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SUMMARY 

In  1978,  salvage  logging  in  the  Akamina-Kishinena  watershed  was  proposed 

to  control  an  infestation  of  mountain  pine  beetles.  At  that  time  logging 

was in progress in the  adjacent  Elder  and  Sage  Creek  drainages. 

Kishinena,  Elder  and  Sage  Creeks  flow  across  the  International  Boundary 

and  into  the  North  Fork  of  the  Flathead  River.  Because  of  the  potential 

for  adverse  transboundary  effects  of  logging,  the  Water  Quality  Branch, 

Inland  Waters  Directorate,  undertook a water  quality  study  of  the 

Canadian  portion  of  these  streams.  Water  chemistry,  suspended  sediments, 

and  periphytic  algae  were  monitored 'in Akamina,  Kishinena,  Elder  and  Sage 

Creeks  in  1979.  Additional  samples  were  collected  in 1980 and 1982, 

after  logging  had  begun  in  the  Kishinena  watershed. 

Concentrations  of  chemicals  In  the  water  and  species  composition  and 

abundance  of  periphytic  algae  in  these  streams  were  similar  to  those 

reported  from  the  mainstem  and  western  tributaries  of  the  Flathead 

River.  Suspended  sediment  and  metal  levels  were  low.  Periphyton 

biomass,  as  well  as  concentrations o f  phosphorus  and  nitrogen,  were 

typical o f  oligotrophic  waters.  The  algal  community  was  dominated by 

diatoms,  particularly  Achnanthes  minutissima  and  Gomphonema  olivaceum. 

No  deterioration  in  the  water  quality  of  Kishinena  Creek  was  apparent 

from  the  limited  amount  of  data  collected  after  logging  had  commenced.. 

No differences  in  concentrations  of  suspended  sediments,  nutrients, 

metals,  or  major  ions,  which  could  be  attributed  to  logging,  'were 

measured.  No  major  change in the  species  composition o f  the  periphyton 

was  observed.  However,  since  logging is continuing in the reg'lon, 

continued  monitoring  of  water  quality  is  suggested. 
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RESUME 

En 1978, l a   r k c u p e r a t i o n   d u   b o i s  de  coupe  dans le   bass in   Akamina-K lsh inena 

a e t 6   p r o p o s k e   a f i n   d e   c o n t r 6 l e r  une  Bpldemie  de  dendroctone  du p i n  

Ponderosa  (Dendroctonus  ponderosae,  ' 'mountain  plne  beetle").  A c e t t e  

epoque, l ' a b a t t a g e   e t a l t   d e j a  en  cours dans l es   bass ins   ad jacen ts  des 

ru isseaux  E lder  e t  Sage. Ces d e r n i e r s ,   a i n s l  que l e  Kish lnena,  

t r a v e r s e n t   l a   f r o n t i e r e   i n t e r n a t i o n a l e   p o u r  se j e t e r  dans l e   b r a s   n o r d  de 

l a   r i v i e r e   F l a t h e a d .   C o m e   c e t   a b a t t a g e   p o u v a i t   a v o i r  des e f f e t s  

n e f a s t e s   o u t r e - f r o n t i e r e ,   l a   D i r e c t i o n   d e   l a   q u a l i t 6  des  eaux  de l a  

D i rec t i on   genera le   des  eaux i n t k r i e u r e s  a e n t r e p r i s  une  etude  de l a  

q u a l i t 6  des  eaux  de l a   p o r t i o n   c a n a d i e n n e  de  ces  cours  d'eau. La ch im le  

d e   l ' e a u ,   l e s   p a r t i c u l e s  en  suspension e t   l e s   a l g u e s   p i i r l p h y t i q u e s  des 

ru isseaux Akamina, K i s h l n e n a ,   E l d e r   e t  Sage on t   6 tC soumis a une 

s u r v e i l l a n c e   c o n t j n u e  en  1979. Des k h a n t i l l o n s   s u p p l e m e n t a l r e s   o n t   k t 6  

r e c u e i l l i s  en  1980 e t  en  1982,  apres  que l ' a b a t t a g e   a i t  commence dans l e  

bass in   K lsh inena.  

Les concen t ra t i ons  de diverses  substances dans l ' e a u ,   a i n s i  que 

l ' a b o n d a n c e   e t   l a   r 6 p a r t l t i o n   e n t r e   l e s   d i v e r s e s   e s p e c e s   d ' a l g u e s  

p g r i p h y t i q u e s  dans   ces   cours   d 'eau  6 ta ien t   s lm l la i res  a ce l les   observees  

pour  l a   r i v i e r e   F l a t h e a d   e t  ses t r i b u t a i r e s   o c c i d e n t a u x .  Les niveaux  de 

p a r t i c u l e s  en  suspension e t  de mCtaux Cta ien t   peu  e leves .  La blomasse 

p C r i p h y t i q u e   e t   l e s   c o n c e n t r a t i o n s  en  phosphore e t  en a z o t e   e t a i e n t  

t yp iques  des  eaux o l l g o t r o p h e s .  La communaute des   a lgues   Cta i t  domln6e 

pa r   l es   d ia tomees ,   en   pa r t i cu l i e r   Achnan thes   m inu t l ss ima   e t  Gomphonema 

ol ivaceum. 
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Aucune d e t e r i o r a t i o n  de l a   q u a l i t 6  de l ' e a u   d u   r u i s s e a u   K i s h i n e n a   n ' e s t  

apparue a p a r t i  r de l a   q u a n t i t e   l i m i t e e  de  donnees r e c u e i l l i e s   a p r h s   l e  

debut de l ' a b a t t a g e .  Aucune d i f f e r e n c e  dans l es   concen t ra t i ons   de  

p a r t i c u l e s  en   suspens ion ,   d 'e lemen ts   nu t r l t i f s ,   de  mCtaux  ou d ' i o n s  

p r i n c i p a u x ,   a t t r i b u a b l e  a l ' a b a t t a g e ,   n ' a   p u   e t r e   d e t e c t e e .  De  m6me, 

aucun  changement impor tan t  de l a   c o m p o s i t i o n   d u   p e r i p h y t o n   n ' a   e t 6  

observe.   Toutefo ls ,  comme l ' a b a t t a g e   c o n t i n u e  dans l a   r e g i o n ,  nous 

recommandons une s u r v e i l l a n c e   c o n t i n u e  de l a   q u a l i t 6  des  eaux. 
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I. INTRODUCTION 

I n  1978 t h e   B r i t l s h  Columbia  Forestry  Service  proposed  salvage 

l o g g i n g  i n  the  Akamina-Kishinena  watershed t o  harvest   s tands o f  

l o d g e p o l e   p i n e   ( P i n u s   c o n t o r t a   v a r .   l a t i f o l i a  Engelm.) i n f e s t e d  

with  mountain  p ine  beet les  (Dendroctonus  ponderosae  Hopk.) .  The 

b e e t l e   i n f e s t a t i o n  had  appeared i n   t h e  Akamina-Kishlnena  and 

Flathead  watersheds i n   s o u t h e a s t e r n   B r i t i s h  Columbia i n  1976. By 

1978  salvage  logging was i n  progress i n   t h e   a d j a c e n t   E l d e r  and Sage 

Creek dra inages .  

Akamlna-Kishinena,  Elder  and Sage Creeks  are  transboundary  waters 

( F i g u r e   1 ) .  All a r e   t r i b u t a r i e s  t o  the   Nor th   Fork  o f  t he   F la thead  

R iver .   K isk inena,   E lder ,  and Sage Creeks f l ow   ac ross   t he  

In te rna t i ona l   Boundary   i n to   G lac ie r   Na t iona l   Pa rk ,  Montana, U . S . A .  

The Uni ted  States  government   expressed  concern  that   logging 

o p e r a t i o n s   i n  Canada m i g h t   i m p a i r   t h e   w a t e r   q u a l i t y   i n   t h e i r  

n a t i o n a l   p a r k  and i n   t h e   F l a t h e a d   R i v e r .  A s  a r e s u l t ,   t h e  Water 

Qua l i t y   B ranch ,   I n land   Wate rs   D i rec to ra te  was i n s t r u c t e d  t o  

desc r ibe   wa te r   qua l i t y   cond i t i ons   i n   t he   Akamina -K ish inena   reg ion  

so t h a t   f u r t h e r   i m p a c t s   o f   l o g g i n g  on the  t ransboundary  water  

q u a l i t y   c o u l d  be assessed. 
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Fig. 1 Sample station  locations  and  NAQUADAT  station  numbers  in  the eastern 
Flathead  River Basin, British  Columbia.  Note  that  the  upstream  portion 
of Kishinena  Creek is known as Akamina Creek. 
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11. STUDY OBJECTIVES 

The m a j o r   o b j e c t i v e   o f   t h i s   s t u d y  was t o  c h a r a c t e r i z e   t h e  

hydro logy ,  suspended  sediments,   water  chemistry,   and  per iphyt ic 

a l g a l  abundance  and  community s t r u c t u r e   i n  Akamina, K ish inena,  

E lder ,  and Sage Creeks. 

A secondary   ob jec t ive  was t o  u s e   t h e   d a t a   c o l l e c t e d   a f t e r   t h e  

commencement o f   l o g g i n g   i n   t h e   K i s h i n e n a  Creek  watershed t o  

i d e n t i f y  changes i n  w a t e r   q u a l i t y   w h i c h   m i g h t   r e q u i r e   f u r t h e r   s t u d y  

and/or   remed ia l   ac t ion .  
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111. EFFECTS OF LOGGING ON STREAMS - A REVIEW 

Logging a wa te rshed   can   a f fec t   wa te r   quan t i t y  and w a t e r   q u a l i t y   b y :  

1 )   i n c r e a s i n g  s t r e a m  f l o w ;  

2)  i nc reas ing   sed imen t   concen t ra t i ons   i n   s t reams ;  

3)  changing  the  temperature  regime; 

4 )  chang ing   the   concent ra t ions  o f  n u t r i e n t s ,   i o n s ,  and o t h e r  

substances i n  streams;  and 

5 )  a l t e r i n g   p r o d u c t i v i t y  and spec ies   compos i t i on   o f   t he   b io ta .  

The s e v e r l t y   o f   t h e s e   e f f e c t s  depends  upon 

employed  as w e l l  as t h e   g e o l o g i c a l  

c h a r a c t e r i s t i c s   o f   ' t h e   a r e a .   I n   g e n e r a l ,  c 

t h e   l o g g l n g   p r a c t i c e s  

s t r u c t u r e  and s o i l  

l e a r c u t t i n g   r e s u l t s   i n  

g r e a t e r  changes t o  f l o w   p a t t e r n s  and w a t e r   q u a l i t y   t h a n  does pa tch  

c u t t i n g .  The p r a c t i c e  o f  m a i n t a i n i n g   u n c u t   b u f f e r  zones a long  

stream  banks  usually  reduces some o f  t h e  more s e r i o u s   l o g g i n g  

e f f e c t s  on streams. 

The removal  and d i s r u p t i o n  o f  v e g e t a t i o n   r e s u l t s   i n   i n c r e a s e d  

annual   runof f   f rom  the  watershed.   Vegetat ion removes water  by 

i n t e r c e p t i o n  and e v a p o r a t i o n   o f   r a i n f a l l ,   b y   s t o r a g e  and 

t r a n s p i r a t i o n ,  a n d   b y   m a i n t a i n i n g   t h e   i n t e g r i t y   o f   t h e  , .  s o i l .  

Elevated  annual   stream  discharge and f l ow   ra tes   have  been  observed 

i n  devegetated  or  logged  watersheds  from New Hampshire t o  Oregon 
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(L i kens  e t  a l .  1970,  Verry  1972,  Harr is  1973,  Bater idge  1974).  

Stream  discharge  increases more o r   l e s s   i n   p r o p o r t i o n   t o   t h e  

percent   o f   the   watershed  cu t   (Eschner  and  Larmoyeux  1963,  Rothacher 

1970) . 

The season o f  maximum e f f e c t  on  stream  discharge  appears t o   v a r y  

r e g i o n a l l y .   I n   s t r e a m s   d r a i n i n g   e a s t e r n  hardwood f o r e s t s ,   g r e a t e s t  

increases  have  been  measured  dur ing  the  low  f low  per iod  o f   the 

f o r e s t   g r o w i n g  season, when evapo t ransp i ra t i on   shou ld  be  maximal 

(Eschner  and  Larmoyeux  1963,  Hornbeck e t   a l .   1 9 7 0 ) .   I n   t h e  Oregon 

Cascades, 00% o f  t h e   i n c r e a s e d   f l o w  has  been  recorded  dur ing  the 

r a i n y  season  (October-March)  (Rothacher  1970). 

