he   Red ,   Sour i s   o r   Mis sour i  rivers 
(Smi thson ian   In s t i t u t e   1976) .   However ,   t h rough   co r re spondence   w i th  
v a r i o u s   s p e c i a l i s t s  a t e n t a t i v e   p o t e n t i a l   p r o b l e m   s p e c i e s  l i s t  was d e r i v e d  
(Table  C . 1 1 1 - 1 ) .  L i f e   h i s t o r i e s  were documented f o r   t h e s e   s p e c i e s  
(McRae 1976).   These were supplemented by adv ice   f rom  expe r t s .  

T h e s e   e x p e r t s   i n d i c a t e d   t h a t  a b l a c k f l y   s p e c i e s  (Ti,tanop;tQh.yx 
macuthta), a caddis f  l y  genus (Rhyacopkcea) and a mayf ly   spec ies  ( f fCXUgen iU 
bLL&w&n) c o u l d   b e   i n t r o d u c e d   i n t o   t h e  Red River   system as a r e s u l t  of 
GDU. 

f i X U c n C J p X ~ y x :  The p o t e n t i a l   p r o b l e m   s p e c i e s  7. m u d a t a  h a s  
been   r epor t ed   f rom  the   Missour i -Miss i s s ipp i   d ra inage ;  i t  does   no t   occur  
i n   t h e  Red River system (0. S a e t h e r   p e r s  comm). T h i s   s p e c i e s  is  pol lu-  
t i o n   t o l e r a n t   a n d  l ives in   s low  mov ing ,   l a rge  rivers in   Europe   and  Asia. 
I n   t h e  USSR t h i s   s p e c i e s   h a s   p r o v e d   t o   b e  a n u i s a n c e   t o  humans and a 
v e c t o r   o f  a p r o t o z o a n   b l o o d   d i s e a s e   i n   w a t e r f o w l .  We a t t e m p t e d   t o  
c o r r o b o r a t e   t h i s   i n f o r m a t i o n   a n d   l e a r n e d   t h a t   m a j o r   w a t e r f o w l   d i e - o f f s  
in   Nor th   Amer ica   have   been   assoc ia ted   wi th   t ransmiss ion  of d i s e a s e  
(Sherwood 1970) ;  B. T a r s h i s   ( p e r s  comm) was u n f a m i l i a r   w i t h  T b M O p & A q X ;  
and R. P e t e r s e n   ( p e r s  comm) f e l t   t h i s   s p e c i e s  w a s  synonomous w i t h  
Bq/Jbudon (ShmuRium) mQhidionde Maloch  and  a l ready  occurs   in   Manitoba.  
The  Commit tee   arranged  to   send  specimens  ident i f ied by S a e t h e r  as 
T,iXUMOptQnyx t o   P e t e r s e n   f o r   v e r i f i c a t i o n .  He d e t e r m i n e d   t h a t   t h e s e  are 
synonomous  and t h e r e f o r e  w e  b e l i e v e   t h e r e  is  n o   c o n c e r n   f o r   i n t r o d u c t i o n  
of a new s p e c i e s .  

Cadd i s f l i e s   and   Mayf l i e s :  J .  Flannagan  (pers  comm) sugges ted  
t h a t  some s p e c i e s  of t h e   c a d d i s f l y   g e n u s  Rhyacopkiea may be   in t roduced  
i n t o   t h e  Red River system as a r e s u l t  of GDU. Most s p e c i e s  of t h i s   g e n u s  
p r e f e r   f a s t  water. The  genus is repor ted   f rom  the   Missour i   River   d i -a inage ,  
On ta r io ,   Quebec ,   Appa lach ian   s t a t e s ,  Oklahoma,  North  Carolina  and 
Tennessee .   Cadd i s f l i e s  are weak f l y e r s   a n d   t h e   c h a n c e  of a i r b o r n e   i n t r o -  
d u c t i o n  is  s l i g h t ;   F l a n n a g a n   f e l t   t h e   p o s s i b i l i t y  of t r a n s f e r   o f   t h i s  
g e n u s   v i a  GDU was h i g h  as was the   chance  of s u c c e s s f u l   e s t a b l i s h m e n t   i n  
t h e  Red and   Sour i s   r i ve r   sys t ems .  

Cadd i s f l i e s   can   unde rgo   ma jo r   popu la t ion   i r rup t ions ,   pa r t i cu -  
l a r l y  when i n t r o d u c e d   t o  a new environment (McRae 1976) .  Massive 
emergence   f rom  the   pupal   s tage   can   produce   la rge  swarms o f   ma t ing   adu l t s  
which i n   a r e a s  of  dense human popula t ions   can   cause   as thmat ic   and  
a l l e r g e n i c   r e s p o n s e s   v i a   e m a n a t i o n s   ( s e t a e   a n d  body p a r t i c l e s )   o f   t h e  
a d u l t  (McRae 1976).   Such  problems  have  occurred i n   t h e  Winnipeg River 
(Manitoba) a t  a h y d r o e l e c t r i c  dam (Gabr i e l   1974) ,   i n   Lake  Erie a t  t h e  
town of F o r t  Erie (Peterson  1952)   and a t  t h e  1967 Expo s i t e  i n  Montreal.  
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Table C.111-1. A list  of  potential  problem  species  of  aquatic 
invertebrates  that  may  be  introduced  as  a  result  of GDU. 

Problem 
species 

Potential/known 
Biological  impact 

Source' 

TLtanop;tayx Blackfly  of  slow  turbid  rivers 0. Saether 
maclLeaAa (found  in  Missouri  and  Mississippi 

= S h U R i u m  transmit  a  protozoan  infecting 
rivers);  annoying  blood  sucker,  can 

mQnidioMaee blood  of  ducks;  larvae  are  pollution 
tolerant. 

Rhyacapkiea Many  caddisflies  undergo  population J. Flannagan 
SPP irruptions  which  in  areas of dense 

human  habitation  can  cause  asthmatic 
and  allergenic  responses. 

Hcxagcnia Mayfly  of  slow  turbid  waters;  can J. Flannagan 
bi.LLn& undergo  population  irruptions  causing 

"fish  fly"  swarms  (public  nuisances) 
and  perhaps  allergenic  problems. 
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F l a n n a g a n   a l s o   s u g g e s t e d   t h a t   t h e   p r o b a b i l i t y   o f  a mayfly 
(ffexagenia b,iLin-) be ing   i n t roduced   i n to   Man i toba  via GDU is h igh .  
T h i s   s p e c i e s   c o - e x i s t s   w i t h  H. f i m b d t a  and ff. h i g i d a  i n   t h e   M i s s i s s i p p i -  
Missour i   sys tem.  The l a t te r  two s p e c i e s   o c c u r   i n   t h e  Red River system 
a n d   t h e r e f o r e   F l a n n a g a n   f e l t  ff. bd!inea& w o u l d   s u c c e s s f u l l y   e s t a b l i s h  
i t s e l f   o n c e   i n t r o d u c e d .   M a y f l i e s   c a n   a l s o   u n d e r g o   m a j o r   p o p u l a t i o n  
i r r u p t i o n s   p a r t i c u l a r l y  when i n t r o d u c e d   t o  a new environment  and a 
massive emergence  from  the nymph s t a g e   c a n   p r o d u c e   l a r g e  swarms of 
ma t ing   adu l t s .   These  swarms n o t   o n l y   c a u s e   p u b l i c   n u i s a n c e s   o n  
b e a c h e s   a n d   r o a d s   b u t   a l s o  create h e a l t h   p r o b l e m s   f o r   c e r t a i n   i n d i v i d -  
ua l s   p rone   t o   a s thma .  The a c t u a l   c a u s a t i v e   a g e n t  i s  t h e   s k i n   s h e d   f r o m  
the   subimago  s tage .  

The c a d d i s f l y   a n d   m a y f l y   i n t r o d u c t i o n s  are  similar problems. 
The  Committee b e l i e v e s   t h a t   m a y f l i e s   a n d   c a d d i s f l i e s  w i l l  be   success -  
f u l l y   i n t r o d u c e d   a n d   e s t a b l i s h e d   i n   M a n i t o b a   w i t h   c o m p l e t i o n   a n d  
o p e r a t i o n  of GDU. We b e l i e v e   t h a t  ff. b iLLnea ta  w i l l  o c c u r   i n   t h e  same 
areas o f   t h e  Red River system as ff. h i g i d a  and ff. Limb&. Rhyacopkiea 
w i l l  o c c u r   i n   t h e   S o u r i s   a n d  some o f   t h e  Red River t r i b u t a r i e s .  

P o p u l a t i o n   i r r u p t i o n s   o f   i n t r o d u c e d   s p e c i e s  are of   h igh  
p r o b a b i l i t y ;   t h e s e  w i l l  n o t   b e   o f   i n f i n i t e   d u r a t i o n   b u t  w i l l  c o n t i n u e  
u n t i l   t h e   p o p u l a t i o n  of t h e   i n t r o d u c e d   s p e c i e s   r e a c h e s   e q u i l i b r i u m   w i t h  
t h a t   o f   n a t i v e   s p e c i e s .  We r e c o g n i z e   t h e   a l l e r g e n i c   a n d   a s t h m a t i c  
p o t e n t i a l   o f   t h e s e   p o p u l a t i o n   i r r u p t i o n s   b u t   b e l i e v e   t h e   p o t e n t i a l  w i l l  
be   reduced as t h e   i n t r o d u c e d   p a p u l a t i o n s   r e a c h   e q u i l i b r i u m ;  w e  have no 
comment on t h e  time b e f o r e   e q u i l i b r i u m .  

It  is p r o b a b l e   t h a t   o t h e r   s p e c i e s   o f   a q u a t i c   i n v e r t e b r a t e s  
w i l l  be   i n t roduced  v i a  GDU. T h e s e   v a r i o u s   i n t r o d u c t i o n s  are bound t o  
create p e r t u r b a t i o n s   i n   M a n i t o b a   e c o s y s t e m s  as ev idenced   by   t he   h i s to ry  
o f   i n t r o d u c t i o n s   ( E l t o n  1958).  We are u n a b l e   t o  assess t h e s e   e f f e c t s  
because   o f   the   complexi ty   o f   the   p roblem  and  time c o n s t r a i n t s   o f   t h e  
s t u d y  . 

2 .  E f f e c t s   o f  Water Qua l i ty   and   Quan t i ty :  An i n c r e a s e   i n  
t h e  ra te  of  f low  and area f looded   by   t he   Sour i s  River caused  by GDU 
w i l l  h a v e   a n   e f f e c t  on t h e   s u i t a b i l i t y   a n d   s i z e   o f   b r e e d i n g  sites of 
a q u a t i c   i n s e c t s .  Of p a r t i c u l a r   i n t e r e s t  are b l a c k f l i e s .  

B l a c k f l i e s  are a r e c u r r i n g   p r o b l e m   a l o n g   t h e   S o u r i s  River, 
p a r t i c u l a r l y   i n   y e a r s   o f   e x c e s s i v e   f l o o d i n g   d u r i n g   s p r i n g   r u n o f f .  The 
predominant   spec ies  are S h f i u m  uenccntum ( w h i c h   c o n s t i t u t e s  75 t o  100 
p e r c e n t   o f   t h e   b l a c k f l y   p r o b l e m   i n   m o s t  areas of  Canada), S .  k h g g h ,  
S .  rne,'c,idiode, S .  uiA,taturn and S .  u~ecuvtdum. Following are some 
b r i e f   no te s   on   t hese   spec ie s ,   p rov ided   by  F. Fredeen   (pers  comm). 

S .  uenu,h.tum, t h e  common "whi t e - s tock inged ' '   b l ack f ly   pes t ,  
a t t a c k s  humans,   animals   and  there  are clonfirmed r e p o r t s  (R. B r u s t  
p e r s  comm) of   poul t ry   dea ths   dur ing   severe   ou tbreaks .   Eggs ,  i n  which 
s t a g e  i t  o v e r w i n t e r s ,  are l a i d   i n  masses a l o n g  w e t  margins  of rocks  
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a n d   p l a n t s   a n d   i n   e a r l y   s p r i n g   t h e s e   h a t c h   t o   p r o d u c e   l a r v a e   t h a t  
c o l o n i z e   f l o o d e d   b u s h   a n d   g r a s s l a n d s   i n   s w i f t l y   f l o w i n g   p o r t i o n s   o f  
t h e  r iver .  River f lows  of  a t  least  1,000 t o  2,000 c f s  are r e q u i r e d  
f o r  optimum  development  of larvae. U n d e r   c o o l   c o n d i t i o n s   i n   t h e   s p r i n g  
t h e  l a rva l  s t a g e  lasts f r o m   f o u r   t o   f i v e   w e e k s   a f t e r   w h i c h   t h e y   p u p a t e  
f o r  a few  days.   Adults  emerge  from mid-May t o  mid-June a t  which time 
o u t b r e a k s  are most severe. s. veflUA&.m i s  r e p o r t e d   t o   h a v e  two genera- 
t i o n s  a y e a r   b u t  i t  i s  now b e l i e v e d   t h a t   t h e   b l a c k f l y   o b s e r v e d   t h a t  
o c c u r s   d u r i n g   t h e  summer i s  a c l o s e l y   r e l a t e d   b u t  less impor tan t  
s p e c i e s ,  S. vuecundum. 

S .  v m ~ n  a t t a c k s   a n i m a l s   m a i n l y   a r o u n d   t h e  ears. It  over-  
win ters  as larvae o r   pupae   and   b r i e f   bu t  massive outbreaks  of  emerging 
a d u l t s   o c c u r   i m m e d i a t e l y   a f t e r  ice b r e a k u p   i n   t h e   s p r i n g .   T h e s e   f i r s t  
g e n e r a t i o n   a d u l t s  s w a r m  m a s s i v e l y   f o r  a few  days  around  animals  and 
humans b u t   s e l d o m   b i t e .  Later g e n e r a t i o n s   f r o m   J u l y   t o   f r e e z e - u p  
a t t a c k  some an ima l s   bu t   no t  humans. 

S. k h g g e h i  i s  a n o t h e r   s p e c i e s   o f   b l a c k f l y   t h a t   a t t a c k s  
an ima l s   bu t  i t  i s  of lesser impor tance   than  S .  UenUAabn. 

S. mehidianate a t t a c k s   p o u l t r y   a n d  i s  a v e c t o r   o f  a blood 
p a r a s i t e .  The s p e c i e s   o c c u r s   i n   t h e   S o u r i s  River Va l l ey   bu t   t he   b lood  
p a r a s i t e   h a s   n o t   b e e n   f o u n d   i n   M a n i t o b a .  

T h e   C o m m i t t e e   c o n s i d e r e d   t h e   p o s s i b i l i t y   t h a t   i n c r e a s e d   f l o w  
rates caused  by  added GDU flows  (Water  Quantity  Committee 1976)  could 
i n t e n s i f y   t h e   b l a c k f l y   p r o b l e m   a l o n g   t h e   S o u r i s   R i v e r .  However, w e  
were unsure  as t o   w h e r e   t h e   b l a c k f l i e s   b r e d   a n d   w h a t   t h e i r   s p e c i f i c  
h a b i t a t   r e q u i r e m e n t s  were r e g a r d i n g   d i s s o l v e d   o x y g e n ,   r i f f l e s ,   g r a s s ,  
e t c .  We were u n a b l e   t o  come t o  a conclus ion   on   impact .   This  was p r i -  
m a r i l y   d u e   t o   u n a v a i l a b i l i t y   o f   i n f o r m a t i o n   o n   l o c a t i o n  of  s p e c i f i c  
b r e e d i n g  sites a l o n g   t h e   S o u r i s  River a n d   s p e c i f i c   b r e e d i n g   a n d   r e a r i n g  
h a b i t a t   r e q u i r e m e n t s   ( d i s s o l v e d   o x y g e n ,   s u b s t r a t e   p r e f e r e n c e )   o f   t h e  
v a r i o u s   s p e c i e s .   T h e r e f o r e  i t  remains a conce rn   t ha t  GDU i n c r e a s e d  
f lows as a r e s u l t   o f  GDU could i n t e n s i f y  t he  b l ack f ly   p rob lem along 
t h e   S o u r i s  River. 

We a l so   r ev iewed   expec ted   changes   i n  water q u a l i t y   p a r a m e t e r s  
(Water  Quality  Committee 1976) and   concluded   tha t  some impact  would 
occur   t o   i nd igenous   i nve r t eb ra t e   communi t i e s .  We were u n a b l e   t o  assess 
these   changes .  
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D. Summary o f   Impac t   P red ic t ions  

1. Several s p e c i e s   o f   c a d d i s f l y   ( g e n u s  Rhyacupkiea) and  one 
s p e c i e s  of  mayfly (ffexageucia biLineata) w i l l  be   i n t roduced  as 
a r e s u l t   o f  GDU and w i l l  s u c c e s s f u l l y   e s t a b l i s h   i n   t h e  Red 
River s y s t e m .   P o p u l a t i o n   i r r u p t i o n s   o f   t h e s e   s p e c i e s  w i l l  
i n c r e a s e   t h e   p o t e n t i a l   f o r   a l l e r g e n i c   a n d   a s t h m a t i c   p r o b l e m s  
i n  areas invaded ,   i nc lud ing   t he   c i ty   o f   Winn ipeg .   Th i s  
p o t e n t i a l  w i l l  reduce as t h e   i n t r o d u c e d   p o p u l a t i o n s   r e a c h  
e q u i l i b r i u m .   I n d i g e n o u s   c o m m u n i t i e s   o f   a q u a t i c   i n v e r t e b r a t e s  
c o u l d   b e   a d v e r s e l y   a f f e c t e d   b y   i n t r o d u c t i o n s   o f  new s p e c i e s .  
However, t h e r e  i s  a p a u c i t y   i n   d i s t r i b u t i o n a l   d a t a   f o r   a q u a t i c  
i n v e r t e b r a t e s ;   t h e r e f o r e  some o f   t hese   p rob lem  spec ie s  may 
i n d e e d   a l r e a d y   o c c u r   i n   M a n i t o b a  waters. Conver se ly ,   o the r  
p rob lem  spec ie s   no t  known t o   u s  may be   in t roduced .  

2 .  Due t o   i n c r e a s e s   i n   f l o w s ,   f l o o d   s t a g e   a n d   d u r a t i o n   o f   f l o o d i n g  
i n   t h e   S o u r i s  River the  Biology  Committee i s  c o n c e r n e d   t h a t   t h e  
b l a c k f l y   p r o b l e m   a l r e a d y   a f f e c t i n g  humans a n d   l i v e s t o c k   c o u l d  
worsen. We cou ld   no t  assess t h i s   c o n c e r n   d u e   t o   l a c k  of 
p e r t i n e n t   i n f o r m a t i o n .  

3 .  The spec ie s   compos i t ion  of indigenous  communities of a q u a t i c  
i n v e r t e b r a t e s   i n   t h e   S o u r i s  w i l l  be   changed   due   to   changes   in  
water q u a l i t y .  We were u n a b l e   t o  assess t h e   d i r e c t i o n  o r  mag- 
n i tude   o f   t hese   changes .  
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IV. PLANTS 

A. Introduction 

The  Committee  was  concerned  with  the  possibility  that  the  GDU 
will  have an impact  on  plants  in  Manitoba  in  two  ways:  foreign  plants 
or  plant  diseases  may  be  introduced  into  Manitoba  via  the  Souris  and 
Red  rivers  and  altered  water  quality  and  quantity  may  adversely  affect 
indigenous  flora.  Both  aquatic  plants  and  terrestrial  noxious  weeds 
were  considered  but  members of,other plant  groups  such  as  algae,  fungi 
(other  than  plant  pathogens),  bryophytes,  ferns  or  trees  were  not. 

B. Methods 

Lists  of  the  species  of  aquatic  plants,  noxious  weeds  and 
plant  diseases  that  occur  in  the  Red,  Souris  and  Missouri  river  water- 
sheds  in  North  Dakota,  Montana  and  Manitoba  were  compiled  from  litera- 
ture  searches  and  consultation  with  experts.  These  lists  were  compared 
to determine  differences  in  distribution. A species  occurring  in  the 
Missouri  River  watershed  but  absent  from  the  other  systems  was  considered 
a potential  problem.  The  possibility  that  other  species  of  weeds  or 
plant  pathogens,  now  now  present  in  these  watersheds,  might  be  introduced 
at a later  date  was  also  considered. 

Aquatic  species  lists  for  Manitoba  were  compiled  by  Jennifer 
Shay  and  Gloria  Keleher  (1976,  Attachment  C.IV-1)  and for  North  Dakota 
by  Vera  Facey  (1976,  Attachment  C.IV-2).  Sheila  Anderson  and  Gloria 
Keleher  (1976)provided  life  histories of aquatic  plant  species  that 
might  be  introduced  into  Manitoba  and  an  assessment  of  the  potential  of 
each to cause  a  detrimental  effect  on  the  aquatic  environment. 

Data  provided  by  the  Water  Quality  (1976)  and  Water  Quantity 
(1976a)  committees  were  utilized  to  appraise  the  effects of changes  in 
these  two  factors  on  the  introduction of foreign  flora  and  the  growth of 
indigenous  plants  in  areas  affected  in  Manitoba. A list  of  rare  and 
endangered  plants  for  GDU  Manitoba  was  provided  by  Jennifer  Shay (1976, 
Attachment  C.IV-3).  McKernan  (1976)  provided a literature  review  on  the 
tolerance of aquatic  macrophytes  to  salinity. 
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C. Resu l t s   and   D i scuss ion  

1. In t roduc t ion   o f   Fo re ign   F lo ra :   S ix t een   spec ie s   o f   aqua t i c  
p l a n t s   t h a t   h a v e   n o t   b e e n   r e p o r t e d   o r  are r a re ly   found   i n   Man i toba  were 
i d e n t i f i e d   b y   c o m p a r i n g   s p e c i e s  l i s ts  from  North  Dakota  (Attachment C . I V  
-2)  and  Manitoba  (Attachment  C.IV-1). Vera Facey commented on t h e i r  
p o t e n t i a l   d e t r i m e n t a l   e f f e c t s   o n   t h e   a q u a t i c   e n v i r o n m e n t   ( T a b l e   C . I V - 1 ) .  
None o f   t h e   s p e c i e s  were cons ide red   t o   have   any   de t r imen ta l  t raits  and 
most  of  them are v a l u a b l e   f o o d   s o u r c e s   f o r   w i l d l i f e ,   e s p e c i a l l y   w a t e r f o w l .  
Shei la   Anderson  and  Gloria   Keleher   (1976)  were i n   a g r e e m e n t   w i t h   t h i s  
assessment .   Furthermore  most   aquat ics   and many small seeded   marsh   p lan ts  
are w i d e l y   d i s t r i b u t e d  by m i g r a t i n g  water b i rds   wh ich   no t   on ly   ca r ry   s eeds  
f r o m   p l a c e   t o   p l a c e   i n t e r n a l l y ,   b u t   a l s o  on t h e i r   f e a t h e r s   a n d   f e e t .  It  
wou ld   appea r   t ha t   aqua t i c s   wou ld   sp read   na tu ra l ly   f rom  the   Missour i   R ive r  
t o   t h e   S o u r i s   R i v e r ,   p a r t i c u l a r l y   i n   v i e w  of t h e i r   p r o x i m i t y ,   w i t h o u t   t h e  
h e l p  of waterways  such as t h e  GDU c a n a l   s y s t e m   c o n n e c t i n g   t h e  two r i v e r  
s y s  tems . 

A l l  terrestr ia l  weed s p e c i e s   c l a s s e d  as noxious  in   North  Dakota  
and  Montana are  p r e s e n t  now in   Mani toba  (McDonald 1976a,  Attachment C . I V  
- 4 ) .  Natural   methods  of weed s e e d   d i s p e r s a l   s u c h   a s   w i n d ,   t r a n s p o r t   o n  
fa rm  machinery ,   vehic les ,   b i rds   and   an imals ,  as contaminants   in   commercial  
s eed ,   fodde r ,   pack ing  material and   nursery   s tock   and  by n a t u r a l   f l o o d  
water have   ensu red   d i s t r ibu t ion   o f   weeds   ove r  a wide area o f   t h e   c e n t r a l  
p l a i n s   i n  US and  Canada.  If  a new s p e c i e s  of noxious weed was in t roduced  
into  North  Dakota   or   Montana,   seeds  of  i t  w o u l d   e v e n t u a l l y   b e   d i s t r i b u t e d  
into  Manitoba  by  one  or   more  of   these  methods  of   dispersal .   Complet ion 
of GDU w i l l  p rov ide   an   add i t iona l   me thod   o f   t r anspor t  of seeds   f rom  the  
Missour i  River watershed   th rough  the   cana l   sys tem  to   Mani toba .  

A l l  of t he   funga l   and   bac t e r i a l   d i seases   o f   ma jo r   c rops   t ha t  
o c c u r   i n   N o r t h   D a k o t a   a l s o   o c c u r   i n   M a n i t o b a  (McDonald 1976b,  Attachment 
C. IV-5) .   Natura l   spread   of   these   d i seases  by wind-borne s o i l  and   p lan t  
d e b r i s ,   t r a n s p o r t   b y   f a r m   m a c h i n e r y   a n d   p e r i o d i c   f l o o d i n g   o f   r i v e r s   h a s  
ensu red   w ide   d i s t r ibu t ion   t h roughou t   t he  Red R ive r   va l l ey   and   ad jacen t  
areas. P l a n t   d i s e a s e s  now p r e s e n t   i n   o r   i n t r o d u c e d   i n   t h e   f u t u r e   i n t o  
the   wa te r shed   o f   t he   Missour i   R ive r   i n   Mon tana  w i l l  h a v e   a n   a d d i t i o n a l  
means o f   sp read   i n to   Man i toba   i f  GDU is  completed.  Pathogens  could  be 
t r a n s p o r t e d   b y  water via  t h e  McClusky and  Velva  canal   systems  into  proposed 
i r r i g a t i o n   d i s t r i c t s   i n   N o r t h   D a k o t a   a n d   e v e n t u a l l y   t o   M a n i t o b a .  Most  of 
t h e s e   d i s e a s e s ,   s u c h  as n e m a t o d e   d i s e a s e s   o f   s u g a r   b e e t s   a n d   a l f a l f a ,  
w o u l d   b e   i m p o r t a n t   i n   i r r i g a t e d   c r o p s  on1.y and t h e i r   i m p a c t  on a g r i c u l t u r e  
i n  Manitoba  would  depend on t h e   a c r e a g e  of c r o p s   i r r i g a t e d  by water from 
t h e   S o u r i s   a n d  Red r i v e r s   i n   M a n i t o b a .  

2.  Ef fec t   o f   Changes   in   Water   Quant i ty :  An i n c r e a s e   i n   t h e  
area of   l and   f looded   in   Mani toba   as  a r e s u l t  of GDU r e tu rn   f l ows  w i l l  
a f f e c t   t h e   a q u a t i c   f l o r a  of  marshland, s i t es  of rare and  endangered  plant  
s p e c i e s ,   l o c a l   d i s p e r s a l  of noxious   weeds   and   p lan t   pa thogens   and   the  
s e v e r i t y   o f   p l a n t   d i s e a s e s   i n   a g r i c u l t u r a l   c r o p s   p l a n t e d   l a t e .  However, 

158 



Table C.IV-1. Potential  problem  species of aquatic  plants. 

Species Common  Name  Present in 
Manitoba? 

Water fern 

Bur-reed 

Pidgeon  grass 

Water  plantain 

Three-way  sedge 

Nevada  bulrush 

Duckweed 

Water  stargrass 

Pickerelweed 

Water  milfoil 

Water dock 

Mud purslane 

Mudwo  r  t 

Water  hyssop 

Watercress 

No 

No 

Rare 

No 

No 

No 

No 

No 

No 

Rare 

No 

No 

Rare 

No 

No 

No 

Comments 

Uncommon, no known detrimental traits. 

Uncommon, no known detrimental traits. 

May  proliferate  with  increased  salinity; 
highly  rated as food for  waterfowl. 

Food  for waterfowl. 

Rare in North  Dakota. 

Food  for waterfowl; no known undesirable 
traits. 

Food for  waterfowl. 

No known detrimental  characteristics. 

No known detrimental  characteristics. 

Annual of wet, saline  areas. 

Rare in North  Dakota. 

Common  in  North  Dakota. 

No evidence as a  problem  species2. 

No detrimental  qualities2. 

No detrimental  characteristics2. 

Trout f ood2. 

'Assessed  by  Vera Facey (1976). 

21dentified  and  assessed  by  Sheila  Anderson  and  Gloria  Keleher (1976). 



da ta   p rov ided   by   t he  Water Quant i ty   Commit tee   (1976a)   ind ica te   tha t   there  
w i l l  be   no  impact   f rom GDU f lows   on   f l ood ing   a long   t he   Ass in ibo ine   and  
Red rivers, t h e   A s s i n i b o i n e   d i v e r s i o n ,  Delta Marsh  and  Lakes  Manitoba  and 
Winnipeg.  There w i l l  a l s o   b e   n o   i n c r e a s e   i n   f l o o d i n g   f r o m   t h e   S o u r i s  
River beyond t h e  town  of S o u r i s .  The main e f f e c t  o f   i nc reased   f l ood ing  
w i l l  b e   i n   t h e  s i x  miles nor th   o f   t he  US bo rde r   and   r eaches   o f   t he   r i ve r  
n e a r  Melita and   Har tney .   Bu t   t he   e f f ec t  w i l l  b e   s i g n i f i c a n t   o n l y  a t  sub- 
maximum f l o w s   a n d   t h e   t o t a l  area s u b j e c t   t o   f l o o d i n g   u n d e r   n a t u r a l  
c o n d i t i o n s   o n c e   i n  20 y e a r s  w i l l  n o t   b e   i n c r e a s e d   s i g n i f i c a n t l y .   F l o o d -  
waters w i l l  r ecede   more   s lowly   i n   t he   Sour i s   R ive r   wa te r shed   f rom  the  US 
b o r d e r   t o   t h e  town o f   Sour i s   unde r   t he   i n f luence   o f   added   r e tu rn   f l ows  
from GDU i n   J u l y  and   Augus t   bu t   th i s   would   have   no   e f fec t  on the   w ide r  
d i s p e r s a l   o f  weed seeds   o r   p l an t   pa thogens .  

It  i s  e s t i m a t e d   t h a t   a n   a d d i t i o n a l   9 4  acres of land  w i l l  be  
f l o o d e d   f o r  up t o  30 addi t iona l   days   main ly   in   the   Westhope   and   Lauder  
reaches  every  second  year  (Water  Quantity  Committee,   1976b).  Most  of 
t h i s  area is  a nar row  s t r ip   covered   by   b rush ,   marsh   and   grasses .  Very 
l i t t l e  is u s e d   f o r   c u l t i v a t e d   c r o p s   a n d   t h e r e f o r e   t h e   e f f e c t s   o f  GDU 
would   have   an   ins igni f icant   impact  on s e e d i n g   d a t e s   o r   i n c r e a s e d   s e v e r i t y  
o f   p l a n t   d i s e a s e s .  

None o f   t h e   3 3   p l a n t   s p e c i e s   i d e n t i f i e d   ( A t t a c h m e n t  C.IV-3) as 
endangered   in   Mani toba   p resent ly   have   been   found  a long   the   Sour i s   River  
sou th   o f   t he   t own  of Souris   (Scoggan  1957) .  A s  t h e r e  w i l l  b e  no i n c r e a s e  
i n   t h e   a r e a   o f   l a n d   f l o o d e d   b e c a u s e  of GDU r e t u r n   f l o w s   i n  r iver water- 
sheds   o f   the   Sour i s   River   beyond  the  town  of S o u r i s   o r   i n   o t h e r  GDU 
a f f e c t e d   w a t e r w a y s   t h e r e  w i l l  b e  no impact  of GDU on  endangered  species  
of  p l a n t s   i n   M a n i t o b a   d u e   t o   f l o o d i n g .  

3. E f f e c t s  of  Changes i n  Water Q u a l i t y :  The major  impact  of 
changes i n  water q u a l i t y   w o u l d   b e   o n   a q u a t i c   p l a n t s   i n  streams and  marsh- 
l a n d s   a f f e c t e d   b y  GDU r e tu rn   f l ows .   The re  w i l l  b e   n o   e f f e c t  on the  growth 
of terrestrial weeds o r   p l a n t   d i s e a s e s .  

D i f f e r e n c e s   i n   s p e c i e s   c o m p o s i t i o n  of we t l and   vege ta t ion  i n  
North  Dakota were c o r r e l a t e d   w i t h   s a l i n i t y   l e v e l s   o f   s u r f a c e   w a t e r s  by 
S t e w a r t  and  Kantrud  (1972) .   Their   data  were compared  with  those  suppl ied 
b y   t h e  Water Qual i ty   Commit tee   (1976)   to   de te rmine   changes   in   spec ies  
composi t ion   tha t   could   occur   in   marsh lands   and   a long   s t reambanks   in  
Manitoba as a r e s u l t   o f   i n c r e a s e d   s a l i n i t y   i n  GDU r e t u r n   f l o w s .  

T h e   r a n g e   o f   s a l i n i t y   l e v e l s ,   e x p r e s s e d   a s   t o t a l   d i s s o l v e d  
s o l i d s  (TDS), t h a t  w i l l  occur  a t  v a r i o u s   p o i n t s   a l o n g  GDU waterways is 
summarized i n   T a b l e  C . I V - 2 .  T h e s e   f i g u r e s   r e p r e s e n t   t h e   w o r s t   p o s s i b l e  
s i t u a t i o n  a t  low f low rates i n   t h e   r i v e r s  and   i nc lude   da t a   fo r   each  
mon th   o f   t he   yea r .   Vege ta t ion   i n   t he  Red River  w i l l  n o t   b e   a f f e c t e d  by 
h i g h e r   s a l i n i t y   l e v e l s ;  i t  w o u l d   b e   c l a s s i f i e d  as a s l i g h t l y   b r a c k i s h  
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waterway by Stewart and  Kantrud  (Table  C.IV-3)  and will remain so with 
GDU.  Water  in  the  Assiniboine and Souris  rivers  will  be  affected  more 
seriously  and  the  impact  of  GDU on these  rivers will be examined more 
critically. In this  assessment  only  data  for  the  months  of  April  to 
October were considered  as  this is the  growing  season  for  plants  and 
the season in which  Stewart  and  Kantrud's  data  were  obtained. 

Stewart  and  Kantrud  recognized  that  individual  anions  and 
cations as well as TDS have an influence on growth of  vegetation.  They 
anhlyzed  the  principal  ionic  constituents  of  surface  waters  of  ponds  and 
lakes, differentiated  into  salinity  ranges by type  of  vegetation  and 
related  these to specific  conductance (Table  C.IV-4). Their  data were 
compared to that  provided  by  the  Water  Quality  Commi.ttee (1976) for  the 
Assiniboine and Souris  rivers and  the  condition of these  rivers  before 
and aftes GDU was  assessed  (Table C.IV-5). 

There will be an increase in levels of TDS and some  ionic 
constituents in the Assiniboine River, particularly  during  the  peak 
leach  period, but  these  increases  will  not  be  sufficient to change the 
character of the water  from  its  present  slightly  brackish  range of 
salinity  at  minimum  rates of flow (Table  C.IV-5). 

One  of  our  main  concerns  was  the  effect  of  changes  in  water 
quality on the  Delta  Marsh  ecosystem,  a  major  wetland  resource in Mani- 
toba. This area  obtains  water  from  maximum  flows of  the  Assiniboine 
River  during  spring  runoffs  via the  Assiniboine  River  Diversion.  Flows 
only  occur in this  channel  during  the  months of April to  August. Data 
on TDS  and  ionic  constituents  of  the  water in the  Assiniboine  River in 
these months, pre and post-project,  show  that  there  will be no  signifi- 
cant  increase in their  concentration (Table  C.IV-6). Thus  there will be 
no  effect on the vegetation of Delta  Marsh as a  result  of  the  quality of 
GDU  return  flows. 

The  major  impact  of  GDU on water  quality  will  occur  along  the 
Souris River. During the  peak  leaching  period  increased  concentrations 
of TDS, bicarbonate,  calcium and sulphates will change  the  character of 
the water  from  slightly  brackish to moderately  brackish.  Concentrations 
will be lower  under  probable  flow  conditions,  but  levels of TDS, calcium, 
and  sulphates will still  reflect  a  moderately  brackish  condition. 

Plant  species  composition  in wet meadows, shallow  marshes  and 
along  streambanks will be modified  in  some  extent  because  of  changes  in 
water  quality.  Stewart  and  Kantrud (1972) compared  the  abundance of 
plant species  in  water  with  different  ranges  of  salinity;  those that 
increase  in  prevalence  under  moderately  brackish  conditions  are listed in 
Table C.IV-7. Saltgrass,  which  is  not  eaten  readily by livestock, will 
become  fairly  common  and  occasionally  abundant;  common  arrowgrass,  which 
is  poisonous  to  livestock,  could  occasionally  become  fairly  common  among 
the  large  complex of grasses and  other  plants  present  in  wet  meadows. 
The  vegetation of shallow  marshes  will not  be  affected  significantly. 
Drastic  reductions in species that are important  sources of  duck  food 
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Table  C .  IV-3. Re la t ionsh ip   be tween   p l an t   communi t i e s   and   s a l in i ty  as 
measured  by  specific  conductance  (micromhos/cm a t  25OC) 
and TDS (mg/l)  . 

~ 

Spec i f i c   conduc tance  
Sa l in i ty   range1   normal   range  I TD s2 

Fresh  <40 - 500 26 - 320 

S l i g h t l y   b r a c k i s h  500 - 2,500 320 - 1,280 

Modera t e ly   b rack i sh  2,000 - 5,000 1 , 2 8 0  - 3,200 

Brackish 5,000 - 15,000 3,200 - 9,600 

S u b s a l i n e  15,000 - 45,000 9,600 - 28,800 

S a l i n e  45,000 - 100,000+ 28,000 - 64,000 

'Source:  Stewart   and  Kantrud  (1972).  

'Source: McGauhey (1968).   Conversion  based on 1 pmho/cm 2. 640 mg/l .  

1 6 3  



S a l i n i t y   r a n g e  as S p e c i f i c  
i nd ica t ed  by p l a n t s  Ca Mg N a  K HC03 

c03 s04 c1 conductance 

Fresh 

S l i g h t l y   b r a c k i s h  86  62 42  38  340  55 200 19  1,010 

Moderately  brackish 99 150 235 31  445 40 775 33  2,100 

Brackish 
f. 

50  310 1,020  140  450 260 2,340  235  6,320 

Subsal ine 205  540 1,380  175 610 480 9 , 310 1,050  12,200 

S a l i n e  210 2 , 240 39 , 100  870  880  715  27,300  6,320  37,500 

'Source: S t e w a r t  and  Kantrud  (1972). 

2F igures   r ep resen t  mean va lues  from four   t yp ica l   ponds   o r   l akes   i n   t he   i nd ica t ed   r ange  of s a l i n i t y .  
Chemical va lues  are i n  ppm; spec i f ic   conductance ,   in  micromhom/cm a t  25OC. 



Table C.IV-5. Salinity  characteristics of the  Assiniboine and  Souris rivers  at  minimum flows, April to 
October’. 

Assiniboine  River2  Souris  River2 
Pre-project  peak leach Equilibrium  Pre-project  peak  leach  Equilibrium 

TDS SB SB SB SB MB SB-MB 

Bicarbonate  SB S B-MB SB S B-MB MB-SU  MB 

Calcium S B-MB MB MB F-SB  B  B 

Sodium  SB SB SB SB-MB  SB-MB  MB 

Magnesium 

Chloride  MB 

P 
cn 
m 

F-SB SB 

MB 

SB SB 

MB MB 

SB SB 

MB MB 

Sulphate  SB  SB-MB SB SB MB MB 

Potassium  F F F F  F  F 

Nitrogen .06 - 1.55 .90 - 1 . 8 4  .63 - .92  2.03 - 7.89  

Phosphorus .OO - .46 .06 - 1.00  .33 - 1 .00  1.30 - 1.86  

lSource:  Water  Quality  Committee ( 1 9 7 6 ) .  

2F (Fresh),  SB  (slightly  brackish), MB (moderately  brackish),  B  (brackish), Su (subsaline). 



Tab le  C. N-6. Range of  concen t r a t ions   (mg/ l )  o f  p r inc ipa l   i on ic   componen t s  
a t  maximum f l o w   i n   t h e   A s s i n i b o i n e   R i v e r  a t  P o r t a g e  l a  P r a i r i e  
A p r i l   t o   A u g u s t  . 1 

P r e - p r o j e c t   P e a k   l e a c h   E q u i l i b r i u m  
.___ 

TD S 1 9 0  - 4 1 2  1 9 3  - 4 2 8  193 - 4 2 9  

B i c a r b o n a t e  1 2 9  - 2 4 3  130 - 2 4 6  130 - 2 4 5  

Calcium 3 9  - 6 3  3 9  - 63 39 - 6 3  

Sodium 15 - 40 15 - 4 1  16 - 4 3  

Magnesium 11 - 27  11 - 28 11 - 28 

C h l o r i d e  7 - 1 7  7 - 1.7 7 - 18 

S u l p h a t e  6 2  - 155 6 4  - 1 6 1  6 4  - 1 6 0  

Pot ass ium 6 - 8  6 - 8  6 - 8  

N i t r o g e n  0 . 0 2  - 0.38 0 . 0 2  - 0.38 0 . 0 4  - 0.38  

Phosphorous. 0 . 0  - 0 . 1 4  0.0 - 0.14 0 . 0  - 0.1.4 

'Source: Water Qual i ty   Commit tee  (1976) .  
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Table C.IV-7. Plant species of prairie potholes  that increase in 
abundance  in  moderately  brackish  water l .  

Wet-meadow  vegetation 

D , t ' ~ X i ~ f i ~ ~  ~ l . s t i &  (saltgrass) 

G'Laux mahitima (sea  milkwort) 
P&L~LT'%~o @&pa& (alkali  plantain) 

P&tem!it,ta a n h d n a  (silverweed) 
Aa7~ipLex pcLtuRa (orach) 
Polygonum p&o&&um (longbranch  knotweed) 

Luctuca acaniota (prickly  lettuce) 
TtLigRackin muttikima (common  arrowgrass) 
MukewbQngh  anphdaRia (scratchgrass) 

Spcur;tina g t r a u  (alkali  cordgrass) 

B 2  

B 

B 

B 

B 

C 

C 

C 

C 

C 

Shallow-marsh  emergent vegetation 

AUma gnamincum (narrowleaf  waterplantain) A 

SoirtpUn amQhicanun (common  threesquare) B 

Puccinekltu n m a n a  (alkali  grass) C 

Deep-marsh  emergent  vegetation 

ScirrpUn p d u d a a u  (alkali  bulrush) B 

Submerged  and  floating vegetation 

ZanruchdLLa p d u m  (horned  pondweed) 
Choha s p p .  (muskgrass) 

PaakmageXan pec;tinatun (sago  pondweed) 

P u m o g d o n  wag.ina;tun (bigsheath  pondweed) 

'Adapted from Stewart and  Kantrud (1972). 

2A (frequently common or abundant; B (frequently  fairly common, occasion- 
ally common or abundant); C (occasionally  fairly common). 
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such as s l e n d e r   b u l r u s h  (SChpUn h ~ f U ~ o c h a ~ ! h A ) ,  river b u l r u s h ,  (S. 
d h V w )  and  hybr id  c a t t a i l  (Typha  "glauca") w i l l  o c c u r   i n  water 
t h a t  becomes  moderately  brackish.   However ,   hardstem  bulrush,   which is 
also a good source   o f   food   fo r   wa te r fowl ,  i s  a d a p t e d   t o   t h i s   r a n g e  of 
s a l i n i t y   a n d  w i l l  become the   dominan t   spec ie s .  O f  t h e  many s p e c i e s   o f  
submerged   and   f l oa t ing   vege ta t ion   t ha t   occu r   i n   deep   marshes ,   s ago   and  
bigsheath  pondweeds w i l l  i n c r e a s e   i n   a b u n d a n c e .   T h e s e   a l s o  are favored 
by  ducks as food.  

D. Summary of  Impac t   P red ic t ions  

1. There w i l l  be   minimal   impact   of  GDU o n   t h e   i n t r o d u c t i o n  of p l a n t  
d i s e a s e s ,  terrestrial n o x i o u s   w e e d s   o r   a q u a t i c   p l a n t s   i n t o  
Manitoba as a l t e r n a t e ,   e q u a l l y   e f f e c t i v e   m e t h o d s   o f   i n t r o d u c t i o n  
e x i s t .  

2. Changes i n  water q u a n t i t y  w i l l  n o t   a f f e c t   p l a n t   d i s e a s e s ,  
terrestrial weeds o r   a q u a t i c   p l a n t s .  

3 .  I n c r e a s e d   s a l i n i t y  w i l l  a l t e r  t h e   s p e c i e s   c o m p o s i t i o n   o f   w e t l a n d  
v e g e t a t i o n   a l o n g   t h e   S o u r i s  River. Spec ie s   more   t o l e ran t  of 
modera t e ly   b rack i sh  water such as s a l t g r a s s ,   w h i c h  i s  n o t   r e a d i l y  
e a t e n  by l i v e s t o c k ,   a n d  common arrowgrass ,   which i s  p o i s o n o u s   t o  
l i v e s t o c k ,  w i l l  i n c r e a s e   i n   a b u n d a n c e   i n  wet meadows. There w i l l  
b e   n o   s i g n i f i c a n t   e f f e c t   o n   v e g e t a t i o n   i n   o t h e r  GDU Manitoba 
waterways as a result of  changes i n  water q u a l i t y .  
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V. WATER:  EUTROPHICATION 

A .  Introduction 

The  Biology  Committee  has  considered  biological  responses  to 
changes  in  water  quality  and  the  influence of GDU on eutrophication 
processes  in  Manitoba  waters.  GDU  will  result in  addition of nutrients 
(nitrogen  and  phosphorus)  and  suspended  solids to the Red,  Souris  and 
Assiniboine  rivers  and  Lakes  Manitoba  and  Winnipeg.  This  increase  in 
nutrients  and  suspended  solids  will  influence  eutrophication in various 
Manitoba  waters. 

Eutrophication  can  be  defined as the  result  of an accelerated 
rate  of  nutrient  supply to a  water  body;  however,  Vallentyne (1974) 
expanded  this  definition: 

"The  immediate  ecosystem  response (. . . to 
increased  rate  of  nutrient  supply)  is an  increase 
in  photosynthesis  and  abundance  of  plants.  This 
gives  rise  to:  increased  productivity  at  all 
levels  of  the  food  chain, up to and  including 
fish;  successional  changes  in  the  kinds  of  organ- 
isms  inhabiting  aquatic  ecosystems;  and  reduced 
levels  of  dissolved  oxygen  in  bottom  waters." 

Most  eutrophication  experts  have  studied  lakes  rather  than 
rivers.  Staff  of  the  Freshwater  Institute,  Canada  Department  of  the 
Environment  has  studied  the  chemistry  and  biology  of Lake Winnipeg 
from  fall 1968  to  spring 1 9 7 1  (Brunskill 1 9 7 3 ) .  In addition,  work  has 
been  done  by MDMREM on  Lake  Manitoba (Crowe 1 9 7 2 ) .  

B. Methods 

To assess  eutrophication  in  Manitoba  waters we requested  the 
following  data  from  the  Water  Quality  Committee:  loading  and  concentra- 
tion  data  for  total  nitrogen,  phosphorus  and  sediments  for  monthly 
period  of  record  from  stations  at  Wosthope,  Emerson,  Selkirk, 
Assiniboine  River  above  Portage  Diversion,  Portage  Diversion  near 
Oaklands,  Sheyenne  River  at  Red  River  confluence,  Wild  Rice  River  at 
Red  River  confluence,  Souris  River  north  of  Lake  Darling  and  James 
River  near  the  North  Dakota-South  Dakota  border. 

We  then  requested G .  Brunskill  of  the  Freshwater  Institute  to 
review  data  and  provide  his  opinion  of: 1) the  present  status  of 
eutrophication  in  Manitoba  waters  and 2) future  status  of  eutrophication 
with  GDU  based  on  existing  nutrient  loadings  on  his  predicted  (to  year 
2000 without  GDU)  loadings.  Work  by  Brunskill  et  al. (1976)  was  then 
reviewed by  other  limnologists  and  biologists. In  addition, their  paper 
on  future  nutrient  loadings  was  reviewed  by  Water  Quality  and  Uses 
committees. 
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C .  Resu l t s   and   D i scuss ion  

Data were rev iewed   t o   pe rmi t   a s ses smen t   o f   nu t r i en t   l oad ings  
into  Lakes  Winnipeg  and  Manitoba  (Water  Quality  Committee  1976).  

1. P r e s e n t   S t a t u s   o f   E u t r o p h i c a t i o n  - Lake  Winnipeg:  There 
i s  a h igh  ra te  o f   n u t r i e n t   s u p p l y   i n t o   L a k e   W i n n i p e g   a t   t h e   p r e s e n t  
time (Brunski l l   1973) .   However ,   there  is d i f f e r e n c e  o f  o p i n i o n  among 
l i m n o l o g i s t s  as to   whether   the   South   Bas in   o f   Lake   Winnipeg  i s  e u t r o p h i c .  
These  di .fferen.ces of o p i n i o n  seem t o  ar ise  f r o m   e a c h   s c i e n t i s t ' s   c o n c e p t  
o f   e u t r o p h i c a t i o n .   U s i n g   t h e  s t r ic t  d e f i n i t i o n   o f   e u t r o p h i c a t i o n   ( r a t e  
of n u t r i e n t   s u p p l y   t o  a w a t e r ' b o d y )   a n d   t h e   t h e o r e t i c a l   n u t r i e n t   l o a d i n g  
model   of   Vollenweider   (1976)   the  South  Basin i s  e u t r o p h i c   ( B r u n s k i l l  
e t  a l .  1976,  Attachment  C.V-1). 

H o w e v e r ,   u s i n g   t h e   b r o a d e r   b i o l o g i c a l   d e f i n i t i o n   o f   V a l l e n t y n e ' s  
(1974) .  i t  i s  more d i f f i c u l t   t o  c a l l  t h e   S o u t h   B a s i n   e u t r o p h i c   s i n c e  
t h e r e  i s  no   ev idence   o f   oxygen   dep le t ion   and   i n su f f i c i en t   ev idence   o f  
s u c c e s s i o n a l   c h a n g e s   i n   s p e c i e s   o f   a q u a t i c   b i o t a   ( B r u n s k i l l  e t  a l .  1976) .  
B r u n s k i l l   b e l i e v e d   t h e   r e a s o n   t h e s e   b i o l o g i c a l   e f f e c t s   h a v e   n o t   b e e n  
o b s e r v e d   d e s p i t e   t h e   h i g h   r a t e   o f   n u t r i e n t   l o a d i n g  i s  tha t   h igh   suspen-  
ded   sed iment   concent ra t ions  l i m i t  t h e   p e n e t r a t i o n   o f   l i g h t   e n e r g y   w h i c h  
i n   t u r n  limits a l g a l   p h o t o s y n t h e s i s   a n d   p r i m a r y   p r o d u c t i v i t y .   T h e r e  i s ,  
however ,   d i r ec t   ev idence  o f  s i g n i f i c a n t   a l g a l   b l o o m s   d u r i n g  summer and 
w i n t e r   p e r i o d s ,  as ev idenced   by   fou l ing   of   beaches   and   commerc ia l   ne ts .  