Roads and s k i d   t r a i l s  have a r e l a t i v e l y   m i n o r   e f f e c t  on  stream 

d i s c h a r g e .   I n   t w o   s t u d i e s   w h e r e   r o a d s   o r   s k i d   t r a i l s   w h i c h  

occupied 2.5% and 8% of   the   watersheds   were   cons t ruc ted  one year  

p r i o r   t o   l o g g i n g ,  no ef fects   on  d ischarge  were  observed  (Eschner  

and  Larmoyeux  1963,  Rothacher  1970). When r o a d s   o c c u p i e d   a t   l e a s t  

12% o f  a watershed,   peak   f lows  dur ing   s to rms  inc reased  (Har r   e t   a l .  

1975). 

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

streams of   sediments  which  have  eroded  f rom  logged  areas  or  f rom 

roads  (Brown  1972). Such i n p u t s   r e s u l t   i n   e l e v a t e d   c o n c e n t r a t i o n s  

o f  suspended  sediments  and  increased  turb id i t ies ,   as  wel l   as 

inc reased  depos i t ion   o f   sed iments  i n  stream  beds.  Sediment  levels 
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d o u b l e d   a f t e r   r o a d   c o n s t r u c t i o n   b u t   b e f o r e   l o g g i n g   i n  one  watershed 

o f   t h e  Oregon  Coast Range, w h i l e   c o n c e n t r a t i o n s   t r i p l e d   a f t e r  

c l e a r c u t t i n g  and s l a s h   b u r n i n g   i n  a second  watershed  (Brown  and 

Kryg ie r   1971) .  The p e r c e n t a g e   o f   f i n e   p a r t i c l e s   ( < 0 . 8 3 3  m) 

d e p o s i t e d   i n   t h e  bed o f  an  A laska  sa lmon  s t ream  increased  fo l lowing 

l ands l i des   f rom a cu t   over   a rea ,  and t h e   i n c r e a s e   l a s t e d   f o r  

somewhat under f i v e   y e a r s   ( S h e r i d a n  and  McNeil  1968). I n  some 

c a s e s ,   c a r e f u l   l o g g i n g   p r a c t i c e s ,   i n c l u d i n g   l e a v i n g   t r e e s   - i n   b u f f e r  

s t r i p s   a l o n g   s t r e a m  banks  and qocat ing   roads  away f rom  water  

cou rses ,   have   p ro tec ted   s t reams   f rom  the   e f fec ts   o f   e ros ion  

(Eschner  and  Larmoyeux 1963; Moring  1982,  Tschaplinskl  and  Hartman 

1983) .  However,  ,Beschta  (1978)  found t h a t  stream. b u f f e r   s t r i p s   d i d  

n o t   p r o t e c t  a c reek   f rom  sed iment   inpu ts   fo l low ing  slumpages  and 

debr is  avalanches  f rom  roads. 

C learcu t t ing   causes  summer w a t e r   t e m p e r a t u r e s   t o   r i s e .  Summer 

maximum temperatures  have  been  increased  by 4-9°C i n  streams i n   t h e  

Appalachian  Mountains  and i n  southwestern   Br i t i sh   Co lumbia  ( S w i f t  

and  Messer  1971,  Lee  and Samuel 1976, F e l l e r   1 9 8 1 ) .   I n   a n  Oregon 

st ream  the summer  maximum increased  f rom 13.8OC b e f o r e   t o  29.4OC 

a f t e r   l o g g i n g   ( B r o w n '  and Kryg ie r   1970) .   D iu rna l   tempera ture  

f l u c t u a t i o n s   a l s o  1ncreas.e a f t e r   l o g g i n g .  Lee  and Samuel (1976) 

found  tha t   comple te   fo res t   remova l  more t h a n   t r i p l e d   t h e   w e e k l y  

range   o f  summer temperatures. All these   e f fec ts   d i sappear  when 

r i p a r i a n   b u f f e r   s t r i p s   a r e   l e f t   ( B r o w n  and  Krygier  1970,  Lee  and 

Samuel 1976). 
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The e f f e c t  o f  l o g g i n g  on winter   temperatures has  been less   s tud ied ,  

and observat ions  have  var ied.  Brown  and Kryg ie r   (1970)  and S w i f t  

and  Messer  (1971)  recorded somewhat h i g h e r   w i n t e r   w a t e r  

t e m p e r a t u r e s   a f t e r   c l e a r c u t t i n g ,   b u t   E s c h n e r  and  Larmoyeux  (1963) 

and  Lee  and Samuel (1976)   found  lower   winter  rninumurn temperatures 

a f t e r   f o r e s t   r e m o v a l .   I n  a B r i t i s h  Columbia  stream,  Fel ler  (1981) 

found  increased maximum and minimum t e m p e r a t u r e s   d u r l n g   t h e  f i rst  

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

yea r ,   w in te r   t empera tu res   dec reased   s ign i f i can t l y .  

Changes i n   c o n c e n t r a t i o n s  o f  d isso lved  subs tances   have  f requent ly  

been a s s o c i a t e d   w i t h   l o g g i n g .  Some o f  these  s tud ies  have compared 

w a t e r   c h e m i s t r y   i n   t h e  same s t ream  be fo re  and a f t e r   l o g g i n g ,   b u t  

many have  involved  comparisons  of   streams  draining  logged and 

unlogged  watersheds i n   t h e  same reg ion .   Chemica ls   fo r   wh ich  

changes  have  been  observed  and  the  magnitudes  and  direct ions o f  

these changes  have  been  variable. 

An i n c r e a s e   i n   t h e   c o n c e n t r a t i o n  o f  d i s s o l v e d   n i t r a t e  i s  t he   wa te r  

chemica l   change  most   f requent ly   observed  a f te r   logg ing .   In  a s tudy 

o f   t h e   e f f e c t  o f  a l a r g e   s c a l e  change i n   v e g e t a t i o n  on n u t r i e n t  

c y c l e s   i n   t h e  Hubbard  Brook  watershed,  Likens e t   a l .  (1970)  had  the 

f o r e s t   c u t  a n d   t r e a t e d   w i t h   h e r b i c i d e s   ( B r o m a c i l  and  2.4.5-T) t o  

p reven t   vege ta t i on   reg rowth .   Fo l l ow lng   t rea tmen t ,   n l t ra te  

c o n c e n t r a t i o n s   ( a f t e r   n i t r o g e n   i n p u t   f r o m   h e r b i c i d e s  had  been 

accoun ted   f o r )   i nc reased  up t o   5 6 - f o l d ,   r e a c h i n g  a  maximum 
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concentration of 82 mg/L.  Since  the  disturbance in this  study  was 

extreme,  Pierce et al.  (1972)  compared  traditionally-logged  with 

unlogged  watersheds in the  same  New  Hampshire  drainage  basin  and 

found  nitrate  concentrations up to 18 mg/L  in  streams  from  logged 

areas  compared  with  1-2  mg/L in streams  of  unlogged  watersheds. In 

Oregon,  the  stream  nitrate  level  increased  from 0.7 mg/L  before  to 

2.1 mg/L  after  clearcutting  and  burning  on  one  watershed  but did 

not  change  significantly in another  watershed  where  patch  cutting 

had occurred  (Brown et al. 19,73). Nitrate  levels  were  higher  and 

showed  greater  seasonal  variability in streams  draining  logged  than 

in streams  draining  unlogged  watersheds in the  Bitterroot  Range, 

Montana  (Bateridge  1974).  Making a similar  comparsion  of  logged 

and  unlogged  watersheds in the  Okanagan  Basin,  British  Columbia, 

Hetherington  (1976)  found  no  differences in nitrate  levels. 

Alterations in levels  of  other  dissolved  substances  following 

logging  have  also  been  reported.  In  the  Hubbard  Brook  study 

(Likens  et  al.  1970),  increases in concentrations o f  dissolved  Ca, 

Mg, K ,  and Na ranging  from 177-155896 were  measured in the  two  years 

following  deforestation.  Other  workers  also  have  reported 

increases in K (Brown  et  al.  1973,  Heatherington  1976)  and Na 

(Hetherington  1976)  levels.  Aubertin  and  Patric  (1974)  found 

"slightly"  elevated  phosphate  levels  fol1owin.g  clearcutting  in  West 

Virginia.  Increased  concentration  of orga'nic compounds,  including 

total  organic  carbon  (Hetherington  1976)  and  tannin,  lignin,  humic 

and  fulvic  acids  (Telang et  al. 1981) have  been  reported.  Several 
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researchers  have  measured  increases I n   t o t a l   d i s s o l v e d   s o l i d s   o r   i n  

e l e c t r i c a l   c o n d u c t i v j t y ,   w h i c h   i n d i c a t e s   t h e   r e l a t i v e  abundance o f  

d i s s o l v e d   i o n s   ( L i k e n s   e t   a l .  1970, P i e r c e   e t   a l .  1972, 

He the r lng ton  1976). The on ly   d i sso l ved   subs tance   f o r   wh ich  

decreases  have  consistent ly  been  recorded 1 s  su lphate   (L ikens  

e t   a l .  1 9 7 0 ,   P i e r c e   e t   a l .  1972, A u b e r t i n  and Pa t r i c   1974) .  

B a t e r i d g e   ( 1 9 7 4 )   r e p o r t e d   l o w e r   e l e c t r i c a l   c o n d u c t i v i t y ,   t o t a l  

d i s s o l v e d   s o l i d s  and c o n c e n t r a t i o n s   o f   d i v a l e n t   c a t i o n s   i n   s t r e a m s  

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

inc reased  runof f .   Ver ry   (1972)   found no  changes i n   n u t r i e n t s ,  

m a j o r   i o n s ,   o r   m e t a l s   f o l l o w i n g   a s p e n   c l e a r c u t t i n g   i n  a Minnesota 

watershed. 

A l t h o u g h   t h e   i n i t i a l   e f f e c t  o f  l o g g i n g  on a watershed i s   t o  

inc rease  concent ra t ions   o f   most   d isso lved  subs tances ,  as v e g e t a t i o n  

regrowth  proceeds  and  nut r ients   are  accumulated  by  the  develop ing 

f o r e s t ,   l e v e l s   o f   t h e s e   s u b s t a n c e s   i n   t h e   w a t e r   d e c l i n e   ( V i t o u s e k  

and  Reiners  1975) .   St reams  dra in lng  areas  that  had  been  logged 45  

y e a r s   e a r l i e r   h a d   s i g n i f l c a n t l y   l o w e r   n i t r a t e   c o n c e n t r a t i o n s   t h a n  

s t reams  d ra in ing   never - logged  fo res ts   (S i l sbee and  Larson  1982). 

Two y e a r s   a f t e r   c l e a r c u t t i n g ,   d i s s o l v e d   o r g a n i c   c a r b o n  ( D O C )  l e v e l s  

were  lower i n  a s t r e a m   d r a i n i n g  a logged  watershed  than i n  a s t ream 

dra in ing   an   und is tu rbed  watershed  because  o f   reduced  inpu ts   f rom 

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

s o i  1 (Meyer  and  Tate  1983). 
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W h i l e   t h e   e f f e c t s   o f   l o g g i n g  on water   chemist ry   have  been  wel l  

documented, t h e r e   a r e   o n l y  a f e w   r e p o r t s   o f   e f f e c t s  on l o t i c  

a lgae .   L i kens   e t   a l .   ( 1970)   obse rved  a b l o o m   o f   U l o t h r i x   z o n a t a  

f o l l o w i n g   d e f o r e s t a t i o n   o f   t h e  Hubbard  Brook  watershed.  This 

species  a lso  occurred  in   s t reams  o f   logged  watersheds  but   not  i n  

. streams  of  unlogged  watersheds i n   t h e  same d ra inage   bas in   (P ie rce  

e t   a l .   1 9 7 2 ) .   A l g a l   g r o w t h   r a t e  was somewhat h i g h e r   I n  a s t ream 

d r a i n i n g  a logged  watershed  than i n  a s t ream  d ra ln ing   an   ad jacent  

unlogged  watershed on  Vancouver Is land  (S tockner   and  Shor t reed 

1976) .   Th i s   d i f f e rence  was a t t r i b u t e d   t o   i n c r e a s e d   l i g h t   f o l l o w i n g  

c l e a r c u t t i n g . ,   H a i n s   ( 1 9 8 1 )   a n t i c i p a t e d   t h a t   a l g a l   s t a n d i n g   c r o p s  

would  increase i n  a n   A p p a l a c h i a n   s t r e a m   a f t e r   c l e a r c u t t i n g  due t o  

h l g h e r   l i g h t   i n t e n s j t y  and h i g h e r   l e v e l s  o f  phosphorus  and 

n i t r o g e n .  He specu la ted   tha t   the   observed  Inc rease was less   t han  

predicted  because o f  scou r ing  due t o   h i g h e r   s e d i m e n t   l e v e l s .  