T u r b i d i t y   d o e s   d e c r e a s e   i n   t h e   N a r r o w s   o r   C e n t r a l   B a s i n   a n d  
i n d e e d   t h i s  i s  t h e  area o f   t h e   l a k e   w h e r e   t h e r e  are h i g h e r  rates o f   p r i -  
mary  production (P .  Campbel l   pers  comm). N e v e r t h e l e s s ,   t h e r e  i s  no 
e v i d e n c e   o f   o x y g e n   d e p l e t i o n   n o r   m o s t   o f   t h e   o t h e r   b i o l o g i c a l   e f f e c t s  
mentioned  above. The Nor th   Bas in   has   g rea t e r   t r anspa rency   and   t he  
c o n c e n t r a t i o n s   o f   n u t r i e n t s  are rarely  low  (Water   Qual i ty   Commit tee   1976) .  
B r u n s k i l l ' s   l i g h t - l i m i t i n g   c o n c e p t   f o r   t h e   S o u t h   B a s i n  i s  n o t   u n i v e r s a l l y  
endor sed ;   however   no   one   has   o f f e red   an   a l t e rna t ive   exp lana t ion .  

F a c t o r s   l i m i t i n g   t h e  ra te  o f  e u t r o p h i c a t i o n   i n   o t h e r   l a k e s  
have   been   desc r ibed :   Sch ind le r   (1974)   r epor t ed   t ha t  when phosphate  
a d d i t i o n s   t o   a n   e x p e r i m e n t a l l y   e u t r o p h i e d   l a k e  were s topped ,   recovery  
was almost  immediate.  He did,   however ,  s t a t e  t h a t  when waterways are 
overwhelmed  with  phosphorus  and  ni t rogen,   a lgae may i n c r e a s e   u n t i l   l i g h t  
becomes l imi t ing .   S tud ie s   on   Lake   Wash ing ton   i n  Sea t t le  (Edmondson 
1970)   sugges ted   tha t   phosphorus   re turn   f rom  sed iments   would   no t  
s e r i o u s l y   d e l a y   r e c o v e r y   o f  a l a k e   f r o m   c u l t u r a l   e u t r o p h i c a t i o n   o n c e  
major   phosphorus  sources  were e r a d i c a t e d .   R a p i d   r e c o v e r i e s  were noted  
i n  Lake  Washington  once  phosphorus  input   f rom  sewage  and  industry w a s  
e l i m i n a t e d .  

Because   o f   t he   con f l i c t ing   v i ews   p re sen ted   above   and   t he   l ack  
of   long- te rm  da ta   the   Bio logy   Commit tee   cannot   assess   the   p resent  s t a t e  
o f   eu t roph ica t ion   i n   Lake   Winn ipeg .  
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2. F u t u r e  S t a t u s  o f   Eu t roph ica t ion  - Lake  Winnipeg: We 
a s s e s s e d   t h e   f u t u r e   s t a t u s   o f   e u t r o p h i c a t i o n   i n   L a k e   W i n n i p e g   i n  two 
w a y s :   a )   p r e d i c t e d   n u t r i e n t   l o a d i n g s   a f t e r  GDU compared  with  exis t ing 
n u t r i e n t   l o a d i n g s   a n d   b )   p r e d i c t e d   n u t r i e n t   l o a d i n g s   w i t h  GDU compared 
w i t h   t h o s e   l o a d i n g s   f o r e c a s t   b y   B r u n s k i l l  e t  a l .   ( 1 9 7 6 )   l i k e l y   t o   o c c u r  
by t h e   y e a r  2000 w i t h o u t  GDU. For   purposes   o f   our   eva lua t ion  we assumed 
the   Sou th   Bas in   t o   be   e i the r   phosphorus   o r   l i gh t - l imi t ed .  

Water Qual i ty   Commit tee   (1976)   projected a m o s t   l i k e l y   i n c r e a s e  
i n   l o a d i n g   o f   p h o s p h o r u s   t o   t h e   S o u t h   B a s i n   o f  5 percent   and a maximum 
load ing   o f  24 p e r c e n t .   I f  w e  a c c e p t   B r u n s k i l l ' s   l i g h t - l i m i t i n g   h y p o t h e s i s  
f o r   t h e   S o u t h   B a s i n ,   t h e r e  w i l l  be  no e f f e c t s   f r o m   a n y   n u t r i e n t   i n c r e a s e .  
I f  w e  do n o t   a c c e p t   t h e   l i g h t - l i m i t i n g   i d e a   t h e n  a n y   i n c r e a s e d   n u t r i e n t  
l o a d i n g  w i l l  i n c r e a s e   a l g a l   b l o o m s   w i t h  a consequen t   i nc rease   i n   t he  rate 
o f   e u t r o p h i c a t i o n .   N e v e r t h e l e s s ,  i t  is  q u i t e   p o s s i b l e   t h a t   i n c r e a s e d  
n u t r i e n t   s u p p l i e s   f r o m  GDU may cause  a northward  migrat ion  of   high 
n u t r i e n t   a n d   c h l o r o p h y l l   c o n c e n t r a t i o n   i s o p l e t h s   f r o m   t h e   S o u t h   B a s i n .  
S i n c e   t h e   n o r t h e r n   p a r t   o f   t h e   S o u t h   B a s i n   ( H e c l a   I s l a n d )   e x h i b i t s  
g r e a t e r   t r a n s p a r e n c y   ( i s  less t u r b i d )  , i n c r e a s e d   n u t r i e n t   c o n c e n t r a t i o n s  
w i l l  c ause   i nc reased   a lga l   b looms  of l o n g e r   d u r a t i o n   t h e r e .  

B r u n s k i l l  e t  a l .  (1976)   fo recas t  a 200-600 p e r c e n t   i n c r e a s e   i n  
phosphorus  loading  to  Lake  Winnipeg by t h e   y e a r  2000; t h e  GDU-caused 
l o a d i n g s   w o u l d   t h e r e f o r e   r e p r e s e n t  a small p o r t i o n   o f   t h e   o v e r a l l   l o a d i n g .  
The Biology  Committee was n o t   a b l e   t o  assess t h e   l i n e a r   e x t r a p o l a t i o n s  
used i n   f o r e c a s t i n g   t h i s  200-600 p e r c e n t   i n c r e a s e   b u t   b e l i e v e s   t h e  non- 
GDU i n c r e a s e  w i l l  b e   s u b s t a n t i a l l y  less. 

I n  summary, t h e  ra te  o f   n u t r i e n t   s u p p l y  w i l l  i n c r e a s e  as a 
r e s u l t   o f  GDU; f o r   c o m p a r i s o n   w i t h   e x i s t i n g   p h o s p h o r u s   l e v e l s   t h e r e  may 
b e  up t o  a 24 p e r c e n t   i n c r e a s e .  The t o t a l   b i o l o g i c a l   e f f e c t s  of t h i s   i n  
Lake  Winnipeg  cannot   be  predicted.  We do b e l i e v e   t h e r e  will be   i nc reased  
a lga l   g rowth .  

3. Lake  Manitoba: Water Qual i ty   Commit tee   (1976)   predicted 
up t o  a seven   pe rcen t   i nc rease   i n   phosphorus   l oad ings .   The re fo re   t he  
Bio logy   Commit tee   be l ieves   there  w i l l  b e   a n   i n c r e a s e   i n   a l g a l   g r o w t h   i n  
t h i s   l a k e  as w e l l .  

4. River  Systems: Water Qual i ty   Commit tee   (1976)   da ta   ind ica te  
t h a t   t o t a l   n u t r i e n t   c o n c e n t r a t i o n s   i n   t h e   S o u r i s  Loop p r o j e c t   a r e a ,  
whether  a t  " b e s t  estimate" or   "high estimate" p o s t - p r o j e c t   c o n d i t i o n s ,  
w i l l  i n c r e a s e   a b o v e   p r e - p r o j e c t   l e v e l s   d u r i n g  May t o  November.  Most 
i no rgan ic   phosphorus   o r ig ina t ing   f rom  c rop   p roduc t ion   r eaches   t he  streams 
a d s o r b e d   t o   c l a y   s e d i m e n t s   r e s u l t i n g   f r o m  water e r o s i o n  of t h e   l a n d  
(Wagner and Dodds 1971).   Organic  phosphorus  reaches  the streams from 
na tu ra l   and   c rop land   vege ta t ion   o r   f rom  an ima l   and  human wastes. Water 
Qual i ty   Commit tee   (1976)   p red ic ted   increases  of  more than  0 .3  mg/l  
n i t r a t e   c o n c e n t r a t i o n   i n   t h e   S o u r i s  River f o r   a l l  months. Once i n   t h e  
water t h e s e   n u t r i e n t   i n c r e a s e s  are  s u f f i c i e n t   t o   p r o d u c e   g r e a t l y   i n c r e a s e d  
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a l g a l   g r o w t h  as well  as i n c r e a s e d   g r o w t h   o f   o t h e r   a q u a t i c   p l a n t s   i n   t h e  
S o u r i s  River, p a r t i c u l a r l y   i n   b a c k  waters. C l o g g e d   s c r e e n s   o r   f i l t e r  
b e d s   i n  a c i t y ' s  water i n t a k e ,   u n p l e a s a n t  tastes and  odours i n   d r i n k i n g  
water f rom  a lga l   me tabo l i t e s   and   t ox ins   f rom  ce r t a in   b lue -g reen   a lgae  
may a l l  occur   f rom  these   i nc reased   a lga l   b looms .  Oxygen d e p l e t i o n  of 
t h e   r i v e r  may occur   due   t o   i nc reased   a lga l   and   aqua t i c   p l an t   g rowth  
s i n c e ,  when t h e s e   o r g a n i s m s   d i e ,   t h e   r e l e a s e d   o r g a n i c  material e x e r t s  
an  oxygen demand f o r  i ts  decomposi t ion by the  decomposer  organisms. 

N u t r i e n t   c o n c e n t r a t i o n s   i n   t h e   o t h e r   r i v e r s   ( A s s i n i b o i n e ,  
Sheyenne,  Wild Rice and  Red) , w i l l  a l s o   b e   i n c r e a s e d   a b o v e   e x i s t i n g  
l e v e l s .   E f f e c t s  similar t o   t h o s e   d i s c u s s e d   a b o v e   f o r   t h e   S o u r i s  
p r o j e c t  area are p o s s i b l e .  

The   Bio logy   Commit tee   be l ieves   tha t   there  is a r i s k   o f  a 
s i g n i f i c a n t   i n c r e a s e   i n   a q u a t i c   p l a n t   g r o w t h   i n   t h e  GDU rivers 
( p a r t i c u l a r l y   t h e   S o u r i s )   i f   n u t r i e n t   l e v e l s   i n c r e a s e  as p r e d i c t e d .  
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VI. HUMAN  AND  ANIMAL DISEASE 

A. Introduction 

Irrigation  return  flows  and/or  river  transport of sediments 
from  either  bank  or  channel  erosion  to GDU in  the  affected  riverine 
systems  of  North  Dakota  and  Manitoba  could  increase  the  incidence  and 
spread  of  various  human  and  animal  parasitic,  bacterial  and  viral  disea- 
ses  in  Manit.oba. 

Another  public  and  animal  health  concern  relating  to  increased 
flows  is  the  possible  chemical  contamination  of  urban  or  rural  water 
supplies.  These  chemical  problems  include:  elevated  nitrate  and  sul- 
fate  concentrations,  increased  pesticide  and  herbicide  concentrations, 
increased  organochlorine  concentrations  due to chlorination  of  wastes 
and  sewage  and  increased  heavy  metal  concentrations  (mercury,  arsenic, 
cadmium,  copper, etc.). 

B. Methods 

A review  of  literature  on  waterborn  human  and  animal  disease 
agents  as  well  as  chemical  agents  was  undertaken.  Lists of protozoan  and 
helmenthic  diseases  were  formulated  and  reviewed  by  Larson  (1976).  Other 
consultants  included  G.  Lubinsky, E. Snell  and I. Schipper  (pers  comm). 
Lists  of  bacterial  and  viral  diseases  were  formulated  and  reviewed  by I. 
Schipper  and K. McMahon  (pers  corns).  Major  waterfowl  and  fish  disea- 
ses  and  parasites  are  considered  elsewhere  in  this  report;  some  fish- 
borne  human  parasites  are  considered  in  this  section. 

STORET retrieval  data  (MPCA  and NDHD), North  Dakota  Water 
Resources  Institute  data  and  data  from  the  Bacteriology  Department,  NDSU 
furnished  the  bacteriologic  and  chemical  information  for  the  past 10 
years  on  rivers  in  North  Dakota.  The  Engineering  (1976)  and  Water  Qua- 
lity committees (1976~) of  IGDSB furnished  return  flow  and  sediment 
loading  predictions  of  GDU  impact. 
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C .  Resu l t s   and   D i scuss ion  

1. P a r a s i t e s :  The   fo l lowing   pro tozoan   and   he lminth ic  
waterborne  human d i s e a s e s  were reviewed  for  North  Dakota  and  Manitoba 
waters (Larson  1976) : Entamoeba kina3LyXica (amoebic   dysentery) ,  
Vientamoeba &~gi.f%5 ( d i a r r h e a ) ,  GL~hciia Lamblia ( g i a r d i a s i s ) ,  
B & n t i d i u m  c o k  ( b a l a n t i d i a s i s ) ,  Zdohpo4.U b U  ( c o c c i d i o s i s )  
EvLtetrobia v e ~ ~ ~ L c d o ~ i ~  (pinworm i n f e c t i o n ) ,  Adcattin t m b f i c o i d a  
( a s c a r i a s i s ) ,  ffumenolepih nunu (dwarf   tapeworm  infect ion)  Mdohckin 
conjunctin ( l i v e r   i n f e c t i o n )  , QiphyUoboXtktLium L d u m  ( b r o a d   f i s h  
tapeworm)  and Qio&ophyrna ( g i a n t   k i d n e y  worm). 

T h e s e   d i s e a s e s ,   e x c e p t   f o r  pinworm i n f e c t i o n ,  are f a r  more 
common i n  warmer climates. There are probably  no  other   endemic  and 
c y c l i n g  human i n t e s t i n a l   p a r a s i t e s   i n   M a n i t o b a   o r   N o r t h   D a k o t a .  It 
is  a n t i c i p a t e d ,   h o w e v e r ,   t h a t   a d v a n c e s   i n   l a b o r a t o r y   t e c h n i q u e s   a n d  
s t a n d a r d i z a t i o n   o f   r e p o r t i n g   o f   w a t e r b o r n e   d i s e a s e   o u t b r e a k s  may 
reveal i n c r e a s e d   i n c i d e n c e   a n d   i n t e n s i t y   o f  some o f   t he   p reced ing  
p a r a s i t i c   d i s e a s e   a g e n t s .   F o r   e x a m p l e ,  CDC (1974b)   r epor t ed   t ha t ,   o f  
t h e   f o u r   l a r g e s t   o u t b r e a k s   o f   w a t e r b o r n e   d i s e a s e ,   t h e   l a r g e s t   i n v o l v e d  
an   e s t ima ted   4 ,800   pe r sons   w i th   symptomat i c   g i a rd i a s i s .   Th i s  was t h e  
f i r s t  t i m e  g i a r d i a s i s  was d e m o n s t r a t e d   i n  water and shown t o   b e  
i n f e c t i v e   f o r   l a b o r a t o r y   a n i m a l s .   P r e s u m a b l y ,   s u c h   o u t b r e a k s  were 
p r e v i o u s l y   o f  unknown e t i o l o g y   a n d   g r o u p e d   w i t h   o t h e r   b a c t e r i a l   a n d  
v i r a l  d i a r r h i a l   d i s e a s e s  as "sewage  poisoning". Of t h e   g a s t r o i n t e s t i n a l  
d i s e a s e s   o f  known e t i o l o g y ,   g i a r d i a s i s  was r e s p o n s i b l e   f o r   m o s t   o f   t h e  
ou tb reaks   and  cases. 

Although w e  have no s p e c i f i c   i n f o r m a t i o n   o n   t h e   e f f e c t s  of  
s e d i m e n t   d i s t u r b a n c e   o n   t h e   d i s t r i b u t i o n  of pro tozoan   cys ts   and  
he lminth   ova ,  w e  h a v e   a s s u m e d   t h a t   t h e i r   d i s p e r s a l   w o u l d   b e   s i g n i f i c a n t l y  
i n f l u e n c e d  when sediments  are d i s tu rbed   and   t r anspor t ed .  

2 .  Bacterial and Viral Diseases: L i t e r a t u r e   r e l a t i n g   t o   t h e  
w a t e r b o r n e   b a c t e r i a l   a n d  v i r a l  human and /o r   an ima l   d i seases   (o r   zoonoses )  
w a s  searched  and  reviewed  (Table  C.VI-1). A l l  of these d i seases   have  
been   d i agnosed   i n   Man i toba   (w i th   t he   poss ib l e   excep t ion   o f   hemor rhag ic  
d i s e a s e   o f   d e e r ) ;  w e  are,  however ,   add res s ing   t he   p rob lem  o f   i nc reased  
i n c i d e n c e   d u e   t o  GDU. 

I n f o r m a t i o n   r e g a r d i n g   t h e   o c c u r r e n c e   a n d   4 e n s i t y   o f   b a c t e r i a l  
p a t h o g e n s   i n   a n y  r iver  system i s  e x t r e m e l y   d i f f i c u l t   t o   o b t a i n   s i n c e   n o n e  
is  r o u t i n e l y   s o u g h t   o r   r e p o r t e d   i n  s t a t e ,  p r o v i n c i a l   o r   f e d e r a l   w a t e r  
a n a l y s e s .  Any c o n c l u s i o n   r e g a r d i n g   t h e i r   i n c i d e n c e   a n d   i n t e n s i t y   i n  water 
m u s t   b e   i n f e r r e d   f r o m   c o l i f o r m   o r   f e c a l   c o l i f o r m   d a t a   i n   P u b l i c   H e a l t h   o r  
USGS m o n i t o r i n g   r e p o r t s ,   d e t e c t e d   u s i n g   r e s e a r c h   t e c h n i q u e s   o r   g l e a n e d  
f r o m   s c i e n t i f i c   l i t e r a t u r e .   F o r   e x a m p l e ,   S h u v a l   ( 1 9 7 0 )   r e p o r t e d   t h a t  
co l i fo rm  numbers   i n   s ewage   e f f luen t s  were r educed   5 - fo ld   by   f i na l   ch lo -  
r i n a t i o n   w h i l e   e n t e r o v i r u s e s  were reduced  only  2-fold  and  thus  remained 
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Table  C.VI-1.  Possible  waterborne  bacterial  and  viral  diseases  in 
North  Dakota  and  Manitoba. 

Disease  agent  Animals  affected 

Viral : 

Infectious  bovine  rhinotracheitis 

Parainfluenza-like 

Reo 

Reo #3 
Reo-like 

Hemorrhagic  disease 

Duck  viral  enteritis 

Duck  viral  hepatitis 

Poliomyelitis 

ECHO 

Coxsackie 

Infectious  hepatitis 

Encephalitides  (Western  equine, 
St.  Louis,  etc.) 

Bacterial: 

Salmonellosis  (typhoidal,  non-typhoidal) 

Shigellosis  (bacterial  dysentery) 

Colibacillosis  (one  agent of scours) 

Botulism  (bacterial  toxin) 

Leptospirosis 

Brucellosis  (undulant fever, abortion) 

Listeriosis  (listeric  abortion) 

Enteropathogenic E .  C O a  (neonatal  diarrhea) 

Fowl cholera 

Tularemia 

Gas  gangrene  (and  perfringens  food 
intoxication) 

Limberneck 
Black  leg 

Scarlet  fever  and  strept  throat 

Cattle 

Zoonoses 1 

Zoonoses 

Zoonoses 

Zoonoses 

Deer 

Ducks 

Ducks 

Human 

Zoonoses 

Zoonoses 

Human 

Zoonoses  with 
insect  vectors 

- 

Zoonoses 

Human 

Animals 

Zoonoses 

Zoonoses 

Human,  cattle 

Birds to man  (esp.  geese, 
ducks  and  chickens) 

Young  animals  and  humans 

Waterfowl 

Zoonoses 

Humans 

Turkeys,  chickens 
Cattle,  sheep 

Zoonoses 

lZoonoses  is a disease  affecting  all  animals. 
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i n   e f f l u e n t  waters a t  s i g n i f i c a n t  levels.  But i n   r o u t i n e  water a n a l y s e s ,  
v i r u s e s  are n e v e r   q u a n t i f i e d   o r   e v e n   i d e n t i f i e d   a n d  i t  was imposs ib le  
f o r   u s   t o   o b t a i n   a n y  STORET o r  o t h e r   o f f i c i a l   d a t a  on   t he   i nc idence   o f  
b a c t e r i a l   o r  v i r a l  d i s e a s e   a g e n t s   i n   e i t h e r   M a n i t o b a   o r   N o r t h   D a k o t a  
waters. 

O f  t h e   f o u r   l a r g e s t   w a t e r b o r n e   o u t b r e a k s   o f  human d i s e a s e   i n  
1974 (CDC 1974b) ,   t he   s econd   and   fou r th   l a rges t   ou tb reaks ,   i nvo lv ing  
1 ,200  and  500  persons were both   caused  by S h i g a a  n u n n e i .  This  micro- 
organism is  n o t   r o u t i n e l y   s o u g h t  by water monitor ing  agencies   s i .nce i t  
i s  so d i f f i c u l t  and  time-consuming t o  i s o l a t e   f r o m  water. B u t ,   s i n c e  
s h i g e l l o s i s   c o n s t i t u t e s  a severe g a s t r o e n t e r i t i s   s o l e l y   i n  humans, t h e  
s h i g e l l a e  are even   be t t e r   i nd ica to r s   o f   wa te r   con tamina t ion  by munic ipa l  
sewage  than are  f e c a l   c o l i f o r m s   o r  S h o u & a  s p p .  (another   waterborne  
i n t e s t i n a l   p a t h o g e n )   w h i c h  are m o r e   u b i q u i t o u s l y   d i s t r i b u t e d   i n  a l l  
a n i m a l   i n t e s t i n a l  t rac t s .  

S h i g e l l a e  were f o u n d   i n  35 pe rcen t   o f   t he   s amples   co l l ec t ed  
from  the  lower  Sheyenne River in   June ,   Ju ly   and   Augus t   f rom  1973   t o   1975 ,  
w i t h  S&one&k s p p .   p r e s e n t   i n  4 3  percent   o f   the   samples   (Table  C.VI-2, 
Kunkel  1975,  Grosz  1976). We be l i eve   t ha t   no   ou tb reaks   o f   wa te rborne  
i l l n e s s   d u e   t o   t h e s e   e t i o l o g i c a l   a g e n t s   o c c u r r e d   ( o r  were r e p o r t e d )  
because:  1) the  Sheyenne River i s  n o t   u s e d   f o r  swimming; 2 )  d r i n k i n g  
water f o r   m u n i c i p a l i t i e s   a l o n g   t h e   l o w e r   S h e y e n n e  comes from wells - n o t  
t h e   r i v e r ;   3 )   m i l d   g a s t r o e n t e r i t i s  i s  n o t   r e p o r t e d   t o   S t a t e   H e a l t h  
a u t h o r i t i e s   o r  CDC. 

I n  a documented   ins tance   o f   waterborne   sh ige l los i s ,   ep idemio-  
l o g i c   d a t a   f r o m  Iowa (CDC 1974a)   s t rong ly   imp l i ca t ed  swimming i n   t h e  
M i s s i s s i p p i  River as t h e   v e h i c l e   f o r   t r a n s m i s s i o n   o f   s h i g e l l a e   f o r  2 1  of 
2 9  i n i t i a l  cases. The small number o f   s w a l l o w e d   s h i g e l l a e   n e c e s s a r y   t o  
c a u s e   d i s e a s e   ( f r o m   1 0   t o  100 S h i g m  spp.  organisms,  compared  to 100, 
000 S&un&a s p p . )   s t r o n g l y   s u g g e s t s   t h a t   t h e s e   o r g a n i s m s   p o s e   s i g n i -  
f i c a n t   r i s k s   t o  s w i m m e r s  i n   p o l l u t e d  waters (Dupont  and  Horneck  1973) o r  
consumers   of   unchlor inated waters. 

Human (or   o ther   an imal )   consumers  of u n c h l o r i n a t e d   d r i n k i n g  
water are a l s o  a t  g r a v e   r i s k  when heavi ly   sed iment - laden   and   po l lu ted  
r iver water g a i n s  access t o  water s u p p l i e s   d u r i n g  a f l o o d ,   s u c h   a s  was 
t h e  case i n   t h e  Red River Va l l ey   i n   June ,   Ju ly   and   Augus t   o f   1975   fo r  
r u r a l   r e s i d e n t s   o f  Cass County in  North  Dakota  and  Clay  County i n  Minne- 
s o t a .  Of 700   wa te r   s amples   co l l ec t ed   f rom  ru ra l  wells d u r i n g   t h e  summer 
of   1975,   60   percent   y ie lded   feca l   co l i form  counts   above   the  s t a t e  limit 
of 200 organisms/100 m l  (NDSU 1975) .  When t h e   f l o o d   o f   1 9 7 5   s e n t   t h e  
Sheyenne,  Wild Rice and Red r i v e r s   o v e r   t h e i r   b a n k s  so t h a t  r iver  s e d i -  
ments were r e s u s p e n d e d   i n   t h e   f l o o d  waters, wh ich   t hen   sp read   t o   cove r  
many r u r a l  wells, i t  was a p p a r e n t   t h a t  a p u b l i c   h e a l t h   p r o b l e m  was i m -  
minen t . 

Although w e  were n o t   a b l e   t o   o b t a i n   s p e c i f i c   p u b l i c   h e a l t h  
d a t a  f o r  t h e  summer of   1975  f rom  Manitoba,   Gustafson  (1976)   provided  the 
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Table C . V I - 2 .  Bac te r i a l   coun t s  from  Sheyenne  River i n  North  Dakota 
(organisms/IOO  ml). 1 

Month/ Valley  City  Lisbon Harwood 
Year 

C2 FC3 TC FC TC FC 

6/68 
7 168 
8/68 
6/69 
7/69 
8/69 
6/70 
7/70 
8/70 
6 /71  
7 / 7 1  
8 /71  
6/72 
7 / 7 2  
8/72 
6/73 
7/73 
8/73 
6/74 
7 / 7 4  
8/74 
6/75 
7/75 
8/75 

810 
230 
440 

11,000 
4,000 
1,360 
4,500 
6,000 
7,500 
3,600 
2,300 

240 

250 
600 

7,100 
2,700 
4,300 

13,000 
13,000 

2,800 
32,683 
13,825 
22,863 

210,000 5,900 
70 

120 
650 
450 
110 

6,000 

200 
13,608 

6,320 

1,000 

7,598 

3,500 500 

840  5404 
1,200 520 
2,090 1,010 
1,720 490 

900 260 
6,600 640 

1,733 207 15,000  5,0005 
11,375  4,773  6,300  1,280 

3,223  618  4,000 330 

'Sources: f o r  1968-72, NDHD (1968-72);  for  1973-75, NDSU (1975). 

2Coliforms. 
3Fecal   col i form.  
443 percent   of  samples c o l l e c t e d   i n  1973-74 y ie lded  %hOnd& spp. 
540 percent   of   samples   col lected i n  1974-75 y ie lded  S d m O n m  spp. 
and 36 percent   y ie lded  S&gd& spp .  
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following  information  regarding  agents  of  infectious  gastroenteritis 
identified  in  the  Grand  Forks  laboratory  for  the  months of May  through 
September,  1975.  In  the  communities  along  the  Sheyenne  and  Red  rivers 
in  North  Dakota  there  were  seven  reported  cases  of  shigellosis  and  nine 
reported  cases  of  salmonellosis  during  the  months  cf  runoff  and  flooding. 
While  such  data  cannot  be  directly  correlated  with  polluted  water  in  the 
Red  or  Sheyenne  rivers,  there  remains  some  public  health  concern  about 
the  disruption  and  resuspension  of  bank  or  stream  bed  sediments  through 
increased  GDU  flows  if  these  sediments  contain  viable  pathogenic  bacteria. 

Sediments  are  defined  as  solid  materials,  both  mineral  (inor- 
ganic)  and  organic,  that  are  being  transported  or  have  been  moved  from 
their  original  site  by  water,  ice,  air  or  gravity  (Wagner  and  Dodds  1971). 
Sediments  resulting  from  water  erosion of s o i l  in  the  Red  River  basin 
are  usually  composed of clay  particles  or  colloidal  materials  high  in 
organic  matter  (Timmons  et  al.  1968).  This  organic  material  enters  the 
Red  River  tributary  streams  from: 1) natural  sources  such  as  leaf  falls 
and  dead  plant  or  animal  material  or 2) agricultural  activities,  feed- 
lots,  sewage  disposal  lagoons,  septic  tanks,  etc. 

Hendricks  and  Morrison  (1967)  demonstrated  that  extracts of 
organic  matter  eluted  from  bottom  sediments  of a clear  cold  mountain 
stream  not  only  could  maintain  populations of enteric  bacteria  (both 
pathogenic  and  non-pathogenic)  but  also  supplied  sufficient  nutrients 
(0.70 ug/l  glucose, 0.30 ug/l  hexose,  0.65  pg/L  ammonia  and 10 ug/l  protein) 
to  initiate  multiplication  and de MOVO protein  synthesis  by  the  bacteria. 
Hendricks  (1971a)  analyzed  the  bottom  sediments of the  Oconee  River  in 
Georgia  for  bacterial  nutrients  (i.e.  growth  substrate)  and  found  con- 
centrations of sugars,  protein  and  ammonia  from  four  to  six  times  that 
found  in  the  free  flowing  water. 

When  Hendricks  investigated  bacterial  respiration  rates  for 
the  substrates  eluted  from  the  sediments,  both  pathogenic  species ( S k i -  
g& @xn&, S&on&k den&tenbmg and &zona &zonae> as  well  as 
non-pathogenic  species ( E d c h h c k i a  ca& and EvLtmabactm amagenen) 
could  utilize  as  energy  and  carbon  sources  the  low  concentrations of 
organic  matter  adsorbed  on  bottom  sediments.  These  organic  substrates 
were  present  as  tightly  bound  films  surrounding  the  sediment  particles 
with  buffer  elutable  concentrations  of 12 mg/l  hexose,  45  mg/l  protein 
and 9  mg/l  ammonia  nitrogen.  More  loosely  bound  organic  substrate 
material  could  be  washed  off  the  sediment  particles  at  concentrations  of 
1 mg/l  hexose, 1.5  mg/l  protein  and 0.6 mg/l  ammonia  nitrogen.  McGrew 
and  Mallette  (1962)  showed  that  intestinal  bacteria  (both  pathogenic  and 
non-pathogenic)  can  grow  in a medium  containing  less  than 5 ug/ml of 
glucose;  thus  the  concentrations  reported  by  Hendricks  more  than  satisfy 
such  growth  requirements. 

These  data  strongly  suggest  that  sufficient  organic  substrate 
is  present  in  polluted  river  sediments to support  the  growth of hetero- 
trophic  microorganisms  including  the  enteric  pathogens, S ~ v n ~  spp. 
and S k i g d A k  spp. A concentration  of 5 ug/ml  of  glucose  is  probably  far 
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lower  than  that  present  in  the  Sheyenne  and  Wild  Rice  rivers  since 
these  streams  receive  runoff  or  drainage  from  many  feedlots.  In  terms 
of solids,  biochemical  oxygen  demand (BOD) or  nitrogen,  livestock  waste 
represents 10 times  that  attributable  to  human  waste  (Rhodes  and  Hrubant 
1972) .  If only 0 . 5  to 1 percent  of  animal  waste  products  are  involved 
in  runoff  or  bank  erosion  to  streams  the  BOD  loads  are  similar  to  total 
municipal  loads  from  human  communities (EPA 1976) .  

Hendricks (1971b) further  stated  that  sediment  bacterial  popu- 
lations  may  control  basal  nutrient  concentrations  in  the  river  water 
itself.  That  is,  once  the  adsorptive  capacity  of  the  sediments  has  been 
reached,  a  portion  of  the  sediment-nutrient  complex  is  removed  by  aque- 
ous  extraction  or  transformation  (mineralization)  by  benthic  microorga- 
nisms  and  these  nutrients  (sulfates,  nitrates,  phosphates)  are  then  re- 
suspended  or  dissolved  in  the  water.  These  suspended  or  dissolved  orga- 
nic  or  inorganic  nutrients  then  act to support  the  continued  viability 
of bacteria  released  from  the  sediments  under  conditions of increased 
flows,  as  well  as  the  growth  of  algae  and  other  aquatic  plants. 

Leopold  et  al. (1964)  demonstrated  that  moderate  flows  occurr- 
ing  with  greater  frequency  than  flood  flows  not  only  contain  larger 
concentrations  of  dissolved  salts  but  also  accomplish  greater  transport 
of sediments  than  do  larger  but  rarer  catastrophic  floods.  Leopold  also 
suggested  that  evidence  from  measurements of dissolved  and  suspended 
loads  carried  by  rivers  indicated  that a  large  proportion  of  work  done 
in  erosion  and  transport  is  performed  by  relatively  frequent  events  of 
moderate  magnitude. 

When  increased  flows  from  GDU,  released  on a continuous  basis, 
reach  the  major  project  rivers  an  increased  load of bacterial,  viral  and 
chemical  pollutants  derived  from  land  use  along  these  rivers  will  be 
carried  with  the  flows.  BuRec (1976) stated,  "In  the  river  channels, 
where  there  are  rocky  ledges,  increased  flows  could  have  a  moderate 
scouring  effect  and  deposits  of  fine  silty  bottom  material  may  be  redu- 
ced  in  size." It is  this  scouring  effect  on  banks  and  river  beds  with 
resultant  transport  of  the  fine  silty  bottom  materials  which  will  result 
in  resuspension of the  aforementioned  pollutants.  Sediments  have'been 
reported  to  exhibit  anywhere  from a 10 to  1,000-fold  higher  bacterial 
count  over  that  in  overlying  water  (Smallbeck 1975 ,  Hendricks 1971a ,  
Grimes 1975 ,  Sayler  et  al. 1975 ,  Van Donseland Geldreich 1 9 7 1  and  Spino 
1966) .  

Grimes (1975) reported  that  during  disturbance  and  relocation 
of  bottom  sediments  by  dredging  of a polluted  stretch  of  the  Mississippi 
River  below  La  Crosse,  Wisconsin,  large  numbers  of  sediment-bound  fecal 
coliform  bacteria  (up  to 2,700/100 ml)  were  released in direct  proportion 
to  the  type  of  sediment  and  the  direction  and  intensity  of  channel  cur- 
rents  downstream  from  the  dredging  operation.  The  bottom  sediment  type 
in  this  stream  was  sand  which  was  shown  by  Meadows  and  Anderson (1966) 
to  serve  as a  natural  attachment  site  for  benthic  bacteria  but  to  adsorb 
these  bacteria  very  loosely.  Most  bacteria  in  the Wisconsin study were 
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r e l e a s e d   i n t o   t h e  water d u r i n g   i n i t i a l   d i s t u r b a n c e   o f   s e d i m e n t s   a n d ,  
under   increased   channel   f low  due   to   increased   vo lumes   of  water needed   t o  
pump s p o i l ,  were c a r r i e d   f a r  downstream  where l a t e r   d e p o s i t i o n   o c c u r r e d .  

Tsernoglou  and  Anthony  (1971)  submitted  sediments  from  10  lakes 
( f o r   w h i c h   b a c t e r i a l   c o u n t s  were a v a i l a b l e )   t o   p a r t i c l e - s i z e   a n a l y s i s   b o t h  
be fo re   and   a f t e r   r emova l   o f   o rgan ic  material. They f o u n d   t h a t   w h i l e  
sed iments  were n o t  s o  h igh ly   aggrega ted  as s o i l s ,   t h e y   d i d   c o n t a i n  water- 
s t a b l e   a g g r e g a t e s   t h e   s i z e   o f   w h i c h  was i n v e r s e l y   r e l a t e d   t o   t h e  amount  of 
o r g a n i c  material removed.  That i s ,  i f   o r g a n i c  material was removed 
c h e m i c a l l y ,   s e d i m e n t   p a r t i c l e s   d i d   n o t   a g g r e g a t e .   T h i s  phenomenon 
d e m o n s t r a t e d   t h a t   s t a b i l i t y  of t he   s ed imen t   agg rega te s  was confer red   by  
t h e   o r g a n i c  component  of the  sediment   and  product ion  of  more b i n d i n g  
f r a c t i o n s  of t h e  material s temmed  f rom  metabol ic   products   of   associated 
m i c r o f l o r a .  

It  was f u r t h e r  shown  by Tsernoglou  and  Anthony  that   there  were, 
d e p e n d i n g   o n   t h e   s o i l   t y p e   o f   t h e   s e d i m e n t   ( s a n d ,   g r a v e l   o r   s i l t ) ,   3 , 0 0 0  
t o  15,000 bac te r i a /mm2  o f   s ed imen t   pa r t i c l e   su r f ace .  So even i f   i n i t i a l  
agg rega t ion   o f   ve ry  small p a r t i c l e s  of a s i l t y   s e d i m e n t   o c c u r s  
i n d e p e n d e n t l y   o f   t h e   m i c r o b i a l   f l o r a ,   m e t a b o l i c  a c t i v i t i e s  of  t h e   f l o r a  
subsequent ly   confer  upon t h e s e   u n i o n s   g r e a t e r   s t a b i l i t y   t h a n   w o u l d   b e  
o b s e r v e d   i n  a s te r i le  environment.  

I n  a r ecen t   ( Ju ly   1976)   s tudy   o f   s ed imen t s  by the   Bac te r io logy  
Department a t  NDSU (Table  C.VI-3) t h e s e   l i t e r a t u r e   r e f e r e n c e s  of   increased  
b a c t e r i a l   c o u n t   i n   s e d i m e n t s   o v e r   t h e   b a c t e r i a l   c o u n t   i n   t h e   o v e r l y i n g  
water were conf i rmed  for   the   Sheyenne   and  Red r i v e r s .  The g r e a t e s t  
d i f f e r e n c e s   ( 1 , 0 0 0 - f o l d   i n c r e a s e )  were observed when the   sed iment  material 
was of a s i l t - c l a y   n a t u r e .  When the   s ed imen t s  were g r a v e l  o r  s a n d   t h e  
b a c t e r i a l   c o u n t s  were from  10 t o  100 times h i g h e r   t h a n   i n   t h e  water. 
H i g h e s t   f e c a l   c o l i f o r m   c o u n t s  were a l s o   f o u n d   i n   s i l t - c l a y   s e d i m e n t s ,  
r e f l e c t i n g   t h e   r i c h   o r g a n i c   c o n t e n t   o f   t h e s e   s e d i m e n t s .  It  may a l s o   b e  
s e e n   t h a t   f e c a l   s t r e p t o c o c c a l   c o u n t s  were ve ry   h igh ,   c l ea r ly   demons t r a t ing  
t h e   c o n t r i b u t i o n   o f  many f e e d l o t s   a l o n g   t h e   l o w e r   r e a c h e s  of the  Sheyenne 
River. ( F e c a l   s t r e p t o c o c c i   o u t n u m b e r   f e c a l   c o l i f o r m s   i n  c a t t l e  manure by 
about  100 t o  1). P r o s t   a n d  Riemann  (1967)  found t h a t   i n   c l i n i c a l l y  
h e a l t h y  c a t t l e  abou t   13   pe rcen t  were in fec t ed   w i th   and   shedd ing   s a lmone l l ae  
i n t o   t h e   e n v i r o n m e n t .  

Grosz   (1976) ,   in  a two-year water q u a l i t y   s t u d y  of the   lower  
Sheyenne River, compared f e c a l   c o l i f o r m   d e n s i t i e s   t o   f r e q u e n c y  of  pathogen 
i s o l a t i o n .  From d a t a   p r e s e n t e d   i n   T a b l e  C.VI-4 several conclus ions  may b e  
drawn: 

a )  Of 70 water s a m p l e s   c o n t a i n i n g   f e c a l   c o l i f o r m   p o p u l a t i o n s  
below  200/100 m l  ( t h e   u p p e r   f e c a l   c o l i f o r m  limit a l l o w a b l e  
i n   r e c r e a t i o n a l  waters according  to   North  Dakota  s t a t e  
s t a n d a r d s )  2 1  samples   o r  50 p e r c e n t  were f o u n d   t o   a l s o  
c o n t a i n  %bnan& spp .   o r  Skig&a spp .   o r   bo th .   Three  
s a l m o n e l l a e   a n d   o n e   s h i g e l l a e   i s o l a t i o n s  were made when no 
f e c a l   c o l i f o r m s  were found i n   t h e  water s a m p l e s ,   i n d i c a t i n g  
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the  danger  in  too  much  reliance  on  indicator  bacterial 
counts  in  assessment  of  water  quality. 

From  the  13  liters of water  examined,  110,720  fecal  coli- 
form  colony  forming  units  (cfu)  and 4 3  pathogen  cfu  were 
isolated  for a 0.03 percent  pathogen  incidence.  Fifty 
percent of the  pathogens  isolated  during  1975  were  isolated 
in a 2-week  period  when  the  river  was  running  bank  full 
after a flood  and  reflected  the  contribution  of  disturbed 
bank  and  bottom  sediments. 

While  more  pathogens (20) were  isolated  from  water  during 
the  flood  period  there  was  an 0.2 percent  pathogen  inci- 
dence  isolated  from  mud  during  the  months  when  ice  covered 
the  river,  indicating  that  nutrient  levels  in  the  Sheyenne 
permit  pathogen  survival  during  adverse  climatic  conditions. 

The  predominant S K g &  spp.  was bonnei, reported  by CDC 
to  be  the  etiologic  agent  in  two  of  the  four  largest  water- 
borne  epidemics  in  1974.  In  the  case of this  Sheyenne 
study, 58 percent  of  the  enteric  pathogens  isolated  were 
S k i g d A k  spp.  Since  this  heterotrophic  organism  is  strictly 
a  human  pathogen,  its  predominance  indicates  the  potential 
public  health  problems  associated  with  untreated  sewage 
lagoon  effluents  entering  this  river  which,  with  the  animal 
wastes,  also  contribute  organic  nutrients  upon  which  micro- 
organisms  can  grow. 

Human  and  Animal  Illnesses  due  to  Chemical  Consitutents of 
water:  Water  may  transport  chemicals,  in  either  the  soluble o r  parti- 

" 

culate  state, as well  as  parasites,  viruses  and  bacteria.  Sediments  act 
as  "sinks"  and/or  sorbants  for  many  inorganic  and  organic  compounds  which 
may  be  resuspended  under  increased  flows  or  solubilized  under  changes  in 
pH of  the  overlying  water. 

The  effects  of  these  chemical  substances  can  range  from  life 
threatening  to  merely  debilitating  disease  in  humans,  domestic  and  wild 
animals  (including  fish).  Many  communities  have  found  their  drinking 
water  supplies  do  not  meet USPHS recommended  limits  in  one  or  more  con- 
stituents  (Table C.VI-5). 

An EPA study  (1972)  relating to these  concerns  involved  a 
search  of  the  literature  to  determine  what  organic  chemicals  are  found  in 
water,  what  known  industrial  and  agricultural  chemicals  are  probably  in 
water  but  have  not  yet  been  isolated  and  what  data  are  available  on  the 
possible  health  effects of both.  The  health  effects  were  grouped as 
follows:  toxic  (poisonous  to  living  things),  carcinogenic  (cancer-caus- 
ing),  teratogenic  (causing  abnormal  offspring  in  the  next  generation) 
and  mutagenic  (harmful  to  future  generations). It was  determined  that 
66 organic  chemicals  reported  in  the  literature  have  been  found  in  fresh 
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Table  C . I V - 4 .  Fecal   col i form  densi t ies /100 ml i n   r e l a t i o n   t o   i s o l a t i o n  of salmonellae and s h i g e l l a e .  

Month/ 
Day / 
Year 

S i tes  Pathogen/ 
f eca l   co l i -   Pa thogen  

1 2  3 4   5 6  7 8 9 10 11 1 2  13  form r a t i o  ( X )  

04/03/75  Fecal  coliform 0 0 0 
Salmonella s p p .  
S k i g e l l a  s p p .  

790 0 -  - 
+ 

110  170 0 70 - 230 + 
2 
1370 

0 . 1  

06/03/75  Fecal  coliform 0 0 50 
Sa5xlnella spp .  + 
s k i g m  spp .  

130 20 - 130 + 
A A 

20 330 270 330 - 170 4 0.2 
1450 

0 6 / 0 9 /  75 Fecal   col i form 50 0 70 
Salmonella spp.  + 
s k i g m  spp . 

0 . 1  230 70 - 80 110  170 220 140 - 1090 3 
2230 

D D 

06/23/75  Fecal  coliform - 0 110 
Salmonella spp.  + + 
shigeeea spp.  

490 2300 - 4900 + 1090  1300 790  220 + + + 
D 

4900 7900 + 
8 0.03 
24000 

07/-07/75  Fecal  coliform 0 20 a0 
Salmonella spp. + 
shigeeea spp. B 

4900 790 330 120 2400 - 1100  1410 

B 

10900 - 330 330 

5 0 .03  
14450 

3300 - 

B D 

071 1 4 1  75 Fecal   col i form 0 20 13000 
Salmonella spp. 
Shigeeea spp. 

40 490 + 700  490 130  230 + + 
D D D D  

7 0.02 
26660 

08/.04/ 75 Fecal   col i form 20 20 7900 
Salmondlk s p  
sh igeeea  s p  

790 1720 80 80 460 490 2 0.01 
12470 



Table C. VI-4. (Continued) 

Month/  Sites Pathogen/ 
Day / fecal  coli- Pathog 
Year form  ratio x 

1 2  3 4 5 6  7 8 9  10 11 12 13 

08/11/75  Fecal  coliform 0 0 22100  330 80 80 490 130 50 70  270  270 50 7 0.02 
S&ond la  S F P .  + 23920 
Sh igeeea  SFP. A D D  D D D 

09/09/75  Fecal  coliform 0 50 170  130 2210 40 80 490 170 130  130 230 310 1 0.02 
S & o n d l a  spp. 4140 
S k g e e e a  spp. B 

12 /09/75  Fecal  coliform 0 0 170 80 170 80 20 230 0 170 40 20 50 - 2 0.2 
I" S&on&&z spp . + 10 30 
rn Sh igeeea  spp . B a3 

02/28/76 Fecal  coliform 
S&one& sp p . 
Sh igeeea  spp. 

1 
" 1 

" 

_I_ 

A 

+ = ~&one,tta spp.  identified  biochemically  and  serologically. 
A = Group A identified  biochemically  and  serologically. 
B = S k i g d A k  Group B identified  biochemically  and  serologically. 
D = S k i g d l a  Group D identified  biochemically  and  serologically. 

= Fecal  coliform  densities  were  not  determined  for  these  samples. 

42 0.03 
111,720 

Note:  21  pathogen  isolations  when  fecal  coliform  counts  were  under  200  organisms/100 ml. 

Total pathogens: 18  an& s p p . ,  24 S h i g a a  spp.  including 4 S .  d y h e v L t ~ e ,  6 S.  6texnQhi and  14 S. honnd.  



water and  that 15 of 33 of these, tested  for  carcinogenicity,  caused 
cancer.  Another 87 organic  chemicals  suspected of being  water  contami- 
nants were tested for  carcinogenicity and 17 of  these were found  to 
cause  cancer.  Many of the same compounds were also  mutagenic  or  terato- 
genic. In addition, 343  chemical  compounds  suspected  of being water 
contaminants  have  not  yet  been  investigated  either to determine  whether 
they  actually  occur in drinking  water  supplies  or to learn  what  their 
potential  effects on health may  be. 

Harris (1974)  and Page et  al.  (1976)  demonstrated  the  presence 
of chemical  carcinogens  in  Mississippi  River  water (at the  parts/billion 
level)  and in treated municipal  drinking  water in Louisiana.  These 
researchers were investigating  the  lower  Mississippi,  which  has  received 
petrochemical  wastes  for  many years in amounts  far  greater  than  would be 
the  case  for the  Red  or Souris  rivers. However, Harris and Page indica- 
ted  that  any river  receiving  high  concentrations of industrial and  agri- 
cultural  emissions will be  heavily  laden with organic  chemicals and, when 
this  water is treated with chlorine  for  municipal  consumption,  carcino- 
genic  compounds (i.e. organohalides) are formed  (Dowty et al.  1975). 

Chloramine (which occurs  widely as a by-product  of  sanitary 
chlorination  of  water supplies) was shown by Shih and  Lederberg  (1976) 
to enhance  mutation  frequencies in a  bacterial test system and was 
judged  by these  authors to be a  weak  mutagen. 

Nitrate  Toxicity:  Direct  threats to health by a  number of 
chemicals (both  organic  and  inorganic)  can  be  expected  to  increase  if 
present  industrial and agricultural  trends  continue.  Table C.VI-5, 
depicting  results  of  a  USPHS  survey  (Leland et al. 1970) of 969 community 
water  systems  shows that 19 of these  systems  contained  excessive  amounts 
of nitrate.  These  communities were not  identified  but  other  studies 
(Smith  and  Baier 1969, The Resource Agency  1971) indicate that  the  prob- 
lem  has  arisen  primarily in agricultural  communities  relying on wells 
or  river  water  that  has  traversed  heavily  fertilized  areas.  Kohl et  al. 
(1971) showed in their  study of  a  watershed  in  central  Illinois  that  at 
least 55 to 60 percent of the  nitrate found in surface  waters  came  from 
fertilizer  nitrogen  rather  than  natural  sources.  Since  World  War I1 
the  production  of  nitrogen  fertilizers  has  increased  14-fold  and  there 
has  been  a 70 percent  increase  in  sewage  nitrogen (CBNS 1970). 

Nitrate  presents no particular  health  problems  but  may  be 
converted by certain  bacteria  within  the  body to  nitrites.  Nitrites 
react  with  hemoglobin  in  red  blood  cells  causing  the  cells to lose  their 
ability to  carry oxygen and resulting in asphyxiation.  Infant  humans  or 
young  animals are particularly  susceptible to this  condition - called 
methemoglobinemia (blue  babies) - because  the  free  gastric  acidity is 
low (pH 4 or lower), permitting  growth  of  nitrate-reducing  bacterial 
flora  in  a  portion  of  the  gastrointestinal  tract  from  which  nitrite 
absorption  can  occur (Shearer et al. 1972). Shearer  also  stated  that 
fetal  hemoglobin  forms  methemoglobin  more  readily  than the  adult  form. 
Mothers  who are themselves  unaffected by nitrate may  pass it on to their 
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Table C.VI-5. USPHS survey  of 969 community  water  systems. 