I n c r e a s e d   g r a z i n g   b y   m a y f l i e s   i n   t h e  same st ream was a lso  observed 

(Gur t z  and  Wallace  1984). 

Changes i n  w a t e r   q u a l i t y  due t o   l o g g i n g   a l s o   a f f e c t   s t r e a m  

i n v e r t e b r a t e s  and f ish,   but   s ince  these  organisms  have  not   been 

i n c l u d e d   i n   t h e   p r e s e n t   s t u d y ,   e f f e c t s  on  them will not  be  reviewed. 



- 11 - 

I V .  STUDY AREA 

The s t u d y   a r e a   l i e s   i n   t h e   e a s t e r n   p o r t i o n   o f   t h e   F l a t h e a d   R i v e r  

B a s i n   i n   s o u t h e a s t e r n   B r i t i s h   C o l u m b i a   ( F i g u r e   1 ) .   C r e e k s   i n   t h e  

s tudy   a rea   d ra in  a r e g i o n   o f   t h e  Rocky  Mountains  where  peaks r i s e  

t o   e l e v a t i o n s   g r e a t e r   t h a n  2400 m. 

The v e g e t a t i o n   o f   t h e   r e g i o n  i s  p r i m a r i l y  a m ixed   con i fe rous   f o res t  

dominated   by   lodgepo le   p ine   w i th   spruce  (P icea  enge lman i l   Par ry . )  

and l a r c h   ( L a r i x   o c c i d e n t a l i s   N u t t . )   p l u s  some Douglas f i r  

(Pseudotsuga  menzies i i   (Mi rb. )   Franco.) ,   ba lsam f i r  (Abies 

l a s i o c a r p a  ( H o o k . )  N u t t . )  and w h i t e b a r k   p i n e   ( P i n u s   a l b i c a u l u s  

Engelm.). 

Genera l   desc r ip t i ons   o f   K i sh inena  and Sage Creeks ,   i nc lud ing   i nven -  

t o r i e s   o f   f i s h   s p e c i e s   p r e s e n t   h a v e  been made by Caw e t   a l .   ( 1 9 7 6 ) .  

A .  S t a t i o n   S e l e c t i o n  and D e s c r i p t i o n   ( R e f e r   t o   F i g u r e   1 )  

1 .  Akamina  Creek (NAQUADAT No.  00BC08NP0014) 

T h i s   s t a t i o n  i s  loca ted   near   the   headwaters   o f   the  

Akamina-Kishinena  watershed a t  a n   e l e v a t i o n   o f   a p p r o x i m a t e l y  

1570 m. The l o c a t i o n  was s e l e c t e d   t o   a c t  as a c o n t r o l   s i t e  

because, i n  1978, i t  was w i t h i n   t h e   b o u n d a r y   o f  an  area 

d e s i g n a t e d   f o r   p r o t e c t i o n   f r o m   l o g g i n g .   S i n c e   t h e   p r e s e n t  

s tudy was conducted,   logging  permi ts   have  been  issued  for  

the   headwaters   o f   the  Akamina-Kishinena. (F igure  2, 3 ) .  
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Kishlnena  Creek (NAQUADAT No.  00BC08NP0013) 

T h i s   s i t e  i s  loca ted   about  2 . 5  km nor th   (ups t ream)  o f  t h e  

Canada-U.S. b o r d e r   a t   a n   e l e v a t i o n   o f   a p p r o x i m a t e l y   1 3 0 0  m. 

The stream  forms a b r a i d e d   s t r e t c h   b e t w e e n   t h e   s t a t i o n  and 

the   bo rde r .  A road  br idge,   which was c o n s t r u c t e d   I n  1979, 

crosses  the  s t ream  immediate ly   downstream  f rom  the  sampl ing 

s ta t i on .   Mos t  o f  t h e   l o g g i n g   a c t i v i t y  has occurred  upstream 

o f   t h e   s i t e . ( F i g u r e  2, 3) .  

3.  Elder  Creek (NAQUADAT No.  00BC08NP0012) 

T h i s   s t a t i o n  i s  loca ted   about  1 km upstream o f  t h e  

Canada-U.S. b o r d e r   a t  an e l e v a t i o n  o f  approximately  1330 m. 

L o g g i n g   a c t i v i t y  had no t   reached   the   samp l ing   s ta t i on  when 

the   s tudy  began ( F i g u r e  2, 3 ) .  

4 .  Sage Creek (NAQUADAT No.  00BC08NP0011) 

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

boundary a t  a n   e l e v a t i o n  o f  approx imate ly   1200 m. A l though 

a c t i v e   l o g g i n g  was underway i n   t h e  Sage Creek  watershed, 

m o n i t o r i n g   a t   t h e   b o r d e r   s t a t i o n  was undertaken  because a 

s u b s t a n t i a l   a r e a  had y e t   t o  be  logged  and  because  background 

da ta   f rom a p r e v i o u s   s t u d y   w e r e   a v a i l a b l e   f o r  Sage Creek 

(Sheehan e t  a1 . 1980). 

Desc r ip t i ons  o f  s t r e a m   c h a r a c t e r i s t i c s   a r e   g i v e n   i n   T a b l e   1 .  
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V .  LOGGING I N  THE AKAMINA-K ISHINENA AND ADJACENT WATERSHEDS 

A .  Areas  Harvested 

T imber   harvest ing was underway  as e a r l y  as  1973 i n   t h e  Sage Creek 

watershed  bu t   expanded  as   the   p ine   beet le   , in fes ta t ion   spread.  

Logging  began i n   t h e   E l d e r  Creek  watershed i n  1978  and I n   t h e  

Kishinena  Creek  watershed i n   l a t e  1979 ( F i g u r e  2 ) .  I n l t l a l l y ,   t h e  

area   sur round ing  Akamina  Creek,  as w e l l  as S t a r v a t i o n   a n d   N o r t h  

K i n t l a  Creeks, was des ignated a s p e c i a l   s t u d y   a r e a   t o  be p r o t e c t e d  

f rom  logg ing ,   bu t  when t h e   b e e t l e   i n f e s t a t i o n   a p p r o a c h e d  90%. 

sa l vage   l ogg lng  was extended t o  t h e  Akamlna  watershed a t  e l e v a t i o n s  

below  1830 m. Harves t i ng   t he  Akamina dra inage began i n  1983. 

Areas  cut   and  dates  of   harvest ing  are  summarized i n  Table 2 and 

F i g u r e  3. 

B. Road Cons t ruc t i on  

I n   a l l  watersheds  road  bu i ld ing  preceded  logging.  The Sage Creek 

road was b u i l t   i n   t h e   1 9 6 0 ' s  as a s e i s m i c   l i n e  and was upgraded i n  

t h e   e a r l y   1 9 7 0 ' s   t o  accommodate l o g g i n g   t r a f f i c .  The E l d e r  Creek 

road  was cons t ruc ted   i n   1978 .   Ma jo r   road '   bu i l d ing   a long   K i sh inena  

Creek  began i n  1979  and was completed i n  1980.. As o f  1983  an 

e x i s t i n g   r o a d   a l o n g  Akamina  Creek was be ing  'bpgraded t o   h a n d l e  

. .  

l o g g i n g   v e h i c l e s .  

C.  L o g g i n g   P r a c t i c e s   P r i o r   t o   1 9 8 3  

I n   t h e  Akamina-Kish inena  watershed  the  fo l lowing  precaut ions  were 
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TABLE 2  Approximate  areas o f  t imber   cu t   (by   pe rm i t  number) i n  t h e  
Akamina-Kishinena,  Elder,  and Sage Creek  watersheds,  1973-1983. 
L o c a t i o n s   o f   c u t t i n g   p e r m i t s   a r e   i l l u s t r a t e d   i n   F i g u r e  3. Areas 
were  ca lcu lated  f rom  harvest  volumes supp l i ed  by t h e  B.C. 
M i n i s t r y  o f  Forests,  using  an  average  volume o f  250m3/hectare. 

Perm i  t Number Year  Area  Cut (hec tares)  

T.S.H.L. A00243 

C.P.  49 

C.P. 61 

C.P. 131 

C.P .  133 

C.P .  135 

C.P .  140 

1973 
1974 
1975 

1978 
TOTAL 

i 9 7 i  

1976 
1977 
1978 
1979 
TOTAL 

1978 
1979 
1980 
TOTAL 

1977 
1978 
1979 
TOTAL 

1978 
1979 
1980 
TOTAL 

1978 
1979 
1980 
TOTAL 

91 
32 
79 
29 
27 

258 

8 8. 
L1 

5 
6 

99 

67 
L1 
L1 
68 

94 
150 

50 
29 4 

182 
69 

1 
252 

88 
465 

9 
562 
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TABLE 2  (Continued) 

Permit  Number Year Area  Cut  (hectares) 

C . P .  141 1979 
1980 
TOTAL 

64 
21 7 
281 

C.P. 142  1980 167 

C.P .  145 1979 
1980 
TOTAL 

26 
56 
82 

C.P. 146  1980  94 

C.P. 152  1980  90 

C.P.  154  1981  118 

T.S. A18904 1983 51 

T.S. A18920 1982 
1983 
TOTAL 

28 
60 
88 1 

T.S. A18921 1983 1 1  

T.S. A18922 1982 
1983 
TOTAL 

82 

176 
94  1 

Values t o   t h e  end o f  Ju ly ,  1983 





- 19 - 

t a k e n   t o   r e d u c e   t h e   i m p a c t s   o f   l o g g i n g  and associated  road 

c o n s t r u c t i o n  on the  env i ronment :  

Only   lodgepole  p ine  were  harvested.   Spruce,   larch,  and 

deciduous  t rees  remalned  uncut.  

Ne i ther   mach ines   nor   t imber   harves t ing   were   a l lowed  w i th in  

r j p a r i a n   b u f f e r  zones.  These  zones  extended t h e   w i d t h   o f   t h e  

h i s t o r i c   f l o o d   p l a i n   a l o n g   s t r e a m   b a n k s  and  around  marsh  areas. 

An a t tempt  was  made t o  keep   l ogg ing   deb r i s   ou t  of  st ream 

channels. Any l o g g i n g   d e b r i s   w h i c h   d i d   e n t e r  a stream  channel 

was removed. 

Mach ines   se lec ted   f o r   road   cons t ruc t l on  and log   sk idd ing   were  

types  which  cause  minimal  erosion. These i n c l u d e d   h y d r a u l i c  

s h o v e l s   f o r   r o a d   b u i l d i n g  and FMC ( l i g h t   f l o t a t i o n )   v e h i c l e s  

i n s t e a d   o f   s k i d d e r s  when s lope   g rad ien ts  exceeded 40-50%. 

The  number o f   s k i d   t r a i l s  was l i m i t e d .  

Upon comp le t i on   o f   ope ra t l ons ,   sk id   t ra i l s   were   wa te r -ba r red  

and a l l  areas  where  mineral   soi l   had  been  exposed  (eg.  skid 

t r a i l s  and t h e   c u t  banks  of  roads)  were seeded w i t h   g r a s s .  

Areas o f   t h e  Sage Creek d r a i n a g e   l o g g e d   d u r i n g   t h e   e a r l y   1 9 7 0 ' s  

were   no t   p ro tec ted  as v i g o r o u s l y  as was the  Akamina-Kishinena 

w a t e r s h e d .   S e l e c t i v e   c u t t i n g   o f   b o t h   p i n e  and  spruce  prevai led i n  

some a r e a s ,   w h i l e   c l e a r c u t t i n g   o r   p a t c h   c u t t i n g   o c c u r r e d   i n   o t h e r s .  
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D. L o g g i n g   P r a c t i c e s   i n  1983  and F o l l o w i n g  

Because o f  an in fes ta t ion   o f   spruce  bark   beet le   (Dendroc tonus  

r u f i p e n n i s   K i r b y )   w h i c h  had  been dec la red   ep idemic   I n  1982, t h e  

f o l l o w i n g  changes I n   l o g g i n g   p r a c t i c e s   w e r e   a g r e e d   t o  i n  1983: 

1)  Spruce  were t o  be c u t   i n   a d d i t i o n   t o   p i n e .   A l t h o u g h   l a r c h  and 

dec iduous  t rees   were   to  be l e f t   s t a n d i n g ,   r e m o v a l   o f   p i n e  and 

s p r u c e   w o u l d   r e s u l t   i n   c l e a r c u t t i n g   i n  many b locks .  

2) S ince   ha rves t i ng   bo th   p ine  and spruce  would  leave  creek  banks 

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

h . i gh   w inds ,   c lea rcu t t i ng  i n  patches on a l t e r n a t e   s i d e s   o f  

streams was t o  be al lowed. One bank was t o  remain  uncut t o  

p rov ide   shad ing  and, p ro tec t   aga ins t   inc reased  water  

tempera ture .   Sec t ions   to  be c lea rcu t   wou ld  be  determined 

loca l l y   depend ing  on bank s t a b i l i t y  and a c c e s s i b i l i t y . .   B u f f e r  

s t r i p s  were t o  remain  machine-free;  t imber was t o  be , c u t   b y  

hand  and  removed w i t h   c a b l e s .  

. .  
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V I .  SAMPLING  SCHEDULE 

Pre l im ina ry   chemica l   samp l ing   and   qua l i t a t i ve   eva lua t i on   o f   a lga l  

spec ies   compos i t ion  was conducted a t   K i s h i n e n a ,   E l d e r ,  and Sage 

Creeks l n  August,  1978. 

D e t a i l e d   s a m p l i n g   a t   a l l   f o u r   s t a t i o n s   i n  1979 was designed t o  

measure   t he   f l ow   and   co l l ec t   wa te r  and a l g a l  samples d u r i n g  

p r e f r e s h e t   ( A p r i l ) ,   f r e s h e t  (May and  June)  and  postfreshet  (August 

and  November) pe r iods .  

Two days  o f   deta i led  sampl ing  were  conducted  a t   the  K ish inena 

s t a t i o n   d u r i n g   t h e   A u g u s t ,  1979, t r i p ,  when t h a t   l o c a t i o n  was 

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

Sampling i n  subsequent  years was schedu led   f o r   t imes   o f  presumed 

peak a l g a l  abundance.  Sampling o f   wa te r   chemis t r y  and a lgae  was 

c a r r l e d   o u t   a t  Akamina  and Kishinena  Creeks i n  August,  1980,  and 

Ju ly ,   1982.   Water   chemist ry   on ly  was measured a t  Sage Creek i n  

1980. 

Water  samples  were  col lected  for   suspended  sediment  analyses,  and 

f l o w  was measured  on a l l  occasions  except  the  1980  sampling t r i p .  

Kishinena  Creek i s   t h e   o n l y   s t a t i o n   w h i c h  was sampled b o t h   b e f o r e  

(1979)  and a f t e r  (1980,  1982) commencement o f  logging.   Logging 
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continued  after  the 1982 sample  date  (see  Section V ,  Table 2 and 

Figures 2 and 3). 

In August, 1983, an  aerial  reconnaissance o f  the  Akamlna-Klshlnena 

Valley  was  flown,  but  no  samples  were  collected. 



- 23 - 

VII. METHODS 

A. Hydrographic  Methods 

S t ream  wa te r   ve loc i t y  and d ischarge  ra tes   were   de termined  us ing  a 

P r i c e  No. 622 cu r ren t   me te r  and the  wading  measurements  technique 

ou t l ined   by   Braybrooks  ( 1 9 7 8 ) .  

B .  A n a l y s i s   f o r  Suspended  Sediments 

One t o   f o u r   r e p l i c a t e  samples  were c o l l e c t e d  and r e t u r n e d   t o  

Vancouver f o r   a n a l y s i s   o f  suspended  sediments.  Samples  were 

ga thered  us ing  a d e p t h - i n t e g r a t i n g  suspended  sediment  hand 

sampler. I n   t h e   l a b o r a t o r y   t h e  samples  were s e t t l e d   f o r  3-4 

weeks.  Each b o t t l e  was weighed so t h a t   t h e   t o t a l  volume o f   t h e  

sample  could  be  ca lcu lated.  Then 100 m l  was p i p e t t e d   o f f  and 

evaporated t o   d e t e r m i n e   t h e   q u a n t i t y   o f   d i s s o l v e d   s o l i d s .   M o s t   o f  

the   remain ing   supernatan t  was siphoned o f f   l e a v i n g   a b o u t  50 m l  

s t ream  water   p lus  sediment .  The b o t t l e   w i t h   t h e  sample was 

weighed;  then  the  sample was washed i n t o  a t a r e d   e v a p o r a t i n g   d i s h .  

The b o t t l e  was w e i g h e d   a g a i n   t o   c a l c u l a t e   t h e   e x a c t  volume o f  

s t ream  water   p lus  sediment .  The sediment was d r i e d  and  weighed. 

The we igh t  was c o r r e c t e d   f o r   d i s s o l v e d   s o l i d s .  

C.  Water  Chemistry  Methods 

1 .   F i e l d   S a m p l i n g  

Samples f o r   d e t e r m i n a t i o n   o f   n u t r i e n t s ,   m e t a l s  and  major  ions 

were  co l lected,   preserved  as  necessary i n   t h e   f i e l d ,  and 
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r e t u r n e d   t o  Vancouver f o r   a n a l y s i s .   U s u a l l y   t h r e e   r e p l i c a t e s  

were   co l l ec ted   f o r   ana lyses  of n u t r i e n t s  and m e t a l s ,   w h i l e  

s i n g l e  samples  were  taken f o r   d e t e r m i n a t i o n  of major   ions.  

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

i n t o   t h e   s t r e a m s .   D e t a i l s  of samp l ing   f o r   spec i f i c   pa ramete rs  

a r e  summarized i n  Table 3. 

2 .  Laboratory   Analy t ica l   Methods 

Water  chemistry  analyses  were  performed i n   t h e  Water Q u a l i t y  

Branch  Laboratory i n  Vancouver  according t o  methods  described 

i n  t h e  NAQUADAT D i c t i o n a r y   ( I n l a n d  Waters D i r e c t o r a t e ,  Water 

Qua l i t y   Branch  1983)  and t h e   A n a l y t i c a l  Methods  Manual ( I n l a n d  

Waters  Di rectorate,   Water   Qual i ty   Branch  1979) .  All analyses 

used, w i t h   t h e i r   i d e n t i f y i n g  NAQUADAT code  numbers  and limits 

o f   d e t e c t i o n ,   a r e   l i s t e d   i n   T a b l e  4.  

0. Aerial  Reconnaissance  and  Photography 

A p i l o t   s t u d y  was conducted i n  Apr i l ,  1979,  (Schreier  1979) t o  

evaluate  the  use of photography   fo r   mon i to r ing   a lga l   abundance and 

s t ream  bank  eros ion.   Sequent ia l   co lour   photographs  were  taken  f rom 

a h e l i c o p t e r   f l o w n   , a t   l o w   l e v e l   a b o v e   t h e   K i s h i n e n a   s t a t i o n .  A 

Hasselb lad camera w i t h  a 70-mm casset te   a t tachment  was used for t h e  

photography. 

I n  o rde r   t o   de te rm ine   whe the r   t he   pho tog raphs   cou ld   be   used   t o  

e s t i m a t e   a l g a l  abundances o r   i d e n t i f y  dominant  species,   the 

fo l l ow ing   exper imen t  was conducted.  Four  ropes  were  set  up  across 
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TABLE 3 .   F ie ld   sampl ing   p rocedures   fo r   water   chemis t ry  

Parameter 

Total   Phosphorus 

Dissolved  Phosphorus 

N i t r a t e  and N i t r i t e ,  
Ammonia, T o t a l  
D isso lved   N i t rogen ,  
P a r t i c u l a t e  Carbon, 
P a r t i c u l a t e   N i t r o g e n  

Meta ls  
(Ba, Cd,  Cu, Fe, 
Mn, N i ,  Pb, Zn) 

As, Se 

Major  Ions,  Residues, 
Physical   Parameters 

T o t a l   I n o r g a n i c  
Carbon/Total  Organic 
Carbon  (TIC/TOC) 

F ie ld   Procedures  and  Sample P rese rva t i on  

Samples  were c o l l e c t e d   i n  50-ml s o v i r e l   g l a s s  
b o t t l e s .  The b a k e l i t e  caps  had t e f l o n   l i n e r  
i nse r t s   t o   p reven t   phospha te   con tamina t ion .  
Samples  were  packed i n  an i c e - f i l l e d   c o o l e r .  

Samples  were c o l l e c t e d   i n  100-ml s o v i r e l   g l a s s  
b o t t l e s  capped w i t h   t e f l o n - l i n e d   b a k e l i t e   c a p s .  Each 
sample was f i l t e r e d   t h r o u g h  a  47-mn M i l l i p o r e  HA 
(0.45pm p o r e   d i a m e t e r )   f i l t e r   w h l c h  had  been pre-  
soaked i n   d i s t i l l e d   w a t e r .  The f i l t e r i n g   a p p a r a t u s  
c o n s i s t e d   o f  a S a r t o r i u s   p o l y c a r b o n a t e   f i l t e r   h o l d e r  
(47 mm diameter,  Model SM 165 1 1 ) .   P o s i t i v e   p r e s s u r e  
was prov ided  by a hand pump. The f i l t r a t e  was 
c o l l e c t e d   i n  a 50-ml s o i v r e l   g l a s s   b o t t l e  and 
packed i n   i c e .  

Samples  were c o l l e c t e d   i n   1 - L   p o l y e t h y l e n e   b o t t l e s .  
Each  sample was f i l t e r e d  as  soon  as p o s s i b l e   t h r o u g h  
a  Whatman GF/F g l a s s   f i b r e   f i l t e r   w h i c h  had  been 
pre-cooked  fo r  6 h o u r s   a t  460 C.  The f i l t e r i n g  
appara tus   cons i s ted   o f  a g l a s s   f i l t e r   h o l d e r   c o u p l e d  
t o  a 1 -L   e r lenmeyer   f lask ,   bo th   o f   wh ich  had  been 
prewashed I n  HC1. The  vacuum was prov ided  by a hand 
pump.  The f i l t r a t e  was c o l l e c t e d   i n  a 250-ml 
p o l y e t h y l e n e   b o t t l e  and  packed i n   i c e .  The f i l t e r  
was t r a n s f e r r e d   t o  a p e t r i   d i s h  and p l a c e d   i n   t h e  
c o o l e r .   I n   A p r i l  and  June,  1979, n i t r o g e n  samples 
w e r e   n o t   f i l t e r e d .  

Samples  were c o l l e c t e d   i n   p o l y e t h y l e n e   b o t t l e s   w h i c h  
which  had  been  pre-washed i n  ch romic   ac id   c lean ing  
s o l u t i o n .  One m i l l i l i t e r   o f  HNO3  was added t o  
each b o t t l e   p r i o r   t o   s a m p l i n g .  Care was taken so 
t h a t   a c i d  was n o t   l o s t   d u r i n g   s a m p l i n g .  

Samples  were c o l l e c t e d   i n  100-ml t e f l o n   b o t t l e s  
which  had  been  pre-washed  wi th   chromic  ac id   c leaning 
s o l u t i o n .  Two m i l l i l i t e r s   o f  50% HNO3 and  2.5% 
K2Cr207 was added t o  each b o t t l e   p r i o r   t o  
sampling.  Care was taken so t h a t   a c i d  was n o t   l o s t  
dur ing   sampl ing .  

Samples  were c o l l e c t e d   i n  100-ml po l ye thy lene  
b o t t l e s   w h i c h  had  been  pre-washed i n  chromic   ac id  
c l e a n i n g   s o l u t i o n .  

Two 1-L p o l y e t h y l e n e   b o t t l e s   w e r e   f i l l e d   w i t h   w a t e r .  
I n   t h e   l a b o r a t o r y ,   a l i q u o t s   w e r e   t a k e n   f o r   a n a l y s e s .  