Recommended  limit  Number  of  Number  of 
(mg/l unless communities  communities 
otherwise  exceeding  Mandatory  limit  exceeding 
specified)  recommended  limit  (mg/l)  mandatory  limit Contaminant 

Biological  coliform N/A N/ 1/100 n i l 1  120 

Organic  Chemical 
(CCE  [carbon- 
chloroform  extract] ) 0.2 12 N/A 

Inorganic  chemical: 
Arsenic 
Barium 
Boron 
Cadmium 
Chloride 
Chromium 

0.01 
N/A 
1.0 

250.0 
N/A 

N/A 

0.05 
1.0 
5.0 
0.01 
N/A 
0.05 

2 
1 
0 
3 

N/A 
4 

Copper 
Fluoride 
Iron 
Lead 
Manganese 
Nitrate 
Selenium 
Sulfate 
Zinc 

1.0 
0.8-1.73 

0 .3  
N/A 
0.05 
45.0 
N/A 

250.0 
5.0 

11 
52 
96 
N/A 
90 
19 
N/A 
25 
1 

N/A 
24 
N/A 
14 

N/A 
N/A 
5 

N/A 
N/A 

N/A 
1.4-2.4 
N/A 
0.05 
N/A 
N/A 
0.01 
N/A 
N/A 

Particulate: 
Total  dissolved  solids 
Turbidity  in: 
untreated  water, 
treated  water. 

500 N / A  NIA 95 

5 units 
1 unit 

26 
26 

N/A 
N/A 



Table  C.VI-5.  (Continued) 

Contaminant 

Recommended  limit  Number  of  Number of 
(mg/l  unless  communities  communities 
otherwise  exceeding  Mandatory  limit  exceeding 
specified)  recommended  limit  (mg/l>  mandatory  limit 

Radioactive: 
Radium 2264 

Color 

3 PC115 

15 units 

6 

7 

N/A 

N/A 

N/A 

N/A 

lArithmetic  average  coliform  density  no  greater  than 1/100 ml o r  2 or  more  samples (5  
percent if more  than 20 examined)  greater  than  5/100  ml  when  using  membrane  filter 
technique. 

110 of  the 969 water  systems  in  the  study  were  tested  for  organic  chemicals. 
P 

Q 
03 2Water  is  first  filtered  through  activated  charcoal  and  organics  are  extracted  in  chloroform.  Only 

3Not  included  in 1962 PHS standards,  but  proposed. 
4Standard  varies  with  temperature. 
5Radium 226 is  a  naturally  occurring  radioisotope  found  in  water  in  areas  where  the  rock is high 
in  radium.  Radioactivity  is  measured  in  curies  or  fractions  thereof.  (A  picocurie  (PC)  is  a 
millionth  of  a  millionth  of  a  curie). 



infants  in  breast  milk.  Children  (and  calves)  may  also  receive  nitrate 
from  cow's  milk  if  cows  drink  water  high  in  nitrate,  from  vegetables 
(especially  spinach)  that  have  taken  in  nitrate  from  the  soil  or  from 
processed  foods  to  which  nitrate  or  nitrite  has  been  added. 

From  1947  to  1950,  139  cases  of  methemoglobinemia,  including 
14 deaths  due  to  nitrate  in  farm  well-water  supplies,  were  reported  in 
Minnesota  alone  (Bosch  et  al.  1950).  More  than 1,000 cases of infant 
methemoglobinemia  have  been  reported  throughout  the  world,  with 83 
deaths.  The  more  than  278  cases  reported  in  the US in  the  late  1940's 
were  associated  with  high  levels  of  nitrate  in  water  used  in  the  infants' 
formulae;  39 of these  babies  died  (Lee  1972).  Adult  humans  and  animals 
can  be  poisoned  by  nitrate  if  the  concentration is  sufficiently  great. 

USPHS have  set 10 mg/l  nitrate  nitrogen or 45  mg/l  as nitrate 
as  maximum  permissible  limits  for  drinking  water  (HEW  1962).  Canadian 
guidelines  for  drinking  water  (CDHNW  1968)  for  nitrate  plus  nitrite  (as 
N) have  set 10 mg/l  as the  maximum  permissible  level  with  less  than 10 
mg/l both  the  objective  and  acceptable  levels  (a  nitrate  concentration 
of 10 mg/l  as N is  equivalent  to 45 mg/l  as nitrate). EPA (1973)  esta- 
blished a  maximum  permissible  nitrate  level  as 100 mg/l  as  nitrate  (or 
22 as nitrate N) in  water  for  livestock  watering.  McKee  and  Wolf  (1973) 
noted  that  special  attention  should  be  paid to the  concentrations  of 
nitrates  in  stock  waters  especially  when  the  total  salt  concentrations 
exceed 570 to 1,000  mg/l.  The  major  impact  of  nitrates in livestock 
water  (except  for  calves  and  lambs)  would  be  the  stimulation  of  algal 
growths  which  may  be  toxic  to  livestock  rather  than  direct  nitrate 
toxicity. 

Predicted  nitrate  concentrations  for GDU peak  leaching  years 
(Water  Quality  Committee  1976a)  indicate  that  permissible  levels  for 
both  drinking  water  and  livestock  water  will  not  be  exceeded.  These 
concentrations  were  based  on  Water  Quality  Committee  assumptions  of 
nitrate  assimilation  or  denitrification  by  aquatic  flora  and  fauna.  If 
we accept  these  assumptions  the  Biology  Committee  cannot  forsee  problems 
of  nitrate  toxicity  from GDU influenced  river  systems. We are concerned, 
however,  with  the  effect  of  increased  nitrogen  assimilation  producing 
blooms  of  toxic  algal  populations  (e. g. Aph,anaaamenan spp.  and u i c n o c ~ n , i A  
spp.)  that  may  affect  the  health  of  man  and  animals.  If we do  not 
accept  these  assumptions  then  the  nitrate  levels  formerly  predicted 
(Water  Quality  Committee  1976b)  for  the  Souris  River  indicate  that  per- 
missible  levels  for  drinking  water  will  be  exceeded  and  nitrate  toxicity 
may  become  a  human  and  animal  health  problem. 

Sulfate  concentrations  capable  of  causing  a  laxative  effect  in 
non-adapted  individuals  (above  250  ppm)  will  be  present  in  the  Souris 
River  for 12 months  and  in  the  Assiniboine  for 11  months  of  the  year  if 
GDU peak  leaching  "high  estimates"  prevail  and  for 11 months  in  the  Souris 
River  and 6 months  in  the  Assiniboine  River  if  "best  estimate"  levels 
prevail  (Water  Quality  Committee  1976a). 
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Total  dissolved  solids (TDS) in the Souris  Loop  project  area 
will exceed  the USPHS drinking  water  standards of 500 mg/l for all 
months  except  April  if  probable  post-project  conditions  prevail  and will 
far  exceed 100 mg/l for  all  months  if  maximum  post-project  conditions 
prevail  (Fig. C.VI-1). TDS  levels in the Assiniboine  River and  Red  River 
at  Selkirk will exceed 500 mg/l for 10 months and 11 months  respectively 
if probable  post-project  concentrations  prevail. 

Pesticides and  heavy  metals: For the  purpose  of  this  discus- 
sion  the  term  pesticides  includes  organic and  inorganic  insecticides, 
herbicides and  fungicides. Peavy metals of importance in human and 
animal  health  include arsenic, lead, cadmium,  copper,  mercury, zinc, 
chromium and  selenium. 

The  following  artificial  classification  of  extensively  used 
pesticides  has  been  adapted  from  Rudd (1964): 

a) Organic  phosphate  compounds,  examples of  which  are  parathion 
and  malathion.  These  chemicals  inhibit  the  production  of 
cholinesterase  at  the  synapse  between  adjoining nerve cells, 
resulting  in  diminution of nerve impulse  transmission. 
Extreme  muscular weakness, tremors  and  dizziness are common 
symptoms in poisoned  mammals.  Fish  and  other  aquatic  orga- 
nisms are apparently  little  affected.  These  insecticides 
are short-lived in soil  although  high  concentrations  may be 
associated with sediments  at  runoff  periods. 

b) Chlorinated  hydrocarbons,  examples of which  are DDT, diel- 
drin, chlordane,  endosulfan and  toxaphene.  These  insecti- 
cides  affect  primarily  the  central  nervous  system and  symp- 
toms  in poisoned animals  include  increased  excitability 
muscular  tremors and  convulsions.  Stored in body fats, 
they are  released  during  stress  situations  such as migra- 
tions  or  food  deprivations.  These  insecticides  are  very 
resistant to biodegradation by bacteria in either  water  or 
soil.  Most  of  the  chlorinated  hydrocarbons  may  not now be 
used  in  the US due to their  high  toxicity to fish,  birds 
and  aquatic  invertebrates as well as their  long  persistance 
in  the  environment. However, EPA  recently  approved  the 
use of toxaphene to control  sunflower  beetles in North 
Dakota and the  use of DDT in  special  cases (tussock moth 
and  pea  weevil) although a general  ban is in effect.  This 
recent  approval may increase  pressures  for  relaxation  of 
restrictions on persistant  pesticides. 

A large  number of  pesticides  developed  for  use in agriculture 
are toxic to fish or other  aquatic  species.  Fish have often  been  cited 
(Henderson  et  al. 1.971, Holden 1972) as  bioaccumulators of  pesticides  in 
water.  This  can  impair  their  value  as food, damage  their  biological 
functions  or  result in mortality. 
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A l t h o u g h   p e s t i c i d e   r e s i d u e s   i n   f o r a g e  are n o t   h a z a r d o u s   t o  
l i v e s t o c k   u n d e r   c o n d i t i o n s   o f   o r d i n a r y   u s a g e ,   t h e y   d o   a c c u m u l a t e   i n  
t i s s u e s   o f   l i v e s t o c k   a n d  are e x c r e t e d   i n   t h e i r   m i l k   ( a s  i s  t h e  case 
w i t h   h i g h   n i t r a t e   l e v e l s ) ,   t h e r e b y   c o n s t i t u t i n g  a p o t e n t i a l   h a z a r d   t o  
peop le   consuming   t he i r   p roduc t s   (Nea l   1971) .  

H e r b i c i d e s :  The   mos t   ex tens ive ly   employed   of   the   herb ic ides  
i s  2,4-D which   causes   p l an t   dea th  by a c c e l e r a t i n g   g r o w t h  rate.  2,4-D 
c a n   b e   q u i t e  selective because  i t  i s  much more   e f fec t ive   on   b road- leaved  
p l a n t s   ( s u c h  as p lan ta in)   than   on   nar row- leaved   grasses   (wheat   and  
bar ley) .   Dalapon  and  TCA ( t r i c h l o r o a c e t i c   a c i d )  are o t h e r   h e r b i c i d e s   i n  
t h i s   g r o u p .   T h e s e   h e r b i c i d e s  are b iodegradab le   w i th in  2 weeks   bu t   t he i r  
salts  are  r e a d i l y   l e a c h e d .   T h e   m o r e   p o w e r f u l   d e f o l i a n t   o f   t h i s   g r o u p  of 
he rb ic ides ,   2 ,4 ,5 -T   has  now been   banned   fo r   mos t   ag r i cu l tu ra l   u ses  
e x c e p t   f o r   " r a n g e l a n d   p e s t   c o n t r o l "  (Owen 1975:  455). 

Fungicides:   These compounds are employed t o   d e s t r o y   m o l d s   o n  
s e e d   g r a i n s ,   f r u i t s   a n d   v e g e t a b l e s .   U n t i l   r e c e n t l y  many f u n g i c i d e s ,  
e s p e c i a l l y   t h o s e   a p p l i e d   t o   s e e d   g r a i n ,   c o n t a i n e d   t h e   e l e m e n t   m e r c u r y .  
The u s e   o f   m e r c u r y - c o n t a i n i n g   f u n g i c i d e s   h a s   b e e n   g r e a t l y   c u r t a i l e d   i n  
r e c e n t   y e a r s   b u t   s i n c e   m e r c u r y  is m o s t   l i k e l y   t o   b e   a s s o c i a t e d   w i t h  
t h e   f i n e - s i z e d   f r a c t i o n   o f   l a k e   a n d  r iver  sediments  where i t  i s  l i k e l y  
t o   b e   t r a n s p o r t e d   i n   t h e   s u s p e n d e d   l o a d ,  it i s  s t i l l  a problem  wherever 
i t  h a s   b e e n   u s e d   i n   t h e   p a s t .   B e n t h i c   b a c t e r i a   m e t a b o l i z e   t h i s   e l e m e n t  
by m e t h y l a t i n g  i t  and i t  e n t e r s   t h e   f o o d   c h a i n   w h e r e  it i s  c o n c e n t r a t e d  
i n   t h e  most l e t h a l   f o r m   ( D ' I t r i   1 9 7 2 ) .   A c c i d e n t a l   i n g e s t i o n   o f   m e r c u r y  
( v i a   t h e   f o o d   c h a i n )  may cause   b ra in   damage ,   k idney   and   l i ve r   ma l func t ion  
and  death.  

Heavy Metals: Copper ,   z inc,  cadmium, l e a d ,  chromium,  selenium 
a n d   a r s e n i c  are t r a c e   e l e m e n t s   w h i c h ,   i n   m i n i s c u l e   c o n c e n t r a t i o n s  are 
e s s e n t i a l   ( e x c e p t   l e a d )   t o   l i f e   p r o c e s s e s .  However, i n   h i g h e r   c o n c e n t r a -  
t i o n s  many of   these  heavy metals, l i k e   m e r c u r y ,  are t o x i c .  

It i s  known that in aquatic ecosystems microbial m e t h y l a t i o n  of 
metals such  as mercu ry   (p rev ious ly   men t ioned) ,   a r sen ic ,   l ead   and   s e l en ium  can  
y i e l d  compounds t h a t   a r e   e x t r e m e l y   t o x i c   t o   h i g h e r   o r g a n i s m s  (Huep e t  a l .  
1974) .   In   t he   ca se   o f   s e l en ium  ( an   i no rgan ic   ca rc inogen)  Chau e t  a l .  
( 1 9 7 6 )   f o u n d   t h r e e   b a c t e r i a l   g e n e r a   i n   t h e   s e d i m e n t s   o f  2 1  l a k e s  of 
O n t a r i o   t h a t   c o n v e r t   i n o r g a n i c   a n d   o r g a n i c   s e l e n i u m  compounds t o   d i m e t h y l  
s e l e n i d e ,   d i m e t h y l   d i s e l e n i d e   a n d   a n  unknown v o l a t i l e   s e l e n i u m  compound. 
S u c h   t r a n s f o r m a t i o n s   c o u l d   b e   i m p o r t a n t   i n   t r a n s p o r t a t i o n   f r o m   s e d i m e n t s  
a n d   s u b s e q u e n t   b i o c o n c e n t r a t i o n   i n   t h e  food c h a i n .  

Copper as c o p p e r   s u l f a t e  i s  widely  used as a n   a l g i c i d e   b u t   i n  
l a r g e   q u a n t i t i e s  i s  e x t r e m e l y   t o x i c   b e c a u s e   o f   t h e   a f f i n i t y   o f   t h e  metal 
( l i k e   m e r c u r y )   f o r   t h e   r e a c t i v e   g r o u p s   o f   c a t a l y t i c   e n z y m e s ,   r e s u l t i n g   i n  
i n h i b i t i o n   o f   r e s p i r a t o r y   p r o c e s s e s .  The t o x i c i t y   o f   c o p p e r   i n c r e a s e s  
under   anoxic   condi t ions  (McCaull   and  Crossland  1974:   190)   and exacerbates 
f i s h   k i l l s  when oxygen   l eve l s   d rop .   Inc reased   u r ina ry   coppe r  levels w i t h  
a h i g h e r   m o r t a l i t y  rate i n  humans have  been  found i n   c o l l a g e n   d i s e a s e  
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(Oski  1970)  and  cardiovascular  disease  (Harman  1965). 

These  parameters  have  not  nor  will  be  modeled  for GDU by  Bu- 
Rec;  however,  the  Water  Quality  Committee  (1976a)  "looked  at  present 
concentrations  in  ground water, applied  water,  mobility  in  the  soil, 
expected  best  management  practices  with  pesticides  and  herbicides  and 
other  factors". In the  Water  Quality  Committee's  judgment,  none  of 
these  parameters  will  be  increased  significantly  above  their  present 
concentrations  in  the  Souris,  Assiniboine  and  Red  rivers. 

The  final  impact  assessment  statements  from  Water  Quality 
Committee (1976a)  and  BuRec  (1974) are based on best  management  practice 
by GDU water  users.  The  Committee  feels  it  is  unlikely  that  this  level 
of  efficiency  will  be  attained.  Less  than  best  management  practices  by 
the  many GDU irrigators  regarding  pesticide,  herbicide  and  fungicide 
usage  may  increase  concentrations  above  their  present  level  and  could 
constitute  a  risk to human  and  other  animal  health. 
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D.  Summary  of  Impact  Predictions 

1. 

2 .  

3 .  

4 "  

5 .  

Increased  flows  from  GDU  will  cause  river  bank  or  bed  scour  which 
may  increase  the  concentrations of bacteria,  viruses,  organic  and 
inorganic  nutrients  and  toxic  chemicals  in  the  Red  River  and 
Souris  River  tributary  streams.  These  substances  or  organisms 
may  then  be  transported  in  suspension  across  the  US-Canadian 
border.  The  Biology  Committee  believes a  risk  exists  for  incre- 
ased  incidence  and  spread  of  human  and  animal  disease  because  of 
GDU  mediated  transport of sediments  in  the  Canadian  sections  of 
the  Red  and  Souris  River. 

Eased on the  Water  Quality  Committee's  concept  of  "best"  manage- 
ment  practices,  the  Biology  Committee  cannot  forsee  any  health 
problems  from  pesticides,  herbicides  and  heavy  metals  in  the 
Canadian  sections  of  the  Red  and  Souris  rivers. 

Increased  sulfate  levels  could  cause  laxative  effects  in  non- 
adapted  individuals  in  the  Canadian  sections  of  the  Red  and 
Souris  rivers. 

TDS  concentrations  will  exceed USPHS maximum  permissible  levels 
for  drinking  water  in  the  Canadian  sections  of  the  Red  and  Souris 
rivers. 

If  the  August  Water  Quality  Committee  (1976b)  nitrate  concentra- 
tion  predictions  prevail,  permissible  nitrate  levels  for  drink- 
ing  water  will  be  exceeded  in  the  Souris  River  and  nitrate  toxi- 
city  problems  could  occur.  If  the  nitrate  concentrations  pre- 
dicted in October  (1976a)  by  Water  Quality  Committee  prevail,  no 
health  problems  will  occur. 
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RECOMMENDATIONS 

I. INTRODUCTION 

One o f  our  tasks  was  to  forward  to  the  Study  Board  recommenda- 
tions  for  ameliorating  adverse  GDU  impacts.  To  complete  this  task we 
recommended  project  changes  and  pointed  out  deficiencies in Our  impact 
assessment. The Committee  did  not  extend  its  recommendation  mandate  to 
consider  project  curtailment. 

This  section  consists  of  recommendations  developed  by  the 
Biology  Committee.  Following  the  recommendations  there  is  a  list  of 
research  needs in areas  for  which  there  is  insufficient  information. 

11. WILDLIFE 

A. Reduction of Waterfowl  Loss to Manitoba  through  Wetland  Drainage  and 
Habitat  Alteration  in  North  Dakota 

1. Develop  and  Manage  Oxbows  Cut  Off  by  Stream  Channelization. 

2. Lateral  Diking  Along  Return  Flow  Streams  Instead  of 
Channelization. 

3 .  Implement  the  New  Wetland  Restoration  Concept:  The FWS 
concept of wetland  restoration  to  offset  habitat  losses  through  project 
construction  is  biologically  valid.  A  comprehensive  plan  to  fulfill  that 
concept  should  be  developed  immediately  and  implemented  concurrent  with 
project  construction. It should  be  responsive  to  the  following: 

Reclaimed  wetland  basins  should  make  up  the  major  portion 
of  the  lands  acquired. 

The  complexes  to  be  restored  should  be  capable  of  producing, 
on  the  average, 1.1 fledged  young/acre. 

Areas  should  be  selected in a  manner  which  will  least 
impact  agricultural  land  use  while  still  providing  the 
biological  capability  necessary  for  adequate  waterfowl 
production.  Furthermore,  the  plan  should  not  remove  from 
consideration  the  acquisition  of  existing  wetlands of 
extremely  high  waterfowl  value,  creation  of  wetlands in 
areas  where  they  do  not  now  exist  or  some  use,  however  small, 
of  the  original  GDU  wildlife  plan. 

Eliminate  the  Turnout  from  the  New  Rockford  Canal  into  the 
Upper  James  River  to  Prevent  the  Movement of Carp  into 
Lonetree  Reservoir  and  then  through  Project Works into  the 
Souris,  Upper  Sheyenne  and  Devils  Lake  Areas. 
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5. Divert  Flows  around NWRs where  Possible,  or  Expand NWRs to 
Accommodate  Return  Flows. 

6 .  Develop  a  Program  to  Monitor  Private  Wetland  Drainage  and 
Enforce  BuRec's  Policy  of No Wetland  Drainage  into  Projeit 
Works. 

7. Develop  a  Monitoring  Program  to  Detect  the  Increase in 
Incidence  of  Waterfowl  Disease  Outbreaks in GDU  North  Dakota 
Waters. 

8 .  Detailed  Plans  to  Implement  These  Recommendations  Must  Be 
Developed  and/or  Approved  by  State,  Federal  and  Provincial 
Wildlife  Agencies. 

We  strongly  recommend  that  the  wetland  restoration  concept  and 
elimination of private  wetland  drainage  be  expedited.  It  is  also  essential 
that  biological  expertise  be  provided in all  phases of project  development. 
If the  recommendations  above  are  implemented,  especially Nos. 3 and 6, we 
believe  most  if  not  all of  the  duck loss to Manitoba  can  be  offset. 

111. FISH, AQUATIC  INVERTEBRATES,  PLANTS,  WATER,  HUMANS  AND OTHER ANIMALS 

1. To  Insure  that  All  Water  Pumped  from  Surface  Water in the 
Missouri  River  Basin  is  Passed  through  a  Sand  or  Soil  Filter:  This 
recommendation  includes  elimination  of  operational  wasteways in all 
project  areas in North  Dakota,  elimination  of  Sheyenne  River  outlet in 
Lonetree  Reservoir,  sand  filtration  of  all  municipal  and  industrial  water 
into  the  Sheyenne  and  Souris  River  drainages,  elimination  of  the  Kindchi 
Lake turnout  and  elimination  of  the  New  Rockford  turnout. 

2. Modify  Existing  Design  Features  to  Prevent  Fish  Passage: 
This includes  accepting  Engineering  Committee  recommendations  concerning 
modifications  to  McClusky  Canal  fish  screen  design  and  design  and  instal- 
lation  of  some  form  of  fish  screen  at  Oakes  pumping  plant. 

3 .  Develop  Operating  Criteria  for  Fish  Screen  Structures: A 
model  of  the  McClusky  Canal  fish  screen  must  be  evaluated.  This  evaluation 
should  take  place in Lake Brekkon-Holmes  turnout  for  at  least  five  years. 
The fish  screen  must  be  identical in design  to  the  proposed  McClusky  screen. 
All  water  passing  through  the  test  facility  must  return  to  its  source; 
test  water  cannot  be  permitted  to  pass  down  the  McClusky  Canal  to  Lonetree 
Reservoir  during  the  testing  period. 

Development  of 0 and M criteria  should  be  developed  in  conjunction 
with  the  modeling  and  evaluation  of  the  fish  screen  and  biologists  and 
engineers  from  the US and  Canada  should  comprise  the  model  evaluation  team. 

We believe  that  adoption of  our  first  recommendation  (above) 
would  remove  the  potential  for  interbasin  transfer  of  exotics  except 
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through  the  accidental  introduction  via  Lonetree  Reservoir  or  some  calamity 
in the  middle  Souris  or  East  Oakes  which  would  permit  connections  of  irri- 
gation  distribution  canals  with  wasteways  (e.g.  collapse  of  canal  banks, 
unusual  rain  storms). To  mitigate  these  latter  potentials  we  believe  that 
recommendations Nos. 2 and 3 (above)  should  be  adopted in conjunction  with 
recommendation No. 1. This  would  therefore  serve  as  "first  line  of  defence", 
albeit  not  entirely  effective on its own. 

No single  recommendation  will  alleviate  all  possible  fish  transfer 
problems.  Therefore  all  three  recommendations  must  be  adopted  concomitantly 
to  alleviate  all  fish  transfer  problems. 

4 .  Prevention  of  the  Introduction of Exotic  Fish  Diseases  and 
Parasites:  There  are  no  known  methods  of  filtering  all  viral  particles. 
However,  it  is  our  judgment  that  recommendation No. 1 (above)  will  signif- 
icantly  reduce  the  possibility  of  viral  transfer. 

5. Prevention  of  Introduction of Exotic  Invertebrates: 
Adoption of recommendation No. 1 (above)  will  eliminate  aquatic  but  not 
aerial  transport  of  these  organisms. 

6. Elimination of Impacts on Aquatic  Plant  Species  Composition: 
Disturbances in species  composition in the  Souris  River  as a result  of 
water  quality  changes  could  not  be  ameliorated  without  installation  of a 
deionization  unit on the  Souris  River.  We  cannot  recommend  this in view 
of the  degree  of  potential  impact. 

7. Reduction  of  Impacts  as  a  Result  of  Nutrient  Loading: 
Adoption o f  the  combinations of no  unfiltered  return  flows to Canada, FWS 
concept of wetland  restoration,  elimination  of 1893 acres  of  Class A soils 
in  the  Souris  Loop  and  lining of the  glacial  till  portion  or  all  of  the 
Velva  Canal  will  not  reduce  nutrient  levels. The lack  of  comprehensive 
data  makes  it  impossible to evaluate  the  total  nitrogen  picture.  This in 
no way  lessens  potential  impact  of  all  other  factors  contributing  to  the 
eutrophication  process in Manitoba.  Questions  such  as  transport  of  nitrogen 
and phosphorus, effect of turbidity on primary  productivity  and  relationship 
between  oxygen  depletion  and  increased  algal  production  all  require  answers. 
This  kind of information  is  essential  to  predict  impact  on  nutrient  loading. 

The  Committee  recommends  that an intensive  study of these 
relationships  be  undertaken  immediately  to  provide  the  necessary  information 
upon  which  to  base  further  recommendations  and  that  no  project  construction 
take  place in the  Souris  Loop  until  these  questions  are  answered. 

8. Reduce  Impacts  of  Chemicals,  Sediments  and  Diseases on  Human 
and  Animal  Health: The  Committee  is  unable  to  recommend  any  method  to 
eliminate  these  potential  impacts.  Adoption  of  the  closed  system (No. 1 
above)  will  reduce  these  potential  risks.  We  are  unable  to  quantify  this 
reduction. 
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I V .  LIST OF FURTHER  RESEARCH NEEDS 

A. Quantify Loss of  Shorebirds  and  Other Marsh Birds  Due t o  Wetland 
Dra inage   and   Habi ta t   Al te ra t ion  i n  North  Dakota. 

B. More Fully  Determine  the  Impact of t h e  Use o f   P e s t i c i d e s   i n  GDU 
North  Dakota  on  Manitoba's Rare and  Endangered  Species. 

C. Construct  a Populat ion  Simulat ion Model t o  Analyze  Banding Data t o  
Verify  Canada's  Share of  t h e  GDU-caused North  Dakota  Waterfowl  and 
Shorebird Loss .  

D. Determine  Changes i n   M i g r a t i o n   P a t t e r n s  of Migra to ryBi rds  as a 
Resul t   of  GDU. 

" -. _. 

E. Conduct a Comprehensive  Limnological  Research  Program f o r  Lakes 
Winnipeg  and  Manitoba. 

F. Expand Water Quality  Monitoring  Programs i n  Manitoba t o   I n c l u d e  
Pes t ic ides ,   Feca l   Col i forms ,   Feca l   S t rep tococc i   and   Tota l   Aerobic  
Bacter ia l   Counts .  

G. Develop a Research  Program t o  Determine Use of Marsh Areas f o r  
Nu t r i en t  Removal. 

H. Develop a Research  Program to   Evalua te  Methods to  Prevent  Carp 
In t roduc t ion   i n to   t he   Sour i s   R ive r .  

I .  Quantify Duck Loss Due to   Conver s ion   o f   Gras s l and   t o   I r r iga t ed  
Croplands i n  North  Dakota. 
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INTERNATIONAL GARRISON D I V E R S I O N  STUDY BOARD - BIOLOGY  COMMITTEE 

PROPOSED  STUDY PLAN 

A c t i v i t y  I Step 1 Step 2 I S t e p  3 1 Step 4 Step 7 Step 6 Step 5 

Describe  impacts 
o f  w a t e r   q u a l i t y  
& q u a n t i t y ,   w i t h  
& w i thou t  GDU, on 
aquat ic  1 i f e .  

I d e n t i f y   b i o t a *   i n  
key watersheds: 

Red R .  
Sour i s  
Ass in ibo ine 
L .  Winnipeg ) 
L .  Manitoba ) 

i nc lude   i nd i ca to rs  
o f   e u t r o p h i c a t i o n .  

I d e n t i f y  from  Step 
1 ,  key  b io ta  which 
may be  impacted  by 
changes i n  water 
qual i t y   o r   q u a n t i t y  

T ime Frame S :  December 8, 1975 
F:  January 7, 1976 
Verbal   report   on 
December 22, 1975. 

N i n p u t   o f   o t h e r  
," connni t t e e s  

~ 

By January 8,  1976 

T r a v e l   ( f o r  
Minneapolis,  Jan. 7 Minneapolis,  Jan. 7 A c t i v i t y  1 E 2) 
M e e t i n g   i n  Meeting i n  

-8, 1976. -8, t o  review 
check1 i s t s  and 

~ 'Deve lop   spec i f i c  
l b i o l o g i c a l   r e q u i r e  
ments o f  key 
species  include 
c a s e   h i s t o r y .  
Eva lua te   hab i ta t  
a v a i l a b l e .  

S :  January 8, 1976 
F: February 2 5 ,  

I976 

E s t a b l i s h   l i k e l i h o o d  

Step 5 data.   Del in-  Committee. 
due as a r e s u l t   o f  reports  f rom q & q 

f i n a l   r e p o r t .  c o s t   o f  any  changes GDU sources  requ i res 
na t i ves .   Wr i te  p l a n .   E s t a b l i s h  a Impacts  from  non- 
Develop a i t e r -  e x i s t i n g   p r o j e c t  i n te r im   repo r t .  
d i f f e r e n c e s .  a t   i o n   o f   t h e  impacts.  Write 
data.  Resolve impacts a f t e r   a l t e r -   o f   o c c u r r e n c e   o f  
Reexamine a l l  R e e v a l u a t i o n   o f   I n p u t   o f  GDU impact 

ea t e  any h a b i t a t  
changes  which will 
occur as a r e s u l t   o f  
Step 5. 

S :  February 27,  1976 
F: May 3 1 ,  1976 F: A p r i l  30, I976 F: March  30, 1976 

By J u l y  1 ,  1976 S: May I ,  1976 S :  A p r i l  I ,  1976 

Required  from q & q 

quant i   t y  . 
water  qual i t y  & 

engineering. committee  data  on 
Required  from 

~~~~ ~~~~ ~~ ~ ~ ~ ~~ ~~~ ~~~ ~ 

Mee t ing   i n  Denver 

r e p o r t .  
p l a n   i n t e r i m  
Step 3 progress & 

e d i t   r e p o r t .  19, 2 0 )  to   rev iew 
review  progress  and i n  Winnipeg  (Feb. 
(Mar. 17,  18) t o   o f  Step 3. Meeting 
Meeting i n  Winnipeg & review  progress 
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Meeting i n  Bismark IMeeting i n  Grand 

 forks (Mar. 3 1 ,  
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progress.  Meeting 
i n  ? (Apr. 28) 
t o   p r e p a r e   f i n a l  
review. 

Undefined. Undef i ned. 

~~ 

* b i o t a   t o   i n c l u d e  human pa ras i tes   and   bac te r ia ,   f i sh   pa ras i tes   and   bac te r ia ,   aqua t i c   i nve r teb ra tes ,   f i sh ,   w i l d l i f e ,   vascu la r   p lan ts   and   an ima l   d i seases .  



A c t i v i t y  2 

Descr ibe   impacts  
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Attachment C .  1-1 

S c i e n t i f i c  Names f o r  W i l d l i f e  



Attachment C . 1 - 1 .  L i s t  of common a n d   s c i e n t i f i c  names f o r   b i r d s ’  and 
mammals2 i n   W i l d l i f e   S e c t i o n .  

Class Aves - Birds  

Anat idae  - geese,  duck,  swans 

Canada  goose 
Mal la rd  
P i n t a i l  
American  wigeon 
Nor the rn   shove le r  
Blue-winged t ea l  
Wood duck 
Redhead 
Canvasback 
Lesser scaup  
Ruddy duck 

T e t r a o n i d a e  - g r o u s e  

Spruce   g rouse  
Ruffed   grouse  
S h a r p - t a i l e d   g r o u s e  

S t r i g i f o r m e s  - owls 

Great horned  owl 
Great gray  owl 

P i c i d a e  - woodpeckers 

P i lea ted   woodpecker  

Turd idae  - t h r u s h e s  

Rob i n  

S t u r n i d a e  - s t a r l i n g s  

S t a r l i n g  

P l o c e i d a e  - weaver f i n c h e s  

House  sparrow 

Bhanlta  canadelz?lh (Linnaeus) 
A n a  pl.a-tyhhynchoh Linnaeus 
Anan ac&a Linnaeus 
Mmeca amenicana (Gmelin) 
SpaAda c@pea;ta (Linnaeus) 
A n a  d i n c o ~  Linnaeus 
A i x  hpoMna (Linnaeus) 
Aylthya  amehicana (Eyton) 
AyXhya vaeinnetLia (Wilson) 
Ay fhya  addinin (Eyton) 
Oxyuha jmdicelzclh (Gmelin) 

Canacki;tQn canadem& (Linnaeus) 
Bonaa  wnbe4.b (Linnaeus) 
PediecG~n p h a i o n u  (Linnaeus)  

Bubo VihginianUh (Gmelin) 
S M x  nebdoha F o r s t e r  

2 i o  



Attachment C . 1 - 1 .  (Cont 'd) 

Class Mammalia 

Family  Leporidae - r a b b i t s ,   h a r e s  

Snowshoe h a r e  
W h i t e - t a i l e d   j a c k   r a b b i t  

C a s t o r i d a e  - beaver  

American  beaver 

Muridae - rats,  mice 

Gapper 's   red-backed  vole 
Muskrat 
Meadow v o l e  

Canidae - dogs 

Coyote 
Red fox 

Muste l idae  - weasels 

American  mink 

F e l i d a e  - cats  

Lynx 

Cerv idae  - d e e r  

Caribou 
Whi t e - t a i l ed   dee r  
Moos e 

Mamma 1s 

LepU UmQnicanU Erxleben 
Le.pu4 &WMn Qndcc Bachman 

Lynx Lynx (Linnaeus) 

'Godfrey, W. 1966. The b i r d s  of Canada .   Bul le t in  No. 203, B i o l o g i c a l  
S e r i e s  No. 73.  N a t i o n a l  Museum of Canada, Ottawa, Ontar io .  428 pp. 

'Banfield,  A. 1974.  The mammals of Canada.   Nat ional  Museum of Canada, 
U. of   Toronto  Press ,   Toronto.  438 pp. 
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Attachment C.1-2 

Shorebirds  and Other  Marsh 

Birds Inventoried at Kraft Slough, 

North Dakota, 1974 
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k t  tachment S h o r e b i r d s   a n d   o t h e r   m a r s h   b i r d s   i n v e n t o r i e d  a t  K r a f t  
c.1-2.   Slough,  North  Dakota,   1974l.  

SPECIES SPECIES 

Eared  grebe 

American b i t t e r n  

V i r g i n i a  r a i l  
K i l l d e e r  

American  avocet 

Black tern 

Great-horned  owl 

Eastern k i n g b i r d  

Horned lark 

Black-capped  chickadee 

S h o r t - b i l l e d  marsh wren 

Robin 

Yellow-breasted chat 

Western meadowlark 

O r c h a r d   o r i o l e  

Common g r a c k l e  

American  goldf inch 

Grasshopper  sparrow 

Chipping  sparrow 

Chestnut-collared longspur  

P i e d - b i l l e d   g r e b e  

Marsh hawk 

S o r a  r a i l  

Willet 

Wilson ' s   pha larope  

Mourning  dove 

Common f l i c k e r  

Western k i n g b i r d  

Tree swallow 

House  wren 

Gray c a t b i r d  

Yel low  warb ler  

House sparrow 

Yellow-headed  blackbird 

B a l t i m o r e   o r i o l e  

Brown-headed  cowbird 

Savannah  sparrow 

LeConte' s sparrow 

Swamp sparrow 

Black-crowned  night  heron 

Ring-necked  pheasant 

American  coot 

Marbled  godwit 

F r a n k l i n '  s g u l l  

Black-bil led  cuckoo 

Hairy  woodpecker 

Wil low  f lyca tcher  

Barn  swallow 

Long-billed  marsh  wren 

Brown t h r a s h e r  

Common y e l l o w t h r o a t  

Bobolink 

Red-winged b l a c k b i r d  

Brewer's b l a c k b i r d  

D i c k c i s s e l  

Clay-colored  sparrow 

Sharp - t a i l ed   spa r row 

Song  sparrow 

lAfter   Krapu  and  Duebbert  1974.  

213 



Attachment C.11-1 

A Description of the BuRec 

Study to Develop and Refine  the 

Design of a 

Self-cleaning Fish  Screen 
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The  sc reen  i s  d e s i g n e d   t o   b e   s e l f - c l e a n i n g .  A s l o p i n g   f i x e d  
s c r e e n  was s e l e c t e d  by t h e  BuRec and a s t u d y  was i n i t i a t e d   t o   d e v e l o p  
a n d   r e f i n e   t h e   d e s i g n   ( J o h n s o n ,   1 9 7 5 ) .  To a i d   i n   d e v e l o p i n g   t h e   d e s i g n ,  
a s e c t i o n a l   h y d r a u l i c   m o d e l   o f   t h e   s c r e e n  was c o n s t r u c t e d .  The  model was 
a f u l l - s c a l e   r e p r e s e n t a t i o n   o f  a 20 inch   wide   sec t ion   of   the   p roposed  
p r o t o t y p e   s t r u c t u r e .  The th ree   ma in   ob jec t ives   o f   t he   mode l   s tudy  were t o :  

1. E v a l u a t e   t h e   a b i l i t y   o f   t h e   s c r e e n   t o   s e l f - c l e a n .  

2. C o n f i r m   t h a t   t h e   s c r e e n  w i l l  s a t i s f a c t o r i l y  meet t h e   f i l t r a t i o n  
requi rements .  

3. M i n i m i z e   t h e   s c r e e n   a n d   s t r u c t u r e   s i z e   r e q u i r e d   t o   f i l t e r   t h e  
t o t a l   c a n a l   f l o w .  

S i x   b a s i c   f a c t o r s   c o n s i d e r e d   t o   a c h i e v e   t h e s e   o b j e c t i v e s  were: 

1. Uni t   d i scha rge ;  

2.  Drop  from weir c r e s t   t o   s c r e e n ;  

3. S lope   o f   s c reen ;  

4 .  Length  of   screen;  

5.   Screen mesh and wire s i z e ;  and 

6.  E f f e c t s  of v a r i o u s   t y p e s  of d e b r i s .  

The  purpose  of   the BuRec hydrau l i c   mode l   s tudy  was t o   r e f i n e   t h e   d e s i g n  
of  a f i s h   c o n t r o l   s t r u c t u r e   f o r   t h e  McClusky Canal ,  GDU. The s t r u c t u r e  
was a new concep t   and ,   t he re fo re ,  no d e s i g n   g u i d e l i n e s   e x i s t e d .  

J o h n s o n   ( 1 9 7 5 )   r e p o r t e d   t h e   f o l l o w i n g   r e s u l t s   f r o m   h i s   h y d r a u l i c  
model   s tudy.  

1. T h e   s t r u c t u r e  as d e v e l o p e d   f u n c t i o n e d   s a t i s f a c t o r i l y   i n   t h e  
model.  The  screen  should  remove a l l  f i s h ,   f i s h   e g g s ,   a n d   f i s h  
la rvae   f rom  the   f low.   L ikewise ,   the   model   da ta   ind ica tes   tha t  
t h e   s c r e e n   s u r f a c e   s h o u l d   b e   s e l f - c l e a n i n g .  

2. The f l a t t e r   t h e  downward s l o p e   o f   t h e   s c r e e n ,   t h e   s h o r t e r   t h e  
f l o w   l e n g t h  o f  t h e   s c r e e n   r e q u i r e d   t o   p a s s  a g iven   d i scharge .  
Thus, a h o r i z o n t a l   s c r e e n  would r e s u l t   i n  a smaller s t r u c t u r e  
than   wou ld   be   r equ i r ed   fo r  a downward s l o p i n g   s c r e e n .  

3. The s t e e p e r   t h e  downward s l o p e   o f   t h e   s c r e e n ,   t h e  more 
e f f i c i e n t   t h e   s c r e e n   s e l f - c l e a n s .  The t e n d e n c y   f o r   d e b r i s  t o  
c l i n g   t o   t h e   s c r e e n   d e p e n d s   o n   t h e   a n g l e  a t  which   the   f low 
i m p i n g e s   o n   t h e   s c r e e n .   I f   t h e   f l o w   d i r e c t i o n  i s  n e a r l y  
t a n g e n t   t o   t h e   s c r e e n ’ s   s u r f a c e ,   t h e n   t h e   d e b r i s  is  swept 

I 
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clear o f   t h e   s u r f a c e   a n d  no c logg ing   occu r s .   Bu t   i f   t he   f l ow 
i m p i n g e s   s h a r p l y ,   t h e n   t h e   d e b r i s  w i l l  accumulate i n   t h e  
impingement area. This   accumula t ion   resu l ted   f rom  the   impact  
head of  t h e   f l o w ,   f o r c i n g   a n d   h o l d i n g   t h e   d e b r i s   a g a i n s t   t h e  
s c r e e n   s u r f a c e .   T h e   d e b r i s   d i d   n o t   a c t u a l l y   t a n g l e   w i t h   t h e  
s c r e e n   f i b e r ;   t h e r e f o r e ,  i t  cou ld   ea s i ly   be   d i s lodged   and  
washed clear. 

4 .  Screen mesh and wire s i z e   a f f e c t   t h e   l e n g t h   o f   s c r e e n   r e q u i r e d  
t o   p a s s  a g i v e n   d i s c h a r g e .   F i n e r  mesh s c r e e n s   t e n d   t o   r e q u i r e  
more s c r e e n   l e n g t h  as do s c r e e n s  made f rom  l a rge r   d i ame te r  
w i r e .  

5. If t h e   r e g i o n   u n d e r   t h e   s c r e e n  i s  inadequately  vented,   reduced 
p r e s s u r e s  w i l l  develop.  Reduced p r e s s u r e s   u n d e r   t h e   s c r e e n  
t e n d   t o   s u c k  water th rough   t he   s c reen ,   wh ich   r educes   t he  
r e q u i r e d   s c r e e n   l e n g t h   a n d  increases clogging.  The  reduced 
p r e s s u r e s   a l s o   p l a c e   a d d i t i o n a l   l o a d i n g   o n   t h e   s c r e e n   s t r u c t u r e .  

6 .   T h e   q u a n t i t y   o f   d e b r i s   t h a t  w i l l  b e   e n c o u n t e r e d   i n   t h e   p r o t o t y p e  
i s  unknown. T h e r e f o r e ,  i t  i s  c o n c e i v a b l e   t h a t   t h e   s c r e e n s   m i g h t  
be   overwhelmed  by   debr i s ,   and   c logging   could  become a problem. 
T h e   s c r e e n   a r r a n g e m e n t   a l l o w s   t h e   i n s t a l l a t i o n  of s e v e r a l  
poss ib l e   dev ices   wh ich   wou ld   improve   s e l f - c l ean ing .   Fo r   t he  
present ,   none  of t h e s e   d e v i c e s  is  t o   b e   i n c o r p o r a t e d   i n   t h e  
p r o t o t y p e   s t r u c t u r e .   I f  a clogging  problem is f o u n d   t o   e x i s t  
when t h e   p r o t o t y p e   s t r u c t u r e   g o e s   i n t o   o p e r a t i o n ,   t h e n   t h e  
d e v i c e s   c o u l d   b e   i n s t a l l e d   w i t h o u t   m a j o r   m o d i f i c a t i o n s .  

7 .  The  optimum sc reen   conf igu ra t ion   deve loped   f rom  th i s   s tudy   has  
a s c r e e n   l e n g t h   i n   t h e   d i r e c t i o n   o f   f l o w   o f   6 . 5  feet  (2.0 m) 
and a s l o p e   o f   5 "  downward f r o m   h o r i z o n t a l .   T h i s   s t r u c t u r e  
was deve loped   t o   pas s  a maximum u n i t   d i s c h a r g e   o f  6 f t 3 / s  
(0.2  m3/s). 

The Committee  reviewed  the  paper  by  Johnson  (1975)  which were 
r e s p o n s i b l e   f o r   t h e   d e s i g n   g u i d e l i n e s   u s e d   f o r   t h e   f i s h   s c r e e n   s t r u c t u r e .  
They fur ther   eva lua ted   the   paper   by   S ta rbuck ,   Sar tor i s ,   and   Johnson  (1975)  
d e a l i n g   w i t h   t h e   f i s h   s c r e e n   s t r u c t u r e   d e s i g n .  The s a l i e n t   f e a t u r e s  of 
t h e   d e s i g n  are: 

1. A 40 mesh s c r e e n  made from  0.007  inch (0.18 mm) d iameter  w i l l  
be   used .  

2 .  A 3 i nch   (7 .6  cm) drop   f rom  the  weir c r e s t   t o   t h e   s u r f a c e  
w i l l  be   i nc luded .  

4 .  The screen w i l l  be   p l aced  a t  a downward s lope   o f  5" .  
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Attachment C .11-2 .1  

A l i s t  of i n i t i a l   q u e s t i o n s   ( w i t h  BuRec responses)   posed  by  the  Biology 
Commit tee   concern ing   the   F ish   Screen   S t ruc ture .  

QuU;tiun 7 :  Spiny- rayed   f i sh  may be  impaled  on  screen  which 
may l e a d   t o :  

- t h e   f i s h   b e i n g   c a u g h t   a n d   t h e   f o r c e   o f  water 
t e a r i n g   t h e   s c r e e n  as f i s h  i s  pushed down t h e  
s l o p e  ; 

- a small p e r f o r a t i o n ,   n o t   e s p e c i a l l y   v i s i b l e  
t o  t he  eye.  

A V L h W U  7 :  Because  of  the small openings  (0.43 mm square)  
i t  i s  u n l i k e l y   t h a t   f i s h  would become impaled   on   the   sc reen .   I f  a 
f i s h   s h o u l d  become impaled,  i t  i s  a g a i n   u n l i k e l y   t h a t   e n o u g h   f o r c e  
cou ld   be   deve loped   t o   b reak   even   one   s t r and   o f   t he  40-mesh sc reen ,   Bu t  
i f  a s t r a n d  were broken,  the  opening  would become l a r g e r   a n d   t h e   f i s h  
would  be  f reed.  A tear of   the   sc reen   could   no t   occur .  The 2-mesh 
suppor t   s c reen   and   t he  s t ee l  support   f rame  take  most   of   the  water l o a d  
and   thus   the   force   o f   the  water wou ld   no t   en l a rge  a p e r f o r a t i o n .   F i n a l l y ,  
i t  s h o u l d   b e   a g a i n   n o t e d   t h a t   e v e n   i f   t h e  service 40-mesh screen  would 
be  damaged,  the 2-mesh screen   and  s t ee l  frame  would  remain i n   p l a c e ,  
p r o t e c t i n g   t h e   b a c k u p   s c r e e n   w h i c h   w o u l d   c o n t i n u e   f i l t e r i n g   t h e   f l o w .  

~UUA%M 2 :  Any p e r f o r a t i o n   t h a t  i s  n o t   v i s i b l e   o r   n o t i c e -  
a b l e  may a l low  passage   of   eggs   and   a l so  may s l o w l y   i n c r e a s e   i n   s i z e   d u e  
t o  the f o r c e   o f  the water pass ing   th rough i t .  

A v L ~ W W L  2:  The s c r e e n  i s  des igned  s o  t h a t   t h e   f o r c e   o f  water 
wou ld   no t   en l a rge  a p e r f o r a t i o n .  The b a c k u p   s c r e e n   w o u l d   f i l t e r   t h e  
f i s h   e g g s   w h i c h   p a s s   t h r o u g h   p e r f o r a t i o n s   i n   t h e   u p p e r  service s c r e e n .  
S c r e e n   s e c t i o n s  w i l l  be   inspec ted   and ,   based  on a c t u a l   o p e r a t i n g  ex- 
p e r i e n c e ,  w i l l  b e   r e p l a c e d  when wear occurs .  

@ L Q ~ ; ~ ~ U M  3: How are l a r g e   f i s h   p r e v e n t e d   f r o m   f a l l i n g   o n t o  
s c r e e n ?  

AlznWW 3: L a r g e r - s i z e d   f i s h  may f a l l   o n t o   t h e   s c r e e n .  How- 
e v e r ,   t h e r e  i s  an i n l e t   t r a s h r a c k   w i t h  a clear spac ing   of  1% i n c h e s  
who l ly   o r   pa r t i a l ly   submerged ,   ob jec t s   w i th   measu remen t   g rea t e r   t han  1% 
i n c h e s  w i l l  n o t   e n t e r   t h e   s t r u c t u r e   n o r   f i n d   t h e i r  way o n t o   t h e   f i s h  
s c r e e n .  The p r e s e n t   d e s i g n  ca l l s  fo r   an   au tomat i c   s e l f - c l ean ing   mechan i -  
ca l  trash r e m o v a l   s t r u c t u r e .   T h i s   s t r u c t u r e  w i l l  automatical ly   remove 
f l o a t i n g   a n d   s u b m e r g e d   t r a s h   l a r g e r   t h a n  1% inches .  The f i s h   s c r e e n  
s t r u c t u r e  i s  a l so   des igned   t o   accommoda te   an   end le s s   be l t   t ype   mechan i -  
ca l   t r a sh rack   fo r   r emova l   o f  smaller f l o a t i n g   d e b r i s   i f   o p e r a t i n g   c o n d i -  
t i o n s   i n d i c a t e   t h e   n e e d .  
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@.&5kion 4 :  How e f f e c t i v e  w i l l  t r a s h r a c k   b e   i n   r e m o v i n g   l a r g e  
o b j e c t s ,   e s p e c i a l l y   w h o l l y / p a r t i a l l y   s u b m e r g e d   ( e . g . ,   f e n c e   p o s t s ) ?  

Amweh 4 :  The clear space  on t h e   i n l e t   t r a s h r a c k   s t r u c t u r e  
is 1% inches   who l ly   o r   pa r t i a l ly   submerged ,   ob jec t s   w i th   measu remen t  
g r e a t e r   t h a n  1% i n c h e s  w i l l  n o t   e n t e r   t h e   s t r u c t u r e   n o r   f i n d   t h e i r  way 
o n t o   t h e   f i s h   s c r e e n .  The p r e s e n t   d e s i g n   c a l l s   f o r   a n   a u t o m a t i c   s e l f -  
c l e a n i n g   m e c h a n i c a l   t r a s h   r e m o v a l   s t r u c t u r e .   T h i s   s t r u c t u r e  w i l l  auto- 
m a t i c a l l y  remove f l o a t i n g   a n d   s u b m e r g e d   t r a s h   l a r g e r   t h a n  1% i n c h e s .  
The f i s h   s c r e e n   s t r u c t u r e  i s  a l s o   d e s i g n e d   t o  accommodate  an e n d l e s s   b e l t  
t y p e   m e c h a n i c a l   t r a s h r a c k   f o r   r e m o v a l   o r  smaller f l o a t i n g   d e b r i s   i f  
o p e r a t i n g   c o n d i t i o n s   i n d i c a t e   t h e   n e e d .  

Quen;tion 5 :  How o f t e n  w i l l  t h e   s c r e e n   b e   c h e c k e d   f o r  wear/ 
p e r f o r a t i o n s ?  

AnAwQh 5: P r e l i m i n a r y   o p e r a t i n g  c r i t e r i a  have   no t   been  de- 
ve loped   fo r   t he   s c reen .   S t age   deve lopmen t   ove r  a p e r i o d  of s e v e r a l  
y e a r s  w i l l  a l l o w  time t o   o p e r a t e   a n d  tes t  t h e   f i s h   s c r e e n   t h r o u g h  a f u l l  
range  of  f lows. I n i t i a l  o p e r a t i o n  cr i ter ia  w i l l  b e   d e v e l o p e d   f o r   t h e  
f i s h   s c r e e n   b a s e d  on a c t u a l   c o n d i t i o n s .   T h e s e   o p e r a t i n g  cr i ter ia  w i l l  
d e f i n e   p r o c e d u r e s   f o r   c h e c k i n g   s c r e e n  wear and   pe r fo ra t ions .  

The ope ra t ion   and   ma in tenance   headquar t e r s   fo r  
t h e   c a n a l  w i l l  b e  a t  McClusky, North  Dakota,   approximately 10  miles 
s o u t h   o f   t h e   f i s h   s c r e e n .   P e r s o n n e l  w i l l  b e   s t a t i o n e d  a t  t h e   f i s h  
s c r e e n  as r e q u i r e d   d u r i n g   o p e r a t i o n s .  

!&ui!A;tion 6: How does  the  manual   switch-over   f rom  one  screen 
t o   t h e   o t h e r ?  

AmWe,h 6: Panels   can   be   lowered   f rom  the   ce i l ing   which  w i l l  
seal  o f f   po r t ions   o f   t he   s c reen   f rom  f low.  The s c r e e n   i n   t h e s e  areas 
could   then   be   rep laced ,   the   pane ls   ra i sed ,   and   normal   opera t ions   resumed.  
S tanda rd   s i ze   r ep lacemen t   pane l s  w i l l  b e   a v a i l a b l e   f o r   a n y   p a r t  of t h e  
s c r e e n .  

Quai ion  7: I f  a s c r e e n   c l o g s :  

- how s t r o n g  i s  t h e   s c r e e n ?  

- Where does  the  impounded water go? 

Amwm 7: The s t r u c t u r e   c o n t a i n s  two s c r e e n s ,  a service 
screen   which   would   f i l t e r   the   f low  under   normal   condi t ions   and  a backup 
s c r e e n  (1 f o o t   d i r e c t l y   b e l o w   t h e  service s c r e e n )   w h i c h   w o u l d   f i l t e r  
t h e  service sc reen .   Bo th   s c reens  are i d e n t i c a l .  They c o n s i s t   o f  a 
40-mesh phospher   bronze wire c l o t h ,   w h i c h   i n   t u r n  i s  supported  by a 
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steel  frame. Phospher  bronze was se l ec t ed   because   o f  i t s  h igh   pe rcen tage  
copper   conten t   (which   prevents   a lgae   g rowth  on the   sc reen)   and   because  
of i t s  h i g h   t e n s i l e   s t r e n g t h .  The  40-mesh wire c l o t h  is made from a 
0.008 inch   d i ame te r  wire. The t e n s i l e   s t r e n g t h   o f   e a c h  wire s t r a n d  is 
approximately 6.3 pounds .   Thus ,   t he   t ens i l e   s t r eng th   o f  a 1 inch  wide 
s t r i p  o f   s c reen  i s  250 pounds.  The 2-mesh s u p p o r t   s c r e e n  i s  made from 
0.063 inch   d i ame te r  wire which  has  a t e n s i l e   s t r e n g t h   o f  390 pounds. 
The s c r e e n   s t r u c t u r e  i s  des igned   t o   suppor t  a t o t a l   l o a d   o f   o v e r  3 p s i .  

P lugg ing   o f   t he   f i sh   s c reen  w i l l  n o t   c a u s e   t h e  canal t o   o v e r f l o w  i ts  
banks .   To ta l   s c reen   p lugg ing  i s  highly  improbable.   However,  i f  i t  d i d  
o c c u r ,  water would  pond i n   t h e   c a n a l   a b o v e   t h e   s t r u c t u r e   b u t   w o u l d   n o t  
o v e r f l o w   t h e   b a n k s .   S e q u e n t i a l   a u t o m a t i c   c l o s i n g s   o f   u p s t r e a m   s t r u c t -  
u re s   wou ld   con ta in   t he   cana l  water well w i t h i n   t h e   e x i s t i n g   f r e e b o a r d .  
I f   p l u g g i n g   w o u l d   o c c u r ,   t h e r e  are p r o v i s i o n s   f o r   i n s t a l l i n g   s t o p -  
l o c k s  a t  t h e   h e a d   o f   t h e   f i s h   s c r e e n   a n d   u n w a t e r i n g   t h e   s t r u c t u r e   f o r  
access t o   t h e   s c r e e n s   f o r   c l e a n i n g .   O p e r a t i n g  c r i te r ia1  w i l l  c a l l  f o r  
p reven t ion   and   r emova l   o f   t r a sh   ( a lgae ,  pond  weeds,  windblown  debris, 
e t c . )   u p s t r e a m   f r o m   t h e   f i s h   s c r e e n   s t r u c t u r e .   A d d i t i o n a l   m e c h a n i c a l  
equ ipmen t   fo r   t r a sh   r emova l ,   such  as e n d l e s s   b e l t   m e c h a n i c a l   t r a s h r a c k s  
a n d   c a n a l   s i d e   f l o a t i n g  weed t r a p s ,  w i l l  b e   i n s t a l l e d  as necessary .  

QueAIian 8: What is  to   p reven t   soggy  leaves and  grass   f rom 
m a t t i n g  on t h e   s c r e e n ?  

AM.2ilWe.h 8: I n   l a b o r a t o r y   t e s t i n g ,   t h e   s c r e e n  was found  to  
se l f - c l ean   soggy  leaves a n d   g r a s s   e f f e c t i v e l y .  The s c r e e n ' s   s e l f -  
c l e a n i n g   e f f e c t i v e n e s s   w o u l d   b e   e v a l u a t e d   d u r i n g   t h e   f i r s t  two y e a r s  
when i t  wou ld   be   ope ra t ing  a t  reduced   d i scharges .  
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Attachment C.11-2.2 

Supplementary  concerns  of   the   Biology  Commit tee   with  respect   to   the  pro-  
posed G.D.U.  f i s h   s c r e e n   s t r u c t u r e .  

QuQnn;tion and AnA~en 7: How much f o r c e   c o u l d  a spiny-rayed 
f i s h   e x e r t  on t h e   s c r e e n   a n d   c o u l d   t h i s   f o r c e   e i t h e r   b r e a k   o r   s e p a r a t e  
the wires o f  t h e  40-mesh and  subsequent ly  tear  t h e   s c r e e n ?   I n   a d d i t i o n  
t o   s p i n y - r a y e d   f i s h e s   s u c h  as b l u e g i l l s ,   y e l l o w   p e r c h ,   w a l l e y e s ,  e tc .  we 
are a l s o   c o n c e r n e d   a b o u t   f i s h e s   t h a t   h a v e   s i n g l e   s p i n e s   s u c h  as b u l l h e a d s  
a n d   c a t f i s h   a n d   t h e   f o r c e   t h e y   c a n   e x e r t  on t h e  40-mesh s c r e e n .  

QuQn;tion and AnbWeh 2:  How i s  t h e  40-mesh s c r e e n   d e s i g n e d   t o  
p r e v e n t   t h e   f o r c e   o f  water a n d   d e b r i s   f r o m   e n l a r g i n g   o r   t e a r i n g  a per- 
f o r a t i o n .   D e s c r i b e  how t h e   s c r e e n  wires are b r a i s e d ,   w e l d e d ,   p l a t e d ,  
s o l d e r e d ,  e tc .  t o   e a c h   o t h e r   o r   d o   t h e  wires s t a y   i n   p l a c e   b y   f r i c t i o n ?  

Q u a i i o n  and AVL~UUL 3:  No a d d i t i o n a l   q u e s t i o n s   o r  comments. 

Q u a i i o n  and AVLbweh 4 :  When w i l l  t h e   a u t o m a t i c   s e l f - c l e a n i n g  
m e c h a n i c a l   t r a s h   r e m o v a l   s t r u c t u r e   b e   p u t   i n   o p e r a t i o n ?  

Q u a i i o n  and Annwen 5 :  E x p l a i n   i n  more de t a i l   p roposed   ope r -  
a t i n g  c r i t e r i a .  For  example: 

a )   Desc r ibe   p rocedures   be ing   cons ide red   fo r  
d e t e c t i n g  wear on t h e   s c r e e n .  

b)   Descr ibe   p rocedures   be ing   cons idered   for  
e v a l u a t i n g   s e l f - c l e a n i n g   c a p a b i l i t i e s   d u r i n g  
d i f f e r e n t   s e a s o n s   o f   t h e   y e a r .  

c )   Desc r ibe   p rocedures   be ing   cons ide red   fo r  
u p e t t d n g  und muiYLtuiYLing dc4ee.n b y   p r o j e c t   p e r s o n n e l .  

QuQnfion and AnAWeh 6: E x p l a i n   i n  more d e t a i l   u s i n g   d i a g r a m s ,  
the s t e p s   r e q u i r e d   f o r   r e p l a c i n g  a screen   rep lacement   pane l .  

Q u a i i o n  und AnbWeh 7: What i s  t h e   r e l a t i o n s h i p   b e t w e e n   f o r c e  
of area ( p s i )   a n d   t e n s i l e   s t r e n g t h   ( p o u n d s ) .  Is t h e   s c r e e n   s t r u c t u r e  
d e s i g n   f o r   t o t a l   l o a d  of 6 p s i ,   s t r o n g   e n o u g h   t o   p r e v e n t  a f r e e - f a l l i n g  
f i s h   w i t h   s i n g l e   s p i n e s   o r   s p i n y - r a y s   f r o m   b r e a k i n g  wire s t a n d s .   I f  
c l e a n i n g  i s  necessa ry   and   t he   s c reen   s t ruc tu re   mus t   be   unwa te red ,   where  
does   the  water go? What i s  a c a n a l   s i d e  weed t r a p ?  How i s  an   end le s s  
be l t   mechanica l   t rashrack   des igned   and  how does i t  o p e r a t e ?  

Q u a i i o n  and AVLb1Wh 8: How long  ( in   hours)   would  unscreened 
water r ema in   above   t he   s t ruc tu re   be fo re  i t  becomes  an  unmanageable 
problem? When are s t a n d b y   p o w e r   u n i t s   g o i n g   t o   b e   b u i l d   f o r  a l l  i n - l i n e  
c a n a l  s t ructures? How many and  where are the i n - l i n e   c a n a l   s t r u c t u r e s  
l o c a t e d ?  
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AdcLLtiund queAn;tiun. D e s c r i b e   t h e   s i z e  of t h e   r e p l a c e a b l e  
s c r e e n   p a n e l s   a n d   i n d i c a t e  the type  of r u b b e r   s e a l a n t  material used 
b e t w e e n   t h e   i n d i v i d u a l   s c r e e n s   a n d   t h e   s t r u c t u r e   i t s e l f .  
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Attachment C.11-2.3 

REPORT BY THE BIOLOGY COMMITTEE ON 

BIOLOGY COMMITTEE - ENGINEERING COMMITTEE - BuREC E&R MEETING 

JUNE 17,   1976 DENVER, COLORADO 

A meet ing was held  on  June 1 7  a t  t h e  BuRec E&R Center ,   Denver  
Colorado. A l ist  o f   a t t e n d e e s  is a t tached .   The   purpose   o f   the   meet ing  
w a s  t o   d i s c u s s   t h e   d e s i g n   a n d   o p e r a t i o n  of the  proposed McClusky F i s h  
Screen.   Design  engineers   f rom BuRec were i n v i t e d   t o   a t t e n d .  A l ist  of 
quest ions  had  been  previously  developed  by  the  Biology  Commit tee   and 
d i scussed   w i th   t he   Eng inee r ing   Commi t t ee   i n   B i smarck   on  May 28,  1976. 
A t  t h e  May 28 meet ing i t  w a s  a g r e e d   t o  rewrite and   forward   the   ques t ions  
t o  BuRec C e n t e r   f o r  a comple te   response  a t  the   June   17   meet ing .  

These   ques t ions  were d i s c u s s e d   i n   c o n s i d e r a b l e   d e t a i l   b y  a l l  
a t t e n d e e s .  A l i s t  of   these   ques t ions   and   answers   g iven  i s  a t t a c h e d .  

There were a number  of a d d i t i o n a l   p o i n t s  of i n t e r e s t   t h a t   a r o s e  
d u r i n g   t h e   m e e t i n g   t h a t   w a r r a n t   m e n t i o n i n g :  

The f i s h   s c r e e n   d e s i g n   h a d   b e e n   a l t e r e d   b e t w e e n  May 28 and 
June   17 :   ga t e s   on   t he   po r t s   o f   t he   t roughs ,  alarm s e n s o r s  
i n  the   t roughs   and  well ,  neoprene   f l aps   on   t he   p rox ima l   ends  
o f   t h e   f i s h   s c r e e n s ;  a l l  were added t o   t h e   p r o p o s e d   d e s i g n  
s i n c e   t h e  May 28 meet ing.  The  Committee was provided 
w i t h  a new set  of b l u e p r i n t s   d a t e d   J u n e   1 6 ,   1 9 7 6 .  

No mechanica l   b luepr in ts   have   ye t   been   drawn  up .  

Members of  the  Engineering  Committee commented t h a t   t h e  
cont inuous  changing  of   design  plans  and  absence  of   mechani-  
c a l  p l a n s  was an  unorthodox  procedure.  

When the  Biology  Commit tee   indicated  they were having 
c o n s i d e r a b l e   d i f f i c u l t y   d e c i d i n g   w h i c h   d e s i g n   p l a n   f o r   t h e  
f i s h   s c r e e n   t h e y  were t o  assess t h e y  were t o l d   t h a t   t h e  
d e s i g n  was v i a b l e   a n d   s u b j e c t   t o   c h a n g e .  The c o n t r a c t  
s p e c i f i c a t i o n s  i s  schedu led   fo r  December  1976. 

Cons ide rab le   con fus ion   ex i s t ed   abou t   t he   na tu re   o f   t he   bu lk -  
head. When ques t ioned   about  i t s  o p e r a t i o n  Mr. Starbuck  
i n d i c a t e d  i t  wou ld   pe rmi t   c l ean ing   o f   one   s c reen   pane l .  
Mr. Rakowski   thought   tha t   th ree   pane ls   had   to   be   se rv iced  
by   the   bu lkhead  a t  one time d u e   t o   t h e   o v e r l a p p i n g   n a t u r e   o f  
the   neoprene   f laps   on   every   second  sc reen   pane l ;  Mr. DeLapp, 
BuRec concur red   w i th  Mr. Rakowski. A d i scuss ion   ensued  
r e s u l t i n g   i n   1 )   a g r e e m e n t   t h a t   t h r e e   p a n e l s   h a d   t o   b e  
s e r v i c e d  a t  one time; 2)  t h e   d e s i g n s   f o r   t h e   b u l k h e a d  were 
incomple te  - the   bulkhead  as   designed  would  be  too small t o  
b lock   of f   passage   o f  water o v e r   t h r e e   p a n e l s   a t   o n e  time. 
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Summary 

No modelling  has  been  performed  using water q u a l i t y  and 
q u a n t i t y  similar t o   t h e   a c t u a l  McClusky c a n a l   s i t u a t i o n .  

The Biology  Committee  doubted  that   the  barn  cleaner,  
r e f e r r e d   t o   i n  Answer 2 ,  could  be  used  because  of  grade. 

Cons iderable   d i scuss ion   ex is ted   about   the   s ize   o f   the   sc reen  
panels ;  Mr. Starbuck  bel ieved  they were a l l  t h e  same s i ze ;  
M r .  Rakowski po in t ed   ou t   t ha t   t he   b luep r in t s  showed the  
backup  sc reens   to   be   shor te r   than   the  main screen;  Mr. De 
Lapp concurred  that   the   backup  screen w a s  s h o r t e r .  

I n   r e s p o n s e   t o  a question  from Messrs. Steucke  and  Henegar 
wi th   r e spec t  to Question 7 r e l a t i n g   t o   t h e   p r o c e d u r e   f o r  
shu t t ing   o f f   cana l   f l ow,  Mr. S ta rbuck   s t a t ed   t he re  were no 
tu rnou t s   ( l oca t ions   fo r   pas sage  of water through  the   s ides  
of   the  canal)   between  the  f ish  screen  and  the  check  gate  
9 miles upstream.  Therefore ,   there  would be no inadve r t en t  
oppor tun i ty   fo r   cana l  water t o   b y p a s s   t h e   f i s h   s c r e e n   i n t o  
the  Sheyenne  drainage. 

Mr. Loch indica ted   tha t   the   Bio logy  Committee be l ieved  
c e r t a i n   f i s h   j u v e n i l e s ,   i n c l u d i n g  American smelt, would 
pass  through  the 40 mesh screen.  H e  enquired as t o  what 
design  changes i n   t h e   f i s h   s c r e e n  would b e   n e c e s s a r y   i f  
BuRec dec ided   t o  employ a smaller mesh screen  (eg.  50 o r  
60 mesh). Mr. Johnson  rep l ied   tha t   the   sc reen   pane ls  would 
have to   be   l engthened .  

Mr. Loch s t a t e d   t h a t   t h e   B i o l o g y  Committee  would use  a l l  
b luepr in ts   and   in format ion   on   the   f i sh   sc reen   provided   to  
d a t e   i n  i t s  eva lua t ion .  H e  went  on t o  state t h a t   J u n e  17  
was t h e   f i n a l   d a t e   f o r   i n p u t  on t h e   f i s h   s c r e e n   d e s i g n  and 
ope ra t ion ;   t he  Committee  would not   use  information  provided 
a t  a later d a t e   i n  i t s  Impact  Assessment  report;  the  Committee 
would c o n s i d e r   a d d i t i o n a l   i n f o r m a t i o n   f o r   u s e   i n  its 
Al t e rna t ives   and  Recommendations repor t .  

The quest ions  and  responses   developed  a t - this   session  suggested 
several s i t u a t i o n s   t o   t h e   B i o l o g y  Committee;  namely BuRec had j u s t  
redesigned some por t ions   o f   t he   s c reen  as noted i n   t h e   r e v i s e d   p l a n s  
issued.  These  plans  had  been  revised  the  day  before  the  meeting. The 
responses   to   the   ques t ions  were, f o r   t h e  most pa r t ,   pe r t inen t   and  clear. 
BuRec personnel  were gene ra l ly   he lp fu l  and  responsive. 
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The alarm s y s t e m   ( q u e s t i o n   1 )  was e x p l a i n e d   t o   o u r   s a t i s f a c t i o n .  
We were conce rned   t ha t  no p u n c t u r e   d e t e c t i n g l a l a r m   d e v i c e  i s  a v a i l a b l e .  

The g u t t e r   c l e a n i n g   o p e r a t i o n  was n o t   c l e a r l y   d e s c r i b e d .  A number 
o f   a l t e r n a t i v e s  were p r e s e n t e d .  The major  scheme seems t o   c a l l   f o r  someone 
t o   s c r u b   t h e   t r a s h   f r o m   t h e   l o w e r   e n d s   o f   t h e   s e l f - c l e a n i n g   s c r e e n s   t o   t h e  
g u t t e r   a n d   t h e n   c l e a n  i t  o u t  of t h e   g u t t e r   i n t o  some t y p e  of conveyance 
f o r   d e s t r u c t i o n .  The g u t t e r  i s  s l o p e d   t o  a central  a p e r a t u r e   l e a d i n g   t o  
a p i t   w i t h  a h y d r a u l i c   b a s k e t   l i f t .  It a p p e a r s   t h i s  was t h e   o r i g i n a l  
m e t h o d   d e v i s e d   f o r   s c r e e n i n g   ( t h i s  i s  t h e  method  used a t  t h e  Weed Seed 
Screen) .  However, a l l  t r a s h  must   be  dewatered  across  a s i n g l e   s c r e e n   i f  
t h i s   c l e a n i n g   p r o c e d u r e  is used.  

R a t h e r   t h a n   s u b j e c t   t h i s   s c r e e n   u n i t   t o   t h a t   t y p e  of  stress, 
t h e   p i t  is now f i t t e d   w i t h  a sensor   which  w i l l  b e   a c t i v a t e d   w i t h  a 1' head, 
s h u t t i n g  down a g u t t e r   g a t e   ( n o t   i n   t h e   d e s i g n )   t o   p r e v e n t   s c r e e n   o v e r l o a d .  
It appea red   t o   t he   B io logy   Commi t t ee   t he   ope ra t ion   ( c l ean ing   t he   gu t t e r s )  
h a s   b e e n   c h a n g e d   t o   f i t   t h e   u n c o m f o r t a b l e n e s s   o f   t h e   d e s i g n .  

The c leaning   and   removing   of   sc reens  i s  a l s o   q u e s t i o n a b l e .  The 
b u l k h e a d   t o   s t o p  weir crest f low i s  des igned   t oo  small - the   Bio logy  
Committee was a s s u r e d   t h i s  would  change. 

The   removal   o f   an   ind iv idua l   sc reen   sugges ts  i t  i s  d e s i g n e d   t o   b e  
removed one  end a t  a time, a s s u r i n g   d e b r i s   a l o n g ,   o r   u n d e r   t h e   g a s k e t ,  
w i l l  f a l l   t o   t h e   l o w e r   s c r e e n ,  The   phys i ca l   s c rap ing   o f   t he   s c reen  
a p p e a r e d   t o   b e  a ques t ionab le   p rocedure :   s t i cks ,   s tones   and   o the r  
d e t r i t u s  may b e   p h y s i c a l l y   p u s h e d   t h r o u g h   t h e   s c r e e n   i n   t h i s   m a n n e r .  

O t h e r   t h a n   a c t u a l   p e n e t r a t i o n   t h r o u g h   t h e   s c r e e n ,   t h e   s c r e e n  
gaske t ing   sys tem seems t o   p r o v i d e   t h e   m o s t   p r o b a b l e   s o u r c e  of e n t r y   i n t o  
the  system.  The 4 i n c h   o v e r l a p   a f f o r d e d   e a c h   s c r e e n   c o n s t i t u t e s   m o r e  
t h a n  10 p e r c e n t   o f   t h e   s c r e e n   s u r f a c e   w i t h o u t   p e r f o r a t i o n .  Water p a s s e s  
down t h e s e   n e o p r e n e   s u r f a c e s   d i r e c t l y   t o   t h e   g u t t e r   w i t h o u t   b e i n g  
sc reened .   On ly   a l t e rna te   s c reens  are gasketed  and f i t  ove r   t he   con t iguous  
s c r e e n s .  None of t h e   s c r e e n s  are f a s t e n e d  down, and the g a s k e t s   m u s t   r e l y  
on  weight  and water p r e s s u r e   t o   h o l d  them f i r m l y   i n   p l a c e .  No gaske t  i s  
p,$anned f o r   t h e   t r a i l i n g   e d g e   o f   t h e   t o p   s c r e e n ,   y e t  i t  i s  t h e   a r e a   t h a t  
" a l l  screened  material must   pass   over .  It d o e s   n o t   a p p e a r   t h a t   t h e   g a s k e t s  
w i l l  r e m a i n   t i g h t   a g a i n s t   t h e   s c r e e n .  It d o e s   a p p e a r   t h a t   f i s h  larvae 
w i l l  p a s s   u n d e r   t h e   g a s k e t   a n d   t h r o u g h   t h e   s c r e e n   j o i n t s  (%'I t o l e r a n c e  
by   des ign ) .  

The  Biology  Committee  believes  eggs  and larvae,  as w e l l  as f i s h ,  
w i l l  p a s s   o v e r   t h e   s c r e e n   i n t o   t h e   g u t t e r .  Mr. Johnson  and Mr. Starbuck 
a g r e e d   t h a t  water w i l l  f l o w   c o n t i n u a l l y   t h r o u g h   t h e   g u t t e r   ( f r o m  wet t r a s h ,  
spray ,   and  water running  down t h e   n e o p r e n e   s t r i p s ) .  Mr. Starbuck  pointed 
o u t   t h a t   t h e   s e n s o r  a t  t h e   g u t t e r  would  be  placed some 2" above  the  bot tom 
o f   t h e   g u t t e r  so as n o t   t o   b e   a c t i v a t e d   b y   t h i s   " n o r m a l "   f l o w .  Water, 
eggs ,  larvae, t r a s h ,  etc. w i l l  p a s s   t o   t h e   c o l l e c t i o n   p i t   w h e r e   o n l y  a 
s imple s c r e e n i n g   d e v i c e   k e e p s   t h e  material f r o m   e n t e r i n g   t h e  canal. The 
c o l l e c t o r   p i t   s c r e e n  i s  i d e n t i c a l   t o   t h e   l a r g e   s c r e e n ,   w h i c h   p r e s u m a b l y  
means i t  has   no   gaske t  a t  t h e   t r a i l i n g   e d g e  on t h e   t o p   s c r e e n .   A n y t h i n g   t h a t  
can crawl o r  s w i m  i n  2 inches   o f  water w i l l  l i k e l y  arr ive a t  t h i s   u n i t .  
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QUESTIONS AND ANSWERS ON McCLUSKY FISH SCREEN STRUCTURE  FROM JUNE 1 7  
MEETING I N  DENVER: BIOLOGY COMMITTEE, ENGINEERING COMMITTEE, BuREC 
(ENGINEERING AND RESEARCH) 

QUESTION 1: What m o n i t o r i n g   s y s t e m s ,   t o   d e t e c t   f a i l u r e s   i n   t h e   f i s h  
screen  complex, are proposed? Details on the   type  and l o c a t i o n  of 
s enso r s  are requested.  

ANSWER 1: Three alarms which  warn of excessive  c logging are included 
i n   t h e   d e s i g n .  The f i r s t  measu res   d i f f e ren t i a l  head  accross   the  t rash 
c o l l e c t o r .   I f   t h e   t r a s h   c o l l e c t o r  starts t o   c l o g ,   t h e  water su r face  w i l l  
rise on the   ups t ream  s ide  of t h e   c o l l e c t o r .  When t h e   d i f f e r e n c e   i n  
water su r face   e l eva t ion  from the  upstream  to   the  downstream  s ide of t he  
co l l ec to r   r eaches  a set p o i n t ,   t h e  alarm would  sound. The second alarm 
w i l l  be   l oca t ed   i n   t he   t r a sh   t rough   nea r   t he   ex i t   po r t .  The alarm w i l l  
be   ac t iva t ed  when t h e  water su r face   i n   t he   t rough  comes i n   c o n t a c t   w i t h  
an   e l ec t r i ca l   p robe .   Th i s  alarm w i l l  b e   l o c a t e d   i n   t h e   a u x i l i a r y   s c r e e n  
s t r u c t u r e .  The a u x i l i a r y   s c r e e n   f i l t e r s  a l l  f lows   t ha t  pass over   the 
main sc reens  and in to   t he   t roughs .  The probes would be   loca ted  a t  the  
weir above  the  auxi l iary  screens  and would be   pos i t ioned  s o  t h a t   t h e  
alarm would be   ac t iva t ed   i f   t he   f l ow  ove r   t he  weir i s  g rea t e r   t han  1 f o o t  
deep   ( th i s   cor responds   to  a d ischarge  of 27 f t 3 / s   o r  50% of capac i ty ) .  
With the  sounding of t h i s  alarm, automatic shutdown  of the  canaf would 
begin.   Puncture damage of t he   s c reens  would be   de t ec t ed   so l e ly  by v i s u a l  
ob s erva t ion.  

QUESTION 2: What is the  mechanism t o   c o n t r o l   f l o w s  from t h e   t r a s h  
trough  into  the  cleanout  chambers? What are the   des ign  and ope ra t iona l  
cons ide ra t ions   fo r   t he   co l l ec t ion   condu i t  and t h e   a u x i l i a r y   s c r e e n  
s t r u c t u r e ?  Is i t  p o s s i b l e   f o r   t h e  head t o  b u i l d  up  on t h e   a u x i l i a r y  
screen   due   to   debr i s   p lugging   the   sc reen   to   overs t r_ess   the   sc reen?  

ANSWER 2: A s  now planned ,   t rash  would be  manually moved from t h e   t r a s h  
t rough  to   the   c lean   ou t   chambers .   I f   debr i s   quant i t ies  were found t o   b e  
excess ive ,   an   endless   be l t - type   barn   c leaner   could   be   used  t o  move the  
d e b r i s .  
The co l l ec t ion   condu i t  and a u x i l i a r y   s c r e e n  are des igned   to   pass  a maxi- 
mum discharge  of 54 f t3/s .  S t r u c t u r a l l y   t h e   a u x i l i a r y   s c r e e n s  .are 
i -den t i ca l   t o   t he  main  screens. Each screen   pane l  was designed  for  a 
s t a t i c   l o a d  of 1.75 f t  of water wi th  a f a c t o r  of s a f e t y  of approximately 
3 .  The s l i d e   g a t e s  which  control   drainage of f low  f rom  the  t rash  t rough 
t o   t h e   a u x i l i a r y   s c r e e n   a u t o m a t i c a l l y   c l o s e  when flow t o  t h e   a u x i l i a r y  
screen  reaches 50% of t h e   a u x i l i a r y   s c r e e n ' s   c a p a c i t y .  The s l i d e   g a t e s  
w i l l  be   des igned   t o   c lo se   i n  less than 3 minutes. Thus t h e  screens would 
have  to   plug  a lmost   instantaneously i f  head bu i ld  up  and  screen stress 
were t o  become problems. 

QUESTION 3 :  What i s  the da i ly   l oad  of c a n a l   d e t r i t u s  material expected 
t o   b e   c o l l e c t e d  on t h e   f i s h   s c r e e n ?  How w i l l  t h i s  material be removed 
from  the  screen and  where  and how w i l l  t h i s  material be  disposed  of?  

224 



ANSWER 3: The d a i l y   l o a d  i s  unknown. All d e t r i t u s  w i l l  be  removed 
f rom  the   co l l ec t ion   baske t s ,  well ,  main  screens  and  trough  and  disposed 
o f .  A s  of now i t  is expec ted   t ha t   t he   deb r i s  removed w i l l  be   placed i n  
a closed  basin  where i t  w i l l  be   spread  and  dr ied.  When dry  i t  would be 
e i ther   burned   or   ,bur ied .   Opera t ing   procedures   have   no t   ye t   been   def ined  
bu t   d i sposa l  w i l l  b e   l i k e l y   i n  a p i t  nearby   bu t   in   the   Missour i   River  
drainage  upstream  from  the  f ish  screen.   Disposal  w i l l  l i k e l y   b e   v i a  
t r u c k   i n t o  a p i t .  There were some d i scuss ions   abou t   u s ing   t he   de t r i t u s  
as f i s h  food  but   these were s p e c u l a t i v e  and  preliminary.  

QUESTION 4 :  What procedures are proposed  for   c leaning a clogged  screen? 
E x p l a i n   i n   d e t a i l   w h a t   m o n i t o r i n g   d e v i c e s  w i l l  be   used  to  a l e r t  O&M f o r c e s  
t h a t  a sc reen  i s  plugged. How w i l l  sc reen   sec t ion   be   unwatered?  How 
w i l l  s c r een   be  removed and  replaced? 

ANSWER 4 :  A hinged 3 s ided   bu lkhead   secured   to   the   ce i l ing  w i l l  be 
lowered  and  surround  the  clogged  screen  and two ad jo in ing   s c reens .  The 
bulkhead w i l l  be   bu t t ed   aga ins t   t he  weir wall and w i l l  have  neoprene 
f l a p s ;   t h i s  w i l l  cause water to   pass   around  the  bulkhead.   Debris  w i l l  
b e  removed f r o m   t h e   s c r e e n s   i n   p l a c e  by  using water spray  and/or  