Samples  were c o l l e c t e d   i n  100-ml po l ye thy lene  
b o t t l e s  and  packed i n   i c e .  
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TABLE 4 

NAQUADAT Code Numbers and L i m i t s   o f   D e t e c t i o n   f o r   t h e   W a t e r  
Chemistry  Parameters  Measured i n   t h e  Akamlna-Kishinena 

Watershed  Study 

Parameter 

Col our 

Speci f ic   Conductance 

Water  Temperature  (Lab) 

Water  Temperature  (Field) 

T u r b i d i t y  

Total  Organic  Carbon 

Tota l   Inorganic   Carbon 

Par t i cu la te   Carbon  

N03/N02 ( d i s s o l v e d )  

Ammonia ( d i s s o l v e d )  

T o t a l   N i t r o g e n   ( u n f i l t e r e d )  

T o t a l   D i s s o l v e d   N i t r o g e n   ( f i l t e r e d )  

P a r t i c u l a t e   N i t r o g e n  

F l u o r i d e   ( d i s s o l v e d )  

A l k a l i n i t y   ( t o t a l )  

A l k a l i n i t y   ( p h e n o l p h t h a l e i n )  

PH (Lab)  
N o n f i l t e r a b l e   r e s i d u e  

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

N o n f i l t e r a b l e   r e s i d u e   ( f i x e d )  

F i l t e r a b l e   r e s i d u e   ( f i x e d )  

Hardness ( t o t a l )  

Sodium ( d i s s o l v e d )  

Magnesium ( d i s s o l v e d )  

S i l i c a   ( r e a c t i v e )  

Phosphorus  (dissolved) 

NAQUADAT 
Number 

0201 1 

02041 

02061 L 

02061 S 

02073 

06001 

06051 

06903 

07110 

07557 

07651 

07655 

07903 

091 06 

101  01 

101 51 
10301 1 

10401 

10451 

10501 

10551 

10603 

11103 

121  01 

141 05 

151  02 

D e t e c t i o n  
L im i  t 

5.0 

0.2  psie/cm 

0 j t u  

V a r i a b l e  

0.5 mg/L 

V a r i a b l e  

0.002 mg/L 

0.002 mg/L 

0.01 mg/L 

0.01 mg/L 

V a r i a b l e  

0.05 mg/L 

0.5 mg/L  CaC03 

0.5 mg/L  CaC03 1 

10.0 mg/L 

10.0 mg/L 

10.0 mg/L 

10.0 mg/L 

0.5 mg/L  CaC03 

0.2 mg/L 

Ca lcu la ted  

0.2 mg/L 

0.002 mg/L 

1Th is  limit o f   d e t e c t i o n   a p p l i e s   a t  pH g rea te r   t han  8 . 3 .  A t  lower  pH 
p h e n o l p h t h a l e i n   a l k a l i n i t y  = 0 
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Table 4 (Cont inued)  

Parameter 

Total  phosphorus 

Su lpha te   (d i sso l ved )  

C h l o r i d e   ( d i s s o l v e d )  

Potass ium  (d isso lved)  

Ca lc ium  (d i sso l ved )  

Manganese ( t o t a l )  

Manganese ( e x t r a c t a b l e )  

I r o n   ( t o t a l )  

I r o n   ( e x t r a c t a b l e )  

N i c k e l   ( t o t a l )  

N i c k e l   ( e x t r a c t a b l e )  

Copper ( t o t a l )  

Copper ( e x t r a c t a b l e )  

Z i n c   ( t o t a l )  

Z i n c   ( e x t r a c t a b l e )  

A r s e n t c   ( e x t r a c t a b l e )  

Se len ium  (ex t rac tab le )  

Cadmi um ( e x t r a c t a b l e )  

B a r i u m   ( e x t r a c t a b l e )  

Mercu ry   (ex t rac tab le )  

Lead ( t o t a l )  

Lead ( e x t r a c t a b l e )  

NAQUADAT 
Number 

15406 

16306 

17206 

19103 

201  01 

25004 

25304 

26005 

26305 

28002 

28302 

29005 

29305 

30005 

30305 

33304 

34302 

48302 

56301 

8031 1 

82002 

82302 

De tec t i on  
L i m i t  

0.002 mg/L 

0.5 mg/L 

0.2 mg/L 

0.2 mg/L 

0.5 mg/L 

0.01 mg/L 

0.01 mg/L 

0.001 mg/L 

0.001 mg/L 

0.001 mg/L 

0.001 mg/L 

0.001 mg/L 

0.001 mg/L 

0.001 mg/L 

0.001 mg/L 

0.0001 mg/L 

0.0001 mg/L 

0.0005 mg/L 

0.01 mg/L 

0.05 pg/L 

0.001 mg/L 

0.001 mg/L 
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t h e   c r e e k   a t  5-7 m i n t e r v a l s .  The l o c a t i o n s   o f   t h e s e   t r a n s e c t s  

were  marked w i th   su rvey   t ape  on t r e e   t r u n k s   a l o n g   t h e   w e s t  bank o f  

the   c reek  so t h a t   t h e  same s i t e s   c o u l d   b e   i d e n t i f i e d   f o r   f u t u r e  

sampl ing.   Four   random- length,   br ight ly   co loured  survey  tapes  were 

a t t a c h e d   a t  random in te rva l s   a long   each   rope .  A t  t h e  end o f  each 

survey  tape a me ta l   sp i ke  was at tached  and  anchored i n   t h e   r i v e r b e d  

t o   i d e n t i f y   i n d i v i d u a l   r o c k s   w h i c h   w e r e   t o  be  sampled f o r   a l g a l  

spec ies   compos i t ion .   A f te r   the   photography  had  been  completed,  the 

rock  immediately  downstream o f .  each  spike was c o l l e c t e d   a n d   t r e a t e d  

as d e s c r i b e d   i n   S e c t i o n  VII-E. The sampl ing  design i s   i l l u s t r a t e d  

i n   F i g u r e  4 .  

Kishinena  Creek  above U.S.  border  

ye l l ow   rope  
Con t ro l  

ye l l ow   rope  

red  survey  tapes A 
D 

C 
B 

wh i te   rope  

ye l l ow   su rvey  
tape C 

B D 
A 

wh i te   rope  

T4 Cross  Sect ion 

Tg Cross  Sect ion 

T2 Cross .Sec t ion  

T1 Cross  Sect ion 

orange  survey 
tape A D 

B C 

F igu re  4 .  Sampling  design  for  Kishinena  Creek  algae  and  photogr.aphy 
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A more in tens ive   s tudy   o f   s t ream  morpho logy  was u n d e r t a k e n   i n  

September,   1979.  Sequent ia l   stereo,  colour  photographs  were  taken 

f rom a C-FC2A h e l i c o p t e r   f l o w n   a t   a l t i t u d e s   r a n g i n g   f r o m  46 m - 

610 m. Two Hasselb lad MK 70 cameras w i t h  a  100-mn lens  were 

mounted  on a boom u n d e r   t h e   a i r c r a f t .  The e f f o r t   r e s u l t e d   i n  

cont inuous  photographic  coverage  of   Kishinena  Creek  f rom  the  border 

to   t he   samp l ing   s ta t i on .   Add i t i ona l   pho tog raphs   were   t aken  a t  

K ish inena  Creek  upst ream  f rom  the  sampl ing  s ta t ion and a t   t h e  

Akamina  Creek s t a t i o n .   D e t a i l e d   p h o t o g r a p h i c   m o n i t o r i n g  was no t  

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

t h e   h e l i c o p t e r  on a l l  subsequent t r i p s ,  and photographs  were  taken 

t o  document  stream  bank s t a b i l i t y  and  any o t h e r   n o t a b l e   c o n d i t i o n s .  

E .  A l g a l  Methods 

The algal  sampling  methods  were  based  on  experlence  gained i n   o t h e r  

sec t i ons   o f   t he   F la thead   R ive r   Bas in   (Sheehan   e t   a l .   1980) .  

Per iphy ton   were   co l lec ted   f rom  who le   rocks ,   wh ich  had p rov ided   t he  

bes t   es t imates  o f  abundance.  Phytoplankton  were  not  sampled, 

because i n   t h e   w e s t e r n   t r i b u t a r i e s   o f   t h e   F l a t h e a d ,   p h y t o p l a n k t o n  

abundances  had  been low and  species  composi t ion  suggested  that   the 

c e l l s  were  main ly   detached  per iphyton.  

1.  Sample C o l l e c t i o n  and Prese rva t i on  

Rocks w i th  sur face  areas  approx imate ly  50-300 cm 

( o c c a s i o n a l l y   l a r g e r  or s m a l l e r )   w e r e   c o l l e c t e d   f o r  

quan t i t a t i ve   a lga l   ana lyses .   Usua l l y   f ou r   rocks   were   chosen  

2 
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randomly  at  each  station.  In  addition,  rocks  with  unusual 

growths  were  collected  as  qualitative  samples. 

More  intensive  sampling  occurred  at  Kishinkna  Creek,  April - 

August,  1979.  Collection  of  the  April  samples  has  been 

described in Section VII-D.  In  May  and  June,  four  rocks  were 

chosen  randomly  from  each  of  the  transects  illustrated in 

Figure 4. For  the  August  samples, 23, 4, and 27 rocks  were 

collected  from  transects 1 ,  2, and 3, respectively. 

Quantitative  sampling  of  periphyton  has  been  described in 

detail by Sheehan  et a.1. (1980). Briefly,  rocks  were  scraped 

with a toothbrush  to  remove  algae,  which.  were  then  washed  into 

collecting  bins  with'  distilled  water.  Following  transfer  to 

glass  jars,  algal  samples  were pl'aced  in a-  dark  cooler  for 

transportation.  Rock  surface area's were  determined by making 

templates  with  aluminum  foil  and  tracing  the  shapes  onto  paper 

for  later  measurement  with a polar  planimeter: 

In the  evening  following  collection,  samples  were  divided  and 

preserved  for  several  laboratory  analyses.  The  1978-1980 

samples  were  wet  filtered  as  described by Sheehan  et  al. 

(1980). Each  filter  was  subdivided  using a razor  blade: 1/2 

for  chlorophyll a analysis, 1/4 for  estimates  of'  abundances  of 

major  algal  groups  and  non-diatom  species,  and .1/4 for  diatom 

counts.  Chlorophyll a subsamples  were  .'treated,  with  magnesium 
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c a r b o n a t e ,   f i l t e r e d   u n t i l   d r y ,   a n d   t h e n   f r o z e n .   D i a t o m  and 

non-diatom  subsamples  were washed i n t o   g l a s s   j a r s  and  preserved 

w i t h   a c i d   L u g o l ' s   s o l u t i o n .   I n  1982,  samples  were  subdivided 

us ing  a p l a n k t o n   s p l i t t e r   i n s t e a d   o f   f i l t r a t i o n .  Subsamples 

were  preserved i n   a c i d   L u g o l ' s   s o l u t i o n   f o r   d i a t o m  and 

non-d ia tom  ident i f i ca t ions .   Ch lorophy l l   ana lyses   were   no t  

done. 

Ana ly t i ca l   P rocedures  

a .   C h l o r o p h y l l  a 

Samples f o r   c h l o r o p h y l l   d e t e r m i n a t i o n s   w e r e   e x t r a c t e d   i n  

90% ace tone   w i th  a High Speed Polytron  Homogenizer and 

measured  on a Technicon  autoanalyzer  (Sheehan  et  al.   1980; 

G. Kan, personal   communicat ion).  

b .   A l g a l   D i v i s i o n  Abundance 

The r e l a t i v e  abundance ( b y   v o l u m e )   o f   e a c h   a l g a l   d i v i s i o n  

was measured w i t h  an inver ted   mic roscope as d e t a i l e d  by 

Nor thco te   e t   a l .   ( 1975) .   Non-d ia tom  spec ies   were   i den t i f i ed  

u s i n g   t h e   d e s c r i p t i o n s   o f   P r e s c o t t   ( 1 9 6 2 ) .  and B o u r r e l l y  

(1966 - 1970). 

c .  Diatom  Enumeration 

From  1978-1980,  diatoms  were  prepared for   enumerat ion  by 

c l e a n i n g   w i t h   n i t r i c   a c i d   ( P a t r i c k  and  Reimer  1966), 

f o l l owed   by   evapora t i on   o f   d rops   o f  known volume onto   cover  
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s l i p s .  The cover   s l ips  were  then  mounted  onto  microscope 

s l i d e s   w i t h   H y r a x   m o u n t i n g   m e d i a   ( r e f r a c t i v e   i n d e x   1 . 6 3 ) .  

The 1982  samples  were  prepared  by  c leaning  wi th   su l fur ic  

acid,   potassium  permanganate,   and  oxal ic  acid  (Hasle and 

Fryxe l l   1970) .  Subsamples o f  known volume  were p i p e t t e d  

i n to   evapora t i on   d i shes ,   each   o f   wh ich   con ta ined   f ou r  

c i r c u l a r   c o v e r   s l i p s .  The samples  were  evaporated  onto  the 

c o v e r .   s l i p s  as descr ibed  by  Bat tarbee  (1973)  and  mounted 

onto  s l ides  wl th   Hyrax  Media.   Only  one s l i d e   f r o m  each 

sample was examlned.  Diatoms  were  counted  by  examining 

t r a n s e c t s   u s i n g  a phase cont ras t   m ic roscope a t  1000X 

m a g n i f i c a t i o n .  All dla toms  encountered   were   Ident i f ied  and 

c o u n t e d   u n t i l  a minimum o f  100 f r u s t u l e s   o f   t h e   d o m i n a n t  

species and a t o t a l   o f   a t   l e a s t  300 f rus tu les   had  been 

coun ted .   Because   h igh   magn i f i ca t i on   can   p roduce   e r ro rs   i n  

the   counts   o f   la rge   d ia toms,   e .g .  Gomphonema geminatum, t h e  

sample was re-examined a t  200X m a g n i f l c a t l o n  and o n l y   t h e  

la rge   d ia toms  counted .   Su i tab le   convers ion   fac to rs   were  

used t o   t r a n s f o r m   c o u n t s   t o   c e l l s / c m  . 2 

Numerous r e f e r e n c e s   w e r e   c o n s u l t e d   f o r   i d e n t i f i c a t i o n  and 

c l a s s i f i c a t i o n   o f   d i a t o m s .  Keys employed  were P a t r i c k  and 

Reimer  (1966),  Cleve-Euler  (1951-1955),  Hustedt  (1930, 

1931-1959),  Huber-Pestalozzi  (1942),  Sreenivasa  and  Duthie 

(1973) and Weber (1966) .   Bourre l ly . 's   (1968)   taxonomic 

scheme was fo l l owed  t o  p lace   t he   d ia toms   i n to   o rde rs ,  and 
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t h e   s p e c i e s   c l a s s i f i c a t i o n   o u t l i n e d   b y  Van Landingham 

(1967-1979) was fo l lowed,   except   that   Cymbel la   caespi tosa 

was recognized  as a d i s t i n c t   s p e c i e s .  

d. S t a t i s t i c a l   P r o c e d u r e s  

D i a t o m   s p e c i e s   d i v e r s i t i e s   w e r e   c a l c u l a t e d   f o r   e a c h   r o c k  

u s i n g   t h e  Shannon-Wiener fo rmula  (Shannon  and Weaver 1949): 

where H 1  = d i v e r s i t y   i n d e x  

p i  = p r o p o r t i o n   o f   t o t a l  sample be long ing  
t o   t h e   i t h   s p e c l e s  

n = t o t a l  number o f   spec ies  

C o m p o s i t e   s p e c i e s   d i v e r s i t i e s   f o r  each s t a t i o n   a t  each  t ime 

w e r e   a l s o   c a l c u l a t e d  as f o l l o w s :  

The  number o f  each  species  per  square  cent imeter  on  each 

rock  was m u l t i p l i e d   b y   t h e   s u r f a c e   a r e a   o f   t h e   r o c k   t o   g i v e  

t h e   t o t a l  number o f   ce l l s .   Ce l l   counts   o f   each  spec ies   were  

summed over  a l l  rocks and t h e  numbers obtained  were  used t o  

c a l c u l a t e   o v e r a l l   p r o p o r t i o n a l  abundances  and t h e   d i v e r s i t y  

1 ndex. 

Two-way f a c t o r i a l   a n a l y s e s   o f   v a r i a n c e   w e r e   u s e d   t o  compare 

1979   ch lo rophy l l  g c o n c e n t r a t i o n s ,   t o t a l   d i a t o m   c e l l  

d e n s i t y ,  number o f   d ia tom  spec ies ,  and d i a t o m   d i v e r s i t y   p e r  
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rock  among  stations  and  times. In order.  to :bal.an-c.e. sample 

sizes,  four  rocks  were  selected  at  random  from  the 

April-August  Kishinena  Creek  data,  and  only  values  from 

those  .rock's.  were  used 'in the  ANOVAS,  aith'dugh  means  of  all 

samples  were  graphed  (Fig. 14,   17 ,  ,la, -19 ) .  Statistical 

tests.  were  performed  using  the BMDP:P7D statistical  software 

( D i  xon 1983) .  

All data  were test'ed for  homogeneity  of  variance  using 

Levine's  test  (as  described by Brown  and  Forsythe 1974) ,  

which is  included' in the BMDP:P7D program.  In  all  cases, 

Levene's  test  showed  signlficant  heteroscedastlcity 

( P<O. 001 ) . However,  the Vkx test  (Sokal  and  Rohlf 1969) 

showed  no  significant  differences in variance.  Sokal  and 

Rohlf  argue,  "The  consequences  of  moderate  .heterogeneity  of 

variances  are  not  too  serious  for  the  overall  test o f  

significance  [in  the  ANOVA],  but  single  degree  of  freedom 

comparisons  may  be ' far  from  accurate".  Thus,  overall 

significances,  which wi-11 be  reported in Section.VI1-F, 

should  be  valid, but' detailed  comparisons  of  group  means  are 

impossible. 

I 
I 
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VIII. RESULTS AND DISCUSSION 

A.  Hyd r o l  ogy 

Discharge  measurements f o r  Akamina, K ish inena,  Sage, and E l d e r  

Creeks  suggested  that   the  1979  sampl ing  dates encompassed 

p r e - f r e s h e t ,   f r e s h e t  and p o s t - f r e s h e t   p e r i o d s   ( F i g u r e  5 ) .  Highest  

f lows  were  recorded  on  June 1 4  a t   a l l   s t a t i o n s   e x c e p t   E l d e r   C r e e k ,  

where maximum d ischarge was measured  on May 15. More d e t a i l e d  

hydrograph ic   da ta   measured  a t   gaug ing   s ta t ions   on   the   F la thead 

R i v e r  and s e v e r a l   o f  i t s  w e s t e r n   t r i b u t a r i e s   s u g g e s t   t h a t  maximum 

d i s c h a r g e   a c t u a l l y   o c c u r r e d  sometime  between t h e  May and  June 

sampl ing  dates  ( In land  Waters  Di rectorate,   Water   Survey  1979) .  

Measurements  were  not made i n   t h e   e a s t e r n   t r i b u t a r i e s   d u r i n g   t h e  

pe r iod   o f   i ce   cove r ,   wh ich   p robab ly   occu r red   be tween  December and 

March  (Sheehan e t  a1 . 1980). 

Discharge  ra tes  appear  more c l o s e l y   r e l a t e d   t o   d r a i n a g e   a r e a  

(Tab le  1 )  t h a n   t o   p r e s e n c e   o r   a b s e n c e   o f   l o g g i n g   a c t i v i t y   i n   t h e  

watersheds .   D ischarge  ra tes   o f  Akamina  and Elder   Creeks  are 

s i m i l a r  as a re   t hose   o f   K i sh inena  and Sage Creeks. 

There   a re   no t  enough  hydrographic   data  to   determine  whether   logging 

had  any e f f e c t  on the   d i scha rge   i n   K i sh inena   C reek .  The s i n g l e  

pos t - l ogg ing  measurement, made i n   J u l y ,  1982, i s   w i t h i n   t h e   r a n g e  

o f   t h e  1979  va lues ,   imp ly ing   tha t  no d r a s t i c  change  occurred,  but a 

s i n g l e  measurement t a k e n   d u r i n g  sumner l o w   f l o w   i s   i n a d e q u a t e   f o r  
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August 1978. July 1982. 
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drawing  conclusions.  Logging- induced  changes i n   d i s c h a r g e   o f  

Paci f ic   Nor thwest   s t reams  are  most   pronounced  dur ing  fa l l  and 

winter  storms  (Rothacher  1970)  and may be d i f f i c u l t   t o  demonstrate 

i n  summer. 

B. Suspended  Sediments 

Suspended  sediment l e v e l s   w e r e   l o w   a t   a l l   s t a t i o n s   ( F i g u r e  6 ) .  

Maximum concentrat ions  were  measured  dur ing  f reshet  (May-June),   but  

mean values  never  exceeded  10 mg/L. 

No i n c r e a s e   i n   s e d i m e n t   c o n c e n t r a t i o n s   a t   t h e   K i s h I n e n a   s t a t i o n  was 

shown by   t he   pos t - l ogg lng  measurement i n   J u l y ,  1982.  However, 

based  on t h e  1979  hydrograph, i t  appears t h i s  sample was taken 

a f t e r   f r e s h e t .   I n c r e a s e s   I n   s e d i m e n t a t i o n  and t u r b i d i t y  may be 

apparen t   on l y   du r ing   s to rms   o r   o the r   pe r iods   o f   h lgh   f l ow   (Auber t i n  

and   Pa t r i c  1974,  Beschta  1978),  and  Beschta  (1978)  cautions  that 

m o n i t o r i n g   d u r i n g   l o w   f l o w  i s  o f   l i t t l e  use. 

Although  high  sediment  loads  were  not  measured i n   t h e   p r e s e n t  

s tudy,  i t  i s   p o s s i b l e   t h a t   s e d i m e n t s  will become  a problem i n   t h e  

f u t u r e .   I n c r e a s e s   i n  suspended  sediments  and  other  part iculate 

m a t t e r  may n o t  become a p p a r e n t   u n t i l  2 - 7 y e a r s   a f t e r   t h e  

c o n s t r u c t i o n   o f   l o g g i n g   r o a d s   ( B e s c h t a   1 9 7 8 ,   G u r t z   e t   a l .   1 9 8 0 ) .  

However, t he   de layed  mass f a i l u r e s   o f   l o g g i n g   r o a d s   t h a t   B e s c h t a  

(1978)  observed may never  occur i n   t h e  Akamina-Kishinena  Val ley due 

t o   t h e   l o g g i n g  methods  described i n   S e c t i o n  V - C .  
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C. Water  Chemisty 

Detailed  water  chemistry  data  may  be  obtained  from  the 

Akamina-Kishinena  data  report  (Smith  et  al. 1984). 

Nutrients 

Concentrations o f  nutrients  were  low  at  all  stations.  The 

maximum  concentration  of  total  phosphorus, 0.01 mg/L,  recorded 

at  Sage  and  Elder  Creeks  (Figure 7) was  equal  to  or  lower  than 

most  values  measured  elsewhere  in  the  Flathead  River  Basin 

(Sheehan  et  al. 1980). Total  dissolved  nitrogen  and  nitrate 

plus  nitrite  levels  (Figures 8 and 9) were  similar  to,  while 

ammonia  concentrations  (Figure 10) were  somewhat  lower  than 

levels  measured  in  the  western  Flathead  Basin  (Sheehan  et al. 

1980). These  nutrient  levels  suggest  that  the  term 

"ultraoligotrophic',  which  Sheehan  et a l .  applied  to  the 

Flathead  River  and  its  western  tributaries,  is  also  applicable 

to  the  eastern  tributaries. 

Nutrient  limitations  have  often  been  discussed by  researchers 

in  terms  of  nitrogen  and  phosphorus  ratios.  In  the  eastern 

Flathead  basin  we  measured  only  total  phosphorus  (TP),  because 

the  phosphorus  levels  were so low  that  measurements  of 

dissolved  phosphorus  or  orthophosphate  would  have  been 

inaccurate;  therefore,  our  data  can  only  be  compared  with 

ratios  based  on  TP.  Sakamoto (1966) modelled  the  relationship 

between  chlorophyll  yield  and  the  ratio  (based  on  weights) of 
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t o t a l   n i t r o g e n  (TN)  t o  TP i n  Japanese  lakes. He conc luded   tha t  

when  TN:TP r a t i o s  were  between  9-10 t o  15-17, n i t r o g e n  and 

phosphorus  were  near ly  balanced. A t  TN:TPL15-17 phosphorus was 

t h e   l i m i t i n g   n u t r i e n t ,   w h i l e   f o r  TN:TPF9-10 n i t r o g e n  became 

c r i t i c a l .   F o r s b e r g   e t   a l .   ( 1 9 7 8 )   d e r i v e d   t h e  same c r i t i c a l  

TN:TP r a t i o s   u s i n g   c a l c u l a t i o n s   b a s e d  on  samples from  Swedish 

l akes  and da ta   f rom  a lga l   assays .   S ince   op t imum N:P r a t i o s   f o r  

d i f f e r e n t   a l g a l   s p e c i e s   v a r y   w i d e l y  (Rhee  and  Gotham  1980), 

Smi th   (1982)   a rgued  tha t   w i th  changes i n   t h e  TN:TP r a t i o ,  

spec ies   sh i f t s   shou ld   occu r ,  and a l g a l  biomass  should  be 

dependent  on  both  n i t rogen and  phosphorus  over  an  even  wider 

range ' o f  r a t i o s .  