brushing.   Screens w i l l  then   be   pu t   back   in to   opera t ion  a t  t h i s   p o i n t   i f  
adequate ly   c leaned .  Seal reg ions  w i l l  be   c l eaned   t o  make s u r e  no loose  
d e b r i s   f a l l s   t h r o u g h  when sc reens  are removed. I f  i t  i s  n e c e s s a r y   t o  
remove a clogged  screen  panel  i t  w i l l  b e   l i f t e d   v i a   a n   o v e r h e a d   h o i s t .  
The e y e   b o l t  on the   s c reen   pane l  i s  loca ted   o f f -cent re   such   tha t  when i t  
is l i f t e d  i t  w i l l  hang obl ique ly   ra ther   than   hor izonta l ly   which   could  
p e r m i t   d e t r i t u s   t o   f a l l  from i t  onto  second  screen. The screens  would 
be   r ep laced   w i th   p rev ious ly   c l eaned   s c reens .  The bulkhead  can  then  be 
r a i s e d  and the   s c reens   pu t   back   i n to   ope ra t io r , .  'The clogged  screens  can 
t h e n   b e   e i t h e r   c l e a n e d   i n s i d e   t h e   s t r u c t u r e   o r  on t h e   s u r f a c e .  The 
moni tor ing   device   tha t  a ler ts  O&M f o r c e s  is d i s c u s s e d   i n   t h e   a n s w e r   t o  
ques t ion  1. The most  important alarm i n   t h i s   r e s p e c t  is the   one   i n   t he  
t r a sh   t rough .  A s  t h e   s c r e e n s  start  t o   c l o g ,  small q u a n t i t i e s  of f low 
w i l l  enter the   t rough.  By having   the  alarm sound when f lows   i n   t he   t rough  
a re  small, t h e  O&M f o r c e s  are given  adequate time to   c l ean   t he   s c reens .  

QUESTION 5: Exp la in   t he   j o in t ing   de t a i l s   o f   t he   neoprene  seals between 
ad jacen t   s c reen   s ec t ions .  

ANSWER 5: Screens are sea l ed   w i th  4" neoprene  covers a t  e a c h   j o i n t .  
A l t e r n a t e   s c r e e n s  l i e  over i t s  ad jacen t   s c reen  - therefore   every   o ther  
screen has  no  gasket  on i t s  s ides ,   hence   t he   necess i ty  of removing t h r e e  
s c r e e n s   t o   g e t  a t  a s i n g l e   u n i t .  A similar gaske t  is loca ted   a long   the  
screen  edge a t  t h e  weir crest, but  none i s  loca ted  a t  t h e   t r a i l i n g   e d g e  
( g u t t e r )  on the   t op   s c reen .  

QUESTION 6: What ra te  of flow is  requi red  t o  ensu re   t ha t   co l l ec t ed  
material is f lu shed   f rom  the   s c reens   i n to   t he   t roughs?  

ANSWER 6: It is  in t ended   t ha t  no f l u s h i n g   o c c u r   b u t   r a t h e r   t h a t  
de t r i t u s   be   pushed  down t h e   i n c l i n e   i n t o   t h e   t r o u g h .  
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QUESTION 7: What is  the  sequence of events   p roposed   in   the   event  of 
complete  clogging of the  screens?  This   should  include  canal  shutdown 
sequence,   s t ructure   dewater ing  procedure,  and cleaning  and  replacement 
of   screen  sect ions.  

ANSWER 7 :  I n   t h e   e v e n t  of severe  c logging  the  fol lowing would occur:  
t he  alarms would  sound; t h e   s l i d e   g a t e s   t h a t   c o n t r o l   d r a i n a g e  from t h e  
t r a sh   t roughs  would au tomat i ca l ly   c lose ;   t he   r ad ia l   ga t e s  a t  upstream 
checks would au tomat ica l ly   c lose ;   the  pumps a t  Snake  Creek Pumping 
P l a n t  would au tomat i ca l ly   t u rn  o f f ;  s top   l ogs  would  be placed a t  the  
upstream end  of t h e   s c r e e n   s t r u c t u r e ;   t h e   s t r u c t u r e  would be pumped out  
( r e tu rn ing   t he  water to   t he   cana l   ups t r eam of the   s t ruc tu re ) ;   s c reens  
would be  cleaned  and  replaced as  previous ly   descr ibed .  

QUESTION 8:  What provis ions  are incorporated  into  maintenance  procedure 
t o   e n s u r e  no a c c i d e n t a l   t r a n s f e r  of waterborne material ac ross   t he   F i sh  
Screen   S t ruc ture?  

ANSWER 8: NONE - no O&M procedures  manual  yet. 

QUESTION 9: It is understood  that  a t r a v e l i n g  water screen  i s  proposed 
between  the  trashracks  and  the  screens.  When is i t  expec ted   t ha t   t h i s  
f a c i l i t y  w i l l  b e   i n s t a l l e d ?  What are t h e   g e n e r a l   d e s i g n   d e t a i l s  of such 
a screen?  

ANSWER 9: Because  of  economic  reasons i t  is hoped t h i s  w i l l  no t   be  
necessary .   Genera l   des ign   de ta i l s  are no t   ava i l ab le .  However, t he  
s t ruc tu re   has   been   des igned   t o   accep t   t r ave l ing  water screens  i f   needed.  
Such sc reens  would be   p l aced   j u s t  downstream  of t h e   t r a s h   c o l l e c t o r .  
Because  of l imi t ed  head l o s s   t h a t   c o u l d   b e   t o l e r a t e d ,  a 4-mesh screen is  
the   f i nes t   t ha t   cou ld   be   u sed .   Th i s   t r ave l ing   s c reen  would be similar 
i n  design  to   those  manufactured by  Link-Belt,  Colmar,  Pennsylvania 18915; 
and  Envirex,  Milwaukee,  Wisconsin 53201. 
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June 1 7 ,  1976: Meeting of IJC Committees  and  Bureau  Personnel; Room 1050, 
E&R Center,   Denver,   Colorado, R e  McClusky Fish   Screen .  

For res t   Ri tchey  

Don Mount j oy 

J. A r t  DeLapp 

Phi l   Nelson  

Warren Thomas 

John  Starbuck 

Perry  Johnson 

John  Kual l  

James A. Rawlings 

Ben A. P r i cha rd  

Howard M. Olson 

Sam Shimamoto 

Tom Weber 

Louis  Kowalski 

P a t  Rakowski 

John Loch 

Steve  Lanich 

George  Balacko 

John  Bathurst  

Peter L.  Balkan 

John C .  P e t e r s  

Fred  Hunt 

Andy Hamilton 

Tom Dafoe 

Wally  Steucke 

Dale Henegar 

USBR - Denver - E&R Center  Canals  and  Bridges 

USBR - Denver - E&R Center  Mech. Gate & Valves 

USBR - Denver - E&R Center  Mech. Gate & Valves 

USBR - Denver - E&R Center  Mech. B r .  

USBR - Denver - E&R Center Mech. Br. 

USBR - Denver - E&R Center   Canals  & Diver s ion   S t ruc tu res  

USBR - Denver - E&R Center  Hydraulics  Branch 

USBR - Bismarck - E&R Center Water and Land 

USBR - B i l l i n g s  Water and Land Divis ion  

USBR - Denver - E&R Center  Water O&M Div i s ion  

NDSU - Carr ington  I J C  Garr ison  Study Board 

USBR - B i l l i n g s  Water Operat ions 

Prov. of Manitoba - Winnipeg IJC Garr ison  Study Board 

Corpos of Engineers  - S t .  Pau l ,  Minn. 

CWS - Winnipeg  Biology  Committee - I J C  

F&MS - Winnipeg  Biology  Committee - I J C  

U .  S . EPA - Denver  Engineering  Committee - IJC 

Prov. of Manitoba - Winnipeg  Engineering  Committee - IJC 

DOE - Hull  Engineering  Committee - IJC 

S o i l  Cons. Se rv ice  - Bismarck  Engineering  Committee - IJC 

USBR - Denver - E&R Center  Biology  Committee - IJC 

USBR - Bi l l ings   Eng inee r ing  Committee - IJC 

F&MS - Winnipeg I J C  Garr ison  Study Board 

EPS - Winnipeg  Engineering  Committee - IJC 
F&WS - Bismarck  Biology  Committee - IJC 

NDGF - Bismarck  Biology  Committee - IJC 
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TRIP REPORT 

INCLINED SCREEN TOUR 

COLUMBIA RIVER BASIN 

WASHINGTON AND OREGON 

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

i n   t h e  Columbia  Basin  on  June  1-3, 1976:  Sam Shimamota, O&M, BuRec, 

Bi l l ings ,   Montana ;  Dale Henegar,  Biology  Committee;  Wally  Steucke,  Biology 

Committee;  John  Loch,  Biology  Committee;  John  Peters,  Biology  Committee; 

and  George  Balacko,  Engineering  Committee. 

The inc l ined   weedseed   s c reen  was a t   t h e   t e r m i n a l  of t he   Spec tac l e   Lake  

c a n a l .  The c a n a l  was d e s i g n e d   t o   c a r r y  40 c f s  maximum. Canal   water   passed  

through a t r a s h r a c k   w i t h   v e r t i c a l   c l e a r a n c e s   o f   a p p r o x i m a t e l y  2% i n c h e s .  

Water t h e n   e n t e r e d  a c o l l e c t i n g   b a s i n ;  level  i n   b a s i n   b e i n g   c o n t r o l l e d  by 

s t o p   l o g s .  The water then   passed   over  a weir crest  o f f  t o   t h e   s i d e   o v e r  

a drop of 6" and  then  through a set of s c r e e n s   ( 3  - 40 mesh, 7 - 18 mesh). 

Screens  were approximately 3' x 7 ' ;  t h e  40 mesh s c r e e n s  were s t a i n l e s s  

s t ee l  and t h e  18 mesh s c r e e n s  were nylon  (window s c r e e n ) .  The water t h a t  

pas sed   t h rough   t he   s c reen  was c o l l e c t e d   i n  a b a s i n   a n d   t h e n   o n   i n t o   t h e  

c a n a l .  
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The d e t r i t u s   t h a t   c o l l e c t e d   o n   t h e   s c r e e n s  moved down t h e   s c r e e n  

i n t o  a g u t t e r .  Some water passed   ove r   t he   s c reen   (mos t ly   ove r   t he  40 mesh 

s c r e e n )   i n t o   t h e   g u t t e r   t o   t r a n s p o r t   t h e   d e t r i t u s .  The o r i g i n   o f   t h i s  

water was p r i m a r i l y  v ia  passage  of  water d i r e c t l y   o v e r   a n d   a l o n g   t h e  

mouldings of t h e  40 mesh s c r e e n s ;   i n   a d d i t i o n  some water passed  over   one 

o f   t h e  18 mesh sc reens   and   a long   t hese   mou ld ings  as w e l l .  However t h i s  

volume  of water was i n s u f f i c i e n t   t o   c a r r y   t h e   d e t r i t u s   i n t o   a n d  down t h e  

g u t t e r .   T h e r e f o r e  a p lank  was used a t  t h e   f r o n t   o f   t h e   s c r e e n s   t o   p e r m i t  

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

The  Committee was i n f o r m e d   t h a t   i n i t i a l l y   t h e  40 mesh s c r e e n s  were 

s e a t e d   b e l o w   t h e   l i p  of t h e   g u t t e r   s u c h   t h a t   t h e   d e t r i t u s  would  not  be 

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

s c r e e n s  i t  became a p p a r e n t   t h a t   p a s s i v e   t r a n s p o r t   o f   d e t r i t u s  down t h e  

s c r e e n   a n d   i n t o   t h e   g u t t e r  was d e s i r a b l e .   T h i s   n e c e s s i t a t e d   r a i s i n g   t h e  

seat f o r   t h e   s c r e e n s   s u c h   t h a t   t h e y  were f l u s h   w i t h   t h e   g u t t e r   l i p .  The 

Committee  observed  that  a l l  of   the  18 mesh s c r e e n s  were b e i n g   i n s t a l l e d  

f l u s h   w i t h   t h e   g u t t e r .  

The  Committee  became aware a number  of  problems  had  arisen.  Last 

y e a r   t h e   t r a s h r a c k   h a d   c l o g g e d   a f t e r  a s torm  and   the   cana l   water   had  

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

add i t ion   wh i l e   t he   Commi t t ee  was on s i t e  t h e  40 mesh s c r e e n s  \were be ing  

r e p l a c e d   w i t h  18 mesh screens  due  to   c logging  of   the  screens.   Commit tee  * 

members observed a small amount o f  a lga l   g rowth   (probably   d ia toms  and  

green   a lgae)   on   the   sc reen   and   enqui red   about   p roblems  assoc ia ted   wi th  

a l g a l   c l o g g i n g .  The Committee was in fo rmed   t ha t   du r ing   t he  summer months 

* Since   our  v i s i t  t h e 1 8  mesh s c r e e n s  were rep laced   aga in   w i th  40 mesh 
s c r e e n .  
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d r i f t  of f i l a m e n t o u s   a l g a e   f r o m   S p e c t a c l e   L a k e   c o l l e c t s   o n   t h e   s c r e e n s .  

T h i s  proved  to   be a s i g n i f i c a n t   p r o b l e m   r e q u i r i n g   m o r e   t h a n   t w i c e   d a i l y  

hand s c r u b b i n g .   T w i c e   d a i l y   i n s p e c t i o n   ( a n d   c l e a n i n g   i f   n e c e s s a r y )  was 

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

The   r evo lv ing  drum f i s h   s c r e e n  a t  t h e   i n l e t   w o r k s   f o r   t h e   m a i n  

O r o v i l l e  - 'Tonaske t   Canal   in le t   works  was viewed  by  the  Committee.  The 

s c r e e n  seemed t o   b e   f u n c t i o n i n g   p r o p e r l y .  However t h e  seals on   the  

r e v o l v i n g  drum s c r e e n s  were worn away t h e r e b y   p e r m i t t i n g  some f i s h   p a s s a g e .  

The  Committee was impressed   w i th   t he   amoun t   o f   s ed imen t   t ha t   had   been  

d r e d g e d   f r o m   t h e   c a n a l   i n   f r o n t   o f   t h e   s c r e e n .  

The  Committee a l s o  had   an   oppor tun i ty   i n  i t s  f l i g h t   f r o m  Omak down 

the  Columbia  River   to  see a l a r g e   i r r i g a t i o n   p r o j e c t   i n   f u l l   o p e r a t i o n .  

J u n e  2 ,  1976 

Me,t w a h  Chuh.L~n llragrzu and Richand Weave&, NcLtivnal Manine 

F ~ A ~ U L &  S u v i c ~ ,  PoMund,  Oltegvn, ;tu ddcuncs i n f i n e d  cscteea dQnigned 

and bLLiet by NMFS i n  Ahe llr&am&e Rive& l3ah.i~. Rcceivcd a b i b t ~ o g t r a p h y  

u n  inc l ined  cscmma. Rhcwbcd d h h  panbage pmb!,m anbv&ed wi th  GDU 

und dQhi,gn 06 McCRunhy 4.inh bctQQM wLth NMFS p m v n n d .  ThaweLLed w d h  

ChUheccl Wuynctr, NMFS ;tu Wax Linn,   Ot~eyon,  i n  v i o i n i t y  0 6  W,ilYhrnmc 

F a L b  ;to bee inc l ined  bchcen bLLie;t by Cmwn ZeUehbuch Coq~a&atian. 

The s c r e e n  i s  u s e d   t o   f i l t e r   d e b r i s   f r o m   r i v e r  water. The 

f i l t e r e d  water used  goes  through a s a n d   f i l t e r   a n d  i s  used   t o   p roduce  

p a p e r .   P r e s s u r e   n o z z l e s  a t  7 5 # / s q   i n   t i p   p r e s s u r e  a t  e a c h   s p r i n k l e r   h e a d  

was  used t o  e f f e c t i v e l y   c l e a n   a l g a e   a n d   d e b r i s   f r o m   t h e   s c r e e n .  The 

s c r e e n s  were checked a t  l eas t  once a yea r   no rma l ly   du r ing   t he   Chr i s tmas  

h o l i d a y s .  Mr. Robert  Geyser  of Crown Z e l l e r b a c h  was t h e   h o s t   f o r   t h e  
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s c r e e n i n g   a n d   f i s h   p a s s a g e   f a c i l i t i e s   i n   v i c i n i t y   o f   t h e  West L i n n   p l a n t .  

D i s c u s s i o n s   w i t h   p l a n t   p e r s o n n e l   r e v e a l e d   t h a t   h o l e s  were formed i n   t h e  

i n c l i n e d   s c r e e n   d u e   t o   r u s t i n g   o u t .  The  Committee f e l t   t h a t  more r e g u l a r  

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

J u n e  3 ,  1976 

The   g roup   t r ave l l ed   w i th  Chuck  Wagner, NMFS, t o  Corp  of  Engineer,  

Green Peter D a m ,  South   Sant iam  River ,   Oregon,   to   v iew "humpback" i n c l i n e d  

s c r e e n s   d e s i g n e d   t o   f i l t e r   o u t   r e s e r v o i r   d e b r i s   i n   c o n j u n c t i o n   w i t h  down- 

stream m i g r a n t   f i s h   p a s s a g e   f a c i l i t i e s .   A p p r o x i m a t e l y   1 9 0  t o  200 c f s   o f  

water i s  u s e d   i n   f i s h   p a s s a g e  i s  f i l t e r e d  by t h e  "humpback" i n c l i n e d  

s c r e e n .  A p e r f o r a t e d   p l a t e   w i t h  %'I openings i s  u s e d   t o   s c r e e n   t h e  200 

c f s   r e q u i r e d   t o   o p e r a t e   t h e   d o w n s t r e a m   m i g r a n t   f i s h   p a s s a g e  f a c i l i t i e s .  

The g r o u p   a l s o ,   v i s i t e d   t h e   F a l l   C r e e k  D a m ,  Fa l l   Creek ,   Oregon,  

t o  v iew  another  "humpback" i n c l i n e d   s c r e e n .  A p e r f o r a t e d  p l a t e  w i t h  %I1 

opening i s  u s e d   t o   s c r e e n  300 c f s   r e q u i r e d   t o   o p e r a t e   t h e   d o w n s t r e a m  

m i g r a n t   f i s h   p a s s a g e   f a c i l i t i e s .  About   90   percent   o f   the   f low  ( i . e .  270 

c f s )  i s  f i l t e r e d  by   t he   s c reen .  

Both   the  "humpback" i n c l i n e d   s c r e e n s  were j u d g e d   e f f e c t i v e   b y  

t h e  NMFS for   downst ream  passage .  They a re  d e s i g n e d   t o   f i l t e r   a b o u t  90 

pe rcen t   o f   t he   f l ow  used   t o   pas s   downs t r eam  mig ran t s .  
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Attachment C.11-4 

L i s t  o f   F ish   Spec ies '   Occurrences  

i n   V a r i o u s  Areas w i t h i n   t h e  

Biology  Committee  Study Area 

Attachment  Page 

c . I I - 4 . 1  L i s t  of f i s h e s   i n   N o r t h   a n d   S o u t h   D a k o t a   i n  
t h e   M i s s o u r i  River d r a i n a g e ,  i n c l u d i n g   t h e  
James River ......................................... 236 

C.11-4.2 L i s t  o f   f i s h e s   i n   t h e  Red River d r a i n a g e   i n  
Minnesota and North Dakota ........................... 238 

C.11-4.3 L i s t  o f   f i s h e s   o c c u r r i n g   o r   b e l i e v e d   t o   o c c u r  
i n   t h e   A s s i n i b o i n e   R i v e r   d r a i n a g e   i n   N o r t h   D a k o t a  
and  Manitoba ......................................... 240 

c.11-4.4 L i s t  o f   f i s h e s  i n  Lake  Manitoba  and its t r i b u t a r i e s ,  
Lake  Winnipeg  and  the Red River   in   Mani toba  .......... 242 

' L i s t  of f i s h e s  i s  by common name a l o n e ;   s c i e n t i f i c  names are i n  
Attachment  C.11-6. 
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Attachment L i s t  o f  f i shes   i n   Nor th   and   Sou th   Dako ta  i n  t h e   M i s s o u r i  
C.11-4.1  River   drainage,   including  the  James Siver. 

- 
Common name M i s s o u r i   R i v e r  James R i v e r   ~ e f e r e n c e s ~  

Sakakawea  Oahe  Upper'  Lower2 

P a l l i d   s t u r g e o n  
Shovelnose   s turgeon 
P a d d l e f i s h  
Shor tnose   ga r  
Gizzard  shad 
Goldeye 
Lake   wh i t e f i sh  
Coho salmon 
Rainbow t r o u t  
Brown t r o u t  
Lake t r o u t  
Rainbow smelt 
Nor the rn   p ike  
Sturgeon  chub 
Lake  chub 
S t o n e r o l l e r  
Carp 
Brassy minnow 
S i l v e r y  minnow 
Flathead  chub 
Hornyhead  chub 
Si lverband minnow 
Golden  shiner  
Emera ld   sh iner  
R i v e r   s h i n e r  
Common s h i n e r  
Bigmouth  shiner  
B lacknose   sh ine r  
S p o t t a i l   s h i n e r  
Red s h i n e r  
Sand  sh iner  
Topeka   sh iner  
Bluntnose minnow 
Fat  head minnow 
Blacknose  dace 
Creek  chub 
P e a r l   d a c e  
River   carpsucker  
Q u i l l b a c k  
Longnose  sucker 
White  sucker 
B l u e  s u c k e r  
Smallmouth  buffalo 
Bigmouth b u f f a l o  

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X2 
X 

X 

X 

X 

X X 

X 

X X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X X 

X 

X 

X X 

X 

X 
X 

X 

X X 

X 

X 
X X 

X 

X X 

X 

X X 

X X 
X X 
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.Attachment C .  11-4.1 ( c o n t ' d )  

Common name Missour i   River  James River  Ref e r e n c e s 3  
Salcakawea  Oahe  Upper'  Lower2 

Shor thead   redhorse  
Black  bul lhead 
Brown b u l l h e a d  
Yell-ow b u l l h e a d  
C h a n n e l   c a t f i s h  
B l u e   c a t f i s h  
S toneca t  
Tadpole  madtom 
F l a t h e a d   c a t f i s h  
Burbot 
P l a i n s  topminnow 
Brook   s t i ck leback  
Whi te   bass  
Green   sun f i sh  
Pumpkinseed 
Orangespot ted 
s u n f i s h  
B l u e g i l l  
Smallmouth  bass 
Largemouth  bass 
Whi te   c rappie  
B lack   c r app ie  
Crappie   spp.  
Iowa d a r t e r  
Johnny   da r t e r  
Yellow  perch 
B l a c k s i d e   d a r t e r  
Sauger 
Walleye 
Freshwater  drum 

x 
X 

x 
X 

X 
X 

X X 
X 

X X 

X 

X 

X 

x 
X 

X 

X 
X X 

X 
X 

X X 

X X 

X 
X 

x 
X X X 

X X 

X 

X 

X 
X 
X 

X 
X 
X X 

X 

X 
X 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 
X 

X X 
X 

'The upper  and  lower James River r e f e r  t o  t h e   s t r e t c h e s   o f  river above 
and  below  Jamestown Dam, r e s p e c t i v e l y .  

2Carufel   and Witt (1963) repor ted   one   g izzard   shad  i n  t h e   M i s s o u r i  River 
2 . 5  miles be low  Garr i son  Dam. 

3References:  1. Bailey  and  Allum (1962) . 
2.  Benson (1968) .  
3 .  Owen and   Russe l l  (1975a). 
4 .  Zweiacker (1967) . 
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Attachment L i s t  of f i s h e s   i n   t h e  Red River   drainage  in   Minnesota  
C.11-4.2 and  North  Dakota. 

Common name Reference’ 

Chestnut  lamprey 
Lake s turgeon 
Longnose gar 
Bowfin 
Mooneye 
Goldeye 
Lake he r r ing  
Lake w h i t e f i s h  
Brown t r o u t  
Rainbow t r o u t  
Brook t r o u t  
Quil lback 
White  sucker 
S i lve r   r edhor se  
Shorthead  redhorse 
Greater redhorse 
Golden redhorse 
Goldfish 
Carp 
Lake  chubsucker 
Bigmouth bu f fa lo  
Golden s h i n e r  
Northern  creek chub 
Nor thern   pear l   dace  
F inesca le   dace  
Northern  redbel ly   dace 
Hornyhead  chub 
S i l v e r  chub 
Blacknose  dace 
Longnose dace 
Emerald sh ine r  
Rosyface  shiner 
River s h i n e r  
S p o t t a i l   s h i n e r  
Weed s h i n e r  
Blackchin  shiner  
Bigmouth s h i n e r  
Sand s h i n e r  
M i m i c  sh ine r  
Spo t f in   sh ine r  
Blacknose  shiner 
Pugnose sh ine r  
Common s h i n e r  
Brassy minnow 
S i l v e r y  minnow 
Fathead minnow 
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Attachment  C.11-4.2  (cont'd) 

Common name Reference 1 

Bluntnose minnow 
S t o n e r o l l e r  
Black  bullhead 
Brown bul lhead 
Channel c a t f i s h  
Stonecat  
Tadpole  madton 
Cen t ra l  mudminnow 
Northern  pike 
Muskellunge 
Western  banded k i l l i f i s h  
Trout-perch 
Burbot 
Brook s t i c k l e b a c k  
Yellow  perch 
Walleye 
Sauger 
Northern  logperch 
R i v e r   d a r t e r  
B lacks ide   da r t e r  
Johnny d a r t e r  
Iowa d a r t e r  
Least d a r t e r  
Smallmouth bass  
Largemouth bass  
White  bass 
Rock bass  
Green s u n f i s h  
B l u e g i l l  
Pumpkinseed 
Orangespot ted  sunfish 
White c rapp ie  
Black  crappie  
Crappie  sp.  
Freshwater drum 
Mot t led   scu lp in3  

IReferences:  1. Owens and  Russell   (1975a).  
2. Owens and  Russell   (1975b).  
3.  Eddy et a l .  (1972). 

2Reported  for  Otter T a i l  R ive r   i n   19 th   cen tu ry ,   bu t  Eddy e t  a l .  (1972) 
suggested its removal  from  faunal l ist o f   t he  Red River d r a i n a g e   u n t i l  
supporting  specimens are found. 

3N0 r e p o r t e d   i n c i d e n c e   i n   t h e  Red River dra inage ,   bu t  Eddy e t  al. (1972) 
suspec t  i t s  presence   there .  
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Attachment L i s t  of f i shes   occur r ing  o r  bel ieved  to   occur  i n  the  
C.11-4 .3  Assiniboine  Rive-r  drainage  in  North  Dakota and Yanitoba. 

Common name Souris   River   Assiniboine  River   References '  
North  Manitoba  and o the r   t r i bu -  
Dakota tar ies  i n  Manitoba 

"- 

Chestnut  lamprey 
Lake s turgeon 
Rainbow t r o u t  
Brook t r o u t  
Lake he r r ing  
Lake w h i t e f i s h  
Go ld   eye 
Mooneye 
Cen t ra l  mudminnow 
Northern  pike 
Lake  chub 
Carp 
Brassy minnow 
S i l v e r  chub 
Flathead chub 
Hornyhead  chub 
Golden sh ine r  
Pugnose s h i n e r  
Emerald s h i n e r  
R ive r   sh ine r  
Common s h i n e r  
Bigmouth s h i n e r  
Blackchin  shiner  
Blacknose  shiner 
S p o t t a i l   s h i n e r  
Sand sh ine r  
Mimic sh ine r  
Northern  redbel ly  
dace 
Bluntnose minnow 
Fathead minnow 
Blacknose  dace 
Longnose dace 
Creek  chub 
Pearl dace 
River   carpsucker  
Quil lback 
Longnose sucker  
White  sucker 
Bigmouth bu f fa lo  
S i lve r   r edhor se  
Shorthead  redhorse 
Black bul lhead 

X 
X 

X 

4 9 5  
5 
295 
5 
5 
5 
5 
5 
3 
1 , 2 , 3 , 4 , 5  
5 
1 , 4 , 5  
3 ,435  
4 , 5  
295 

395 

395 
2 , 5  
293 ,495  
3 
2 
5 
2 ,395 
495 
5 
3 

3 

2 

X 

X 

X 

X 
X 

X 

X 

X 

X X 

X 

X 

X x 

X 

X 

X X 

X X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3Y5 
2 ,39495  
395 
2 , 4 , 5  
293 ,495  
39495 
3 
5 
3Y5 
1 ,2939495  
5 
5 
1 , 2 9 5  
2 , 3 , 4 , 5  

X 

X 
X 

X 

X 

X 

X 

X 
X 
x 

X 

X 

X X 
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Attachment C.11-4.3 (cont'd) 

Common name  Souris  River  Assiniboine  River  References' 
North  Manitoba  and  other  tribu- 
Dakota  taries  in  Manitoba 

- 

Brown  bullhead 
Channel  catfish 
Tadpole  madtom 
Trout-perch 
Burbot 
Brook  stickleback 
Ninespine 
stickleback 
Rock  bass 
Smallmouth  bass 
White  crappie 
Black mappie 
Crappie  sp. 
Iowa  darter 
Johnny  darter 
Yellow  perch 
Blackside  darter 
River  darter 
Sauger 
Walleye 
Log  perch 
Freshwater  drum 
Mottled  sculpin 
Slimy  sculpin 
Spoonhead  sculpin 

X X 

X X 

X X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

3Y4Y5 
5 
3Y5 
2Y3Y4Y5 
5 
2Y3Y4Y5 
4Y5 

1Y4Y5 
3Y5 
3 
3Y5 
3 
2,3,495 
2Y3Y4Y5 
1.,2,3,4,5 
2,3,4,5 
5 
1Y5 
192,395 
5 
5 
5 
4Y5 
5 

IReferences : 1. W. Howard,  personal  communication. 
2. Manitoba  Museum of Man  and  Nature  collections - Souris 
3. Owens  and  Russell ( 1 9 7 5 ~ )  - Souris  River  in  North  Dakota. 
4. Royal  Ontario  Museum  collections - Assiniboine  and Souris 

5. Scott  and  Crossman (1973). 

River. 

rivers,  Manitoba. 
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Attachment L i s t  of f i s h e s   i n  Lake  Manitoba  and i t s  t r i b u t a r i e s ,  
C.11-4.4 Lake  Winnipeg  and t h e  Red River   in   Xani toba.  

~ ~~ ~~~ ~~~ - ~ ~~ ~ ~ ~ 

Common name  Red River Lake  Winnipeg L References' 
S Basin N Basin Man. 

Chestnut  lamprey 
Silver  lamprey 
Lake s turgeon 
Rainbow t r o u t  
Brook t r o u t  
Lake t r o u t  
Lake h e r r i n g  
Blackf in   c i sco  
Shor t jaw  c i sco  
Lake w h i t e f i s h  
Goldeye 
Mooneye 
Cen t ra l  mudminnow 
Northern  pike 
Lake  chub 
Carp 
Brassy minnow 
S i l v e r y  minnow 
S i l v e r y  chub 
Golden sh ine r  
Emerald sh ine r  
River shiner 
Common sh ine r  
Bigmouth s h i n e r  
Blacknose  shiner 
S p o t t a i l   s h i n e r  
Rosyface  shiner  
Sand s h i n e r  
Mimic s h i n e r  
Bluntnose minnow 
Fat  head minnow 
Flathead chub 
Blacknose  dace 
Longnose  dace 
Creek  chub 
Pea r l   dace  
Quil lback 
Longnose sucker  
White  sucker 
Bigmouth b u f f a l o  
S i lve r   r edhor se  
Shorthead  redhorse 
Black  bullhead 
Brown bul lhead 

X 

X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 
X 
X 

X 

X 
X 
X 

X 

X X 

X X 

X X 

X X 

X X 
X X 
X x 
X X 
X X 
X X 
X X 

X X 

X X 
X X 

X 
X 
X 

X 

X 

X 
X 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 

x 

X 

X 

X 

X 
X 

X 
X 

X 

X 
X 
X 

X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

X 

X 
X 
X 

X 

X 
x 
X 
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Attachment C.11-4.4 (cont 'd )  

Common name  Red River Lake  Winnipeg L References' 
S Basin N Basin Man. 

Channel c a t f i s h  
Stonecat  
Tadpole madtom 
Banded k i l l i f i s h  
Burbot 
Brook s t i c k l e b a c k  
Ninespine 
s t i ck leback  
Trout-perch 
White  bass 
Rock bass  
Smallmouth  bass 
Largemouth bass  
Black  crappie  
Yellow  perch 
Sauger 
Walleye 
Iowa d a r t e r  
Johnny d a r t e r  
Logperch 
B lacks ide   da r t e r  
R i v e r   d a r t e r  
Freshwater drum 
Mott led  sculpin 
Sl imy  sculpin 
Spoonhead s c u l p i n  

X 

X 
X 

X 
X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

x 
X 
X 

X 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 
X 

X 

References:  1. Doan and Andrews (1964). 
2. J. Gee, personal  communication. 
3 .  D. Gillies, personal  communication. 
4.  Manitoba Museum of Man and  Nature  Collections.  
5. Royal  Ontario Museum. 
6.  Sco t t  and  Crossman (1973) .  
7 .  A. Storimans,  personal  communication. 
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Attachment C.11-5 

List of Fish  Species1 Occurring in 

Hudson Bay Drainage but not i n  the 

Upper  Missouri River Drainage 

IList of fishes is by common name alone;  scientific names are in 
Attachment C.11-6. 
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Attachment L i s t  of f i s h   s p e c i e s   o c c u r r i n g   i n  iludson Bay Drainage  but  not 
C .  11-5 i t  t h e  Upper Missouri   River  Drainage. 

Common name Common name 

Lake  sturgeon 

Lake  herr ing 

B lack f in   c i sco  

Short  j a w  c i s c o  

Mooneye 

Mimic s h i n e r  

Rosyface  shiner  

Longnose  dace 

S i l v e r   r e d h o r s e  

Trout-perch 

Ninespine   s t ick leback  

Logperch 

R i v e r   d a r t e r  

Mott led  sculpin 

Sl imy  sculpin 

Spoonhead s c u l p i n  
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Attachment C.11-6 

Accepted common a n d   s c i e n t i f i c  names of 

f i s h e s   o c c u r r i n g   i n   w a t e r s h e d s   u n d e r   s t u d y  

by t h e  Biology Committee 
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Attachment  Accepted1 cmmon and  scientific  names  of  fishes  occurring  in  watersheds  under  study 
C .  11-6 by  the  Siology  Committee. 

Common  name  Family 
- 

Petromyzontidae 
Chestnut  lamprey 
Silver  lamprey 

Acipenseridae 
Lake  sturgeon 
Pallid  sturgeon 
Shovelnose  sturgeon 

Paddlefish 

.b 
tQ 

U Longnose  gar 
Shortnose  gar 

Bowfin 

Gizzard  shad 

Goldeye 
Mooneye 

Polyondontidae 

Lepisosteidae 

Amiidae 

Clupeidae 

Hiodontidae 

Salmonidae 
Cisco  (lake  herring) 
Lake white€ish 
Blackfin  cisco 

Scientific  name 

Zchthyomyzon  canxixnsun Zirard 
Zc~hyomyzon  un icUnpin  Hubbs  and  Trautman 

A c i p e n ~ ~ h  ~ U R V I % C Q ~  Rafinesque 
Scapkihhymhun d b a  (Forbes  and  Richardson) 
Scapkinltylzchun pRtultynchun (Raf inesque) 

PoLyodon hpaAhuLa (Walbaum) 



Attachment C.11-6 (cont'd) 

Common  name  Family  Scientific  name 

Salmonidae (cont'd.) 
Shortjaw  cisco Conegonun z e d k i c u b  (Jordon  and  Evermann) 
Coho  salmon Onconhynchun  kinu;tch (Walbaum) 
Sockeye  salmon  (Kokanee) Oncohhynchun nwha (Walbaum) 
Mountain  whitefish Phobopium W w m a o Y L i  (Girard) 
Goldon  trout S&o a q u a b o d a  Jorden 
Cutthroat  trout S d m o  dUhki Richardson 
Rainbow  trout S&o gCLitLdnQtLi Richardson 
Brown  trout Sdemo ;Ducttn Linnaeus 
Brook  trout Sdw&Mun dor&bKd.h (Mitchill) 
Dolly  Varden S d v f i n u n  m&a (Walbaum) 
Lake  trout S d w  &nun ncunaycunh (Walbaum) 
Arctic  grayling T h y m d U  ahC/ticun (Pallas) 

N 
.P 
03 

Rainbow  smelt Obmehun mondax (Mitchill) 

Central  mudminnow 

Northern  pike 
Muskellunge 

Stoneroller 
Goldfish 
Lake  chub 
Carp 
Brassy  minnow 
Silvery  minnow 
Plains  minnow 

Osmeridae 

Umbr  idae 

Esocidae 

Cyprinidae 

Umbha &mi (Kirtland) 

EAVX Luoiun Linnaeus 
€box  maqLLinongy Mitchill 

CcunponXoma anomdum (Rafinesque) 
CatLaLbiub a.uhLLtUn (Linnaeus) 
C o u e ~ i u ~  plumbeun Agassiz) 
Cyphinun c ~ h p i u  Linnaeus 
ff ybogvuthun h n k a  v n i  Hubbs 
ffybognathun n u c W  Aqassiz 
HybogncLthun placiZub Girard 

(cont'd ...) 



Attachment  C.11-6  (cont'd) 

Common  name  Family Scientific  name 

Cyprinidae 
Sturgeon  chub 
Flathead  chub 
Silver  chub 
Hornyhead  chub 
Golden  shiner 
Pugnose  shiner 
Emerald  shiner 
River  shiner 
Common  shiner 
Bigmouth  shiner 
Blacknose  shiner 
Spottail  shiner 

h, 
f- Red  shiner 
\o Rosyface  shiner 

Silverband  shiner 
Spotfin  shiner 
Sand  shiner 
Weed  shiner 
Topeka  shiner 
Mimic  shiner 
Northern  redbelly  dace 
Finescale  dace 
Bluntnose  minnow 
Fathead  minnow 
Blacknose  dace 
Longnose  dace 
Redside  Shiner 
Creek  chub 
Pearl  dace 
Utah  chub 
Blackchin  shiner 

(cont'd.) 
f f y b o p h h  g f i d c r  (Girard) 
f f y b o p b h  g k ~ ~ c d ! i A  (Richardson) 
f f y b o p h h  hXoheA.hna (Kirtland) 
Nocomh bigu/ t tatu (Kirtland) 
NoXtemigom UqholeucUA (Mitchill) 
No;Dtoph anog e W  Forbes 
No&oph a t h d n o i d u  Rafinesque 
No&oph bLenvLiun (Girard) 
N o L t o p h  cohncLtuA (Mitchill) 
N o L t o p h  dom& (Agassiz) 
No&oph h & X W o k k p h  Eigenmann  and  Eigenmann 
No&oph h u d ~ ~ n i u ~  (Clinton) 
No&oph ~ ~ e v t ? s h  (Baird  and  Girard) 
No&oph trubQeeun (Agassiz) 
N o L t o p h  nhuma,tdi (Girard) 
N o L t o p h  6 p i X o p Z ~ u ~  (Cope) 
NoLtopiA b a i n Q u n  (Cope) 
N o L t o p h  Xexanun (Girard) 
No&oph X o p e h  Gilbert 
N o L t o p h  woLuc&u~ (Cope) 
P h ~ x i m  eoh (Cope) 
Phoxinun n e o g a u  Cope 
Phlephdkh vmta"tu Rafinesque 
phlk?phf&h phomd.aA (Rafinesque) 
Rkinichthyh CLOUIXUR~A (Hermann) 
Rkinichthqh caAmactae (Valenciennes) 
Ri~hdndnoniun b&eatun (Richardson) 
% ? . m o ~ U n  ad%omacfd.a,tun (Mitchill) 
StemoXil?~~?~ m a m p i t a  (Cope) 
G& && (Girard) 
No&oph he,temdon (Cope) 

(cont'd ...) 



Attachment C.11-6 (cont'd) 

cn 
N 

0 

River  carpsucker 
Quillback 
Longnose  sucker 
White  sucker 
Mountain  sucker 
Blue  sucker 
Lake  chubsucker 
Smallmouth  buffalo 
Bigmouth  buffalo 
Silver  Redhorse 
Golden  redhorse 
Shorthead  redhorse 
Greater  redhorse 

Blue  catfish 
Black  bullhead 
Yellow  bullhead 
Brown  bullhead 
Channel  catfish 
Stonecat 
Tadpole  madtom 
Flathead  catfish 

Trout-perch 

Family  Scientific  name 

Catostomidae 
C a t r p h d a  catLpi~ (Raf  inesque) 
Catrpioda c y p ~ n u n  (Lesueur) 
Catoatornun c&obXomun (Forster) 
Catohtornun commmovLi (Lacepgde) 
Catoatornun plaZytLhynchun (Cope) 
C y d e p t u ~  elongdtun (Lesueur) 
EhOnyzon AuccVXU (Lacepgde) 
l c t i o b u  b u b d u  (Raf  inesque) 
I c t i o  bun cypenQeeun (Valenciennes) 
Moxostoma aninWwn (Raf  inesque) 
Moxustorna W@h.Jzuhum (Raf  inesque) 
Moxostorna rnacmlepidotum (Lesueur ) 
MoxobZorna vdenciennani Jorden 

Ictaluridae 
lctduhc~n @~ca;tun (Lesueur) 
lc&&WLun rn&.uA (Rafinesque) 
lctdwt~n vmtath (Lesueur) 
lctduh~n nebdosun  (Lesueur) 
IcXai!WzuA p u n c t a  (Rafinesque) 
NoXhhuh @~Lvtcn Raf  inesque 
Notuhuh gqniMun (Mitchill) 
Pykbdiot in  o f i v a h i n  (Raf  inesque) 

Percepsidae 

Gadidae 

Pehcopsh ornhcornaycuA (Walbaum) 

Burbot 

(cont 'd.. . ) 
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Attachment C.11-6 ( c o n t ' d )  

Common name F a m i l y   S c i e n t i f i c  name 

P e r c i d a e  
Johnny   da r t e r  
Yellow  perch 
Logperch 
B l a c k s i d e   d a r t e r  
R i v e r   d a r t e r  
Sauger 
Walleye 

Freshwater drum 

Mot t l ed   s cu lp in  
S l imy  scu lp in  
Spoonhead  sculpin 

S c i a e n i d a e  

C o t  t i d a e  
Cu;ttUn bcLirtdi G i r a r d  
CaXXuA cacjna/tUn Richardson 
CuflUn dcQ.i (Nelson) 

'American F i s h e r i e s   S o c i e t y .  1970. A l i s t  of common a n d   s c i e n t i f i c  names of f i s h e s   f r o m   t h e   U n i t e d  
States  and  Canada,  3rd  ed. R.M. B u i l e y   E d i t o r .   S p e c i a l   P u b l i c a t i o n  No. 6 ,  September 1970. 150  pp. 

2 A l s o   c a l l e d   t h e  s i lver  band  minnow; f o r m e r l y  N. d%cebhubUn. 



Attachment C. 11- . ?  

Ichthyoparasites of Manitoba 

G .  A. Lubinsky, Ph.D. 
Department of Zoology 
University of Manitoba 

Winnipeg, Manitoba 
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ICIITHYOPARASITES OF MANITOBA 
PART 1 

PROTOZOA 

PARASITE HOST LOCATION MCALITY REFERESCE 

CSIDOSPORXDIA 

C h l ? r o w x u n  catostomi 

C. gibbosum 

Henneguya 

H.  s p .  

Hyxobolus  o s b u r n i  

H. ccnspicuus  

E. i n t e s t i n a l i s  

H. p e r c a e  

- 

H. sp. 

M. s p .  

- 
- 
M. s p .  - 
H. sp .  

- H. s p .  

- n. s p .  

n. sp. 

- x. sp. 

- x. s p .  

- H. s p .  

- 

- 

- n. s p .  

C a t o s t o n u s  commersonl 

Lepomis  Ribbosus 

- Esox m s q u i n o n g y  

Coregonus a r t e d i i  

M i c r o p t e r u s   d o l o m f e u i  

Chrosonus  neogaeus 

Ponoxis n i g r o r ? s c u l a t u s  

P e r c a   f l n v e s c e n s  

A n b l o p l i t e s   r u p e s t r i s  

Co:tus b n i r d i  

E t h e o s t o n a  e 
E. n i g r u n  

I c t a l u r u s   n e b u l o s u a  

Leponis pibbosus 

L o t a   I o t a  

- ___ 

-__ 
M3xostoma a n i s u r u m  

M. e r y t h r u r u m  

Noturus  g y r i n u s  

" 

P e r c i n a   c a p r o d e s  

gall b l a d d e r  

g i l l s  

w s e n t e r i e a  

s k i n  

i n t e s t i n e  w a l l  

eY e 

i n t e s t i n e  wall 

g i l l s  

i n t e s t i n e  w a l l  

muscle 

g i l l s  

c o n n e c t i v e  tissue 

g i l l s  

I 

0 

I, 

Lake of t h e  Woods D e c h t i a r  1972 
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PARASITES ROSI LOCATION LocALIlY REmRwcE 

CILIATA .(cont'd.) 

Trfchodins sp. 

- I. sp.  

- T. s p .  

Percopsis dscomaycus 

Pouoxis niRromaculatus 

Ictalurus  nebulosua 

gllls 

I* 

Lake of the Woo& 

I, 

Lkchtiar 1972 .* 
I. 



ICRTHYOPARASITES OF WLNITOBA 
PARI 2 

M)NOCENFA 

PARASITE  HOST  LOCATION  LOChC1l-i  REFERENCE 

Actinocleidus fusiformis 

Anonchohnptor  anonalum 

Anonchohaptor  anomlum 

Aqonchohaptor  anoralum 

Ancnchohaptor  anonllum 

C l e i d c d i s c u s   a c u l e a t u s  

cn l~ Cle idcd i scus   acu lea tus  
U 

C l e i d d i s c u s  banphami 

C l e l d d i s c u s   b r a c h u s  

Cleidodiscus  mal leus  

C le idod i scus   p r i ce1  

Dactvlo!grus banRhamt 

D a c t y l o g y u s   b i f u r c a t u s  

Dactylopyrus  eucal ius  

DnCtylOgyNs  mylochellus 

Dactylogyrus urus 
D a c t y l o g y m s   p a r v l c i r r u s  

Dac t y l O g y N S  z. 
Dac t y l o W N s  3. 

P l i c r o p t e m s   d o l o d e u i  

Carpiodes cyprinus  

Moxos toma anisurum 

, e n t h r u r u m  

Ca tos toms   conne r son i  

St izostedion  canadsnse 

v .v i t r eum 
“ 

Hicropterus  dolomieui 

Chrosoms neoEaeus 

Percina  caprodes 

Ic ta lurus   nebulocus  

”_ R h i n i c h t h s   c a t a r a c t a e  

Pimephales  notatus 

Culaea  inconstans 

Couesius  plumbeus 

Koxostoma z t h r u r u m  

Notemfgonus ch rvso leucas  

C o t t u s   b a i r d i  

Notropis   hudsonius  

- 

” 

g i l l s  

g i l l s ,  f I n s  

Kills, f b S  

g i l l s .  f i n s  

g i l l s .  f i n s  

g i l l s  

g i l l s  

g i l l s  

g i l l s  

Rills 

gills 

g i l l s  

g i l l s  

gills  

gills 

gill8 

g i l l s  

Lake of t h e  Vocds 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of the Woods 

Lake of the  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lakc of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of th+ Woods 

D e c h t i a r  1972 

Dech t i a r  1972 

Dech t i a r  1972 

Dech t l a r  1972 

Dech t i a r  1972 

D e c h t l a r  1972 

Dech t i a r  1972 

Dech tiar 197 2 

Dech t i a r  1972 

Dech t l a r  1972 

D e c h t l a r  1972 

D e c h t l a r  1972 

Dech t i a r  1972 

Dech t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t l a r  1972 

D e c h t i a r  1972 



ICRTRYOPARMITES OF MANITOBA 
PART 2 

MINOCENEA (cont inued)  

PARASITE HOST LOCATION LOCALITY 

Dscty loRyrus  2 Pimephales  promrlas g t l l s  Lake of t h e  Woods D e c h t i a r  1972 

Dic lybo th r fum  a rmtu rn   Ac lpense r   fu lvcscens  g i l l s  Lake of t h e  Woods D e c h t l a r  1972 J FR M C  

D i s c o c o t y l e   s a g i t t a c a  

- D i s c o c o t y l e   s a R i t t z t a  

G y r o d a c t y l u s   b a f r d i  

g r o d a c t y l u s   e u c a l f a e  

E Gvrodaccylus aacroclliri 
a, 

Ojrodac ty lus  s p e t h u l s s  

Gvrodacty lus   spa thula tus  

Gyrodac ty lus  9. 

C a r e g o n u s   a r t c d f i  

" c lupea fo rmfs  

C o t t u s   b a i r d i  

Cu laea   i ncons tans  

Lepor i s  Ribbosus 

Catostomus  commersoni 

Moxostom anisurum 

Anb lop l i t e s  rupestris 

" 

g i l l s  

g i l l s  

g i l l s  

g i l l s  

g i l l s  

g i l l s .  f i n s  

f i n s .   g i l l s  

g i l l s  

Cyr-odactylus 2. Etheostoma exile f i n s  

C y r c d a c t v l u s  =. n i g r u n  f i n s  

2- 
Cs-oCactylus z. Notropis   ancgenus g i l l s  

Gyrodactylus 3. Noturus p?irinus g i l l a  

G-yrodactylus 9. P e r c o p s i s   o m i s c o m a y c u s   g i l l s  

O c t o r a c r u m   l a x e a t u r n   C a t o s t o m s   c o n n e r s o n i  gills 

Octomacrum  microconfibula  KotemfRonus  chrysoleucas g i l l s  

" 

O c c o m c r u m   s c n o t i l i  

Octomacrum s e n o t i l i  

Chrosoms  neogaeus  

S e m o t i l u s   m r g n r f t a  

g i l l s  

g i l l s  

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

Lake of t h e  Woods 

D e c h t i a r  1972 

D e c h t l a r  1972 

D e c h t i a r  1972 

D e c h t l a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t l a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

D e c h t i a r  1972 

Lake of t h e  Woods D e c h t i a r  1972 

Lake of t h e  Woods D e c h t i a r  1972 



ICHTXYOPAXASITES OF HAXI’IDBA 

PART 2 
MKOCEXEA (continued) 

P N l S I T E  HOST LOCATIOX  LOCALITY  REFEREXCE 

oc t O C i l C N r n  9 Couesius plumbeus g i l l s  Lake of the Woods Decht lar  1972 

c_ 
pel luc id5aptor   nasa l i s  Catos toms comnersoni n a s a l   c a v i t i e s  Lake of the Woods Decht iar  1972 

Pseudorurraytrema  copulatum Moxostorna nnisurum g i l l s  Lake of t h e  Woods Decht iar  1972 

Pseudorurroytrem  copulntum Catos toms comcrsoni  g i l l s  Lake of the  Woods Decht lar  1972 

Pscudomrraytrema 2. Moxos tona nnisurum gills Lake of the  Woods Decht iar  1972 

Fseudorurrnytrema SJ. erythrurum gl11 s Lake of the  Wood8 Dechtlar  1972 

Ln 
h, Tetraonchus  nwnenteron Esox l u c l u s   g i l l s  Lake of the  Woods Decht lar  1972 

\o 

”- 

” 



1 CHTHYOPARAS I TES OF FAN I TOBA 
PART 3 

TREMTODA 

PAPAS I TE HOST LOCATION LOCAL I TY REFERENCE 

Acolpenteron  catostomi 

AI  locreadium  ictalurl 

A. lohotum 

A. lobatum 

A,  lobatum 

A l l o g l o s s i d i u m ~  

A. geminus 

Anphimrus  pseudofel  lneus 

Apophallus  itascensis 

A. itascensls 

A. i tascensis 

Arygia  angusticauda 

A.  angus  t i cauda 

A .  angus  t i cauda 

A .  angus t i cauda 

A.  angust  icauda 

A .  angusticauda 

A.  angust  icauda 

A.  angust i cauda 

k J  
o\ 
0 

Catostomus cormnersonl 

lctalurus  nebulosus 

Catos  tomus  comme  rson I 

Pimephales  promelas 

Rhinichthys  cataractae 

Noturus  qyrinus 

lctalurus  nebulosus 

Catostomus  commersonl 

E theos  toma njgrum 

E .  exile 

Perca f lavescens 

Amblopl i tes  rupestrls 

Esox lucius 

E. masquinongy 

E theos  toma e 
E .  nigrum 

lctalurus  nebulosus 

Lepornls gibbosus 

Lota  Iota 

" 

" 

" 

" 

" 

ureters 

Intestine 

intestine 

musclature 

muscle 

I t  

lntestlne 

Intestlne. stomach 

lntestlne 

, I  

I, 

, I  

I ,  

I, 

Lake of  the  Woods 

I, 

,I 

I ,  

Lake  Hanltoba  near  Oak  Polnt 

Lake of the  Woods 

II 

,I 

I #  

I, 

II 

I 1  

,I 

,I 

11 

I, 



ICHTHYOPARASITES O f  PIANITOBA 
PART 3 

Azygia  angusticauda 

A .  angusticauda 

A. longa 

Bucephal us p s i  1 1  us 

Bunodera  sacculata 

B .  sacculata 

” 

m N 8 .  eucal i ae 

E. eucal iae 

Caec inco la   parvu ia  

Centrovar ium  lobotes 

C. lobotes 

C. lobores 

C. lobotes 

Cleidodiscus  adspectus 

Hicropterus OoIOrnIeuI 

St izostedion v. v i t reum 

€sox  lucius 

St izostedion canadense 

Perca  fiavescens 

S t i zos ted ion  v. v l t reum 

- Culeea inconstans 

Pung i t ius   pung i t lus  

Hicropterus  dolomleui 

Perca  flavescens 

S t i zos ted ion   v i t reum 

5 .  v i t reum 

S. canadense 

” 

- 

c_ 

- Perca f iavescens 

i ntes t i ne, s tomach 

i n t e s t i n e  

I, 

I I  

I 1  

11 

II 

I t  

I, 

,I 

g l1  Is 

II 
Cleidodiscus capax - Pomoxis nigromaculatus 

tl inostomum  marginatum S t i zos ted ion   v i t reum 

t .  marginatum - Perca f lavescens 

muscle 

11 

Lake  Dauphin 

Winnipeg  Rlver 

Lake of the Woods 

,I 

C. marsinaturn 

C. marginatum 

Arnblopl i tes  rupestr is muscle 

Esox I uc i  US muscle. mesenteries 

Lake of the Woods 

I, 

” 

I, 

I1  

,I 

,I 

II 

Stewart Hay 1951 

Olckson 1964 

Decht iar  1972 

I, 

,I 

D l c h t l a r  1972 

I 1  



ICHTHYDPARASITES OF MANITOBA 
PART 3 

TREMATODA (cont inued)  

PARAS I TE HOST LOCAT I ON LOCAL I TY REFERENCE 

Clinostonum  marginatum 

C. marginaturn 

C .  marg:natum 

Etheostoma n i g r m  musc 1 e 

l c t a l u r u s   n e b u l o s u s  

Lepomi s g i  bbosus 

0 4  

,I 

Lake of  t he  Woods 

,I 

11 

Decht iar   1972 

0 ,  

I, 
C .  marginaturn  Hicropterus dolomieul 

C. warginaturn 

C. m a r g i ~ a t u m  

C. rrarginatum 

C .  marginatum 

C .  marginaturn 

CI inostornun sp. 

r 4  

Crass iph ia la  bulboglossa 

Crepldostonum  cooperi 

C .  cooper i  

C .  cooper l  

C .  cooper l  

C. cooper l  

C .  cornutum 

Not rop is   hudson ius  

Perca  f lavescens 

P inepha les   no ta tus  

S t i  zos tedi  on  canadense 

S .  v. v i t r e u m  

- ,I 

- I, 

,I 

I ,  

- ,I 

An!blopl i tes r u p e s t r i s ,  
M ic rop te rus  dolomieu. 
Perca f lavescens, 
Sa l r ro   i r i dcus  and 
S t i z o s t e d t o n   v i t r e u m  
_ _ ~  