I n   t h e   e a s t e r n   F l a t h e a d   b a s i n ,   t h e   r a n g e s   o f  mean TN: mean TP 

(where TN = t o t a l   d i s s o l v e d   n i t r o g e n   p l u s   p a r t i c u l a t e   n i t r o g e n )  

over   the   s tudy   per iod   were :  Akamina  Creek  9.2-53,  Kishinena 

Creek 44 .8-51 ,   E lder  Creek  6.8-13.6, Sage Creek  7.5-44.3. It 

i s  n o t   p o s s i b l e  t o  u s e   t h e s e   r a t i o s   t o   c o n c l u d e   t h a t   e i t h e r  

n u t r i e n t   a l o n e   a l w a y s   l i m i t s   a l g a l   g r o w t h  i n  these  streams 

b e c a u s e   t h e   r a n g e   o f   v a r i a b i l i t y  encompasses' b o t h   n i t r o g e n  and 

phosphorus l i m i t a t i o n  as de f ined  by  Sakamoto ' (1966)  and 

F o r s b e r g   e t   a l .   ( 1 9 7 8 ) .   F u r t h e r ,  i t  i s  unc lea r   whe the r   ra t i os  

de r i ved   f o r   l akes   can  be a p p l i e d   t o   s t r e a m s .   A d d i t i o n a l   s t u d y ,  

p r e f e r a b l y   i n c l u d i n g  In s i tu   g rowth   exper iments ,   wou ld   be  

needed t o   r e s o l v e   t h e   q u e s t i o n   o f   n u t r i e n t   l i m i t a t i o n .  
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The n u t r i e n t   c h e m i s t r y   o f   E l d e r  Creek d i f f e r e d  somewhat f rom 

t h a t   o f   t h e   o t h e r   s t r e a m s .  On most  dates TN:TP r a t i o s  were 

l o w e r   a t   E l d e r  Creek than   e l sewhere ,   bu t   t hese   ra t i os  do n o t  

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

( n i t r a t e   p l u s   n i t r l t e   p l u s  ammonia), which I s  u s u a l l y  

cons ide red   mos t ,   read i l y   ava i l ab le   t o   a lgae ,   compr i sed  on 

average  only 18% o f   t h e   t o t a l   n i t r o g e n   a t   E l d e r  Creek ,   wh i l e   a t  

t h e   o t h e r   s t a t i o n s   I n o r g a n i c   n i t r o g e n   r e p r e s e n t e d  47-58% o f   t h e  

t o t a l .   T h i s   d i f f e r e n c e  i s  t h e   r e s u l t   o f   e x c e p t i o n a l l y   l o w  

n i t r a t e   p l u s   n i t r i t e   c o n c e n t r a t i o n s   i n   E l d e r  Creek ( F i g u r e   9 ) .  

Few pos t - logg ing   (1980 and  1982)   d i f ferences i n   n u t r i e n t  

c o n c e n t r a t i o n   w e r e   o b s e r v e d   a t   t h e   K i s h i n e n a   s t a t i o n .  No 

changes i n   t o t a l  phosphorus  or ammonia l eve l s   were  measured i n  

e i t h e r   y e a r .   I n  1980 t o t a l   d i s s o l v e d   n i t r o g e n  and 

n i t r a t e - n i t r i t e   c o n c e n t r a t i o n s  were w i t h i n   t h e   r a n g e   o f  

p rev ious  measurements.  These r e s u l t s   a r e   s i m i l a r   t o   t h o s e   o f  a 

s tudy i n   t h e  Okanagan Bas in ,   where   t o ta l   phosphorus ,   t o ta l  

d i s s o l v e d   n i t r o g e n ,  and n i t r a t e   p l u s   n i t r i t e   l e v e l s  were  not 

s i g n i f i c a n t l y   d i f f e r e n t   i n   c o n t r o l  streams  than i n  a stream 

d r a i n i n g  a watershed  which  had  been  patch  cut one y e a r   e a r l i e r  

( H e t h e r i n g t o n   1 9 7 6 ) .   I n  1982 t o t a l   d i s s o l v e d   n i t r o g e n  and 

n i t r a t e - n i t r i t e   l e v e l s  were somewhat lower  than  any  previous 

measurements, b u t   n o t  enough d a t a   a r e   a v a i l a b l e   t o   i n t e r p r e t  

t h e   s i g n i f l c a n c e  o f  t h i s  change. 
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2. Carbon 

To ta l   o rgan ic   ca rbon   concen t ra t i ons   were   s im i l a r   i n   bo th   t he  

eas te rn  a n d   w e s t e r n   t r i b u t a r i e s   t o   t h e   F l a t h e a d ,   b u t   t o t a l  

i no rgan ic   ca rbon   concen t ra t i ons   were   usua l l y   l ower   i n   t he  

eas tern   d ra inage  (see  Sheehan e t   a l .  1980,  1984). All t o t a l  

i n o r g a n i c   c a r b o n   l e v e l s   i n  Akamina, Kishinena,  and  Elder  Creeks 

were  below  the  minimum  values  measured a t   f i v e   o f   t h e   e i g h t  

w e s t e r n   s t a t i o n s  and l e s s   t h a n   t h e  maxima recorded i n  each o f  

t h e   w e s t e r n   t r i b u t a r i e s  (Sheehan e t   a l .   1 9 8 3 ) .  The 

concen t ra t i ons   reco rded   a t  Sage Creek f e l l   w i t h i n   t h e   r a n g e  

measured i n   t h e   e a r l i e r   s t u d y   ( F i g u r e  11).  

Hether ing ton   (1976)  measured h i g h e r   t o t a l   o r g a n i c   c a r b o n  

c o n c e n t r a t i o n s   i n  a s t ream  d ra in ing  a l o g g e d   a r e a   t h a n   i n  

c o n t r o l   s t r e a m s   i n   t h e  Okanagan Bas in   bu t   found no  change i n  

t o t a l   i n o r g a n i c   c a r b o n   l e v e l s   w h i c h   c o u l d  be a t t r i b u t e d   t o  

l ogg ing .   I no rgan ic  and t o t a l   o r g a n i c   c a r b o n   c o n c e n t r a t i o n s  

measured a t   K i s h i n e n a   C r e e k   f o l l o w i n g   l o g g i n g   w e r e - n o   h i g h e r  

than  those  measured  prev ious ly .   Tota l   organic   carbon was below 

d e t e c t i o n   l i m i t s   a t   t h e   K i s h i n e n a   s t a t i o n   i n   b o t h   1 9 8 0  and 

1 9 8 2 ,   b u t   w h e t h e r   t h i s   r e p r e s e n t s   a n   a c t u a l   d e c l i n e   i n  

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

limits o f   t h e   a n a l y t i c a l  method make compar i sons   o f   l ow   l eve l s  

on d i f f e r e n t   d a t e s   i m p o s s i b l e .  
. .  

P a r t i c u l a t e   c a r b o n  may i n c r e a s e   a f t e r   f o r e s t   h a r v e s t i n g   d u e   t o  
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i n t r u s i o n   o f   l o g g i n g   d e b r i s   ( G u r t z   e t   a l .   1 9 8 0 ) ,   b u t   n o   i n c r e a s e  

was observed i n  1980 o r  1982 i n   K i s h i n e n a  Creek ( F i g u r e   1 2 ) .  

3. Meta ls  

M e t a l   l e v e l s   w e r e   g e n e r a l l y   l o w   a t   a l l   s t a t i o n s .   M e r c u r y  and 

cadmium l e v e l s   w e r e   a l w a y s   b e l o w   t h e   l i m i t s   o f   d e t e c t i o n ,  0.05 

pg/L  and 0.0005 mg/L r e s p e c t i v e l y .  Mean concent ra t ion   ranges  

o f   o t h e r   m e t a l s   ( f o r   t o t a l   a n d / o r   e x t r a c t a b l e ,   u n l e s s   i n d i c a t e d  

o t h e r w i s e )   a t   t h e   f o u r   s t a t i o n s   w e r e   t o t a l   i r o n   0 . 0 1 8 - 0 . 1 6 5  

mg/L, e x t r a c t a b l e  i r o n  0.01  8-0.092 mg/L, copper 0.002-0.. 004 

mg/L, manganese 0.010-0.014 mg/L, n i c k e l  <0.001-0.001 mg/L, 

zinc  <0.001-0.004 mg/L, arsen.ic  0.0001-0.0002 mg/L, se len ium 

<0.0001 mg/L, bar ium <0.10-'0.16 mg/L, l e a d  <0.001-0.001 mg/L. 

No values  higher  than  Canadian  Drinking  Water  Standards  (Canada 

Depar tment   o f   Nat iona l   Hea l th  and Welfare  1968)  were  ever 

reco rded .   Me ta l   l eve l s   f o l l ow ing   l ogg ing   a t   K l sh inena   C reek  

were w i t h i n   t h e   r a n g e   o f   p r e v i o u s  measurements. 

4.  Major  Ions  and  Other  Parameters 

Calc ium was the   dominan t   ma jo r   ca t i on   i n   t he   wa te rsheds  

s t u d i e d .   I t s   c o n c e n t r a t i o n  was a t   l e a s t   d o u b l e   t h a t   o f  any 

o t h e r   c a t i o n  measured (Tab le  5 ) .  

Concent ra t ions   o f   most   ma jor   lons   (Tab le  5)  f e l l   w i t h i n   t h e  

ranges  measured in   t he   wes te rn   F la thead   Bas in   (Sheehan   e t   a l .  

1 9 8 0 ) .   H o w e v e r ,   t h e   r e a c t i v e   s i l i c a   ( S i 0 2 )   l e v e l   a t   E l d e r  
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Creek  and t h e   s u l f a t e   l e v e l s   a t  Akamina  and Kishinena  Creeks 

were  h igher   than any values  measured i n   t h e   e a r l i e r   s t u d y .  

T o t a l   a l k a l i n i t y  and pH f e l l   w i t h i n   o r   b e l o w   t h e   l o w e r   r a n g e   o f  

values  measured  by Sheehan e t   a l .   ( 1 9 8 0 )   i n   t h e   w e s t e r n  

F lathead  dra inage  (Table  6) .  

Changes i n   c o n c e n t r a t i o n s   o f  many dissolved  substances  have 

been r e p o r t e d   f o l l o w i n g   l o g g i n g .   T o t a l   d i s s o l v e d   s o l i d s  and 

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

r e f l e c t   t h e   r e l a t i v e  abundance o f   i o n s   i n   w a t e r ,   w e r e   h i g h e r   i n  

s t reams  dra in ing a logged  watershed  than i n   c o n t r o l  streams I n  

t h e  Okanagan Bas in   (Hether ing ton   1976) .   H igher   concent ra t ions  

of  potassium,  sodium, and ch lo r i de ,   wh ich   apparen t l y  had 

resu l ted   f rom  l ogg ing ,  and e l e v a t e d   c a l c i u m ,   s i l i c a ,  and 

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

obse rved   (He the r ing ton   1976) .   I n   t he   B i t t e r roo t  Range, 

Montana, c o n d u c t i v i t y  and l e v e l s   o f   d i v a l e n t   c a t i o n s   w e r e   l o w e r  

i n  s t reams  d ra in ing   c learcu t   watersheds   than  in   s t reams 

dra in ing   un logged  watersheds .   Leve ls   o f   these  parameters   in  

Kishinena  Creek i n  1980  and  1982  were s i m i l a r   t o   p r e v i o u s -  

l e v e l s   ( F i g u r e  13,  Smith e t   a l .  1984). 

0 .  Temperature 

All w a t e r   t e m p e r a t u r e   v a l u e s   a r e   l i s t e d   i n   t h e   d a t a   r e p o r t  (Smith 

e t   a l .  1984). 



- 51 - 

, .  . .  '7. : . .  . .  
. I  

TABLE 5 Means and ranges o f  concen t ra t i ons   f o r   ma jo r   d i sso l ved   i ons  
(mg/L),  based  on t h e   e n t i r e   s a m p l i n g   p e r i o d .  

I o n  
1 .  