Perca f 1 avescens 

Cato5tomus  commersonl 

Lepomi s y i bbosus 

H ic rop terus-   do lomieu l  

Perca  f lavescens 

Perca f lavescens 

A m b i o p l i t e s   r u p e s t r i s  

- 
” 

- 
- 

s k i n  

I n t e s t i n e  

I 

I 1  

I, 

II 

$ 0  

Lakes of t h e   U h i   t e s h e l l   R e s e r v e  ? 

Lake of t he  Woods 

, I  

t 

I, 

Lake  Wellman 

Winn lpeg  R iver  

Lake o f   t h e  Woods 

Decht iar   1972 

,I 

II 

Stewar t  Hay 1951 

Dickson 1964 

Decht iar   1972 



ICHTHYOPARASITES O F  W I T O S A  
?AXT 3 

TREMATODA  (continued) 

PARAS I TE HOST LO CAT I ON LOCAL I TY REFEPENCE 

Crepi dos tonum  cornutun Noturus gyrinus  intestine Lake o f  the Woods Dechtiar 1972 

C.  ictaiuri  lctaiurus  nebulosus I, , I  

C. i so5 tomum 

C. i  sos tomum 

C. lintoni 

Percina  caprodes 

Percopsis  omisconaycus I, 

Acipense-  flavescens , 
Cryptolonimus  chilli  Ambloplites  rupestrls , t  

Di?:ostomulum  bairl eucallae Culaea  inconsta~s braln 

D. fiexicaudurn  Catostomus  commcrsoni eye 

D. flexicaudurn Uoxostoma anisururn eye 

D. scheuringi 

D. scheuringi 

Lepomi s 9i bbosus 

Percina  caprodes 

D. scheuringi  Perca f lavescens 

D. scheuringi 

D. scheuringi 

3. scheuringi 

Pornoxis nigromaculatus eye 

Rhinichthys  cataractae eye 

Stizostedion 5 vitreum  CY e 

3iplostomulun sp. Acipenser  fulvescens CY= 

- D. sp. 

D. sp. 

D. sp. 

- 
- 

Amtlopiites  rupestris eye 

Coufsius  plumbeus eye 

Coregonus  artedi i 
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ICHTHYCPAMSITES OF W I T O B A  
PART 3 

TREMATODA (contlnued) 

PARAS I TE HOST  LOCAT I ON LOCAL I N REFERENCE 

Diplostomulum sp. 

D. sp. 

0. sp. 

D.  sp. 

D. sp. 

D. s p .  

Wetorchis  conjunctus 

H. conJunctus 

- 
- 
- 
- 
- 

M. conjunctus 

M. conjunctus 

- X. conjunctus 
M. conjunctus 

Microphallus opacus 

Neascus sp. 

- Y .  sp. 

N. sp. 

N. sp. 

N. sp .  

N. sp. 

- 
- 
- 
- 

Pomoxls nigromaculatus 

Rhlnlchthys  cataractae 

Salvel inus  Emayacush 

Stizostedion- canadense 

S t l zos ted ion  > v i t reum 

Umbra limi 

Canis  fami 1 i a r i s  

C. f a m i l i a r l s  

" 

C. fami 1 i a r i s  

C. f a m i i i a r i s  

C.  commersoni 
Perca  f lavesccns 
- - 
Micropterus Coiomleu1 

Catostomus comerson1 

Chrosomus neogaeus 

Coues i us p l  urnbeus 

Culaea  inconstans 

Etheostoma 

Lepomis gibbosus 

eye 

=Ye 

eye 

eye 

eye 

=Ye 

1 I ve r  

I ,  

I, 

,I 

muscle 
muscle 

i n t e s t l n e  

connect lvc  t i ssue  

I 

s k i n  

s k l n  

s k l n  

s k l n  

Lake of the Woods 

,I 

I 

I 1  

The Pas O l s t r l c t  

Berens  and Norway House 

Kenora,  near  Hanltoba'r 
border  

South  Indian  Lake and 
Nelson House 
Black Rive r  
B lack  River  

Lake of the Woods 

I I  

I 1  

I t  

Decht iar  1972 
8 

I, 

I, 

8 ,  

I, 

A l l e n  and  Wardle 1934 

Lys te r  1940 
Cameron, P a r n e l l  and 

Lys te r  1940 
Cameron, Parne I 1 and 

Mongeau 1961 
Evans 1963 
Evans 1963 

Dech t I a r  1972 
,I 

I, 

I1  

I, 

11 

I 1  



ICHTHYOPAIV\SfTES OF W I T O B A  
?ART 3 

TREMTOO4 (cont inued)  

P A M $  I T E  EOST LCCATION LOCAL I M REFERESCi 

xcascvs  sp. Hoxos toma an i Surum s k i n  Lake o f  the  Woods D e c h t i a r  1972 

- N .  sp. 

ti. s p .  - 

N o t r o p i s  anogenus 

N .  hudsonius 

Perc ina  caprodes 

Pi -ephales  promelas 

II 

I ,  

- N. s p .  Ponoxis   n isrornaculatus I t  I I  

- f i .  sp. 

N. sp .  - 
R h i n i c h t h y s   c a t a r a c t a e  1 ,  

St izostedion  canadense $ 0  

Seoc'rasrus um5elus Y i c r o p t e r u s   d o l o r n i e u i   I n t e s t l n e  

P n ~ l ! c d i s t o m u m   c o r e g o n l  Cor rsonus   c lupeafor rn is   u re te rs  

P .  l y s t c r i  Catostornus  com:nersonl I 1  

P .  s t a f f o r d i  l c t a l u r c s   n e b u l o s u s  I f  

P .  superbun Perca  f lavesccns I, 

P .  su3erbum St izos ted ion   canadense ,I 

- 

P .  su?erbun  

2 .  unduians 

Phy 1 i o d i  s tomum sp. 

- P. sp .  

5 .  y. v i ! reun  I, 

C o t t u s   b a i   r d i  11 

Ca:ostonus catostomus I1  

Coregonus a r t e d i  1 I1 

" 

P i a g i o p o r u s   s l n t t s l n t  Catostornus comerson !  Intestine II I I  



ICHTHYOPARASITES OF MANITOBA 
PART 3 

T R E W T O D A  (conti.nuedl 

P A M S  I TE HOST LOCATION L C t A L l N  REFERENCE 

Posthcdiplostomum  minimum  Chrosomus neogaeus liver,  mesenteries  Lake of the Woods Dech  t i a r  I971  

P. minimum 

2. minimun 

P.  nlnimum 

P.  minimum 

P. n in inun  

" 
€sox l u c l u s  

Lepomis  gibbosus 

Notemi2onus  crysoieucas 

Nocropis  heterolepis 

N. hudson i us 

P. min imum 

rn 
10 

P. minimum 

P. minimum 

P. mininum 

P. vinimum 

P. minimam 

Sanguinicola sp. 

s. sp. 

- s. sp. 

- 

Tetracotyie  comunls 

T. c o m u n i s  

7 .  comnunis 

T. c o m u n i s  

Percina  caprodes 

Pimephalcs  notatus 

P. promelas 

Poroxis  nigromaculatus 

Rhinichthys  atraluius 

R. cataractae 

Moxostoma anisurum 

Pimephaies n o t a t u s  

P. p r o m  1 as 

Catostomus  catostomus 

C. comne rson i 

Chrosomus  neogaeus 

Percops i s omiscomaycus 

iver 

iver.  mesenteries 

I ver 

Iver, mesenterles 

1 iver 

I t  

mesenterter 

8 ,  

II 

Ilver. m s e n t e r l e r  



ICHTHYiIPARASITES OF MNITOBA 
PART 3 

TREMATODA ( c o n t l n w d l  

T e t r a c o t v l e  communis St izostedlon  canadense msen :e r ies  Lake of the Woods Decht la r   1972 

T. comnunis S. v.  v i t r e u m  IO 0 ,  I, - 
T. i n te rmed ia  

1. i n t e r q e d i a  

T e t r a c o t y l e  sp. 

1. s p .  

- T .  s p .  

- 

N m 
cn 

1. sp. - 
- T. s p .  

T. sp. 

T. sp. 

1. sp. 

T.  sp. 

T. sp. 

- 
- 
- 
- 
- 
1. sp. 

- 1. sp. 

- T. sp. 

- 1. sp. 

- 

- T. sp. 

CDregonus a r t e d l  1 

C .  c lupeaformis  

A m b l o p l i t e s   r u p e s t r i s  

C o t t u s   b a i r d i  

Culaea i ncons tans  

€sox i uc i us 

Etheostoma 

E. n ig rum 

l c ta iu rus   nebu losu r  

Lepomi s 9 i  bbosus 

Lo ta  Io t a  

H i c r o p t e r u s   d o l o m i e u i  

Not rop is   hudson ius  

Perca  f lavescens 

Pimephales nota tus  

P o m x i s  n igromacu ia tus  

Pungi t i  us pungi t i  us 

" 

" 

" 

" 

- 

h e a r t ,   m e s e n t e r i e s  

0 

mesenterles. k l d n e y  

mesen te r les  

. II 
,I 

I ,  

II 

,I 

,I 



ICHTHYOPARASITES OF P(AN1TOBA 
PART 3 

TREHATOGP  (contlnued) 

PARAS I TE HOST LOCAT: ON LOCAL 1 TY REFERENCE 

Tetracotyle sp. Rhlnichthys  cataractae  mesenteries  Lake of the  Woods 

Triganodistomum  attenuatum  Carpiodes  cyprinus  intestine I ,  

T. attenuatum  Hoxostoma  anisurun 

Uvulifer  ambloolltls II Esox I uci us skin 

U. arbloplitis  Mlcropterus  dolomleul skin, fins 11 

,I 11 

"- " 

Dechtlar 1972 

I, 

I ,  

I, 

I ,  



ICHTHYOPARASITES OF nANITOBA 

PART 4 
CESTODA 

PARASITE HOST  LOCAT ION LOCALITY REFERENCE 

B iacetabu lum  in f requens 

B izce tabu lum x. 
Eothr iocepha lus   c lav iceps  

8. c lav i ceps  

Moxostoma  an isurum  In tes t ine   Lake  o f   the  Woods 

P i r repha les   p romelas   In tes t ine   Lake o f  t he  Woods 

Lepomis  Tibbosus 

A n b l o p l i t e 5   r u p e s t r i s  

I, ,I 

I 

B o t h r i o c e p h a l u s   c u s p i d a t u s   I c t a l u r u s   n e b u l o s u s  

3 .  c u i c i d a t c s   N o t r o p i s  " a t h e r i n o i d e s  

8 .  cu5o ida tus  

8. cusp ida tus  P. f lavenscens  

ru 
0 " 

Perca  f lavenrcens  - 

8. c u s p i i a t u s  

E .  cusp ida tus  

E. cusp ida tus  

8 .  cusp;datus 

E .  cusp ida tus  

E .  cu5pidatus 

E. cusp ida tus  

6. eusp ida tus  

- 

- 

- 

S t i z o s t c d i o y  canadense 

S .  v i t r e u m  

5 .  v i t r e u m  

,, 
II 

I t  

5 .  v i t r e u m  

5 .  v i t r e u m  

S .  v i t r e u m  

S .  v i t r e u m  

6 ,  

, 
Hudson  Bay d r a l n a g s "  

Lake o f   t h e  Woods 

0 ,  

Lake  Athapapaskw 

Lake Dauph i n 

P icke re l   Lake  

Lake  Vel  lman 

Winn ipeg  R iver  

lake o f   t h e  Woods 

D e c h t i a r  1972 

Dech t i a r  1972 

I ,  

I ,  

Ward le  1932 

D e c h t i a r  1972 

S tewar t  Hay 1923 b 

S t e w a r t  Hay 1951 a 

Stewar t  Hay  1952 a 

Stewar t  Hay I951 b 

Dickson  1964 

D e c h t i a r  1972 

C r i s t i v o T e L   n a n a y c u s h   l n t e s t l n e   a n d   c a e c a e   L a k e s   A t h a p a p a s k w .   L i t t l e  1954 
Esox I I!C i us 
S a l v e l i n u s  malna P i c k e r e l ,  Snow, Wellman, 
S t i z o s t e d i o n   v i t r e u m   W h i t e f i s h   a n d   k o s e y   R i v e r  

-__ Child,  Dauphin,   Glad, 

Bothr iocephalus  formosus  Percina  caprodes I n t e s t i n e  Lake o f  the  Woods D e c h t l a r  1972 
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ICHTHYOPARASITES OF MANITOBA 
PART 4 

CESTODA  (contlnued) 

PARAS ITE HOST LOCAT I ON LOCALITY  REFERENCE 

Olphyllobothrium 

D. latum 

D. latum 

D .  iatum 

0. latum 

0. latum 

D. latum 

0. latum 

D .  latum 

0. latum 

0. latum 

N 
l J  
N 

D. latum 

0. latum 

Oiphyllobothrlum sp. 

- D. sp. 

” 
€sox 1 uci us 

€sox lucius 
” 

” 
Esox 1 uci us, 
Pe rca f 1 avescens - 
Perca flavescens 

Saivelinus  namaycush 

Stizostedion  vltreum 

S.  vitreum 

S. vitreum 

S .  vitreum 

5 .  vitreum 

Esox lucius. Perca flavescens. 
S t i  zos ted i on canadense, 
Stizostedion  vitreum 

- 

”- 

Esox I uc ius .  Lota  iota, 
Perca f I avescens , 
Stizostedion  canadense, 
Stizostrdion  vitreum 

- 

Coregonus artedi i 

Coregonus  clupeaformls 

pleurocercoids 

8 

I, 

cysts on stomach, 
pyiorlc  caecum 

cysts  on  stomach. 
pyloric  caecum 

Lake  Burton 

Lake  Athapapaskow 

Lake We1 iman 

Lake  Burton 

Lake  Athapapaskcm 

Lake  Heming 

Lake Hani  toba 

Lake  Winnipeg 

Lake  Winnipegosls 

Lake  Wellman 

Lake  Winnipeg 

Lake  Winnipeg 

Lake VI nn 1 pegos 1 s 

Lake  of  the  Woods 

Lake o f  the  Woods 

Stewart Hay 1952 

Stewart  Hay 1953 

Harvey 1955 

Stewart  Hay 1952 

Stewart HJY 1953 

Lawler  and  Watson 1958 

Vergeer  1928 

Hagath  1927 

Vergeer  1928 

Harvey 1955 

Wardle  1932 

Bajkov 1933 

Wardie  1932 

Dech t I ar 1972 

Dechtlar 1972 



ICHfHYDPARASI1ES OF W I T D B A  
PART 4 

CESTODA  (ccn  t 1 nued) 

PARAS ITE HOST LOCAT I3N LOCAL 1 TY REFERENCE 

Diphyllobothrium sp. 

D.  sp. 

D.  s p .  

- 
- 
- D. sp. 

D.  sp. 

D. sp. 

D .  s p .  

- 
- 
- 
Eubothrium  rugosum 

h) 

w Eubothrium  salvellni 

Ciaridacris  catostoml 

Esox  lucius pleurocercoids 

Esox  lucius , a  

Salve1 inus namaycush Lake Chl Id 

" 
Lake  Armit 

Lake  Pickerel 
" 

Salvelinus  namaycush 

Stizostedion  vitreum 

S .  vitreum 

S .  vitreum 

Lake  Second  Cranberry 

Lake  Athapapaskow 

Lake  Pickerel 

Lake  Wellman 

Stewart  Hay  1952 

Stewart  Hay  1952 

Stewart  Hay 1951 

Stewart  Hay 1953 

Stewart  Hay 1953 

Stewart  Hay  1952 

Stewart Hay 1951 

Lota Iota lntestlne  Lake  of the Woods Dechtiar 1972 

Salvelinus  namaycush  lntesrlne  Lake of the Woods  Dechtiar  1972 

Catostomus comerson1  lntestlne  Lake  Athapapaskow  Stewart Hay 1953 

" 

t .  catostomi C. commersonl  lntestlne  Lake o f  the Woods 

Claridacris  confusus  Carpiodes  cyprinus  lntestlne  Lake of the Woods 

Claridacris  intermedius  Catostomus c o m r s o n l  Intestine  Lake of  the Woods 

Glaridacris sp. C . c o m e  rson i lntestine  Lake  Armlt 

Hunterella  nodulosa 

Ligula  intestlnalis 

C. c o m r s o n i  

C. c o m r s o n l  

lntestine  Lake of the Woods 

pleurocercoid  Lake  Heming 
body cavi ty 

Oechtlar  1972 

Dechtiar  1972 

Dechtiar 1972 

Stewart  Hay 1952 a 

Dechtiar  1972 

Lawler 1964 

L. intestinalis  Notropis  hudsonius I Lake  Heming  Lawler 1964 

L. intestinalis 

L. intestinalis 

N. hudsonlus 

Perca f lavescens - 
Lake of the Woods 

Lake  Heming 

Dechtlar 1972 

Lawler 1964 



ICKTHYOPARASITES OF M I T O B A  
PAX1 4 

CESTODA ( c o n t l n w d )  

PARAS I TE HOST LOCATl ON LOCAL I TY  REFERENCE 

Ligula i n t e s t i n a l i s  

L. i n t e s t i n a l i s  

P ro teocepha lus   amb lop l l t l s  

P. a m b l o p l i t i s  

P .  a m b l o p l i t i s  

P. a m b l o p l i t i s  

P. a m b l o p l i t i s  

P. a m b l o p l i t i s  

P. arnblopl i t i s  

P .  a - b l o p l i t i s  

P. a n b i o p l i t i s  

P .  a r b l o p l i t i s  

Proteocephalus  ex iguus 

P. exigu-s 

P. f l u v i a t i  I I s  

P .  l a r u e i  

P. l a r u e l  

P. I uc i opercae 

P. I uc i opercae 

P. l uc lopercae 

P i m p h a l e s   n o t a t u s  

Catostomus c o m r s o n l  

A m b l o p l i t e s   r u p e s t r l s  

Cot  tus  bai rd i  

Culaea  inconstans 

l c ta lu rus   nebu losus  

Lepomis  aibbosus 

M ic rop te rus   do lomleu l  

Perca F I avescens 

P o m x i s   n i g r o m a c u l a t u s  

St izos ted ion   canadense 

S t i z o s t e d i o n  x. v i t r e u m  

t o r e p n u s   a r t e d i  i 

C. c i upea fo rm is  

M ic rop te rus   do lomieu l  

Coregonus  ar ted i  i 

C. c l upea fo rm is  

S t izos ted ion   canadense 

S .  v i t r e u m  

St izostedion  canadense  and 
S. v i t r e u m  

” 

- 

body  cav l   t y  

body   cav i   t y  

l i v e r ,   r n e s e n t e r l e s  

1 l v e r  

l i v e r  

mesenter ies  

l i v e r ,   m e s e n t e r l e s  

l n t e s t l n e  

I I v e r .   m e s e n t e r i e s  

1 i v e r  

mesenter ies  

m e s e n t e r l e s .   l i v e r  

l n t e s t l n e  

0 6  

0 ,  

I* 

I I  

I ,  

, 
in tes t i ne   and   caecae  

Lake o f  the  Woods 

Lake of the  Woods 

Lake o f  the  Woods 

Lake of  the  Woods 

Lake o f  the  Woods 

Lake o f  the  Woods 

,I 

I 

I ,  

I‘ 

I ,  

D e c h t i a r  

D e c h t i a r  

Decht i a r  

Oech t 1 a r  

Decht 1 a r  

Dech t i a r  

I 

,I 

I1 

I, 

I I  

II 

*I 

,I 

I1  

I1  

I 1  

1972 

1972 

1972 

1972 

1972 

1972 

Lake  Wlnnlpcg 

Lake  Athapapaskow 

Waskesiu  and  Winnipeg 
Lakes  Dauphin,  Hermlng, 

Ward le  1932 

Stewart   Hay 1953 b 

L l t t l e  1954 



ICHTHYOPAPASITES O f  HANITOBA 
PART 4 

CESTODA  (continued) 

PAPAS ITE HOST  LOCAT I ON LOCALITY  REFERENCE 

Proteocephalus  luclopercae 

P. luciopercae 

P. 1 uci ope rcae 

P. I uc i ope rcae 

P. luciopercae 

P.  luciopercae 

P.  luciopercae 

Pro:eocephalus  pearsel 

P. pearsei 

P. pearsei 

Proteccephalus  parallectlcus 

Proteocephalus  plnguls 

Stlzostedion  vitreum 

5 .  vitreum 

S. vitreum 

S. vitreum 

S. vitreum 

S. vitreum 

S. vitreum 

Notropis  atherlnoldes 

Perca f lavescens 

Pomoxis  nigromaculatus 

Salvelinus  namayacush 

Esox luclus 

- 

” 

P. pinguis 

Proteocephalus  puslllus 

Proteocephalus  stlzostethl 

P.  stizostethl 

Proteocephalus sp. 

E. lucius 

Leuclchthys  tulllbee 

Stlzostedlon  canadense 

Stlzostedion v. vitreum 

Carplodes  cyprinus 

intestine 

$ 4  

I, 

0 ,  

II 

I, 

I1  

I ,  

I ,  

II 

I t  

I 1  

11 

Oesophagus 
Intestine  and 
Intestlnal caecae 

lntestlne 

I# 

I ,  

Lake Oauphl n Stewart  Hay 1951 a 

Lake  Heming Lawler  and  Watson 1958 

Lake  Pickerel Stewart  Hay 1952 a 

Lake  Second  Cranberry Stewart  Hay 1953 a 

Lake  Wellman Stewart  Hay I951 b 

Winnipeg  River Dickson 1964 

Lake  Winnipeg Uardle  1932 

Lake of the  Woods Dechtlar 1972 
,I I ,  

II  II 

4 1  ,I 

Lakes Atapapaskow.  Bel I ,  Burton. 
Dauphin, Hemlng: S n w  and  Steeprock LI ttle I954 

Lake of the Woods  Dechtlar 1972 

Lake  Atapapaskow L1 ttle 1954 

Lake of the Woods 

,I 

II 

Dechtlar 1972 
,I 

I ,  



ICHMYOPAMSITES OF ).V\HITOI)A 
PART 

CESTODA  (contlnued) 

PA,WS I TE HOST  LOCAT I ON LOCAL 1 TY REFERENCE 

Proteocephalus sp. 

P.  sp. - 
Schistocephalus  solldus 

S.  solidus 

5.. 5 0 1  idus 

Schistocephalus sp. 

- s. sp.  

4 
m 
h, Spartoides wardl 

S. wardi 

Triaenophorus  crassus 

T. crassus 

T.  crassus 

T. c r a s s u s  

T. crassus 

Trixro?horus  nodulcsus 

T. nodulosus 

T. ncdu!osus 

T. nodulosus 

T. ncduiosus 

T. nodulosus 

Chrosomus  neogaeus 

Pungi tius pungi tius 

Cottus bairdi 

Cottus  cognatus  gracltls 

Eucalia  inconstans 

Pungitius  pungitius 

P. pungi t i  us 

Carpiodes  cyprinus 

Notropis  hudsonius 

Corcgonus artedi 1 

Coreqonus  clupeaformls 

Esox lucius 

- Esox rnasquinongy 

Salve1 inus namayacush 

Catostomus  comerson1 

Esox I uc I us 

E. masquinongy 

Lepomis gibbosus 

Lota  Iota 

” 

” 

” 

” 

” 

Hoxos toma an I sururn 

intestine 

,I 

body cavi t y  

body cavlty 

body cavlty 

body cavl ty 

I#  

Intestine 

,I 

muscle 

8 ,  

intestine 

,I 

musc!c 

1 lver 

Intestine 

llver 

I, 

I ,  

Lake of the Woods 

I I  

Lake Hemlng 

Lake  Hemlng 

Lake  Armlt 

Lake Whi tef Ish 

Lake Dauphln 

I I  

Lake o f  the Woods 

,I 

I 8  

I 

I 1  

,I 

II 

II 

,I 

I1  

II 

Dechtiar 1972 
t ,  

Lawler and  Watson 1958 
I 1  

Stewart Hay I952 8 

Stwart  Hay 1952 b 

Stewart  Hay 1951 a 

Stewart  Hay 1951 a 

Dechtiar 1972 
II 

,I 

I1  

, I  

I1 

I1  

I ,  

I, 

,I 

I, 



!C’THYOPARASITES OF &WITOBA 
PART 4 

CESTODA (cont lnued)  

PARAS I TE HOST LOCATl ON LOCAL 1 PI REFERENCE 

Tr iaenophorus  nodulosus - Perca  f lavescens 1 i v e r   L a k e  of  the  Woods D e c h t i a r  1972 

T. nodclosus 

T r i a e n o p h o r u s   s t i z o s t e d i o n l s  

T .   s t i z o s t e d i o n i s  

T. s t i z o s t e d i o n ! s  

T. s t i z o s t e d i o n i s  

T. s t i z n s t e d i o n i s  

d T. s t i z o s t e d i o n i s  
h, 

d 
T. s t i 7 o s t e d i o n i s  

1. s t i z o s t e d i o n i s  

St izostedion  canadense 

C o t t u s   c o g n a t u s   g r a c l l i s  

Pe rcops is  omiscomaycus 

P. omiscomaycus 

S t i z o s t e d i o n   v i t r e u m  

5 .  v i t r e u m  

5 .  v i t r e u m  

5 .  v i t r e u m  

S t i z o s t e d i o n  v. vltreum 

” 

mesenter les  

muscle 

I iver  

I n t e s t i n e  

II 

,I 

,I 

I, 

Lake  Heming 

Lake  Heming 

Lake of  the  Woods 

Lake  Dauphin 

Lake  Heming 

Lake  Second  Cranberry 

Winn lpeg   R ive r  

Lake of the Woods 

Law le r  1953 

Law le r  1951 

D e c h t i a r  1972 

Stewar t  Hay 1951 a 

Law le r  1951 

Stewar t  Hay 1953 a 

Dickson 1964 

D e c h t i a r  1972 
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Ph?.ASITE NOST LOCATIOS LOCALITY REFERMCE 
~~ 

Contracaccun  brachvurum  Percopsici  omlsconavcus intestine Lake of  the Woods Decht iar  1972 

c .  brsC!lVUKU?U St:zostedion  cnnndcnse I 

c. bK.2ChvuKu?r S .  vi t rcun  I I 

- c. sp. 

- c. s p .  

Catostonus  conmcrsoni 

Cottus  bnirdi 
" 

l i ve r ,   mesen te r i e s  

l i v e r  

Ethcos:om e x i l e  1,  I, c. sp  

- c. sp. E .  n i g r u n  l i ve r ,   mesen te r i e s  11 11 

- c. sp. i c ta lurus   ncbulosus   l i \*er ,   mesenter ies  ,I I. 

- c. sp .  Lcpomis g ibbosus   l i ve r  I, 11 

- c. s p .  Micropterus   dolonieu?  intest ine 1 I 

- "- mescnter ies  

" c. s p .  

- c. s p .  

Notropis  hudsonius 

Perca  f lnvcscens 

l i v e r  

l i v e r ,   m e s e n t e r i e s  

- c. sp.  Percina  caprozes l i v e r  

Cvs ti Cicola   c r i s t ivomer i  - Coregonus n r t c d i i  s w i m  b ladder  

C. c r i s t i v o r e r i  C. clupeaforrcis s u b  bladder  

C. c r i s t i v o n e r i  C. c lupeaforrds  I 1  

C. c r l s t i v c r e r i  C. cluoeaforrJs_ ,I 

C. c r i s t ivomer i  Salvel lnus namayacush \I 

C. s t i g n a t u r a  Coregonus a r t e d i i  I, 

Lake Yinnipeg 

Leke J a c k f i s h  

Lake  Xurray 

Lake  Winnipeg 

Lake  of t h e  Woods 
1 

Eckbaum 1936 

Saedley 1933 

I 

I1 

Dechtiar  1972 

I, 
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R!::b?cchona cocci 

Ras5idaTcar:s c a n a d e n s i s  

R. canadens is  

R .  cor.adensls 

R.  c x a d c ? s i s  

R .  canzdcns is  

R .  c a x 6 e n s i s  

R. canadens is  

R. sp. 

R. sp.  

- 
- 
- R. sp. 

- R. 53. 

S p i n f t e c t u s   c a r o l i n i  

S. c a r o l f n f  

S. g r a c i l i s  

S .  ~ r a c f l f s  

S. g r a c i l i s  

S. grzcflfs 

" 
C o t t u s   b a f r d i  

Esox l u c f u s  
" 

E. l u c i u s  

E .  l u c i u s  

E. l u c f u s  

E .  l u c i u s  

E .  l u c i u s  

S t i z o s t e d i o n  vitreum 

ESOX l u c f u s  

E. luc!us 

" 

- P e r c a   f l a v e s c c n s  

S t i z o s t e d i o n   v i t r e u m  

h b l o o l i t c s   r u n e s t r i s  

I c t a l u r u s   n e b u l o s u s  

C o r e g o n i s   a r t e d f f  

L o t a   l o t a  

Hoxos tom  anfsurum 

P e r c a   f l a v e s c e n s  

" 

- 

i n t e s t i n e  Lake of t h e  Woods 

L a k e s   A m f t ,  Be l l ,  Nor th  
S t r e p r o c k , S o u t h   S t c e p r o c k  

Lake  Athapapaskow 

Lnke  Burton 

Lake  Caddy 

Lake  Dauphin 

Lekes  Vfnnipeg.  Winnipegosis 
and The P a s   d i s t r i c t   l a k e s  

L a k e   P i c k e r e l  

Lake  Caddy 

L a k e   P i c k e r e l  

Lake  Burton 

Lake  Dauphin 

Lake of t h e  Woods 

I 

11 

It 

It 

Dechc ia r  1772 

S t e w a r t  Hay 1952 

S t e w a r t  Hay 1953 

S t e w e r r  Hay 1952 

HcLeod 1943 

S t e v a r t  Hay 1951 

Sned ley  1933 

Stewar t   Ray  1952 

XcLeod 1943 

S t e w a r t  Hay 1952 

S t e v a r t  Kay 1951 

D e c h t f a r  1972 

I 

" 
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XMMYOPARASITES OF MANITOBA 

PART 6 

ACAIJTF0CEPHAI.A. 

PILSASITE HOST LOCATION  LOCALITY REFERE?IcE 

E c h i n o r h n c h u s   c o r e R o n €   C a t o s t o m s   c o r n e r s m i ,   i n t e s t i n e   L a k e   A t h a p a p s s k w   S t e v a r t  Bay 1953 

E. c o r e g o n i  

- Lep to rhyncho ides   t heca tum 

L. t h e c a t u n  

L. thnca tum 

L. t h e c a t u n  

h, 
03 
w 

L. t h e c a t u m  

L .  t h e c a t u n  

L. t h e c a t u m  

L. t h e c a t m  

L. t h e c a t u n  

L. C b e c a t m  

-~ 

-___ 

L.  theca:um 

L. t h e c a t u n  

L. t h e c a t u n  

L. t h e c a t u m  

L. t h e c a t m  

L. t h e c a t u m  

Corepocus  clupeafo:mis,  
S a l v e l i n u s   n a ~ a v c u s h  

Coregonus c lupeafomis  

k b l O p l i t e S  KUpeStKiS 

Cacostomus  co~mocrsoni 

Cu laea   i ncons tans  

Esox l u c i u s  
" 

E. masquinongy 

E t h e o s  t ona 

E. nip,rurn 

I c t a l u r u s   n e b u l o s u s  

Lepomis Ribbosus 

L o t a   l o t a  
" 

KiCKOpteKuS d o l o m i e u i  

Moxostoma a n i s u r m  

h 'o t ropts   anogenus  

h 'o tu rus   gy r inus  

P e r c a   f l a v e s c e n s  

P e r c i n g   c a p r o d e s  

"~ 

I, Lake  Second  Cranberry 

Lake of t h e  Woods D e c h t i a r  I, 

I n 

t ** 

c y s t s   a t t a c h e d  t o  mesenteries 

i n t e s t i n e  

** I, 

n 

It n 

t 

I, I, 11 

1 I 

, 
I1 I t  n 

1, I, 

I 11 

1972 



ICIPMYOPAFASITES OF MANITOBA 
PART 6 

A W O C E P H A L A  ( c o n t i n u e < )  

PARASITE HOST LOCATION LOCALITY EFEFREIICE 

Leptorhynchoides   theca turn  Pornxis n i g r o m a c u l a t u s   i n t e s t i n e  

L. thecaturn P u n s i t i u s   p u n g i t i u s  

Lake  of t h e  Woods k c h t i a r  1972 

L. c h e c a t m  

L.  thecaturn 

R h i n i c h t h y s   a t r a t u f u s  

Umbra l i n t  
" 

I n 

*I 

Metechinorhynchus l a te ra l i s  Coregonus   c lupea fo rnds  
I I, 

M. s a l w n i s  C o r e g o n u s   a r t e d i i  

11 I ,* 
M. s a l n o n i s  C. c l u p e a f o m i s  

M. s a l n o n i s  ~- C o t t u s  b a l r d i  
,I I, It 

It 
M. sa lmon is  " Esox l u c i u s  

" 
M. sa lmonis  E. masquinongy . I, 

11 '1 
H. sa!c.onis I c t a l u r u s   n e b u l o s u s  

I. " 
E. salncnis 

I* 
X. s a l x n i s  S a l v e l i n u s  namaycush 

1 I, *I 

PI. sainonis S t i z o s t e d i o n   c k q a d e n s c  
It - S .  V. v i t r e u m  

Catoscornus c o r n e r s o n i  

C.  com";ersoni 

S t i z o s t e d i o n   v i t r e u m  

Lake Dauphin  

L a k e  of the Woods 

Lake   Dauph in  

Lake  of t h e  Woods 

,I 

S t e v a r t  Bay 1951 

Dechtiar 1972 

S t e v a r t  Bay 1951 

Dechtiar 1972 



ICHTHYOPARASIES O P  M I T O B A  
PAFJ 6 

ACANTH0CEPUL.A (cont inued)  

PARASITE HOST LOCATION LOcAzi'Iy E F E E N C E  

Seocc5inorhynchus   cy l indra tus  Terca  f!aveacens,  
S t i z o s t e d l o n   v i t r e u m  

i n t e s t i n e  Winnipeg  River  Dickson 1964 

N. c y l i n d r a t u s  h b l o p l i t e s  r u p e s t r i s   L a k e  o f  t he  Woods Dech t i a r  1972 

X .  cv l ind ra tus   Mic rop tc . rus   do loa icu i  0 

N. r u t i l l  

N. r u t l l i  

N. s t r i g o s u s  

C o t t u s  S n l r d l  

Culnea   incons tans  

Co tos tovus   coc re r son l  

" 

H. t e p e l l u a  " Esox l u c i u s  

N. t e n e l l u s  

11. t e n e l l u s  

E. masquinonRy 

S t i z o s   t e d l  on canadense  

n 

n 

N .  t e n e l l u s  - S .  x. vi t reum 

N .  tun iduc  

N. tumidum 

CoreRonus a r t e d i i  

C. c lupeaformls  

n 

n 

N. s p .  C a t o s t o n u s   c o m e r s o n i  I Lake   Bur ton  - S t e w a r t  Bay 1952 

- H. s p .  

!I. sp. H o t r o p l s   a t h e r l n o i d e s  9 Lake of t h e  Woods - Dcch t i a r  1972 

I, I N. hudsonius  

N. sp .  Pinrephales   no ta tus  n - 
h'. sp.  S t i z o s t e d i o n   v i t r e u m  1 L a k e   P i c k e r e l   S t e v a r t  Bay 1952 - 
O c t o s p i n i f e r   n a c i l e n t u s   C a t o s t o m u s  comerson: Lake  of t h e  Woods Dech t i a r  1972 

Pomphorhynchus b u l b o c o l l i  C. c o m e r s o n i  Lake  Dauphin S t e w a r t  Ray 1951 
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IctITwOPARASIPES OF HANITOBA 
PART 7 

CRJSTACEA 

FLPASITE COST LOrP.TION LOCALIn REFEPSSCE 

BW'\:miC?.A 

Arsu lus   append icu losus  

A. cantdens is  

A,  c a n a d e n s i s  

A. c a n a d e n s i s  

A. canadens is  

A. c a t o s t o n i  

U A. ca tos tomi  

A. ca tos tomi  

A. s t i z o s t e t h i  

- 
10 
03 

-~ 

A. v e r s i c o l o r  

A. v e r s i c o l o r  

COPEPODA 

A c h t h e r e s   c c v u l e n t u s  

A. m i c r o p t e r i  

E r g a s i l u s   c e e r u l e u s  

E. cae ru leus  

E. cae ru leus  

E. cae ru leus  

S t f zos t ed icn   cnnadenhe  

Coregonus   a r t ed i i  

Pe rca   f l avescens  

S t i z o s t e d i o n  2. v i t r eum 

Not rop i s  hudsonius 

Cntos tonus   comerson i  

Etheostoma 

E. nigrum 

S t i z o s t e d i o n   v i t r e u m  
Catostomus  comersoni  

Percopsis   oniscomaycus 

S t i z o s t e d i o n  V. v i t r eum 

" 

Coregonus  clupeaformis 

A h l o p l i t e s   r u p e s t r i s  

A m b l o p l i t e a   r u p e s t r i s  

Cntostomus  catostomus 

C. comnersoni 

Micropterus   do lomieui  

f i n s  

s u r f a c e   o f   t h e  body 

f i n s  

f i n s  

f i n s ,   b o d y  

f i n s  

f i n s  

f i n s  

on s k i n  

f i n s  

f i n s  

g i l l  arches 

g i l b  

. 
, 

Lake of t h e  Woods 

It 

11 

I, 

Lake  Dauphin 

L a k e   o f   t h e  Woods 

Lake of t h e  Woods 

I 

(1 

I, 

" 

D e c h t i a r  1972 

Stewar t   Bay  1951 

D e c h t i a r  1972 

D e c h t i a r  1972 

1, 



PARI 7 
CRUSTACEA (continued) 

PARASITE HOST LOCATION LOCALITY REFERESCE 

COPEP03A ( c o n t ' d . )  

Ergasilus c a e r u l e u s  

E. caeruleus  

E .  caeruleus  

E .  cneroleus  

E. caeruleus  

E .  c a e r d e u s  

E .  caeruleus  

E .  centrarchidarum 

E .  centrarchidarum 

E .  centrarchidarum 

E .  o iburni  

E .  versfco?or  

E .  sp .  

~- 
- 
- E .  BP. 

- E. sp. 

- E. sp. 

- E. ep. 

Moxostoam anisurum 

M. erythrurua 

Ocrca   f l avescens  

P e r c i n a  caprodcs 

Pomoxis nigromaculatua 

S t i z o s t e d i o n  canadenae 

S .  x. vitreum 

- 

- 
Hicropterue  dolomieui  

S t i z o s t e d i o n  x. vi treum 

A - b l o p l i t e s  rupestr ia  

". __ Lota lgca 

I c t a l - r u s   n e b u l o s u s  

Coregur~us   artedi i  

Moxostoma  CrythrurUll 

Notropis sp. 
Percs  f l a v e s c e n s  

NOtrOpiS  h~JdSO9iUS 
P u n g l t i u s   p u : s i t i u s  

Notroois h u d s m i u s  _" 

g i l l s  Lake of the  Woods 

t 

t 

I 

Lake A r m i t  

Lake W h i t e f i s h  

Lake of t h e  Woo& 

Decht iar   1972  

Stewart Bay 1952 

D e c h t i a r  1972 



.
.

 

a
 

, 
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List of Aquatic  Invertebrate  Experts 

Contacted by the Biology Committee 
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Attachment  List  of  aquatic  invertebrate  experts  contacted by the 
c .  111-1 Biology  Committee. 

Name  Affiliation  Area of Expertise 

J. Flannagan 

0. Saether 

D. Cook 

E. Bousf  ield 

R.  Mulvey 

A. Clarke 

R. Davies 

N. Hynes 

D. Barr 

F. Schmid 

G. Wiggins 

J. Martin 

W.  Ricker 

Smithsonian 
Institute 

M. Blumenthal 

R. Patterson 

S. Tse 

Freshwater Institute, 
Winnipeg 

Freshwater Institute, 
Winnipeg 

JFRB, Ottawa 

National Museum, Ottawa 

Biosystematics  Research 
Institute,  Ottawa 

National Museum, Ottawa 

U of Calgary,  Calgary 

U of Waterloo,  Waterloo 

Royal  Ontario Museum, 
Toronto 

Biosystematics  Research 
Institute, Ottawa 

Royal  Ontario Museum, 
Toronto 

Biosystematics  Research 
Institute, Ottawa 

Pacific  Biological 
Station, Nanaimo 

Washington, DC 

Minneapolis 

Chicago 

Health  Sciences Centre, 
Winnipeg 

Ephemeroptera, 
Plecoptera  and 
Trichoptera 

Diptera 

Oligochaeta 

Amphipoda 

Nemotoda 

Mollusca 

Hirudinea 

Introduction of 
exotics 

Hydracarinidae 

Trichoptera 

Trichoptera 

Ephemeroptera, 
Plecoptera 

Ephemeroptera, 
Plecoptera 

A 1  1 

Allergies 

Allergies 

Allergies 
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Attachment C.111-1 (cnnt'd) 

Name Affiliation 

B. Tarshis 

J. Semanchuk 

S. McClintock 

G .  Bennett 

G. Davies 

G. Sewell 

H. Fredeen 

J. Anderson 

R. Clarke 

Deptartment of 
Interior, 
Pat rlxent , Maryland 
Canada Agriculture, 
Lethbridge 

Canada  Agriculture, 
Saskatoon 

Memorial  University, 
St.  John's,  Newfoundland 

McMasters University, 
Hamilton 

Canada  Agriculture,  Ottawa 

Canada  Agriculture, 
Saskatoon 

University of California, 
Berkely 

Freshwater Institute, 
Winnipeg 

Simul  iidae 
(Blackflies) 

Simuliidae 

Simuliidae 

Simuliidae 

Simuliidae 

Simuliidae 

Simuliidae 

Simuliidae 

Water Quality 
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Attachment C.111-2 

A L i s t  of Aquatic  Invertebrates  Present 

in  Southern  Manitoba  Waters 
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Ne 1 son R i v e r  Lake ;Ji nn  i p e p s  i s 
Red R i v e r   ( S o u r i s   ( A s s i n i b o i n e  Sys tern Sys tern Winn ipeg   R ive r  (Lake of  

R i v e r   R i v e r )   L a k e  Wi nn i aea I w n h a  z v c m  The Woods) 

Gammar i dae : 

Cmqui fyx  p6eudaghircdd Bous f i e  1 d x 
GrnmnatLLs n p . X X x x X 
GLvnmahw L a c u u  (Sars) x X X X 

Haus t o r i  i dae : 

P O ~ ~ O p 0 4 k U  b p .  X X X 
Pontopof ie iu  addinin (L inds t rom)  X x X X 

T a l i t r i d a e :  

H y d U  np. X X X 
ifvde.Uu uzteca (Saussure) X X x X X X 
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Nclsol, R i v c r  Lake V i n n i p c g o s i s  

EPHEMEROPTERA 

Arne t r o p  i dae : 

Red Rivcr (SoLlr- is  (p\ssir l ib3ine Sys tem Sys t cm  Winn ipeg   R ive r   (Lake  of  
~ __ " " S Y ~ G L "  !iX22- Riv-cr) L a l ~ e  \.!innipeq __ Lake Nani toba S y s  tern  The Woods) 

Pneudirron centtia-&b McDunnough X 
Sipltoptecton b a ~ d e  (Walker)  X X 
S i p h o p t e c t o n  i n t f i i n e a t u m  Wal sh x 

Baet i dae: 

B a d 5  sp .  X X X 
Ba&5 4&ehcdWd McDunnough X 
Bae-ti5 iIUicdfi$ (Burks)  X 

C&b 
Baed% hfcdunnauglu I de 

CevLtzup-tieum sp . X 

Ceoeoiz s p .  X 

X 
a&b ~emugineun (Wal sh) x X 

CerzLzop*x&wn I n  ~hequenA McDunnough X 
CenO~op-tieum quaehihm McDunnough X 

PA eudodu eon s p . X 
P4eud0doeon (dubium  Walsh 1 )  X 
Pbeudodoeon m y u u m  Burks  X 

B a e t i s e i d a e :  

B a d c u  sp. X X 
hJ 
a Baetinca ba jk  o w i  Neave x X 

BacXi~ca obena (Say) X 
cn BaLtinca LucuALVh McDunnough X 

Caen i dae: 

Bhachycmcu sp. X 

Caehuh 6ohcipcLta McDunnough X X 
Caor~ib simdaa McDunnough X X 
T G c o t g L h o d a  s p .  X X 
T h i c o h y R h o d a  Ca. A L y g i u L u h  McDunnough X 

Caerun sp. X X x X X 

Ephemere l l i dae :  

Epltemetldla &en& McDunnough X 
Fpl~etneheLLa 6ieoLvh C 1 ernens X 
Ephemehdla needhami McDunnough X 
E p h e m u a a  p t u d e U  McDunnough X 
EphemmneRea tempokakA McDunnough X X 
EphemehdLa w d h e h i  Eaton X 





Nelson  River   Lake  Winnipegosis 

EPHEMEROPTERA 

L e p t o p h l e b i   i d a e   ( c o n t ' d )  : 

Red R i v e r   ( S o u r i s   ( A s s i n i b o i n c  Systew Sys tern Winnipeg  River   (Lake of  
s y s  t_rm R i v e r )   R i v c r )  Lake Winnipeg Lake Manitoba Sys t em The  Woods) 

Pahaeeptopldebia deb& (Walker)  X 
P d e p t o p p k e e b i a  nuL& (Eaton) x 
P m d e p t o p U e b i a  phaepiditrz (Ea  ton) x 
TlmauLoda s p . X 

Polymi t a r c i d a e :  

Epiloaon s p. X 
Eplzomn &bum (Say) x X X x 
Epltomn leukon wi 1 1 i amson X 

Potamanthidae:  
Po tamanthus s p . x 

S i p h l o n u r i d a e :  

A m d e R u b  fivteatuh T r a v e r  X 

CaUibaeLiA ,@lr/rug.ineus Wal sh X 
C U b a &  n i g h i t u h  Banks X 

Sipkeonwrus aetmat~~s (say )  x X 
Sipkeonwuh p h y U h  McDunnough X 

AILthhoplea s p .  X 

76 ongckia sp.  x X X X 

















X syueg vFwvd xhaydopavl 

X X X X vpwop vhswuovayd 
:aep!6A~a~do!uael 



Hydrop t i  1 idae:  

AgmyLea S P .  X 
Aahaueea rnuXtcuunctata c u r t  i c X 
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February 4 ,  1976.  

D r .  J.  N. Shay, 
D e p t .  of Bocany, 
U n i v e r s i t y  of Manitoba, 
Winnipeg,  Manitoba. 

Dear Dr. Shay: 

You are aware t h a t  a m a j o r   i r r i g a t i o n  scheme has been   proposed   for  
Nor th   Dako ta   ca l l ed   t he   Gar r i son   D ive r s ion   P ro jec t .  Waters from 
the Missour i  2. d r a i n a g e  may b e   p e r m i t t e d  to e n t e r   t h e   S o u r i s   a n d  
Red Rivers. T h i s   h a s  r e s u l t e d  i n   c o n c e r n   b e i n g   e x p r e s s e d  as t o  
~ ' a e  downst ream  envi ronmenta l   e f fec ts  of such  a d i v e r s i o n .  As  a 
r e s u l t   o f  a r eques t   f ron   t he   Canad ian   and  U.S. Governments,   the 
I n t e r n a t i o n a l   J o i n t  Commission was a s k e d   t o   i n v e s t i g a t e   t h e   t r a n s -  
boundary   imp l i ca t ions  of t h e   G a r r i s o n   D i v e r s i o n   P r o j e c t .  The IJC 
e s t a 3 l i s h e d   a n   " I n t e r n a t i o n a l   G a r r i s o n   D i v e r s i o n   S t u d y   B o a r d "   t o  
u n d e r t a k e   t h e   n e c e s s a r y   i i i v e s t i g a t i o n s   a n d   s t u d i e s .   T h i s   b o a r d  
h?as i d e n t i f i e d   t h e   n e e d   f o r  6 committees - water q u a l i t y ,  water 
q u a n t i t y ,   b i o l o g y ,   u s e s ,   e n g i n e e r i n g   a n d   s y n t h e s i s   a n d   r e p o r t .  
The   b io logy   commit tee   has   been   asked   to   "conpi le   background  and  
b a s e l i n e   d a t a   r e l a c e d   t o   b i o l o g i c a l   a n d   e c o l o g i c a l   f a c t o r s   a n d  
e v a l u a t e   t h e   e f f e c t s  o f  water q u a l i t y   a n d   q u a n t i t y   o n   l i v i n g   r e s o u r c e s " .  
I am Chairman of the   Canadian   Sec t ion  of this   Biology  Commit tee .  

A s  d i s c u s s e d   w i t h   y o u   o n   t h e   t e l e p h o n e   y e s t e r d a y ,   o n e   a r e a   o f   i n t e r e s t  
t h a t   t h e   B i o l o g y   C o m m i t t e e   h a s   p e r t a i n s   t o   t h e   i m p a c t   o f   G a r r i s o n   o n  
Manltoba waters as i t  relates t o   a q u a t i c   p l a n t s .   Q u e s t i o n s  arise i n -  
c l u d e  : 

1) Wnat a q u a t i c   p l a n t s  are endemic   t o   sou the rn   Man i toba  waters ( S o u r i s  R . ,  
A s s i n i b o i n e  R . ,  Red R . ,  L .  Winnipeg, L. Manitoba,  Winnipeg R . ) ?  

2 )  What a q u a t i c   p l a n t s   c o u l d   b e   i n t r o d u c e d   i n t o   M a n i . t o b a  waters as a 
r e s u l t   o f   t h e   G a r r i s o n   D i v e r s i o n ?  

3 )  What documentat ion i s  t h e r e   o n   i n s t a n c e s   o f   d i v e r s i o n s   b e t w e e n  
w a t e r s h e d s   a n d   r e s u l t i n g   i m p a c t  (positivelnegativelneutral) as i t  
p e r t a i n s   t o   a q u a t i c   p l a n t s ?  

4 )  What documentat ion i s  t h e r e  on t h e   i m p a c t   o f   i n t r o d u c t i o n   o f   a q u a t i c  
p l a n t s   i n t o  new w a t e r s h e d s ,   b e  i t  by d i v e r s i o n  o r  o t h e r w i s e ?  

..... 2 
Frcshwatcr Institute 
3 3 1  University Crescent 
Vhnrltocrl, Manitoba 
Fi3T 2N6 
(204) 269-7379 
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These   ques t ions  are of concern and i n t e r e s t   t o   t h e   B i o l o g y   C o m m i t t e e .  
However, t h e r e   a r e   t i a l e   c o n s t r a i n t s   w i t h i n   w h i c h   o u r   c o m m i t t e e   h a s   t o  
opera te ;  i f  a t  a i l  p o s s i b l e  we need a s p e c i f i c  answer t o  81 and   gene ra l  
f e e l i n g s  a t  l eas t  t o  #2 by March 1. I would l i k e  t o  d i s c u s s   q u e s t i o n s  
#3, # 4  f u r t h e r   w i t h   y o u   b u t   b e f o r e  March 15. 

We do need your   ass i s ’ iance  in t h i s  taslc and I a p p r e c i a t e   y o u r   i n t e r e s t  
i n   t n e   p r o 3 l e m .  I f  y o u   f i n d  assistance i s  needed  from m e ,  b e  i t  f i n a n -  
c i a l ,   t y p i n g ,   o r   w h a t e v e r ,   p l e a s e  l e t  me know. 

I w i s h   t o   t h a n k   y o u   f o r   y o u r   a n t i c i p a t e d   h e l p   i n   t h i s   p r o b l e m   a n d   h o p e  
t h a t   y o u   c a n  assist us i n  i t s  r e s o l u t i o n .  

Y o u r s   s i n c e r e l y ,  

.I. S . L,och , Chairman 
Z-loiogi Coinmittee  (Caaadlan  Section) 
I n t e r n a t i o n a l   G a r r i s o n   D i v e r s i o n  

JSL/mb 

c.  c. A .  Hamilton 
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UM 
The  University of Manitoba 

Department of Botany Winnipeg, Manitoba, Canada R3T 2 N 2  

March 17, 1976. 

Mr.  J. S .  Loch, 
F reshwate r   I ns t i t u te  
501 Universi ty  Crescent,  
Winnipeg , Manitoba 
R3T 2N6 

Dear Mr. Loch, 

I appreciate  your  need t o  assemble  background  information  about  the 
Garr ison  Divers ion.  

Unfor tunate ly   there  has been i n s u f f i c i e n t   t i m e   a v a i l a b l e   t o  me t o   b e g i n  
t o  adequately answer your  questions. Why i s  i t  tha t   des ign  and  engine- 
e r i n g   s t u d i e s  o f  a l l  such   p ro jec ts   invo lve   la rge  teams who work  over 
several  years  and  expend m i  11 ions  of do l l a rs ,   wh i l e   t he   impac t  o f  such 
p r o j e c t s   i s   s t i l l  approached  on an ad  hoc bas is  i n  an emergency. The 
s t u p i d i t y   o f   t h i s  approach  should be emphasised. 

I n  response to   your   ques t ions .  

The in fo rma t ion  I have  been a b l e   t o  assemble  deals  only wi th submerged 
and  emergent  macrophytes. I presume tha t   the   lower   p lan ts   a lgae,   fung i ,  
bryophytes  e tc .   are  be ing  deal t  with by   o the r   spec ia l i s t s .  

1. Too l i t t l e  i s  known o f   t h e   d i s t r i b u t i o n  and systemat ics o f  n a t i v e  
and in t roduced  aquat ic   p lan ts  i n  southern  Manitoba  waters t o  answer 
your   ques t ion  wi th  any confidence. One o f  our  present  graduate 
s tuden ts   i n   sea rch ing   f o r   two  pondweeds, has r e c e n t l y  examined 
many waterbodies i n   t h e   s o u t h e r n   p a r t   o f   t h e   p r o v i n c e  and i n  so doing, 
has g r e a t l y   e x t e n d e d   t h e   d i s t r i b u t i o n  o f  known species  and  also  the 
number o f  species o f  submerged macrophytes  recorded. 

As f a r  as I know no  macrophytes  are endemic t o  Manitoba - b u t   t h i s  
i s  a smal l   part   of   the  story.   Only  by  knowing  what we p resen t l y  
have  can we show which  species  would be introduced  from  other  watersheds. 
I at tempted  wi th  Mrs. Ke leher   to  check our   Herbar ium  d is t r ibu t ion   records  
for   the  watersheds o f  the  Sour is  River,   Assiniboine  River,  Red River ,  
Lake  blinnipeg,  Lake  Manitoba  and  Winnipeg  River. 

We have  covered  the  monocotyledons,  the  dicotyledon  data rp ains on the  
record   sheets   ( i l l ness   w i th in   the   depar tment  and other  committments 
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2. 

have  precluded my complet ing  the  task.)  It i s   n o t   d i f f i c u l t   b u t  
requires  foreknowledge o f  which  species t o  seek t h e   d i s t r i b u t i o n   f o r .  

2 .  Unti 1 we answer H1  we c a n ' t   d e a l   e f f e c t i v e l y   w i t h  #2. 

3&4, There i s  a w e a l t h   o f   i n f o m a t i o n   s c a t t e r e d   t h r o u g h   t h e   l i t e r a t u r e .  I 
do n o t  have l i s t s  compiled and without  searching  out  the  papers  could 
be l i s t i n g  many you  already have, f o r  presumably  you  are  involved i n  
an extens ive 1 i t e r a t u r e  search. 

E l o d e a  ( A n a M ) ,  ficho/uzia and A&e/uzaUctheha are   t h ree   we l l  
documented  genera. 

9 'Maddox, D. M., L. A. Andres, R. D. Iiennessey, R. D. Blackburn and i 
\ 

IJ. R. Spencer 

I n s e c t   t o   c o n t r o l  A1 l igatorweed, An invader  o f  Aquat ic Ecosystems 
i n   t h e  U.S. Bioscience 21 (#19), 985-991, October 1971. 
MH.~ f+ h ceM.c $' I'm 'h& /b / s f  fh- - 

I n   c l o s i n g  I would l i k e   t o  emphasize my dismay  concerning  the  information 
you seek. It i s   d e p l o r a b l e   t h a t   r e q u e s t s   f o r   d e t a i l e d   i n f o r m a t i o n  wi th  
f a r   r e a c h i n g   i m p l i c a t i o n s   a r e  made to   your   p ro fess iona l   g roup and then come 
on t o  me. Pardon my tone!  But  yours was one o f   f i v e   l e t t e r s   t h a t  reached 
my desk i n  one week, each  seeking  detai led  data  on some top i c .  Government 
agencies  seldom f e e l   t h a t   t h e   c o l l e c t i o n   o f   b a s i c   i n f o r m a t i o n   o n   p l a n t   d i s -  
t r i b u t i o n   f i t s   w i t h   t h e i r   " m i s s i o n "   o r   " a p p l i e d "   o b j e c t i v e s .   B u t   t h e s e  
same agencies  cont inual ly  hope f o r  speedy responses to   ques t ions   wh ich   invo lve  
p r e c i s e l y   t h e  same in format ion.  

I have t r i e d   t o  persuade  the  provincial  government many times t o  employ a 
p r o v i n c i a l   B o t a n i s t  - w i thou t  success. I t  i s   i r o n i c   t h a t  we a re   on l y   ab le  
t o   r e t a i n   o u r   p a r t - t i m e   l i e r b a r i u   a s s i s t a n t  i n  the  Department  of  Botany  by 
c u t t i n g   o u t   o t h e r   s u p p o r t   s t a f f .  I presume someone i s  examining  the  dis- 
pe rsa l  mechanisms o f   p l a n t s .  

Dr .  J. M. Shay, 
Associate  Professor.  

JMS/mm 
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el. a4 
SPECIES NOT RECORDED I N  S. MANITOBA COMPARED WITH KEAMMERRER (1975 

Junipmus 4copLLealuun 

s a e i x  mib4owLiens.h (eqxocephdul 

UlJnnuS pumiea 

Rodppa ovunonica 

lLibeb ni6howLienbe 

crra;taqub IL0;tcLndi~oLi.a 

V i o h  papLtionacea 

Vehbena W C i 6 o L i a  

J. CLARK  SALYER l J I L D L I F E  REFUGE 

Specie$ not reported from Manitoba 

MwUea mumonata 

Spahganium ckeorcocahpum = S. diversifolium 
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x Herbarium  Record 

/ Probable  within  Range 

* Not  listed  in  Scoggan 

Typha  latifolia 
angustifolia 

Sparganium  eurycarpum 
minimum 
angustifolium 

Zannichellia  palustris 
Ruppia  maritima 
Potamogeton  alpinus 

* amplifolius 

epihydrus 

filiformis 

foliosus 

friesii 
gramineus 

natans 
obtusi:folius 
pectinatus 
praelongus 
pusillus 
richardsonii 

robbinsii 
vaginatus 
zosteriformis 

illinoensis 

Elodea  canadensis 
Vallisneria  americana 
Najas  flexilis 

Butomus  umbellatus 
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Acorus  calamus 
Calla  palustris 
Lemna  minor 
Lemna  trisuloa 

(?Spirodela  polyrhiza) 
Juncus  alpinus v. ariflorus 

balticus v. littoralis 
bufonius 

? comparessus 
dudleyi 

? filiformis 
longistylis 
nodosus 
tenuis 
torreyi 

Iris  versicolor 

Triglochin  maritima 
. a  

palustris 
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Cyperaceae 

Eleocharis  acicularis 
calva 
elliptica 
palustris 

Eriophorum  angustifolium 
chanissonis 
spissum 
viridi-carinatum 

Scirpus  acutus 
americanus 

atrovirens  v.  pallidus 

caespitosus spp. callosus 
cyper  inu s 
fluviatilis 
hudsonianus 

microcarpus v .  rubrotinctus 
paludosus 

rufus 
torreyi 
validus 

Carex  aquatilis 
atherodes 
lacustris 
laeviconica 

lanuginosa 
lasiocarpa v .  americanus 
lenticularis 
pseudo-cyperus 
retrorsa 

rostrata 

s t ipa ta  
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DICOTS SHEET 1 

Species 

Populus  balsamifera 
del t o i  des 
tremuloides 

athabascensis 
bebbiana 
brachycarpa 
candida 
discolor 
humilis 
lucida 
lutea 
maccalliana 
pedicellaris 
petiolaris 
pseudomonticola 
pyrifolia 
rigida 
serissima 

Salix  amygdaloides 

Myrica gale 
Alnus  crispa 

Rumex  crispus 
rugosa  var  americana 

occidentalis 
maritimus v .  fueginus 
stenophyllus 
mexicanus 

Polygonum  achoreum 
P. amphibium  var.  stipulaceum 

aviculare 
coccineum 

Polygonum  lapathifolium 
persicaria 

P. punctatum  var.  confertifloru 
-ramosissimum 
scandens 
sagittatum 

Elatine  americana 
Ceratophyllum  demersum 
Yymphaea  adorata 

t e t r agona  

variegatum 
Nuphar  microphyllum 
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X 
X 

321 

/ 
/ 
/ 
X 

X 
/ 

X 
X 

X 

X 

X 

X 
X 
X 
X 

X 
X 
X 

X 
/ 
/ 

/ 
X 

X 

X 

X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 

/ 

/ 

X 
X 
X 
X 

X 

/ 
X 

X 
X 
X 

X 

/ 
X 

X 
X 

/ 

/ 

X 

/ 

X 
X 
X 
X 

X 

/ 
X 

X 

X 

X 

X 

X 
X 
X 
X 
X 
X 

X 
X 

/ 

X 

X 

X 
X 
X 
X 

X 
X 

X 

/ 

/ 

lot i n 1  

X 

X 
X 
/ 
X 

X 

X 
X 

/ 
X 
X 
/ 

/ 

/ I  

/ 

x u r s  

X L l r S  : 



DICOTS SHEET 2 

Species 

Caltha  palustris 
Ranunculus  abortivus 

aquatilis 
R. circinatus  var  subrigidus 

cymbalaria 
flabellaris 

gmelini  var  hookeri 
lapponicus 
macounii 
pensylvanicus 
reptans 
scleratus 
septentrionalis 

C 3amine  pensylvanica 
Potentilla  palustris 
Callitriche  palustris 
Myriophyllum exd l  bessens 
M. verticillatum v. pectinatum 
Hippuris  vulgaris 
Cicuta  bulbifera 

Suim  suave 
Cornus  stolonifera 
Glaux maritima 
Menyanthes  trifoliata 
Asclepias  incarnata 
Scutellaria  galericulata 

maculata 

var. epi l o b i  i fol  ia 
lateriflora 

Dracocephal um formosi us 
Stachys palustris var. pilosa 
Mentha arvensis var. v i  1 losa 
Lycopus  arneri  canus 

asper 
uni f 1 orus 

Mimul us ri ngens 
Gratiola  neglecta 
Limosella aquatica 
V nica peregrina var. xalapensis 

scutellata 
ameri  cana 
sal i na 

Utricularia  vulgaris 
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DICOTS SHEET 3 

Species 

Campanul a apari  noi des 

Lobe1 i a  kalmi i 

Eupatorium maculatum var.  bruneri 
perfol i atum 

Aster j unci formi  s 
simplex 

3i dens cernua 

‘e tas i  tes sag i   t t a tus  
v i  t i  f o l  i us 

ienecio  congestus 

ul iginosa 

spicata  var.  h i  r t e l l  a 

frondosa 

ola  nephrophylla 
p a l u s t r i s  

Rorippa islandica  var.   fernaldiana 
i sl  andi  ca  var. h i  sp i  da 
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Attachment C.IV-2 

An  Appraisal of the  Aquatic 

and  Marsh  Vascular  Plants 

of North  Dakota 
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AN APPRAISAL 
of  t h e  

AQUATIC and  MARSH 
VASCULAR  PLANTS 
known t o   o c c u r  

w i t h i n   t h e   G a r r i s o n   D i v e r s i o n  
Un i t  Area in   Nor th   Dako ta  

U n i v e r s i t y  of North  Dakqta I 

Conten t s  : Purpose  
Methods 
Resul ts :   Check L i s t  
A p p r a i s a l  
Assessment 
B i b l i o g r a p h y  
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A n  e f f o r t  was made to   de t e rmine   f rom  the   aqua t i c   and   marsh   vascu la r  

f l o r a   o f   t h e   N o r t h   D a k o t a   G a r r i s o n   D i v e r s i o n   U n i t  Area t h o s e   s p e c i e s  not 

known t o   o c c u r   i n   M a n i t o b a .  The l a t t e r  s p e c i e s  were t h e n   a p p r a i s e d  as 

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

The methods  used were t h o s e   m o s t   a m e n a b l e   t o   t h e   s i t u a t i o n :  

a )  A s p e c i e s  l i s t  (appended) w a s  p r e p a r e d   f r o m   t h e   a u t h o r ' s   f i e l d  

n o t e s   s u p p o r t e d  by r e f e r e n c e s   i n   a v a i l a b l e   l i t e r a t u r e .  

b )  Each   spec ie s  on t h e  l i s t  was checked   aga ins t   Scoggan ' s   F lo ra  

- of   Mani toba   and   the   Univers i ty  of North  Dakota f i l e  (Vera  Facey).  

c)   Nomenclature ,   especial ly   synonymy,  was checked   aga ins t   t he  

Gray  Herbarium  Card  Index  and/or   the  Index  Kewensis .  The 

former,  a North  American  reference,  i s  m a i n t a i n e d   t o   d a t e  a t  

the   Un ive r s i ty   o f   Nor th   Dako ta .  

" 

d) The l i s t  r e s u l t i n g   f r o m   ( b )   a b o v e  w a s  r educed   cons ide rab ly  

f r o m   o v e r   f i f t y   q u e s t i o n a b l e   t a x a   t o  less than  twenty  through 

(c)   above.  

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

a n d   o b j e c t i v e   p o i n t s   o f   v i e w .  The fo rmer   i nc luded   obse rva t ions  

b y   t h e   w r i t e r   d u r i n g   i n t e r v a l s   o v e r   a p p r o x i m a t e l y  two  decades;  

t h e  l a t t e r ,  i nco rpora t ed   wheneve r   poss ib l e   t he   pub l i shed  

in fo rma t ion   on   t he  species f r o m   r e f e r e n c e s  on each   t axon ' s  

u se  as f o o d   f o r   a s s o c i a t e d   f a u n a ,   p o i s o n o u s   p r o p e r t i e s ,  

o b j e c t i o n a b l e  ra te  of  v e g e t a t i v e   p r o p a g a t i o n   i f   a n y ,  e t c .  

f )  F i n a l l y  an overa l l   " impact   assessment"   based  on a - e i n c l u s i v e ,  

was nssc-ml> lcxd. 
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AQUATIC AND MARSH VASCULAR PLANTS 

Pre l imina ry   check  l i s t  based 

on f i e l d  w o r k   a n d   a v a i l a b l e   r e f e r e n c e s .  

‘7 
Compiler:  Vera Facey I,,,;L&.~ 

/ 

Biology  Department 
U n i v e r s i t y  of North  Dakota 
Grand  Forks,   North  Dakota 

S = Submerged 

E = Emergent 

F = F l o a t i n g  

M = Marsh, bog, edge of ‘ s l o u g h s ,   e t c .  

* = I n c o m p l e t e l y   s t u d i e d  
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1 

Lower V a s c u l a r   P l a n t s  

Non-f lowering  (non-seed  bear ing)  

PTERIDOPHYTA 

F e r n s   a n d   t h e i r  a l l i e s  

Bo t rych ium  luna r i a  ( L . )  Sw. 

"Grape  Fern'' 

*Marsilea mucronata A . B r .  

"Water Fern'' 

Equise tum  a rvense  L .  

" F i e l d   H o r s e t a i l "  

Equise  turn pra t ense   Ehrh .  (M) 

E q u i s e t u m   f l u v i a t i l e  L.  (MI 

Equisetum  kansanum T.  H .  S c h a f f n e r  (M) 

Equise tum  laev iga tum A . B r .  (MI 

E q u i s e t u m  p raea l tum Raf . ( M) 

Equi se tum  va r i ega tum  Sch le i ch  ( M) 

Equise tum  sy lva t icum L (M) 
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2 

"PHANEROGAMS" 

( s e e d   b e a r i n g )  

Angiosperms  (Anthophyta) 

-- MONOCOTYLEDONS -- 

TYPHACEAE 

Typha l a t i f o l i a  L. 

"Broad-leaved Cat ta i l"  (E) 

T y p h a   a n g u s t i f o l i a  L .  

"Narrow-leaded Cat t a i l "  (E) 

Typha  'glauca'   (E) 

Hybrid Swarms. - T .  l a t i f o l i a  x - T .  a n g u s t i f o l i a ,   e t c .   I n t r o g r e s s i v e   h y b r i d i z a t i o r  

SPARGANIACEAE 

Sparganium  chlorocarpum Rydb. 

va r .   a cau le   (Beeby)   Fe rn .  

"Bur-reed''  (E) 

Sparganium  eurycarpum  Engelm  (E) 

Sparganium  mult ipediculatum (Morong)  Rydg.  (E) 

NAJADACEAE ( S e n s u   l a t o )  
" 

- N a w  f l e x i l i s   ( W i l l d )   R o s t k  & Schmidt 

"Naiadf '  (SI 

Z a n n i c h e l l i a   p a l u s t r i s  L .  

"Horned  Pondweed" (S I  
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3 

Ruppia  maritima  L. (SI 

"Wigeon  Grass"  (var.  occidentalis  (Wats)  Graebn.) 

Potamoge  ton  natans  L. 

"Floating-leaved  Pondweed" (S)  

Potamogeton  amplifolius  Tuckerm. (S)  

Potamogeton  praelongus  Wulfen 

Po tamoge  ton f riesii  Rupr . 

Potamogeton  gramineus L. 

"Variable  Pondweed" 

Potamogeton  richardsonii ( A .  Benn.)  Rydb (S )  

Potamogeton  pectinatus L. (SI 

"Sago  Pondweed" 

Potamopeton  vaginatus  Turcz 

"Sheathed  Pondweed" 

Potamogeton  pusillus  L. 

"Small  Pondweed'' 

Potamogeton  zosteriformis  Fern. (S)  

"Eelgrass" ; "Flat-stem  Pondweed'' 

Potamogeton  foliosus  Raf. 

"Leafy  Pondweed" 
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4 

JLJNCAGINACEAE 

Triglochin  maritima L. 

"Arrowgrassl' 

Triglochin  palustris L. 

ALISMATACEAE 

Alisma  subcordatum Raf. 

"Water-Plantain" 

Alisma geyeri Tarr. 

"Geyer's  Water-Plantain" 

Sagittania cuneata  Sheldon (E) 

"Arrowhead" 

Sagittania  latifolia  Willd. (E) 

HYDROCHARITACEAE 

?*Anacharis  occidentalis (Pursh) Victoria (S)  

"Elodea"  "Waterweed1' 

Anacharis  canadensis  Michx 

Vallisneria  americana  Michx 

"Eelgrass"  "Wild  Cele,ry" 

POACEAE (GRAMINEAE) 

Puccinellia  nuttalliana 

"Alkali-grass" 

" 

(Schult.)  Hitchc. (M) 
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5 

P u c c i n e l l i a   c u s i c k i i   W e a t h e r b y  (M) 

G l y c e r i a   g r a n d i s  S .  Wats. ( E )  & (M) 

"Tall  Mannagrass'l 

G lyce r i a   bo rea l i s   (Nash )   Ba tch .  ( M) 

G l y c e r i a  s t r i a t a  (Lam.) H i t c h c .  ( M) 

"Fowl  Mannagrassl' 

Scho loch loa   f e s tucacea   (Wi l ld . )   L ink   (E )  

"Whitetop"  "Sprangletop"  "Hollowstem" 

P o a   f e n d l e r i a n a  (S teud)  Vasey 

- P o a   p r a t e n s i s  L. 

"Canada  Bluegrass" 

Poa   a r ida   Vasey  -~ 

- Poa g l a u c i f o l i a   S c r i b n .  & Will. 

- P o a   p a l u s t r i s  L. 

"Fowl B luegras s"  

E r a g r o s t i s   h y p n o i d e s  (Lam.) BST 

"Creeping  Lovegrass ' '  

Ca tab rosa   aqua t i ca   (L . )  Beauv. 

"Brookgrass'l 

D i s t i c h l i s   s t r i c t a   ( T o r r . )  Rydb. 

" S a l t g r a s s l '  
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6 

Phragmi te s  communis T r i n .  

"Common Reed" 

Agropyron  repens (L . )  Beauv. (MI 

"Quackgrass" 

Hordeum jubatum L .  

"Wild  Barley"  "Foxtai l"  

Elymus  macounii  Vasey 

"Macoun Wild-rye" 

Sphenophol i s   ob tusa ta   (Michx)   Scr ibn .  (MI 

"Pra i r ie   Wedgegrass"  

Deschampsia   caesp i tosa  (L.) Beauv.  (E) 

"Tufted Hairgrass" 

*Alopecurus   ven t r i cosus   Pe r s .  ( M) 

"Meadow F o x t a i l "  

A lopecurus   aequa l i s   Sobo l .  ( M) 

"Shor tawn  Foxta i l "  

Calumagrost is   canadensis   (Michx.)   Beauv.  (M) 

"Blue j o i n  t" 

C a l a m a g r o s t i s   i n e x p a n s a  A. Gray  (E) & (M) 

"Northern  Reedgrass" 

A g r o s t i s   a l b a  

"Redtop" 
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7 

M u h l e n b o r g i a   a s p e r i f o l i a   ( N e e s  & Mey.) P a r o d i  (M) 

"Scratchgrassl l  

Muh lenborg ia   r i cha rdson i s   (T r in . )  Rydb. (M) 

"Mat Muhly" 

Muhlenborgia  racemosa  (Michx.) BSP  (M) 

"Marsh  Muhly"  "Wild  Timothy" 

Muhlenborgia   f rondosa  (MI 

M u h l e n b o r g i a   f o l i o s a  (Roem. & S c h u l t )   T r i n .  (M) 

S p o r o b o l u s   h e t e r o l e p i s  A.  Gray (M) 

"Pra i r ie   Dropseed ' '  

Beckmannia  syzigachne  (Steud.)  

'IS l oughgras s"  

L e p t o c h l o a   f a s c i c u l a r i s  (Lam.) 

S p a r t i m a   p e c t i n a t a   L i n k  

" P r a i r i e   C o r d g r a s s "  

Spa r t ima  g r a c i l i s  T r i n .  

"Alka l i   Cordgras s"  

Hierochloe   odora ta   (L . )   Beauv.  

"Swee tg ra s s l '  

P h a l a r i s   a r u n d i n a c c a  L. 

"Reed-canary Grass'' 

Leersia o r y z o i d e s  ( L . )  Swartz  

"Rice Cu tg ras s"  

Fern.  (M) 

(E) 
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8 

Z i z a n i a   a q u a t i c a  L .  

"Wild Rice" 

S e t a r i a   g l a u c a  (L . )  Beauv. ( M) 

"Yel low  Pigeongrass"  

E c h i n o c h l o a   c r u s g a l l i  (L . )  Beauv.  (E) & (M) 

"Barnyard Grass" 

Panicum  virgatum L.  

lISwitchgrassI1 

Sorghas t rum  nutans  (L . )  Nash. ( M) 

" I n d i a n  Grass'' 

Andropogon  gerardi  

"B i g  B h e  s t em" 

CYPERACEAE 

C y p e r u s   i n f   l e x u s  Muhl. ( M) 

Cyperus  odonatus  L. (MI 

E leochar i s   enge lmanni   S teud .   (E)  

"Spike Rush" 

E l e o c h a r i s   p a l u s t r i s  ( L . )  R. & S .  (E) 

E l e o c h a r i s   c a l v a   T o r r .   ( E )  

E l e o c h a r i s   a c i c u l a r i s  ( L . )  R.  & S.  (E) 

Eleochar i s   compressa   Sul l .   (E)  

E l e o c h a r i s   p a u c i f   l o r a   ( L i g h t f  .) Link  (E) 
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Eriophorum  angust i fol ium  Hanck.  

"Cottongrass"  

*Hemicarpha  drummondii Nees. 

* S c i r p u s   n e v a d e n s i s  S .  Wats. 

"Nevada Bulrush' '  

Sc i rpus   amer i canus  Pers. 

"Chirmaker' s Rush" 

S c i r p u s   v a l i d u s   V a h l .  

"Sof tstem Bulrush" 

S c i r p u s   a c u t u s  Muhl. 

"Hardstem  Bulrush" 

*Sc i rpus   he t e rochae tus   Chase  

S c i r p u s   p a l u d o s u s  A .  Nels. 

"Prairie Bulrush" 

S c i r p u s   f l w v i a t i l i s   ( T o r r . )  A .  Gray  (E) 

"River  Bulrush" 

S c i r p u s   a t r o v i r e n s   W i l l d .  (E) 

"Darkgreen  Bulrush' '  

Sc i rpus   rub ro tme tus   Fe rn  ( E )  

C a r e x   p r a i r e a  Dewey 

Carex   foena   Wi l ld .  -~ 

C a r e x   p r a e g r a c i l i s  W .  Boo t t .  
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Carex hookerana Dewey 

Carex   grav ida  Bailey 

Carex  vulpinoides  Michx. 

Carex  diandra  Schrank. 

C a r e x   s t i p a t a  Muhl. 

Carex  aenea  Fern 
" 

Carex  molesta Mack. 

C a r e x   i n t e r i o r   B a i l e y  

Carex  bebbii  Olney 

Carex  brevior  (Dewey) Mack 

Carex  synchrocephala  Carey 

Carex   sc i rp i formis  Mack 

" 
Carex  aurea  Nutt .  

Carex  parrayana Dewey 

?Carex   t o r r ey i  Tuckerm. 

C a r e x   c a p i l l a r i s  L.  

C a r e x   v i r i d u l a  Michx. 

C a r e x   a q u a t i l i s  Wahl. 

Ca rex   hys t r i c ina  Muhl. 



C a r e x   l a e v i c o n i c a  Dewey 

Carex   a therodes   Spreng .  

C a r e x   r o s t r a t a   S t o k e s  

C a r e x   r e t r o r s a  Schw. 

ARACEAE 

Acorus  calamus L. 

"Sweet  Flag" 

Calla p a l u s t r i s  L .  

"Wild Calla" 

LEMNACEAE 

Lemna t r i s u l c a  L .  

l'Duckweed'l 

Lemna minor L. (F) 
" 

Lemna p e r u s i l l a   T o r r .   ( F )  

Spr iode la   po ly rh iza   (L . )   Sch le iden   (F )  

PONTEDERACEAE 

*He te ran the ra   dub ia   ( J acq . )  Mack. (F )  & (E) 

"Water S t a r g r a s s "  

P o n t e d e r i a   c o r d a t a  L .  

" P i c k e r e l  Weed" 
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JLNCACEAE 

J u n c u s   b a l t i c u s   W i l l d  

"Bal t ic  Rush" 

Juncus   buf   on ius  L. 

"Toad  Rush" 

J u n c u s   l o n g i s t y l i s   T o r r .  

J u n c u s   g e r a r d i   L o i s e l .  

* J u n c u s   i n t e r i o r  Wiegaud 

Juncus  nodosus  L. 

"Knotted Rush" 

*Juncus  brachycephalus   (Engelm.)  Buch. (M) 

LILIACEAE 

Li l ium  ph i l ade lph icum L. 

"Wild  Lily" 

AMARYLLIDACEAE 

H y p o x i s   h i r s u t a  (L) C o v i l l e  (MI 

"Yel low  S targrass"  

IRIDACEAE 

S i s y r i n c h i u m  montanum Greene (M) 

"Blue-eyed Grass" 
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ORCHIDACEAE 

Cypripedium  parviflorum  Salisb. (M) 

"Yellow  Ladyslipper" 

-- DICOTYLEDONS -- 

SALICACEAE 

Populus deltoides  Marsh 

"Cot  tonwood'' 

Populus acuminata  Rydb. 

"Narrow-leaved  Cottonwood" 

Populus tremuloides Michx. 

"Aspen" 

Populus balsamifera L. 

"Balsam  Poplar" 

Salix amygdaloides  Anders 

"Peach-leaved  Willow" 

Salix interior  Rowlee 

"Sandbar  Willow" 

Salix petiolarus J. E. Smith 

"Slender  Willow" 

*Salix  cordata Muhl. 

"Heart-leaved  Willow" 

Salix discolor  Muhl. 

I1€'ussy Willow" 
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S a l i x  b e b b i a n a  Sang. 

S a l i x   c a n d i d a   F l u e g g e  

BETULACEAE 

O s t r y a   v i r g i n i a n a   ( M i l l . )  Koch (M) 

"Ironwood'' "Hop Hornbeam" 

Alnus  rugosa (Du Roi)  Spreng. (MI 

"Speckled  Alder" 

B e t u l a  pumila v a r .   g l a u d u l i f e r a   R e g e l .  (M) 

"Dwarf Birch" 

URTICACEAE 

P i l e a  pumila (L . )  Gray 

"Clearweed" 

POLYGONACEAE 

Rumex s t enophy l lus   Ledeb .  (M) 

Rumex p e r s i c a r i o i d e s  L .  

"Golden Dock" 

Rumex mexicanus  Meissn. (MI 

"Willow-leaved Dock" 

Rumex c r i s p u s  L .  

"Curled Dock" 

Rumex o c c i d e n t a l i s  S .  Wats. ( M )  
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Rumex domest icus  Hartm. ( M) 

Rumex o r b i c u l a r i s   G r a y  ( M) 

"Great Water Dock" 

Polygonum  amphibium L.  

Polygonum n a t a n s   f o r m a   h a r t w r i g h t i i   ( G r a y )   S t a n f o r d  (M) 

Polygonum coccineum  Muhl. 

I t  Long-rooted  Smartweed" 

*Polygonum  pennsylvanicum L .  

Polyponum p e r s i c a r i a  L a  

"Lady s Thumb" 

Polygonum l a p a t h i f o l i u m  L .  

"Willow-leaved  Smartweed'' 

Polygonum  hydropiper L .  

"Water Pepper" 

CHENOPODIACEAE 

Chenopodium  album L .  

"Lamb's Quarter's" 

Chenopodium  rubrum L .  

"Red Goosefoot" 

A t r i p l e x   h a s t a t a  L .  

S a l i c o r n i a   r u b r a  A .  Nels. 



Suaeda   dep res sa   (Pur sh . )  S .  Wats. (E) & (M) 

AMARANTHACEAE 

Amaranthus   t amar isc inus   Nut t .  

"Water-hemp" 

S p e r g u l a r i a   m a r i n a  (L . )  Gr i seb .  

"Sand  Spurry" 

S t e l l a r i a   c r a s s i f o l i a   E h r h .  

S t e l l a r i a   l o n g i f o l i a  Muhl. 

"Long-leaved  St i tchwort"  

S t e l l a r i a   l o n g i p e s   G o l d i e  

A r e n a r i a   l a t e r i f   l o r i a  L .  

"Broad- leaved   S t i tchwor t"  

Cerastium  brachypodum  (Engelm.)  Robins (M) 

Ceras t ium  nutans   Raf .  ( M) 

NYMPHAEACEAE 

Nuphair  advenum A i t  . 
"Yellow Water L i l y "  

CERATOPHYLLACEAE 

Ceratophyl lum demersum L .  

"Horn  Wort" 

RANUNCULACEAE 

C a l t h a   p a l u s t r i s  L .  

"Marsh  Marigold" 



Anemone c a n a d e n s i s  L .  

"Canada Anemone" 

R a n u n c u l u s   a q u a t i l i s  L .  

"White Water Crowfoot" 

Ranunculus   cymbalar ia   Pursh.  ( M) 

"Seas ide   Bu t t e rcup"  

R a n u n c u l u s   f l a b e l l a r i s   R a f .  

"Yellow Water Crowfoot' '  

Ranunculus   gmel in i   var .  terrestris (Ledeb.)  L .  Benson ( M )  

R a n u n c u l u s   s c e l e r a t u s  L .  (E) 

"Dutch  But tercup ' '  

Ranunculus  pennsylvanicus  L.F. (M) 

" B r i s t l y   B u t t e r c u p "  

Ranunculus   macouni i   Br i t ton  (MI . 

Thalict rum  venulosum Trel.  (MI 

"Ear ly  Meadowrue" 

Thal ic t rum  dosycarpum  F isch .  & L a l l .  (M) 

"Tall  Meadowrue" 

CRUCIFERAE (BRASSICACEAE) 

Kor ippa   i s landica   (Oeder )   Borbas .  (M) 

"Marsh  Yellow Cress" 

Rorippa ob tusa  (Nut  t . ) Britt . ( M) 
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Cardamine  pennsylvanica  Muhl.  ( M I  

"Bittercress" 

*Cardamine  bulbosa  (Schreb.)  BSP  (M) 

"Bulbous Cress'' 

CRASSUL,ACEAE 

Penthorum  sedoides  L .  

"Ditch  Stonecrop" 

SAXIFRAGACEAE 

P a r n a s s i a   p a l u s t r i s  L .  (MI 

"Northern Grass of Parnassusll  

Mitella nuda L. 

"Bishop 's  Cap" 

R i b e s   h i r t e l l u m  Michx. (M) 

R ibes  t r i s te  P a l l .  

"Swamp Cur ran t ' '  

ROSACEAE 

S p i r a e a   a l b a  DuRoi. 

"Wild  Spiraea' '  

P o t e n t i l l a   a n s e r i n a  L .  

"Silverweed" 

P o t e n t i l l a   n o r v e g i c a  L .  (M) 

"Rough C inque   t o i l "  

P o t e n t i l l a   m i l l e g r a n a  Engelm. ( M) 
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P o t e n t i l l a   g r a c i l i s  Dougl. 

P o t e n t i l l a   p a r a d o x a   N u t t .  

Geum r i v a l e  L .  

"Water Avens'' 

FABACEAE 

Desmanthus i l l i n o e n s i s  (Michx.) MacM. (M) 

" P r a i r i e  Mimosa'' 

Tr i fo l ium  hybr idum L.  

"Als ike   Clover"  

Amorpha nana   Nut t .  

POLY GALACEAE 

P o l y g a l a   s e n e p a  L .  

"Senega  Snakeroot" 

CALLITRICHACEAE 

C a l l i t r i c h e   p a l u s t r i s  L. 

"Water S t a rwor t "  

C a l l i t r i c h e   h e r m a p h r o d i t i c a  L .  (SI 

BALSAMINACEAE 

* I m p a t i e n s   p a l l i d a   N u t t .  

"Pale Touch-me-not" 

Impat iens   capens is   Meerb .  

"Spo t t ed  Touch-me-not" 



ELATINACEAE 

*Ela t ine  t r i a n d r a   S c h k u h r .  

"Mud-purslane'' 

VIOLACEAE 

Vio la   nephrophy l l a   Greene  

"Bog V i o l e t "  

V i o l a   p a p i l i o n a c e a   P u r s h .  

"Common Blue   Vio le t"  

LYTHRACEAE 

Ammanvia c o c c i n e a   R o t t b .  

"Ammannia" 

ONAGRACEAE 

Ep i lob ium  angus t i fo l ium L .  

"Fireweed1' 

Epi lobium  panicu la tum  Nut t .  

Epi lobium  lep tophyl lum Raf. 

Epilobium  glandulosum var adenocaulon  (Hausskn.)   Fern.   (E) & (M) 

Circaea a l p i n a  L. (MI 

"Enchanter ' s   Nightshade"  

HALORAGIDACEAE 

Myriophyl lum  exalbesceus  Fern.  (SI  

"Water M i l f o i l "  

347 



*Myriophyllum  heterophyllum  Michx. (S) 

Myr iophyl lum  ver t ic i l la tum  Michx.  ( S )  

H i p p u r i s   v u l g a r i s  L. 

"Mare's Tai l"  

UMBELLIFEME (Apiaceae;  Ammiaceae) 

Z i z i a  aptera (A. Gray)   Fern.  (M) 

"Meadow Par sn ip ' '  

Be ru la   (Nu t t . )   Fe rn .  ( E )  

"Cut-leaved Water P a r s n i p "  

Sium  suave Walt. 
" 

Water Pa r sn ip ' '  

C icu ta   macu la t a  L .  

"Water Hemlock'' 

C i c u t a   b u l b i f e r a  L .  

"Bulbous Water Hemlock" 

CORNACEAE 

C o r n u s   s t o l o n i f e r a  Michx. (MI 

"Kinnikinnick" 

PRIMULACEAE 

Lysimachia C i l i a t a  L .  ( M) 

"Fr inged   Looses t r i f e ' '  

Lysimachia   hybrida  Michx.  ( M) 
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Lysimachia  quadriflora  Sims. ( M) 

*Lysimachia  thyrsiflora  L. (MI 

"Tufted  Loosestrife'' 

*Centunculus  minimus L. 

"Common  Pimpernel" 

Glaux  maritima L. 

"Sea  Milkwort" 

Dodecatheon  pulchellum  (Raf.)  Mer. (M) 

"Shooting  Star" 

GENT  IANACEAE 

Gentiana  procera  Holm 

"Small  Fringed  Gentian" 

Gentiana  acuta  Michx. 

II Northern  Gentian" 

Gentiana  andrewsii  Griseb. 

APOCYNACEAE 

Apocynum  sibericum  Jacq. 

"Indian  Hemp" 

ASCLEPIADACEAE 

Acerates  viridiflora  (Raf.)  Eaton (M) 

Asclepias  syriaca L. 

"Common  Milkweed" 



A s c l e p i a s   s p e c i o s a   T o r r .  

"Showy Milkweed" 

A s c l e p i a s   o v a l i f o l i a  Dec. 

A s c l e p i a s   i n c a r n a t a  L .  

"Swamp Milkweed" 

A s c l e p i a s   v e r t i c i l l a t a  L. 

"Whorled  Milkweed" 

POLEMONIACEAE 

Navare t t i a   p rop inqua   Suks .  

BOEUGINACEAE 

Hel io t ropium  curassavicum L.  (MI 

*Plagiobothrys   scopulorum  (Greene)   Johns t .  ( M) 

VERBENACEAE 

V e r b e n a   h a s t a t a  L .  

"Swamp Venvain" 

LABIATAE (Lamiaceae) 

S c u t e l l a r i a   l a t e r i f l o r a  L .  

"Blue  Skul lcap" 

S c u t e l l a r i a   g a l e r i c u l a t a  L .  

"Marsh  Skullcap" 

* S c u t e l l a r i a  l e o n a r d i  E p l i n g  

"Smal l   Skul lcap"  



P h y s o s t e g i a   p a r v i f   l o r a  Nut t. 

"Obedient   Plant"  

S t a c h y s   p a l u s t r i s  L. 

"Hedge Nettle" 

*Stachys aspera Michx. 

Pycnanthemum  virginianum  (L.)  

"Mountain  Mint" 

Lycopus  unif lorus   Michx.  

"Bugle-weed" 

Lycopus  americanus Muhl. 

"Water Hoarhound" 

Lycopus asper Greene 

"Western Water Hoarhound" 

Mentha a r v e n s i s  L. 

"Wild  Mint'' 

SCROPHULARIACEAE 

Mimulus r i g e n s  L. 

"Monkeyf lower' '  

Mimulus g e y e r i  Torr .  

"Yellow  Monkeyflower" 

Bacopa  rotundifol ium  (Michx.)  Wettst. ( F )  & (M) 

"Water Hyssop" 

L i m o s e l l a   a q u a t i c a  L. 

"Mudwor t 'I 



G r a t i o l a   n e g l e c t a   T o r r .  

"Hedge Hyssop" 

*Mimulus g u t t a t u s  D.C. 

L i n d e r n i a   d u b i a   ( L . )   P e n n e l l  ( M) 

"False   P imperne l"  

L i n d e r n i a   a n a g a l l i d e a   ( M i c h x . )   P e n n e l l  (M) 

Veronica  americana  Schwein.  (E) 

llBrooklimelt 

Veronica   connata   Raf .  (E) 

V e r o n i c a   s c u t e l l a t a  L.  ( M) 

"Marsh  Speedwell" 

G e r a r d i a  aspera Dougl. ( M) 

"Rough Gerardia ' '  

G e r a r d i a   t e n u i f o l i a   V a h l .  

"S lender   Gerard ia ' '  

P e d i c u l a r i s   c a n a d e n s i s  L .  

' 'Louseworttt 

P e d i c u l a r i s   l a n c e o l a t a  Michx. (MI 

UTRICULARIACEAE ( L e n t i b u l a r i a c e a e )  

U t ' ncu la r i a   i n t e rmed ia  Hoyne ( S )  

U t n c u l a r i a   v u l g a r i s  L .  

"Bladderwort" 

' I  
( S )  
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PLANTAGINACEAE 

P l a n t a g o   e r i o p o d a   T o r r .  

" A l k a l i   P l a n t a i n "  

RUBIACEAE 

H o u s t o n i a   l o n i f o l i a   G a e r t n .  ( M) 

"Blue ts'l 

Gal ium  t r i f idum L.  

"Small  Bedstraw" 

Galium laborador i cum Wieg. ( M) 

CAPRIFOLIACEAE 

Viburnum  trilobum  Marsh. 

"Highbush  Cranberry" 

Viburnum l e n t a g o  L .  

"Nannyberry" 

Viburnum  raf inesquianum  Schul tes  (M) 

CUCURBITACEAE 

E c G y c y s t i s  - lobata   (Michx.)  T .& G .  (M) 

"Wild  Cucumber'' 

LOBELIACEAE 

L o b e l i a   s i p h i l i t i c a  L. 

"Great Blue   Lobel ia"  

L o b e l i a   s p i c a t a  Lam. 

" P a l e s p i k e   L o b e l i a "  



L o b e l i a   k a l m i i  R. & S. 

" K a l m '  s Lobe l i a "  

ASTERACEAE (Compositae) 

Vernonica   fasc icu la ta   Michx.  

"Ironweed" 

Eupatorium  maculatum L .  

"Joe-Pye Weed" 

Eupa to r ium  pe r fo l i a tum L. 

"Boneset" 

L ia t r i s  s c a r i o s a   ( L . )   W i l l d .  

"Round-headed  Blazing  Star" 

*Liatris pycnostachya  Michx. 

"Tall  B l a z i n g   S t a r "  

S o l i d a g o   g i g a n t e a  A i t .  

"Ta l l  Goldenrod" 

S o l i d a g o   g r a m i n i f o l i a  (L . )  S a l i s b .  (M) 

"Narrow-leaved  Goldenrod" 

B o l t o n i a   l a t i s q u a m a  A. Gray. (MI 

" F a l s e  Aster" 

Aster novae-angl iae  L.  (MI 

"New England A s  terl' 

Aster pun iceus  L .  

"Swamp Aster'' 
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Aster l a e v i s  L.  

"Smooth Blue Aster'' 

Aster umbe l l a tus  Mill. 

" F l a t - t o p  Aster'' 

Aster s implex   Wi l ld .  

" T a l l  White Aster'' 

Aster j u n c i f o r m i s  Rydb. 

Aster p a u c i f l o r u s   N u t t .  

"Few Flowered Aster'' 

Aster b r a c h y a c t i s   B l a k e  

"Rayless  Aster" 

E r i g e r o n   g l a b e l l u s   N u t t .  

"Daisy  Fleabane' '  

E r i g e r o n   p h i l a d e l p h i c u s  L. (MI 

E r i g e r o n   l o n c h o p h y l l u s  Hook. (MI 

Xanthiuq strumariq L. 

"Cockleburl '  

Rudbeck ia   s e ro t ina   Nu t t .  (MI 

"Black-eyed  Susan'' 

R u d b e c k i a   l a c i n i a t a  L. 

"Tal l  Coneflower' '  

Hehanthus   tuberosus  L. ( M) 

"Jerusa lem  Ar t ichoke"  
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LY 

B i d e n s  ccrnua Id. 

" B u r  Marigo1.d" 

*Hitiens "" acuta  (Wiegand.) Hr i t t on .  ( M )  

"_ 6 i d e n s  vu lga ta  Greene ( M) 

P e t d s i t e s   s a g i t t a t u s  ( P u r s h . )  Gray (M) 

"Sweet Col ts foot"  ( M )  

"Go 

Agoseris 

l d e n  Ragwort" 

g l auca  (Pursh. ) D .  Dietr. (M) 

Surlchus arvensis L. 

l 'Perennia l  Saw T h i s t l e "  
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APPRAISAL 

AQUATICS AND MARSH  PLANTS I N  NORTH DAKOTA: 
NOT REPORTED FOR MANITOBA 

FERNS 

Marsiliaceae 

Marsilea mucronata A . B r .  "Waterfern". Not common a n d   h a s   n o t   s p r e a d   t o  

t h e   n o r t h e r n   p a r t   o f   t h e  s ta te .  Not r epor t ed   fo r   Man i toba .  Grows i n  

s h a l l o w   s t a n d i n g  water. No known d e t r i m e n t a l   c h a r a c t e r i s t i c s .  

FLOWERING PLANTS 

1)  Typhaceae 

Typha a n g u s t i f o l i a   a n d  i t s  h y b r i d  swarms  (T. ' g l a u c a ' )   h a v e   i n c r e a s e d   i n  

t h i s  area i n   t h e  l a s t  twenty some y e a r s .  I t  i s  l i k e l y   t h a t  Typha 

l a t i f o l i a  forma  ambigua  of  Scoggan's  manual i s  e q u i v a l e n t   t o  - T. a n g u s t i f o l i a .  

An i n c r e a s e   i n   s a l i n i t y  may l e a d   t o  i t s  es t ab l i shmen t   and   i nc rease .   Muskra t s  

and   beave r   u t i l i ze   roo t s   and   shoo t s ;   b i rds   and   o the r   o rgan i sms   t he   hab i t a t .  

Bo th   spec ie s   o f  Typha  and t h e i r   h y b r i d s   c a n   c r e a t e   e r a d i c a t i o n   p r o b l e m s   i n  

slower  moving or standing water. 

2) Sparganiaceae  

Sparganium  chlorocarpum,  var .   acuta   (Beeby)   Fernald.  Rare i n   e a s t e r n  area, 

North  Dakota. No known u n d e s i r a b l e   a t t r i b u t e s .  

3) Zosteraceae  (Potamogetonaceae,  Najadaceae, e t c . )  

Ruppia maritima L. var. occ identa l i s   (Wats . )   Graebn.   could  become p r o f u s e  

w i t h   a n   i n c r e a s e   o f   s o l u a b l e  s a l t s  i n   t h e   h a b i t a t .  However, a l l  members 

of  t he   Zos t e raceae :   Zann iche l l i a ,   Rupp ia ,   Na ja s   and   t he  many s p e c i e s   o f  
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Potomogeton are h i g h l y   r a t e d  as food   fo r   wa te r fowl   and   marsh   b i rds .  

4 )  Alismataceae 

Alisma subcordatum  Raf.  A q u e s t i o n  of s e p a r a t i n g  i t  f r o m   o t h e r   s p e c i e s  

i n   M a n i t o b a ?   T u b e r s   a n d   f r u i t   u t i l i z e d  by waterfowl.  

5) Cyperaceae 

Dulichium  arundinaceum (L . )  Britt. Shou ld   occu r   i n   Man i toba   acco rd ing  

t o   r a n g e   c i t e d .  Rare in   Nor th   Dakota .  

S c i r p u s   n e v a d e n s i s  S .  Wats. and - S. h e t e r o c h a e t u s   C h a s e   o c c u r   i n   t h e  

e a s t e r n  area of North  Dakota. Food f o r   w a t e r f o w l .  No known u n d e s i r a b l e  

a t t r i b u t e s .  

6 )  Lemnaceae 

L e m a   p e r p u s i l l a   T o r r .  Not common. Duck food. Does no t   ' ' t ake   ove r "   t he  

su r face   o f   ponds  as does -~ L. minor  and i t s  in f r equen t   admix tu re   o f   Sp i rode la  

p o l y r h i z a .  

7) P o n t e d e r i a c e a e  

H e t e r a n t h e r a   d u b i a   ( J a c q . )  MacM. and   Pon tede r i a   co rda ta  L. Should  occur  

in   Man i toba .   Bo th   w i th in   Gar r i s ion   D ive r s ion  Unit area. No d e t r i m e n t a l  

c h a r a c t e r i s t i c s .  

8) Boraginaceae 

Al locarya   scopulorum  Greene   (=Plagiobothyrs   scopulorum  (Greene)   Johns t . )  

I n s i g n i f i c a n t  ( ? )  annua l  of w e t ,  s a l i n e  areas. Could  be A .  c a l i f o r n i c a  

( F  & M) Greene  of  Manitoba? 

- 

9)  Ha lo ragaceae  

Myriophyl lum  heterophyl lum Michx. Rare in   Nor th   Dakota .  
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10) Polygonaceae 

Rumex v e r t i c i l l a t u s  L. Common in   Nor th   Dakota .   Should   occur   in  

Manitoba? 

ASSESSMENT 

To the  knowledge of t h e  wri ter  a n d   f r o m   t h e   p r e l i m i n a r y   l i t e r a t u r e  

s e a r c h ,   n o n e   o f   t h e   a p p r a i s e d   s p e c i e s  i s  d e t r i m e n t a l .  None w i 3 . 1  c r e a t e  

problems more s e r i o u s   t h a n   c a n   b e   c r e a t e d  by a change i n   t h e   h a b i t a t  

f o r   s p e c i e s  now p r e v a l e n t   i n   M a n i t o b a ,   e . g .   T r i g l o c h i n  maritima, a 

poisonous member of   the   Juncaginbceae   occurs  commonly i n   a l k a l i n e  areas 

in   Nor th   Dako ta   and   Man i toba .   Wi th   i nc reas ing   a lka l in i ty ,   bo th  i t  and 

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

i n c r e a s e .   H o w e v e r ,   t h i s  i s  one   impact   tha t   the  writer i s  n o t  p repa red  

t o   e v a l u a t e .  

Of  t h e  species known t o   r e p r o d u c e   v e g e t a t i v e l y   w i t h  some degree  o f  

r a p i d i t y   n o n e  i s  d e t r i m e n t a l   a p p a r e n t l y ,   e . g . ,  A) The submerged  Ruppia S F ) . ,  

Z a n n i c h e l l i a  s p . ,  Najas sp. ,   Potornogeton s p p .  a r e   f a i r l y   u b i q u i t o u s .  The 

h a b i t a t   r e q u i r e m e n t s   v a r y  w-ith t h e   s p e c i e s   b u t  all a r e   f o u n d   i n   s t a n d i n g  

to   s lower   moving  waters. The m a j o r i t y ,   p e r h a p s  a l l  s p e c i e s ,   p r o v i d e  

v a l u a b l e   f o o d   f o r   w i l d l i f e ,   e s p e c i a l l y   w a t e r f o w l .  None has   been   r epor t ed  

p o i s o n o u s   t o  man. B)  The f l o a t i n g  member of  the  Lemnaceac i s  q u i t e  rare 

in   North  Dakota .  Our r eco rds   do  n o t  i nd ica t . e  a r a p i d   v e g e t a t i v e   r e p r o d u c t i o n  

l i k e   t h a t  of  Lema minor.  

G e n e r a l l y   s t a t e d ,   t h e   e m e r g e n t   a q u a t i c s ,   e x c e p t  f o r  t he   annua l s ,   do  

n o t   r e p r o d u c e   r a p i d l y .  Many ar ise  f rom  spreading   rh izomes ,   hence  a s t a n d  

w i l l  i n c r e a s e   i n   s i z e ,   b a r r i n g   e r o s i o n   a n d   o t h e r   e n v i r o n m e n t a l   b a r r i e r s   t o  

d i s t r i b u t i o n .   O t h e r s   o c c u r   l o c a l l y ,   a r i s i n g   t h r o u g h   s h a l l o w   w a t e r .  A l l  
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emergent ( E )  spec ie s   have   been   i nd ica t ed  i.n t h e  master check l i s t .  None 

c f t c d  on t h e   a p p r a i s a l   l i s t  h a s  known detrimental p r o p c r t l e s  o t l l c r  than 

t h o s e   a l r e a d y  known f o r  similar s p e c i e s   i n   M a n i t o b a ,  e . g . ,  s p r c n d i n g  a n d  

t h e   p o s s i b l e   e x p e n s e  of  e r a d i c a t i o n .  

F i n a l l y ,   i n  summary,  none o f  t h e   a q u a t i c   a n d   m a r s h   v a s c u l a r   p l a n t s  

w i t h i n  t h e  Area unde r   s tudy  s h o u l d  p r e s e n t  future problems  to   Manitoba.  

The m a j o r i t y  are common to  both  Manitoba  and  North  Dakota.  Those known 

from North  Dakota and  n o t  f rom  Manitoba  have  apparent ly   no known d e t r i m e n t a l  

qual i t i e s .  
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Attachment C.IV-3 

Endangered Plant Species in  Manitoba 
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Species 
"". . " "_ 
Anemone pa.tens 
Rqui.I ogri a b r e v i   s t y 1  i s  
POI ani si a grave01 ens  ' " 
A r i  satema a t rorubens  
A r i  5wma t r iphy l . l -m2  
C ~ I  spngon pul  ctielllls 

Caulophyl lum  tha l ic t ro ides  
Celtis  o c c i d e n t a l i s  
Chelone  g1.abra v. lini1:ol.ia'  '' 
Chrysosplttnium te:,randuml 9 2  

Cypripedium  arietinum 
C. candidum2 
Desmodium canadense2 
Epigaea  repens  v .   g l -abr i fol ia '  
Gen t i ana   f l av ida2  
G. l i n e a r i s '  " 

2 

C ~ Y P S O  b u l b s a '  ' 

1 

x 

x 

X 
X 

X 

X 
X 
X 
li 

x 
X 

x 

Hedysarum alpinum v. p h i l o s c i a 2  
Malaxis  monophylla v. brachypoda2 X 
O p u n t i a   f r a g i l i s '  
Opuntia  poly/%antha 
Phryma leptost .achya2 
P o t e n t i l l a   c o n c i n n a  
Pso la rea   e scu len ta '  ' 2  
Rumex venosus 
Sanguinar ia   canadens is  
Scheuchzeria  palus t r i  s v. 

americana' 9 2  

Sphaeralcea  coccinea 
Symplocarpus  foetidus ' 
Thermopsis  rhombifolia 
Townsendia  exscapa 
Uvularia s e s s i l i f o l i a  x 
V e r n o n i a   f a s c i c d a t a 2  

- .-___-.-.".I_-_- - " - - .L -I 

Spec ie s   p re sen t ly  absent from  area. 

Species  which  occupy  moist h b j  t,n ts  o r  rivcrhanks. 

X 

x 
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Qistr ibut ion and h a b i t a t  o f  "rare and endangered" plant species alonq GW Manitoba waterways 
t c o r ~ ~ p 7  l e d  h y  R i o 1 t v y  Cornmi t t e e ) .  

/?,nemone patens 
Parque-flower 

Ca 1 apogon pul chel 1 us 
Grass-pink 

Cal ypsn h u l  bosa 

Cauloph,yl l u m  t h a l  ictroides 
E41 t ~ e  Cohosh 

r:elt,is occ,identalis 
Hackberry t ree  

('helone  qlabra v .  l i n i f o l i a  

Chrysnspleniurn tetrandun 

Cypripedium arietinum 
Ladysl i pper 

C. candidurn 

"Scoqqan: Comnon  on d r y  prair le  and hi l ls ides  of  S .  Man. 
?Stevens: Common on high prair ie  

Scoqqant Woods thickets and clearings throughout Prov. 
Subarctic west Amer. 

'3Farne 1 d:  Rock crevices, open woods, meadows 

Scoqqan: 1 specimen  from Aweme. Temp. east  Amr. 

Gray: Gravelly  shores and banks * Man. east and south 
Man. E. and S, 

Stevens: 

Sc oqqan : 

S t  even5 : 

Scoqqan : 

Stevens : 

Scoagan : 

Stevens: 

Scoqqan: 

Ctevens : 

Scoqqan: 
Stevens : 

5coggan : 

Scoqqan: 

Stevens : 

Scoggan : 

Stevens : 

Scoqgan: 

Stevens : 

Frequent,  chiefly western NO usually i n  
qravel ly soil an lake  shores and hi l ls ides  

Emerson,  Carman, Wpq. Fastern American 
Man. E.  and S .  
Easter0 part, of N . P . .  , fwquent i n  w o d s  

Bogs and wet habitats: Cedar Lake, East of 
Winnipeg. S.E .  Man. E .  and S .  
Not l i s ted  

Cool marshy woods and damp clearings  in south 
o f  Prov. P o i n t  du bois. Sub a rc t ic  
Not 1 isted 

Woods nlonq Assin. R .  East Selkirk 
Por%age l a  Prair ie .  '5, Man. E. and S .  
Rare i n woods 

Delta; S .  Man. E .  & S. 
Common a l o n g  Red a t  Farqo, planted  as 
she1 terbel t 

l ow,  wet ground, eastern Man. Turtle Mtn .  
S .  Man. E .  and  S. 

Wet  swamp. Ridinq M t n . ,  Duck M t n . ,  Churchill 
Art i c ci rcumpol ar 
Not 1 isted 

Damp woods, Richer,Arborq Cedar  Lake 
Temp. east  Amer. SC Man. E. and S. 
Not 1 i sted. 

Wood1 ands, Brandon, Aweme 
Temp. e a s t .   h e r .  S.  Man. S .  and E. 
Moist pra i r ie ,  common in Minn. 
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Desmodium"canadense 
T i c k   t r e f o i l  

Epigaea  repens v. g1 a b r i f o l  i a  
Mayf 1 owe r 

Gent iana  f lav ida  

G. 1 i near i  s 

Hedysarum alpinum v. p h l l o s c i a  

Malaxis  monophylla v. brachypoda 

O p u n t i a   f r a g i l i s  
B r i t t l e   p r i c k l y   p e a r  

0. polyacantha 
P r i c k l y   p e a r  

Phryma leptostachya 

Potent11 l a  concinna 

Psolarea  escul  enta 
Breadroot 

Scoggan : 

Stevens : 

Scoggan : 
S t  evens : 

Scoggan : 

Stevens: 

Scoggan : 

Stevens: 

Scoggan : 

Stevens : 

Scogqan : 

Stevens : 

Scoggan : 

Stevens: 

Scoggan : 

Stevens : 

Scoggan : 

Stevens : 

Sc ogga n : 

Stevens : 

Scoggan : 

Stevens : 

- 2 -  

Damp woods and  stream  th ickets:   Lake  of   the 
Woods, Winnipeg, Morden, Aweme. Temp east 
Amer. Man. S. and E. 
Occasional i n   g r a s s l a n d s  

East  of Wpg., Dauphin,  East Amer. 
No record 

1 spec. from  south o f  Wpq.  Temp east Amer. 
S .  Man. E. and S .  
No record 

Shoal Lake Ont., Wpg., Morden, R id ing  Mtn. 
Temp east Amer. S .  Man. E .  and S .  
No record.  

banks o f   r i v e r s   N o r t h  o f  L . Wpg. 
Grand Rapids Temp. west h e r .  Man. W .  and S. 
No record.  

Boggy p l  aces,  Treeshan k ,  Grandview, 
Lake  Winnipegosis. Temp e a s t   h e r .  SC Man. 
S. and E. 
No record 

Dry grani te   shore,dry  sandy p r a i r i e  
Falcon L. Spruce Woods,  Temp. W. Amer. 
W .  Ont. W .  and S .  
S t r o n g l y   s a l i n e   c l a y   f l a t s ,   b u t t e s  and stony 
k n o l l  s 

A l k a l i n e   p r a i r i e ,   s a n d h i l l s ,  Morden, Oak Lake, 
Min io ta ,  Aweme, S t .  Lazare,  Lauder. 
Temp. W. h e r .  B.C. t o  Man. S. 
Comnon Miss. R. westward 

Stream th i cke ts ,   mo is t  shaded s o i l .  Morden, 
Graysv i l l e ,  Carman, Portage. Temp. E. Amer. 
S. Man. E. and S .  
Comnon i n  S.E.  N.D. 

Sandy p r a i r i e  and g r a v e l l y   c l e a r i n g s   i n  S .  Man. 
S t .  Lazare,  Lake  Manitoba , Brandon. 
Temp. W .  h e r .  
Frequent on h i g h   p r a i r i e   o r   h i l l s  west N.D. ~ 

Dry p r a i r i e s   o f  S .  Man. M i l l m d  N. o f  Brandon, 
Fort  Garry. Temp. W .  her. 
Frequent t o  comnon  on p r a i r i e  
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Rumex venosus 
Large  flowered  dock 

Sanqui naria  canadensi s 
B1 oodroot 

Scheuchzeria  pal u s t r i s  v.  
americana 

Sphaeral  cea  cocci n,ea 

Sympl ocarpus  foet idus 
Skunk-cabbage 

T h e m p s i s   r h o m b i f o l i a  
Fa1 se 1 up i ne 

Townsendia  exscapa 

U v u l a r i a   s e s s i l i f o l i a  

Vernonia  fasciculata 

Scogqan: Sandy open hab i ta t s .  Aweme, Carberry, Fisher 

Stevens: I n  very sandy s o i l .  H i s s .  R.  west 
Branch. Temp W. her. S. Man. W. and S. 

Scoggan: Sandilands, Sprague, Roseisle. Temp. east 

Stevens: Abundant i n  woods a long Red and t r i b u t a r i e s  
h e r .  SE Man. E. and S. 

i n  SE N.D. 

Scoggan: 1 spec. Reindeer Lake  marsh subarct ic  
temp Amer. 

Stevens: No record 

Scoggan: Sandy o r  c l a y   p r a i r i e  o f  S. Man. Long River ,  

Stevens : Very c m o n   i n   d r y  poor s o i l  
Dropmore, Temp. W .  Amer. 

Scoggan: k t  meadows and swampy woods. Winnipegosis 

Stevens: No record 
Temp. east Amer. S .  Man. E .  and S. 

Scoggan: Dry p r a i r i e  SW Man. Temp. W .  Amer. 
Stevens: Frequent t o  comnon M i s s .  R. west. 

Scogqan: Cypress R., G1 enboro, Aweme, sandhi 11 s 
Temp. W. Amer. 

Stevens:  Rather  rare on p r a i r i e s  

Scoggan: Thickets  and  open woods. 1 record f r o m  

S t  evens : lloods r a r e  
Roseisle. Temp. E. Amer.  S. Man. E .  and S. 

Scoggan: Spec. on l y  from Morr is  by Red R. 
Temp.  Amer. S. Man. S .  

Stevens:  Along  ditches  and wet grassland. S.E.  N.D. 

'Scoggan, H .  J ,  1957. F l o r a  of Mani toba,   Nat ional  Museum of Canada. B u l l .  No. 

2Ferneld, M .  L .  1950. Gray 's  Manual of B o t a n y   ( 8 t h   E d i t i o n ) .  New York,  American 

3Stevens, 0. A. 1950. Handbook o f  Nor th   Dako ta   p lan ts .   No r th   Dako ta   Ag r i cu l tu ra l  

140. 691 pp. 

Book Company. 1632 pp  and i l l u s t r a t i o n s .  

College, Fargo,  North  Dakota. 324 pp. 

36 6 



The E f f e c t s  of  t he   Gar r i son   D ive r s ion   Un i t  

0.11 t h e   I n t r o d u c t i o n   a n d   D i s t r i b u t i o n  

o f  Terrestr ia l  Weeds i n  Manitoba 

W. McDonald, Ph. L). 

Winnipeg,  Manitoba 
Agr i cu l tu re   Canada   Resea rch   S t a t ion  
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The Effects  of  the  Garrison Diversion  Unit on the 

Introduction and Distribution of Terrestial  bleeds in Manitoba 

14. C .  McDonald, P l a n t  .Pathologist and Director 

Agriculture Canada Research Station, Winnipeg, Manitoba 

Introduction 

The growth  of weeds in  aqricul tu ra l  1 and i s  one of the main 

causes of crop  losses  in Manitoba as  in  other  agricultural  areas. T h e  

costs  associated w i t h  t h i s  problem including  direct loss of p r o f i t s   t o  

farmers from lower yields,  the  costs of applying chemical o r  cul tural  

control measures and the  costs  of  maintaining a surveillance and  control 

program for  noxious weeds amount t o  many millions o f  dollars  each  year. 

Any factor t h a t  would tend t o  increase  these  costs would be of  concern 

t o  the  agricultural  industry of Manitoba. For t h i s  reason  the  Biology 

Committee decided t o  consider  the  effects of the completion  of the G D U  

would have on weed infestations  in Manitoba. 

Most  weeds can be classif ied as common and are  distributed 

widely  over  large  geographic  areas. b!ild oats,  mustards, quack grass ,  

foxtail   etc.   are  included  in  this g roup   and ,  although  they a re  probably 

the main cause of crop losses ,   their  complete eradication  is  impossible. 

Other weeds, usually  those t h a t  a r e   d i f f i cu l t  t o  control  because of t h e i r  

weeds have a r e s t r i c t ed  

a particular environment 

ibuted t h r o u g h o u t  the ar2a  

the 1 a t ter   type of weed 

growth habit , are  classified as noxious. Some 

geographical  distribution because they  require 

for growth or because they have n o t  been d i s t r  

grow. The introduction of i n  which they might 

into a new area wou 

control i n Manitoba 

I d  be o f  rnajor concern t o  those  responsible  for w e d  
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Present  Situation 

The most important noxious weeds that  occur  in North Dakota ,  

the Missouri  River  watershed of  Montana and in Manitoba are   l is ted  in  

Table 1. The t a b l e   i s  based on information  provided by Prof. John D .  

Nalewaja, N.D.S.U., Fargo, N . D . ,  Mr. M. ,J .  Jackson,  Extension agronomist - 
b!eed Control , Co-op. E x t .  Serv. , Bozeman , Mont. and Mr. J .  0. Forbes, 

Chief, Weeds Section,  Soils and Crops Branch, M . D . A . ,  Winnipeg, Man. The 

1 i s t  i s  n o t  exhaustive  as  the Noxious Weeds  Act of Manitoba,  Schedule A, 

l i s t s  225 weed spe-cies t h a t  are  considered  noxious b u t  many of them are 

common weeds t h a t  are  prevalent th roughou t  the  prairies.  Some weeds, such 

as  scentless or fa l se  chamomile (Matricaria maritima L .  v a r .  agret is  (Knof) 

lu’ilmott) t h a t  i s  of  increasing concern in  areas of North Dakota (Mitich, 1976), 

are n o t  l i s t ed  as noxious a t  this  time. I t  and  a l l  of the weed species 

classed  as noxious  in  the two states  also  occur in Manitoba. 

The occurrence  of the  same  weed species th roughou t  the  central 

p ra i r ie   s ta tes  and provinces i s  not  surprising i n  view o f  the numerous 

rnethods there  are  for  dispersing weed seeds. Mans activit ies  are  primarily 

responsible  for  the lonq distance  spread  of weed seeds t h r o u g h  transporting 

them on farm machinery and vehicles, and as  contaminants  in commercial 

seed,  fodder, packing material,  nursery  stock,  etc. As an example i t  i s  

believed t h a t  nodding th i s t le   in fes ta t ions   in  Manitoba resulted from the 

introduction o f  seed  in  forage imported from the U.S.A. during  the  feed 

shortage  in 1961 ( Ikbs te r ,  1973) .  Weed seeds can also be transported lonq 

distances  attached i o  or i n  the  digestive  tract  of wild and domestic  animals 

a n d  birds. Wind i s  very i m p o r t a n t  in dispersing weed seeds and  many seeds 

are especi a1 7’y adapted t o  t h i s  mode. Many wed seeds are  adapted t o  
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t ransport  by flo\vinq wat;er. Some of these hdve spec ia l  a!)pendaqes  such  as 

a i r  sacs, corky  layers  or  hdirs  to  helu thew f l o a t  and o-thers  are so  l i g h t  

m d  small  they  will  float due t o  surface  tens  i o n .  Unadapted seeds can b e  

car r ied  a l n n a  - in  soil  sediments rnoved  by water. 

Under present  conditions  there  is  no reason  to bel ieve t h d t  seed 

o f  a new species of weed, introduced  into North Dakota o r  Yontarra, would 

n o t  be d i  spersed  sooner  or 1 a t e r  i n t o  Manitoba by t h e  normal means o f  k!eed 

seed  dispersal.  Natural  flooding o f  the  Red and  Souris  Rivers has provided 

ample oppor tuni t ies   for   seed   d i s t r ibu t ion  from North Dakota i n t o  Manitoba 

in  the  past and the s i tuat ion  wil l  no t  ch3nq~ i n  the   foreseeable   future .  

Potential  Effects  of  the  Garrison  Diversion U n i t  

There a re  two aspects -to be considered i n  eva lua t ing   the   e f fec ts  

t h a t  the  GDU may have on weed infes ta t ions   in  Manitoba. 'Jne i s  the p o s s i b i l i t y  

t h a t  the GDU rndy -incredse the chances o f  ir,t,-oducirrg seecl of a ne\./ s lwc iet ;  

of noxious weed i n t o  Mdnitobd and t h e  otter i s  the pt-0bdbi I i t .y  t h a t  dl1 

-increa5e  in  the  area .flooded in t h i ?  sprinq w-I I 1  . f dL i l . i .Ld t . e  t!le dis-tr.ibution 

o f  -irld-igenous noxious weeds t o  ne:'/ arzas .  

'The o p p o r t u n i t y  f o r  t he  d i 5 tr-i buL i on -i ri t o  I l a r l i  t ohd  o f t l m  w i l d  

species introduced i n t o  the  wztershed o f  t he  i?ed Yiver . i n  P1ort.h !lakota or 

Minnesota a1 ready  exi 5 t s  v i a  the  Ked t<i ver. -I he rnai t i  concern i s  t h e  

establ ishrnent of  a new weed species on 1 and d r d i l l e d  by the  I.!issuuri K I  ver 

w h i c h  wi 1.1 be channel le3 . i n t o  tile !!cC,l usky ILatlal alld eve11 tua.1 l y  through 

other, candl s and -i rri  y a t i  or1 chanrle I s i n  to tlv Ked, S o u r i  s at1i-l A s s i n i  ho ine 

Rivers.  Seeds  transported by th is;  route w o u l d  bcconw est.ablished alorlcl 

canal and r i v e r  banks and these  areas wou'ltl pr -ovic l ' ; : .  so!lrccts of infestat ior l  

370 



- 4 -  

o f   a d j a c e n t   f a r m   l a n d .  It i s   p o s s i b l e   t h a t  seeds o f  new species  would 

be d i s t r i b u t e d   i n t o   M a n i t o b a   s o o n e r   b y   t h i s   r o u t e   t h a n  by o t h e r   n a t u r a l  

o r   a r t i f i c i a l  methods. 

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

an  increase  caused by GDU i n   t h e  amount o f   w a t e r   f l o w i n g   i n   t h e  Red and 

Sour is   R ivers   wou ld   have an a d v e r s e   e f f e c t  on  farmland i n   t h e   a f f e c t e d  

area. Seeds o f  nox ious weeds growing   on   non-cu l t i va ted   land   wou ld  be 

c a r r i e d  by f l o o d   w a t e r s   t o   c r o p   l a n d   a n d   w o u l d  be c o n c e n t r a t e d   p a r t i c u l a r l y  

a t   t h e   f a r t h e s t   p o i n t   o f   i n u n d a t i o n .  

More e f f o r t   w o u l d  be r e q u i r e d  by i n d i v i d u a l   f a r m e r s  and weed 

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

I f  undetected,  patches o f  weeds c a n   e n l a r g e   r a p i d l y   a n d   c o s t s   o f   c o n t r o l ,  

which  must be bo rne   by   t he   l and   owner ,   i nc rease   p ropor t i ona l l y .   I n  some 

cases   land  i s   o u t  o f  p r o d u c t i o n   u n t i l   t h e   i n f e s t a t i o n  i s  brought  under 

con t r o  1 . 
The s i g n i f i c a n c e  o f  t h e  damage caused  by  increased  f loodina 

depends  on t h e   e x t e n t   o f   t h e   a d d i t i o n a l   a r e a   f l o o d e d  because o f   t h e  GDU. 

Data   p rov ided  by   the   Water   Ouant i t y   Commi t tee   ind ica te   tha t   there  will 

be no measurable  increases i n   f l o o d e d   a r e a s   o n   e i t h e r   t h e  Red o r   A s s i n i b o i n e  

R ive rs   i n   Man i toba   as  a r e s u l t   o f  GDU added f l o w s .  On t h e   S o u r i s   R i v e r ,  

GDU f l o w s  will n o t   i n c r e a s e   t h e   a r e a   f l o o d e d   d u r i n g   t h e   s p r i n q   r u n - o f f  

p e r i o d   i n   A p r i l  even w i t h   t h e  maximum f l o o d   l e v e l s   r e a c h e d   i n   t h e  2% o f  

t h e   y e a r s   f o r   w h i c h   d a t a   i s   a v a i l a b l e .   F l o o d w a t e r s  will recede  more  slowly 

i n   t h e   S o u r i  s watershed  f rom  the U.S. b o r d e r   t o   S o u r i  s town  under  the 

i n f l u e n c e   o f  added r e t u r n   f l o w s   f r o m  GDU i n   J u l y  and  August  but t h i s   w o u l d  

have  no e f f e c t  on weed d i s p e r s a l .  
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Concl   usion 

The e f f e c t s   o f   t h e  GDU o n   t h e   i n t r o d u c t i o n   o f  weed seeds i n t o  

Manitoba will be  minimal.  The  noxious weed s p e c i e s   t h a t   a r e   p r e s e n t  now 

i n   N o r t h  Dakota  and  Montana  also  occur i n  Manitoba  and i f  new spec ies   a re  

i n t r o d u c e d   i n t o   t h e s e   s t a t e s   t h e y  will eventual ly   reach  F lan i toba  by 

na tura l   methods   o f   seed  d ispersa l .  

The d i s t r i b u t i o n   o f  weed seeds  f rom  local   sources o f  i n f e s t a t i o n  

i n t o  new areas will not   occur   as a r e s u l t   o f   t h e  GDU a s   a d d i t i o n a l   f l o w s  

f rom  the  GDU will n o t   e n l a r g e   t h e   a r e a   f l o o d e d   n a t u r a l l y   d u r i n g   s p r i n g  

r u n - o f f   i n   A p r i l  on t h e  Red, Ass in ibo ine   and  Sour is   R ivers .  

T h i s   r e p o r t  was reviewed  by:  

D r .  E.  Stobbe,  Professor o f  Weed Science,  Univ. o f  Man. , Winnipeq. 

M r .  J .  C .  Forbes , C h i e f  , Weeds Sec t ion  , S o i l  s and  Crops  Branch,  Manitoba 

Dept. o f   A g r i c .  Winnipeg. 
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Table 1. bleeds classified  as noxious in  areas  affected by the  Garrison Diversisr; , ; ,  
. . . 

North  
Montana Dakota Mani  t . .OM 

Canada Thistle Cirsium  arvense ( L . )  Scop. 
Fie1 d Bindweed  Convol vu1 us arvensi s L .  
Leafy Spurge Euphorbia esula L. 
Russian Knapweed Centaurea  repens L. 
Toadflax  Linaria  vulgaris  Mill. 
Dalmatian toadflax  Linaria  dalmatica ( L . )  
Spotted Knapweed - Centaurea maculosa Lam. 
Nodding Thistle Carduus nutans L.  
Tansy  Tanaceturn vulgare L .  
Perennial  Sow-Thistle Sonchus arvensis L. 
Wi 1 d Licorice  Glycyrrhiza 1 epi d o t a  ( N u t t .  ) Pursh 
Heart-Podded Hoary Cress  Cardaria draba  ( L .  ) Desv. 

" 

Dodders Cuscuta spp. 
Absinthe  Artemisia  absinthium L. 
Stinkweed Thl aspi  arvense L.  
Hedge bindweed  Convol vu1 us seqi u m  L .  
Quack Grass - Agropyron repens ( L .  ) Beauv. 

- 

Wild Mustard Brassica kaber ( D C .  ) 
Wild Oats Avena fatua L .  ~ _ _ _  

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X x 
X x 
X x 
X X 

x 
X 
x 
x 
x 

X x 
x 

X )1' 

X )i 

X ;<, 

X x 
X x 
X x' 

X X 
X X 

X = present and  classified  as noxious. 
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F r a n k t o n ,  C .  and  G .  A. Mulligan. 1970. Needs of Canada. Pub. 948. Canada r i e p t .  oi 

Agric. 217 Pp. Queens Printer ,  Ottawa. 
Jackson, PI. J .  1974. Extracts from the Montana Weed Law, mimeographed. 5 pp. 

Cooperative  Extension  Service, Montana State  University, Bozeman, Mont. 
Jackson, M. $1. 1976.  List of weed species  declared noxious by counties i n  %mLjr! ; le  

Personal communication. 
Plitich, L .  bl. 1972.  Identifying weeds and their   seeds.  Crop Judging  Circular No. > ,  

2 2  p p .  Cooperative  Extension  Service, :,lorth Dakota State  University, F d y . 1 0 ~  L a  

R e v i s 3 d  Qegulation P1110-21, 1973, of  the Noxious  bleeds Act.  Province o f  Plani t o b a .  
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Attachment C.IV-5 

The Effects of the Garrison  Diversion Unit 

on the  Incidence and Severity of 

Plant  Diseases in Manitoba 
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THE EFFECTS OF THE GARRISON DIVERSION UNIT ON THE INCIDENCE 

AND SEVERITY OF PLANT DISEASES IN  MANITOBA 

W .  C .  McDonald, Plant  Pathologi s t  and Director 

Agriculture Canada Research Station, Winnipeg, Manitoba 

T h i s  report  deals  with t h ?  potential  effects of developing  the Garrison 

ci!+fersion Unit on the  incidence and severity of  plant  diseases i n  Manitoba. 

i t  I considered  the  types of crops grown and the  occurrence o f  soil-borne 

I-!-" ;eases in  the  areas  affected,  the  effectiveness of water  as a means o f  

di;persing  plant  pathogens,  the  introduction of new diseases  into North 

Dakota and the  potential  introduction of them i n t o  Manitoba via the Garrison 

iliversion  Project, and the  effect  o f  flooding on planting  dates and the 

concomitant  increased  severity of diseases. 

GENERAL COMCIENTS 

Crops . " "" I I Most of the major plant  disease organisms or biotypes o f  them are 

host  specif ic  a n d  their  establishment i n  a new area depends on the  avail-  

akli1.ity  of a susceptible  host. With  few exceptions North Dakota  and Manitoba 

have similar cropping  systems  (Table 1 ) .  Rapeseed, mustard,  peas and  buck- 

wheat  are n o t  major crops i n  North Dakota while  soybeans , millet  and edible 

beayls are  n o t  major crops  in Manitoba a t  t h i s  time. However, over 90% of  the 

cultivated  acreage i n  each region i s  sown t o  the same crops.  Diseases of 

t hese  crops now present  or  introduced a t  a l a te r   da te  i n  the  watersheds 

drained by the  Garrison  Diversion Unit would find no lack  of  suitable  hosts 

i f  dispersed  into Manitoba. 
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Pathogens. Most plant  diseases  are caused by fungi whose spores   are   a i r -  

borne and dis t r ibuted widely by wind. As an exampl e,  spores of the   rus t  

diseases o f  cereals  are  transported n o r t h  from Texas throughout  the 

Mississippi and Red River Val leys  into  the  northern USA and Canada. Strong 

winds may also  disseminate  fungi,  bacteria,  viruses and nematodes i n  p l a n t  

debris and so i l   par t ic les  over  considerable  distances  including  international 

boundaries. Many fungal , bacterial and viral  diseases  are  seed-borne and 

are  dispersed  in  this manner. Others  are  dispersed by insects  such as  virus 

diseases  transmitted by a p h i d s  and leafhoppers which i n  turn are  dependent 

on wind  for wide dispersal .  None o f  these  types o f  p l a n t  diseases  are o f  

any significance i n  a discussion o f  the   effects  of the  Garrison  Diversion. 

The diseases w i t h  which we are concerned are  those caused by pathogens 

which produce no aerial  spores,  are  soil-borne,  attack the root systems  of 

host p l a n t s ,  and are  believed t o  tolerate   t ransport  by water t o  new areas. 

Representatives of the  various  types of pathogens t h a t   f i t  th is  c r i t e r i a  

a re   l i s t ed  i n  Table 2.  Very l i t t l e  research has  been  done on the long 

distance  spread o f  plant pathogens i n  streams or r ivers ;  most of what has 

been  done i s  on the  effects  of  irr igation  water on the  spread o f  diseases 

i n  local  areas. In many cases i t   i s  presumed t h a t  aquatic f u n g i ,  f u n g i  t h a t  

produce thick  walled  resting  spores,  bacteria, and nematodes could be trans- 

ported by flowing  water b u t  quantitative d a t a  are  rare  particularly  concerning 

soil-borne organlsrrrs (Hirs t ,  1965). 

The Phycomycetes or water  molds,  the  Plasmodiophorales  or slime molds, 

and  the Actinomycetes are  generally  described as being "distributed i n  wind 

or  water-borne soi l  ' I ,  "disseminated  locally by drainage  water", o r  "more 

severe i n  wet seasons and  poorly  drained  soils". (Wal ker , 1950). These a re  
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represented  in  Table 2 by the genera  Streptomyces, Pythium, Aphanomyces, 

Spondylocladium,  Synchytrium, and  Plasmodiophora. Cooke and Bartsch  (1960) 

isolated  species of Aphanomyces and Pythium  from streams  in Ohio and McIntosh 

(1966)  isolated Phytophthora cactorum (Leb. & C o h n )  Schroet.,  another  aquatic 

pathogen, from water  in  British Columbia and believed t h a t  t h i s  lead t o  

increased  incidence  of  coll a r  rot o f  apple trees  in t h a t  area. These genera 

appear t o  be the most important of the fungus  pathoaens in  relation t o  

dispersal by water. 

Species of Fusarium and Verticillium, which are n o t  aquatic  funsi, were 

also  isolated from streams  in Ohio (Cooke, 1961) and  - F. oxysporum and - F.  

solani were shown to  contribute t o  the breakdown o f  hydrocarbons such as 

motor o i l s  in sewage water (Cooke, 1956). I t  i s  possible t h a t  thick-walled 

vegetative  structures produced by  these fungi  could be deposited on agri-  

cultural land  durinq  floods and  spread  infection. 

Bacteria. P l a n t  pathogenic  bacteria  are  represented by only 5 genera: 

Pseudomonas,  Xanthomonas, Erwinia, Corynebacterium a n d  Agrobacterium. 

Dispersal of those t h a t  attack growing crops i s  accomplished by infected 

seed,  insects, machinery or wind-blown part ic les  of soil or infected  plant 

debris. Some  may  be transported  short  distances by water b u t  they  are poor 

saprophytes  as Buddenhagen (1965) s ta tes  "The susceptibil i ty o f  the  pathogenic 

bacterial   cell   to  dessication, 1 ight and  other  rigors of the  external 

environment and  i t s   s h o r t   l i f e  expectancy  in  competition  with other micro- 

organisms emphasize the need for  rapid and direct   d ispersal ."  

Viruses. There are  several  viruses t h a t  are known t o  be soil-borne b u t  

t h e r e   i s   l i t t l e  evidence  of their  dispersal by water. Some are  carried by 

aquatic fungi (Grogan e t  a1 , 1958) or nematodes (Raski and Hewitt, 1963) 

which act  as vectors  of  the  virus and  these could be disPersed by water. 

However,  none of these would  be important pathogens of Manitoba crops. 
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Nematodes.  The  more i m p o r t a n t   p l a n t   p a t h o g e n i c  nematodes t h a t   a r e   a d a p t e d  

t o   n o r t h e r n   e n v i   r o n m e n t s   o c c u r   i n   t h e   q e n e r a   D i t y l e n c h u s   ( s t e m   a n d   l e a f  

nematodes)  and  Heterodera  (cyst  nematodes).  They  general ly  have  wide  host 

ranges and  can s u r v i v e   f o r  many y e a r s   i n   s o i l  as  eggs, 1 a r v a   o r   c y s t s .  

They  can  be d i s p e r s e d   i n   w i n d - b l o w n   p l a n t   d e b r i s  and s o i l   p a r t i c l e s  and i n  

i r r i g a t i o n   w a t e r .   I n   O n t a r i o ,   P o t t e r  and Townshend ( 1 9 7 3 )   r e p o r t e d   t h a t  

"The o a t - c y s t  nematode, - H. avenae  and c l o v e r - c y s t  nematode - H. t r i f o l i i  were 

m a i n l y   f o u n d   i n   t h e   T r e n t ,  Grand,  Mait land, Thames and  Wel land  River 

w a t e r s h e d s ,   o f t e n   w i t h i n  a h a l f - m i l e   o f  a c r e e k   o r   r i v e r . "  and i m p l i e d   t h a t  

- H. avenae  had  been i n t r o d u c e d   i n t o   O n t a r i o   b y  some method  o ther   than  water  

and  then  d is t r ibu ted   by   water   in   these  watersheds .   Ch i twood (1927)  i n  

New York and Thompson , Roebuck  and  Cooper (1949) i n  England  concluded 

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

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

PRESENT SITUATION 

The Red and Sour i  s r i v e r s  h a v e   f l o o d e d   p e r i o d i c a l l y   u n d e r   n a t u r a l  

c o n d i t i o n s   f o r  many years   wh ich  has p r o v i d e d   a m p l e   o p p o r t u n i t y   f o r   t h e  

d i s p e r s a l   o f   p l a n t   p a t h o g e n s   f r o m   t h e i r   w a t e r s h e d s   i n   M i n n e s o t a   a n d   N o r t h  

Dakota i n t o   M a n i t o b a .  All o f   t h e   f u n g a l   a n d   b a c t e r i a l   d i s e a s e s   o f   m a j o r  

c r o p s   l i s t e d   i n   T a b l e  2 as o c c u r r i n q  i n  North  Dakota  have  been  introduced 

a1 ready  and  are  endemic i n  Manitoba. 

I f  new d isease  pa thogens  tha t   cou ld  be d i s p e r s e d   b y   w a t e r   a r e   i n t r o -  

duced in to   a reas   d ra ined  by   watersheds  i n  Minnesota  or   Nor th  Dakota it i s  

p r o b a b l e   t h a t   t h e y  will e v e n t u a l l y  be   i n t roduced   i n to   Man i toba   t h rough  

na tu ra l   d ra inage   and   pe r iod i c   f l ood ing .   Du tch  E l m  Disease i s  an example 
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t ha t  has been cited  recently.  I t  was f i r s t   i den t i f i ed   i n  Fargo i n  1972 

and  was diagnosed on property  adjacent t o  the Red River  in Winnipeg  and 

Selirk  in 1975. By inference i t  was believed t h a t  infected elm t ree   debr i s  

carr ied by the Red River from areas i n  North Dakota had provided inoculum 

of  the fungus  pathogen and the  beetle  vector. B u t  infected  trees were a l so  

discovered  in 1975 i n  Brandon, 140 miles  west o f  Winnipeg. Most au thor i t ies  

now believe  that  contaminated  beetle  vectors were more likely  introduced 

into Manitoba on vehicles  rather  than by water. 

I t  i s  inevitable t h a t  new diseases t h a t  appear i n  the  present  watersheds 

i n  Minnesota or North Dakota d r a i n i n g  into Manitoba wi 11 spread t o  Manitoba 

by one method or  another.  Dispersal by wind-blown plant  debris and so i l  

particles  containing pathogzns would be a more l ikely method of t ransfer  

than the   l ess   e f f ic ien t   t ransfer  by flowing  water. 

POTENTIAL EFFECTS OF GARRISON DAM UNIT 

Plant pathogens are  no threat t o  crops so long as  they remain i n  the 

drainage  channels. As Hirst (1965) states  "Percolating  water  obvious.ly has 

l e s s  chance  of dispersing microorganisms 1 ateral  ly  over  considerable  distances 

than  run-off  water. The load  of  propagules  will be greatest  when the soil 

i s  being  eroded i n  the catchment areas,  b u t  alQhough propagules may  be 

common i n  drainage-channel  water t h e i r  chances  of  re-establ  ishment i s  small 

unless  they  are  redistributed  over  soil or crops by f 

Our main concern i s  w i t h  the  projected  increase 

and Souris  Rivers and the  effects  of increased use  of 

areas drained by the Souris River. 

looding or i r r iga t ion . "  

i n  flooding on the Red 

i r r iga t ion  i n  the 

The Water Quantity Committee does n o t  foresee any increase i n  flooding 

on the Red River as a resu l t  of the completion of the  Garrison Dam U n i t .  Our 
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only  concern in   th i s  system would be t h e  introduction of new diseases t h a t  

could attack  crops grown i n  Manitoba into  the Lamoure Oakes area of  North 

Dakota and t h e i r  subsequent movement north .v i a  the Red River. These will 

be considered bel ow. 

The  main impact on Manitoba agriculture wil l  resu l t  from the completion 

o f  the Velva Canal and  the  establishment of a large  i r r igat ion scheme draining 

into  the  Souris River  basin.  This  could have various  effects on the p l a n t  

di sease  si tuation  in Manitoba e 

Introduction of plant  diseases. 

A few diseases,  controlled by quarantine measures i n  the USA and Canada, 

could present a problem in Manitoba i f  introduced  into  watersheds of North 

Dakota and Montana draining  into Manitoba. Potato wart , a disease o f  potato 

caused by the  fungus, Synchytrium endobioticum, and the golden nematode 

Heterodera  rostochiensis  are examples. The probability o f  introducing  these 

diseases depends on the  effectiveness  of  quarantine measures t o  exclude them 

and of methods used t o  eradicate them i f  they  are  identified i n  these  areas. 

There are  other  diseases  not  controlled by quarantine  that  could be 

introduced  into Manitoba by flooding.  Tip rot of  sugar  beets (Aphanomyces 

cochliodes) and root rot of peas ( A .  - eutetches) have not been ident i f ied i n  

Manitoba b u t  do occur  in  other  areas i n  Canada. In  Ontario and Alberta  they 

are n o t  considered to  be major pathogens  of  sugar  beets and peas b u t  can 

cause some damage i n  certain  types of soi l  (Conners, 1967). C l u b  root o f  

crucifers  (Plasmodiophora brassicae)  although  reported i n  North Dakota  and 

unconfirmed i n  Manitoba should not  become an important  disease i n  this area 

because disease development i s   inh ib i ted  i n  alkaline soils (Walker, 1950). 

The stem and leaf  nematode (Ditylenchus  dipsaci ) and the  cyst  nematode 
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( H e t e r o d e r a   s c h a c h t i i )   a r e   i m p o r t a n t   d i s e a s e   a g e n t s   o n   a l f a l f a  and  sugar 

beets  among o ther   hos ts .   Ne i ther   have  been  repor ted   f rom  Nor th   Dakota   o r  

Man i toba  bu t   bo th   occur  i n   i r r i g a t e d   a r e a s   o f   A l b e r t a  and  Western USA. 

- H. s c h a c h t i i  was f i r s t   i d e n t i f i e d   i n   i r r i g a t e d   c r o p   l a n d   i n   A l b e r t a   i n  1961 

and i s  now p r e s e n t   i n  a1 1 s u g a r   b e e t   g r o w i n g   d i s t r i c t s   o f   t h e   p r o v i n c e .  

Rapeseed, a m a j o r   c r o p   i n   M a n i t o b a ,   i s   a l s o  a s u s c e p t i b l e   h o s t   p l a n t .  

It i s   u n l i k e l y   t h a t   w a t e r   t r a n s p o r t   w o u l d  be t h e  method o f   d i s p e r s a l  

f o r   t hese   pa thogens   i n to   Man i toba .  Wind i s  a more e f f i c i e n t  method o f  

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

and even tua l l y   sp read ing   d i seases   ove r   l a rge   a reas .  It i s   a l s o   u n l i k e l y  

tha t   t he   pa thogens  1 i s t e d  above   cou ld   cause   s ign i f i can t  damage i f  i n t r o d u c e d  

un less  an i r r i g a t i o n  scheme was deve loped   a long   t he   Sour i s   R ive r   bas in   i n  

Manitoba. The fungus  pathogens  are  favored  by  moist   soi ls  and  the  nematodes 

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

E f f e c t   o f   f l o o d i n g  on s e v e r i t y   o f   d i s e a s e s .  

I n  Mani toba  and  o ther   reg ions a d e l a y   i n   p l a n t i n g  o f  a week o r  more 

r e s u l t s   i n   l o w e r   y i e l d s   o f   a g r i c u l t u r a l   c r o p s .  The r e s u l t s   o f   e x t e n s i v e  

exper iments  by Nass e t  a 1   ( 1 9 7 5 )   a r e   s i m i l a r   t o   t h o s e   f r o m   l o c a l   t e s t s   i n  

Manitoba  (Buchannon e t  a1 , 1974).  The  losses i n   y i e l d   a r e  caused i n   p a r t  

by  an i n c r e a s e   i n   t h e   s e v e r i t y  o f  t he   d i seases   a t tack ing   t hese   c rops .  The 

major   d iseases o f  cerea l   c rops   a re   caused  by   a i r -borne   fungus   spores  and  by 

v i r u s e s   t r a n s m i t t e d  by a i r - b o r n e   i n s e c t   v e c t o r s .  The  inoculum  bu i lds  up on 

i n fec ted   c rops  i n   N o r t h  Dakota  as t h e  season  progresses  and t h i s   i n o c u l u m  i s  

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

vunerable  s tage when i n o c u l  um abundance  reaches a peak  and y i e l d  1 osses  are 

s i g n i f i c a n t l y   h i g h e r  (Gill, 1970;  Fleischmann  and  McKenzie,  1965). 
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If  the  Garrison Dam Unit causes an increase  in  the  area  of  agricultural 

land  flooded  in  the  spring  along  the  Souris  River  in Manitoba, farmers 

affected  will be forced t o  plant   la ter  t h a n  normally and will be subject t o  

increased  losses from plant  diseases. 

CONCLUSIONS 

I n  my opinion  the development of the  Garrison Dam Unit would  have very 

l i t t l e  impact on the  prevalence or severity of plant  diseases  in Manitoba. 

The major di  seases o f  the  agricultural  crops grown in North Dakota and 

Manitoba are endemic in b o t h  regions. A few other  diseases now present in 

North Dakota or which may  be introduced some time  in  the  future  will become 

more important under irrigation  in  the  Souris  area. These would only have 

implications  for Manitoba i f   i r r iga t ion  schemes  were also developed in  the 

province utilizing  the  increased flow on the  Souris  River. The benefits 

from ir r igat ion would  be greater t h a n  the  losses caused by introduced  plant 

diseases. 

An increase in the  area of agricultural land  adjacent t o  the  Souris 

River t h a t  would be subject t o  flooding  in  the  spring would  have an indirect  

impact on the  severity of plant  diseases  in Manitoba. Losses from diseases 

become increasingly  qreater when p l a n t i n g  i s  delayed beyond the normal date. 

Other adverse  affects of increased  floodinq on agriculture land  will be 

found in  the  report of the Uses  Committee. 

This report was reviewed by 

Dr. J .  Reid, Head, Dept. of Botany, Univ. of Manitoba, Winnipeg, Man. 

Dr. R.  L .  Kiesling, Head, Dept. of Plant  Pathology, North Dakota State 

University, Fargo,  N . D .  
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North Dakota Manitoba 
Crop Acreage (000)  % Acreage (000) % 

Wheat 

Ba rl ey 

Oats 

A1 fa1   fa  

Fl ax 

Corn 

Sunflowers 

Soybeans 

Rapeseed 

Sugar beets 

Potatoes 

Mil l e t  

RY e 

Beans 

Peas 

Buckwheat 

Mustard 

Hay 

Vegetables 

Mi xed grai  ns 

Total  acreage 

10,036 

2 090 

1,400 

Z ,612 

820 

520 

3 66 

179 

139 

135 

I20 

106 

94 

2,100 

19.717 

50.9 

10.6 

7 .1  

8.2 

4.2 

2.6 

1.9 

0.9 

0.7 

0.7 

0.6 

0.5 

0.5 

10.6 

3,000 33.2 

1,800 19.9 

1 ,200 13.3 

i ncl uded under "Hay" 

750 8.3 

33 0.4 

30 0.3 

500 5.5 

27 0.3 

35 0.4 

92 1.0 

40 0.4 

40 0.4 

40 0.4 

1,250  13.8 

5 0.1 

200 2 . 3  

9,043 
~ ~~ -~ 

Sources : 

Price,  J. R.  1975. North Dakota Crop and Livestock S t a t i s t i c s  - 1974. Ag. 

S t a t i s t i c s  No. 35. North Dakota Crop a n d  Livestock Reporting Service. 

Manitoba Dept. o f  Agricul  ture. 1975.  1974 Yearbook, Manitoba Aqricul t u re .  

Queen's Pr inter  for Province o f  Mani toba .  
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Table 2 .  D i s t r ibu t ion   o f   so i l -bo rne   p l an t   pa thog2ns   t ha t  may be  dispersed 
by water  i n  North  Dakota  and  Manitoba. 

FUNGI 

Streptomyces  scabies   (Thaxt . )  Waksm. & Henrici .  Common scab o f  po ta toes  

and  suqar beets. General USA, Man. 

Plasmo*hora " - b r a s s i c a e  Nor. Clubroot   o f   c ruc i fe rs   ( rane) .  N.D., B . C . ,  

Eastern Canada , reported  but  unconfirmed i n  Man. 

Spondylocladium  atrovirens  (Harz)  Marz ex Sacc .   S i lve r  scurf o f   po ta toes .  

General USA, Man. 

Synchytrium  endobioticum  (Schil b . )  Pzrc. Po ta to   war t .   Res t r i c t ed  by 

q u a r a n t i n e   t o  Md. , Pa. W.Va. , Nfld. ,  N.S. 

Pythi um aphanodermatum  (Edson) Fi t z p .  - P .  debaryanum  Hesse , - P. grami n i  col a 

Subrarn., I P .  u l t i m u m  Trow. Seed r o t ,   s e e d l i n g   b l i g h t   o f   a l l   c r o p s  

l i s t e d  i n  Table  1. N . D .  and Man. 

Aphanomyces cochl ioides   Drechsl .  Tap roo t  t i p  r o t  of suga r  beets. Minn. ,  

S.D. , O n t . ,  A l t a .  

- A. ____- eute iches   Drechs i .  Root r o t  o f  peas.  General USA, O n t .  

Fusa-rium  oxysporum f .  pisi (Lindford)  Snyd. & Hansen.  Pea wilt.  Minn. ,  Man. 

Fusarium  oxysporum f. l i n i   ( B o l l e y )  Snyd. & Hansen. Flax wi l t .  N.D., Man. 

Fusarium -~ so lan i   (Mar t . )  App. & Wr. Root  r o t  and wilt of   peas   and   po ta toes .  

Mont. , Wisc. , M i n n . ,  Man. 

Ver t ic i l l ium  a lbo-a t rum Reinke & Berth. Leaf   mott le   or  wilt o f  sunf lowers ,  

po ta toes  and o t h e r   h o s t s .  M.D., Man. 
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BACTERIA 

Agrobacterium  tumefaciens (Sm. & Towns . >  Conn .  Crown gal  1  of  sugar  beets 

and other  hosts.  General USA, Man. 

Erwinia "" a t rosept ica  (van Hall)  Jennison. Black leg  of  potato.  General 

U.S.A., Man. 

Corynebacterium  sepedonicum  (Spieck, & Kotth.)  Skapt. & Burkh .  Ring rot 

o f  potatoes.  General USA, Man. 

- C .  insidiosum  (McCull.)  Jensen.  Bacterial  wilt o f  a l f a l f a .  General i n  

northern USA, Man. 

Xanthomonas campestris (Pamm.)  Dowson. Black r o t  o f  cruc i fe rs   ( rape)  

North  Central . Sta tes  , Man. 

NEMATODES 

Di tylenchus  dipsaci ( K u h n )  F i  1 i pjev. Stem and 1 eaf nematode o f  sugar 

beets , a1 f a l f a  and other  hosts. Western USA, Alta. 

Heterodera  schachtii  Schmidt. Root gal l  nematode on sugar beets  and o ther  

hosts. Minn.  , S.D. , Mont.,  Western USA, O n t .  , Alta.  

- H. rostochiensis  Wr. Golden nematode o f  potato. N.Y. , N f l d .  

Sources : 

United  States Dept. of  Agriculture. 1960. Index of  Plant  Diseases i n  the 

United States .   Agricul ture  Handbook No. 165. 531 p p .  The United 

S t a t e s  Government P r i n t i n g  Office.  

Conners, I.L. 1967. An annotated  index  of  plant  diseases i n  Canada. Can. 

Dept. of  Agric. P u b l .  1251. 381 pp.  Queen's P r i n t e r ,  Ottawa. 
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Attachment C . V - 1  

Summary of S p e c u l a t i o n s  

on t h e   F u t u r e   E u t r o p h i c a t i o n  of Lake  Winnipeg 

G. B r u n s k i l l  
S .  E l l i o t t  

P .  Campbell 

F r e s h w a t e r   I n s t i t u t e  
Winnipeg,  Manitoba 
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SULTWRY OF SPECULnTIOiJS 

014 TtiE FUTURE EUTROPHICATIOCJ OF LAKE WII4NIPEG 

L i r m o l o g i c a l   s t u d i e s  on  Lake  Winnipeg n u t r i e n t   c h e m i s t r y ,  

s e d i m e n t   c h e m i s t r y ,   p h y t o p l a n k t o n   s p e c i e s   a n d   g r o w t h   r a t e s , z o o -  

p l ank ton ,   zooben thos ,   and   phy toben thos   were   done   i n   1968-1970 .  

h a t e r   a n d   n u t r i e n t   e l e m e n t   b u d g e t s   w e r e   c o m p u t e d   f o r  1969-1974. 

Based  upon r a t e s  o f   s u p p l y  of n i t r o g e n  ( N )  and  phosphorus (P)  

t o   t h e  l a k e ,  we w o u l d   e x p e c t   t h a t   t h e  lake s h o u l d  show c h a r a c t e -  

t i s t i c s  o f  an e u t r o p h i c  lake  ( h i g h   c h l o r o p h y l l   c o n c e n t r a t i o n s ,  

g r e a t   a l g a l   b i o m a s s ,   o x y g e n   d e p l e t i o n ,   s p e c i e s   o f   a l g a e   a n d  

i n v e r t e b r a t e s   a s s o c i a t e d   w i t h   h i g h   n u t r i e n t   c o n c e n t r a t i o n s  o r  

h i g h   f o o d   a v a i l a b i l i t y ) .   l l o w e v e r ,   a v e r a g e   c h l o r o p h y l l   c o n c e n -  

t r a t i o n s   f o r  Lake Winn ipeg ,   and   fo r   t he   Sou th   Bas in  o f  Lake 

Winnipeg,  were low i n   p r o p o r t i o n   t o  P c o n c e n t r a t i o n ,   a n n u a l  

s u p p l y   r a t e s   o f  P ,  w a t e r   f l u s h i n g   t i m e ,  mean d e p t h ,   a n d   s u r f a c e  

a r e a   o f   t h e   l a k e .   Z o o b e n t h o s   a n d   p l a n k t o n i c   c r u s t a c e a   c o l l e c t e d  

i n   t h e  l ake  were n o t  typ ica l  o f   t h e   u s u a l   e u t r o p h i c   l a k e   f a u n a .  

The b iomass   and   spec ies   composi t ion   o f   phytoplankton   of   mos t  

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

pond. In smaller areas o f   t h e   l a k e   r e c e i v i n g   d i l u t e ,   n u t r i e n t   p o o r  

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

were similar t o   t h o s e   f o u n d   i n   o l i g o t r o p h i c  lakes o f  t h e   S h i e l d .  

I n   t h e   e x t r e m e   s o u t h e r n   p a r t   o f   t h e   s o u t h   b a s i n   o f   t h e  l ake ,  phy to -  

p l ank ton   spec ie s   a s semblages   were  similar t o   t h o s e   f o u n d   i n   s e w a g e  

l a g o o n s .  Oxygen d e p l e t i o n  was n o t   o b s e r v e d ,   d u e   t o   t h e   s h a l l o w m e s s  

o f  t h e   l a k e   a n d   f r e q u e n t   s t r o n g   p r a i r i e   w i n d s   w h i c h   m i x e d  t h e  lake  

waters v e r t i c a l l y .  \+’e p r o p o s e   t h a t   t h e   f l o r a   a n d   f a u n a  of  Lake 
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Winnipeg i s  m o r e   s t r o n g l y   i n f l u e n c e d   b y   t h e  l ake ' s  s h a l l o w n e s s  

a n d   t u r b i d i t y ,   t h a n   b y  ra tes  o f   n u t r i e n t   s u p p l y .   N u t r i e n t  (NEP) 

s u p p l i e s   t o   t h e   l a k e   a p p e a r   t o   b e   i n  excess o f   a l g a l   r e q u i r e m e n t s .  

Based   upon   h i s to r i ca l   (1900-1970)   r eco rds   o f  human a n d   l i v e -  

- s t o c k   p o p u l a t i o n s ,  f e r t i l i z e r  a n d   d e t e r g e n t   c o n s u m p t i o n ,   a n d   c u l t i -  

v a t e d   l a n d  area,  we e s t i m a t e d   t h e   t o t a l   a n n u a l  mass o f  N G P u t i l i z e d  

b y   t e c h n o l o g i c a l   a n d  human a c t i v i t i e s   i n   t h e  Lake Winnipeg  watershed.  

T h i s  mass o f  N E P i n   1 9 6 9  was f o u n d   t o   b e  30 t o  200 times g r e a t e r  

t h a n   t h e  mass o f  N 6 P t h a t   f l o w s   i n t o  L a k e  Winnipeg - v i a   r i v e r s   e a c h  

y e a r .  IVe u s e   t h i s   d a t a   t o   p r e s e n t   t h r e e   s p e c u l a t i v e   e s t i m a t e s   o f   t h e  

r a t e  o f   s u p p l y   o f   n u t r i e n t s   t o  Lake Winnipeg i n   t h e   f u t u r e .  

Estimate 1. We assumed t h a t   t h e  r a t e  a n d   m a g n i t u d e   o f   n u t r i e n t   l o s s e s  

f r o m   t h e   s e d i m e n t a r y   w a t e r s h e d   o f  Lake Winnipeg a re  l a r g e l y  

c o n t r o l l e d   b y   t e c h n o l o g i c a l   a c t i v i t i e s   ( c i t y   s e w e r   s y s t e m s ,  

a g r i c u l t u r e ,   i n d u s t r y ,  water c o n t r o l   s y s t e m s ) .  We found 

t h a t   t h e   1 9 6 9 - 1 9 7 4  N 6 P r u n o f f   t o  Lake Winnipeg  from i t s  

s e d i m e n t a r y   w a t e r s h e d   r e p r e s e n t e d   a b o u t   0 . 6 %   a n d   1 . 6 %  o f  t h e  

N G P e x c r e t e d   b y  humans  and l i v e s t o c k ,   a n d   u t i l i z e d  as 

f e r t i l i z e r   a n d   d e t e r g e n t s .   U s i n g   l i n e a r   r e g r e s s i o n   e q u a t i o n s  

d e r i v e d   f r o m   s t a t i s t i c a l   a n d   c e n s u s   d a t a ,  we e x t r a p o l a t e d   t h e s e  

n u t r i e n t   s o u r c e  terms ( p o p u l a t i o n s ,   T o n n e s   f e r t i l i z e r / y r )   t o  

t h e   y e a r   2 0 0 0 ,   w i t h o u t   e c o n o m i c   r e s t r a i n t s .   A s s u m i n g   t h a t   t h e  

a b o v e   e x p o r t   c o e f f i c i e n t s   ( 0 . 6 5   o f  N and   1 .6% o f  P) a re  p e r t i n e n t  
i n   t h e   y e a r   2 0 0 0 ,  we c a l c u l a t e   t h a t   t h e   r u n o f f   o f  N & P t o  Lake 

Winnipeg will be   320%  and   628%  g rea t e r   t han   1969   da t a .  

Estimate 2 .  We s u s p e c t   t h a t   n u t r i e n t s   a r e   l i k e l y  more e f f i c i e n t l y   t r a n s -  

p o r t e d   t o  Lake Ninn ipeg   f rom  l a rge   u rban   popu la t ions   o f   peop le  

n e a r   r i v e r s  o r  a d j a c e n t   t o   t h e  l ake ,  compared t o   n u t r i e n t   t r a n s -  

p o r t   f r o m  areas o f   t h e   w a t e r s h e d   r e m o t e   f r o m   t h e  lake .  We 

c a l c u l a t e d   t h e   t o n n e s   p e r   h u m a n - y e a r   o f  N P a d d e d   d i r e c t l y  

t o   t h e  Ked R i v e r   b y   t h e   s e w a g e   t r e a t m e n t   p l a n t s   o f   t h e   C i t y   o f  

W i n n i p e g ,   a n d   a p p l i e d   t h e s e   p e r   c a p i t a   r a t e s   t o   s e w e r e d  

c o m m u n i t i e s   o f   t h e  Red River watershed   in   b lan i toba ,   Nor th   Dakota ,  

39 0 



3 

and  Minnesota.  For  the  communities  of  Saskatchewan 

and Albe r t a   w i th in   t he  Lake  Winnipeg d ra inage ,  we used 

a p e r   c a p i t a   n u t r i e n t   l o s s   r a t e   o f  50% o f   t h o s e   f o r   t h e  

C i t y  of  Winnipeg ,   because   reservoi rs   a long   these   r ivers  

l i k e l y   t r a p   n u t r i e n t s  from these   wes te rn   sources .  From 

t h e s e   c a l c u l a t i o n s ,  i t  appeared   tha t  62% of  N and 88% of 

P produced  by human popu la t ions   were   d i r ec t ly   added   t o   r i ve r s  
i n   t h e  Lake  Winnipeg sedimentary  watershed. 

The a n n u a l   t o t a l  mass of N & P derived  from  sewered 

communities  (see  above) was sub t r ac t ed  from  our  measured 

t o t a l   a n n u a l  mass of  N E, P t h a t   f l o w s   i n t o  Lake  Winnipeg 

from  sedimentary  watersheds.   This   res idual  N & P source 

was a t t r i b u t e d   t o   l i v e s t o c k   w a s t e s   a n d   f e r t i l i z e r   r u n o f f ,  

and  represented  0.5%  of N and  1.0%  of P o f   t he   e s t ima ted  
t o t a l   a n n u a l  amount o f   f e r t i l i z e r   u s e d   a n d / o r   w a s t e  from 

l i v e s t o c k   i n   t h e   e n t i r e   s e d i m e n t a r y   d r a i n a g e .  

From h i s t o r i c a l   c e n s u s  and s t a t i s t i c a l   d a t a ,  we ex t r apo la t ed  

community p o p u l a t i o n ,   f e r t i l i z e r   u s e ,   a n d   l i v e s t o c k  numbers 

t o   t h e   y e a r  2000. We then   app l i ed   t he   above   pe r   cap i t a   f ac to r s  

f o r   n u t r i e n t   l o s s  from  communities  and  the  estimates  loss 

r a t e s   o f  N G P from a g r i c u l t u r a l   s o u r c e s   t o   t h e s e   d a t a .  From 

t h i s   a p p r o a c h ,  we e s t i m a t e   t h a t  N s u p p l y   t o  Lake  Winnipeg i n  

t h e   y e a r  2000 will be 290% g r e a t e r   t h a n  1969 d a t a ,  and t h a t  P 

supply will be 410% g r e a t e r .  

Es t imate  3 .  A g r i c u l t u r a l   s c i e n t i s t s  do n o t   l i k e   o u r   e x t r a p o l a t i o n   o f  

a n n u a l   f e r t i l i z e r   u s e   i n   t h e  Lake  Winnipeg watershed ,   desp i te  

i t s  appa ren t   gene ra l   ag reemen t   w i th   f e r t i l i ze r   i ndus t ry   p re -  

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

f e r t i l i z e r   a p p l i c a t i o n  ra tes  e x c e e d   t h e i r  maximum recommended 

r a t e s ,   b a s e d  upon s o i l   s t u d i e s  and p resen t   ag r i cu l tu ra l   t echno-  
logy .  We have   e s t ima ted   t he   t o t a l   poss ib l e   a r ab le   l and   ( c l a s s  1-4) 

i n   t h e  Lake  Winnipeg sedimentary  watershed,  and  have  applied  the 

maximum recommended f e r t i l i z a t i o n  ra tes  (11.6  tonnes N km-2yr- l  

and  2.54  tonnes P km-2yr-l) t o   t h i s   l a n d   a r e a .   U t i l i z i n g  our  
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e s t i m a t e d   l o s s   r a t e   o f   f e r t i l i z e r  N 6 P ( s e e   E s t i m a t e  2 ,  

0.5% N and  1.0% P o f   t h e   t o t a l   f e r t i l i z e r   a p p l i e d   t o   t h e  

l a n d )   f o r   t h i s   c o m p u t e d  maximum amount  of f e r t i l i z e r ,   a n d  

the   p rev ious ly   computed  human a n d   l i v e s t o c k   c o n t r i b u t i o n s  

o f  N E P t o   t h e  lake ( s e e  Estimate Z ) ,  we p r e d i c t   a n   i n c r e a s e  

f o r  N of  62% a n d   f o r  P of  195%  compared t o  1969  da ta .  

?'he e f f e c t   o f  a 200-600% i n c r e a s e   i n  P s u p p l y   t o  Lake  Winnipeg i s  

d i f f i c u l t   t o   q u a n t i f y .  W i t h   o u r   p r e s e n t   d a t a ,  i t  a p p e a r s   t h a t   t h e  lake 

waters h a v e   c o n c e n t r a t i o n s   o f   n u t r i e n t   e l e m e n t s   i n   e x c e s s   o f   t h e   n e e d s  

o f   a l g a e ,   a n d   a l g a l   g r o w t h  may b e   l i m i t e d  by l i g h t   p e n e t r a t i o n   i n   t h e s e  

t u r b i d   w a t e r s .  The a d d i t i o n  o f  even   more   nu t r i en t s  may h a v e   l i t t l e   m e a s u r e -  

a b l e   a f f e c t  on t h e   l a k e .   H i g h e r   c o n c e n t r a t i o n s   o f   n u t r i e n t   e l e m e n t s  will 

l i k e l y   o c c u r   i n   t h e   s o u t h   b a s i n   o f   t h e   l a k e   i n   t h e   y e a r  2000.  T h i s  i s  n o t  

l i k e l y   t o  a f f ec t  f i s h ,   z o o p l a n k t o n ,   o r   z o o b e n t h o s .  The du ra t ion   and   f r equency  

o f   l i t t o r a l   a n d   p l a n k t o n i c   a l g a l   b l o o m s  may i n c r e a s e   i n   t h e   n o r t h e r n   p a r t  

o f   t h e   s o u t h   b a s i n .  As l o n g   a s   t h e   p r a i r i e   w i n d   b l o w s ,   t h e   l a k e  will be 

wel l -mixed,   and  no 02 d e p l e t i o n  will o c c u r   i n   t h e   o p e n - w a t e r   s e a s o n .  

Al though  no   win ter  0 2  d e p l e t i o n   p r e s e n t l y   o c c u r s ,   g r e a t l y   i n c r e a s e d  

w i n t e r   s u p p l i e s   o f   o r g a n i c   m a t t e r   t o   t h e  lake  cou ld   cause   conce rn .  
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