_I Akami  na Kish inena  E lder  Sage 

F 

Na 

s i  02 

so4 

c1 

K 

Ca 

Ma x 
Mean 
M i  n 

.' Max 
Mean 
M i  n 

Ma x 
Mean 
M i  n 

Ma x 
Mean 
M i  n 

: , Max 
Mean 
M i  n 

Ma x 
Mean 
M i  n 

Ma x 
Mean 

( c a l c u l a t e d )  M i  n 

0.05 
0.05 

<O. 05 

3.9 
1.3 
0.7 

5 .0  
4 . 5  
4.2 

27 .O 
17.8 

9.1 

0.3 
0.2 

<0.2 

0.4 
0.2 

<0.2 

16.2 
13.2 
9.5 

7 .7  
5 . 9  
4.2 

0.14 
0.06 

<O. 05 

2.2 
1.3 
0.7 

5 . 1 . '  

4 . 5  
4.0 

26.0 : 

14.5 
5.9 

0.8 
0.4 
<0.2 

0.4 
0.3 
0.2 

23.9 
18.9 
12.1 

6.9 
5.2 
3.8 

0.06 
,O. 05 
<O. 05 

2.1 
1.5 
0.8 

7.3 
6.7 
5 . 6  

9.0 
5.0 
2.6 

0.4 
0.2 
0.1 

0.3 
0.2 
0.1 

16.9 
11.3 

5.2 

4.5 
3.1 
1.7 

0.07'  
0.05 

<O. 05 

r 2'. 1 
1.6 
0.8 0 

6.0  
5 . 3  
4.2 

'. 1 5,.6 
9 1 7. 
3.8 

0.7 
0.5 
0.3 

0.6 
0.4 
0.2 

, ,  - 

. . . . . . . 

33.4 
24.4 
1 1 . 5  

8.6 
6.0 
3.4 
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TABLE 6 Means and  ranges o f  some phys ica l   water   qua l i t y   parameters   over  
t h e   e n t i r e   s a m p l i n g   p e r i o d .  

Parameter  Akamlna  Kishlnena Elder Sage 

Ma x 
Col  our Mean 
( r e l a t i v e   u n i t s )  H i  n 

Max 
Speci f ic   Conductance Mean 
(psiemens/cm) M i  n 

Ma x 
Turbidity Mean 

( 3 t u )  M i  n 

Ma x 
T o t a l   A l k a l i n i t y  Mean 
(mg CaC03/L) M i  n 

PH 
Ma x 
Mean 
M i  n 

Ma x 
Hardness Mean 
(mg CaC03/L) M i  n 

140.0 
119.2 
94.2 

0.8 
0.5 
0 .2  

43.3 
41 . O  
37.2 

7.8 
7.7 
7.5 

68.0 
57.3 
45.6 

181 . O  
140.5 
93.9 

1.5 
0 .5  
0.2 

64.0 
55.9 
41 . O  

8.0 
7.9 
7 .7  

88.1 
68.7 
46.0 

125.0 209.0 
83.6 167.7 
40.4 84.2 

1.3 1.9 
0.7 0.8 
0 .4  0.3 

59.7 106.0 
38.7 78.4 
18.2 39.2 

7.9 8.2 
7.7 8.1 
7.5 7.9 

60.6 119.0 
40.9 85.5 
20.0 42.8 
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Fig. 13 Concentrations of total dissolved  solids in the eastern Flathead  River Basin, 
August, 1978 - July. 1982. The sohd circle and  vertical bars represent  the 
mean ? one standard  deviatlon.  The  number of replicates is indicated 
above  each point. 
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Because water  temperatures  were  measured a t   d i f f e r e n t   t i m e s   o f  day 

and  under d i f f e r e n t   w e a t h e r   c o n d i t i o n s ,  i t  i s   i m p o s s i b l e   t o  make 

comparisons among s t a t i o n s   o r   t i m e s .  However, i t  may be p o s s i b l e  

t o   i n f e r   p o s t - l o g g i n g  changes i n  s t ream  water   tempera ture   f rom  the  

a l g a l   d a t a .   P a t r i c k   ( 1 9 7 7 )   p r e d i c t s   t h a t  a change i n   a l g a l   s p e c i e s  

c o m p o s i t i o n   s h o u l d   r e s u l t   f r o m  a t e m p e r a t u r e   s h i f t .  For example, a 

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

s p e c i e s .   T h i s   p o s s i b i l i t y  will b e   d i s c u s s e d   f u r t h e r   i n   S e c t i o n  

VIII-F-3C. 

E .  Aer ia l   Observa t i on  and  Photography 

Co lou r   pho tog raphs   t aken   f rom  the   he l i cop te r   p roved   i nadequa te   f o r  

m o n i t o r i n g   p e r i p h y t i c   a l g a e .  Wind c r e a t e d   b y   t h e   h e l i c o p t e r  

p roduced   r i pp les  on t h e   w a t e r   s u r f a c e   w h i c h   r e d u c e d   t h e   q u a l i t y   o f  

t he   pho tos .   I nd i v idua l   rocks   cou ld  be i d e n t i f i e d   i n   t h e  

photographs,  but  i t  was i m p o s s i b l e   t o   a n a l y z e   i n   d e t a i l   t h e   a l g a l  

s p e c i e s   p r e s e n t .   I n t e r p r e t a t i o n   o f   t h e   p h o t o g r a p h s  was f u r t h e r  

compl icated  because  rocks  present i n   t h e   s t r e a m  bed  ranged i n  

c o l o u r   f r o m   g r e y   t o   g r e e n   t o   r e d .  

A e r i a l   o b s e r v a t i o n  was u s e f u l   f o r   a s s e s s i n g   s t r e a m  bank  and r e l a t e d  

c o n d i t i o n s .   D u r i n g   t h e   A p r i l   p i l o t   s t u d y   ( p r i o r   t o  any l ogg ing )  

a c t i v e   n a t u r a l   s t r e a m  bank e r o s i o n  was noted i n   s e v e r a l   p l a c e s  

a long  K ish inena  Creek .   S tereo   photographs   a lso   p rov ided  c lear  

documentat ion  of   stream  morphology and  bank c o n d i t i o n s .  The 

photographic  sequence  has  never  been  repeated,  but  these 
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photographs  could  be  used t o  assess  morphological  changes i n  

Kishinena  Creek  between  the  border and the   samp l ing   s ta t i on ,  i f  i n  

the   f u tu re   such  a study becomes necessary. 

On more r e c e n t   s a m p l i n g   t r i p s  some changes i n  s t ream  cond l t i ons  

have  been  noted. I n  1983,  a ma jo r   l og   j am was observed I n   t h e  

Kishinena Canyon. Th is   deb r i s   appeared   t o   have   o r i g ina ted   f rom 

na tu ra l   even ts  such  as snow a v a l a n c h e s   o r   I n s e c t   i n f e s t a t i o n s ,  

r a t h e r   t h a n  f r o m  any a c t i v i t y   a s s o c i a t e d  wi th  logg ing .  

F .  Algal   Data 

1 . C h l o r o p h y l l  a 

A l though   ch lo rophy l l  g c o n c e n t r a t i o n s   v a r i e d   g r e a t l y  among 

r o c k s   ( F i g u r e   1 4 ) ,   a l l   v a l u e s  measured f e l l   w i t h i n   t h e   r a n g e  

repo r ted  f o r  o l i g o t r o p h i c   w a t e r s .  These va lues  were  less  than 

o r   e q u a l   t o   t h e  mean 19.1-51.0 mg/m2 found I n   o l i g o t r o p h i c  

Lake  Super io r   (S tokes   e t   a l .   1970)   and  we l l   be low  leve ls   o f  300 

mg/m2 o f  a stream i n   t h e  Rocky Mountains  of  Utah  (McConnell  

and S l g l e r  1959)  and t h e  220-1200 mg/m repor ted   f rom  seve ra l  

o ther   f low ing   water   sys tems (Moss 1968).  However, c h l o r o p h y l l  g 

c o n c e n t r a t i o n s   i n   t h l s   s t u d y   w e r e   g e n e r a l l y   h i g h e r   t h a n   t h e   1 . 6  

mg/m2 and 2.3 mg/m2 repor ted   f rom  Carnat ion  and R i therdon 

2 

Creeks  on  Vancouver I s l a n d   ( S t o c k n e r  and Shor t reed  1976) .  

Ch lo rophy l l   concen t ra t i ons  measured I n  Akamlna, K ish inena,  
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Fig. 14 Mean chlorophyll a concentrations measured in  periphytic algae from the 
eastern Flathead River Basin, April,  1979- August, 1980.  Vertlcal  lines 
represent standard  deviations. Numbers above the bars indicate  the  number 
of  rocks sampled. 
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E lde r ,  and Sage Creeks  were  usual ly   h igher   than  the 1 .O mg/m 

which Sheehan e t  a l .   f o u n d  on  most  whole  rocks I n   t h e   w e s t e r n  

F la thead  bas in .  The r e a s o n   f o r   t h i s   d i f f e r e n c e  I s  unc lea r ,  

s i n c e   n u t r i e n t   l e v e l s   w e r e  somewhat lower i n   t h e   e a s t e r n  

t r i b u t a r i e s   t h a n   i n   t h e   w e s t e r n   s e c t i o n   ( s e e   S e c t i o n  

VI I I -C-1) .   Other   fac to rs   such as t u r b i d i t y ,   l i g h t   a v a i l a b i l i t y  

and f l o w   v e l o c i t y   c o u l d   a c c o u n t   f o r   t h e   d i f f e r e n c e .  The 

apparen t   d i f f e rence  may be  an a r t i f a c t ,  because  the  low number 

of  whole  rock  samples i n   t h e   F l a t h e a d   s t u d y  may not  have 

encompassed t h e   e n t i r e   r a n g e   o f   v a r i a t i o n .  

2 

Ana lys i s   o f   va r iance   revea led  no s i g n i f i c a n t   d i f f e r e n c e s  i n  

c h l o r o p h y l l   l e v e l s  among the   f ou r   eas te rn   samp l ing   s ta t i ons  

(P>0.05) .   D i f ferences among sampling  dates and t h e   i n t e r ' a c t i o n  

were s i g n i f i c a n t   ( P < O . O l ) .  Because  o f   he teroscedast ic i t y ,  

va l id   compar isons among ind iv idua l   sampl ing   da tes   cou ld   no t  be 

done, b u t  i t  appears   (F igu re   14 )   t ha t   mos t   o f   t he   d i f f e rence  i s  

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

November. 

It i s  unc lea r  why c h l o r o p h y l l  a l eve ls   shou ld   have  been  h igh   a t  

Sage Creek i n  November,  1979. The t o t a l  phosphorus  leve l  was 

n o t   e l e v a t e d   ( F i g u r e  7 ) .  T o t a l   n i t r o g e n  and n I t r a t e / n i t r i t e  

concentrat ions  were  h igher   than  those  measured  In   the summer 

months b u t   n o t  as h i g h  as the   p re- f reshet   peaks   (F lgures  8 

and 9 ) .  The p ropor t i ons   o f   t hese   nu t r i en ts   wh ich   were  
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b i o l o g i c a l l y   a v a i l a b l e   i s   n o t  known. D i f f e r e n c e s   i n   f a c t o r s  

such  as l i g h t ,   s c o u r i n g ,  and grazing  were  not  measured  but 

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

t i m e s .   H i g h e r   n u t r i e n t   l e v e l s   p r i o r   t o   t h e   s a m p l i n g   d a t e  may 

have  been r e f l e c t e d  i n  t h e  November c h l o r o p h y l l   v a l u e s .  

A f l u s h   o f   n u t r i e n t s   i n t o  a watershed  fo l low ing   logg ing   can  

inc rease  a lga l   p roduc t iv i t y   (S tockner   and  Shor t reed  1976,  Meyer 

and  Tate  1983). No such f l u s h  was measured i n   K i s h i n e n a  Creek 

( see   Sec t i on  VIII-C-l), b u t  no  samples  were  taken  between 

November,  1979  and  August,  1980. Had n u t r i e n t   l e v e l s   r i s e n  

d u r i n g   t h a t   p e r i o d   t h e  change might  have  been shown i n d i r e c t l y  

b y   i n c r e a s e d   c h l o r o p h y l l  g l e v e l s .  However,  no i n c r e a s e   i n  

biomass was apparent i n   t h e  1980  samples (F igu re   14 ) .  

2. A l g a l   D i v i s i o n  Abundance 

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

(Chrysophyta-Bacillariophyceae). They comprised >50% by  volume 

o f   t h e   a l g a e   i n   a l l   c o l l e c t i o n s   e x c e p t   t h e   A p r i l  samples a t  

Elder  Creek, when green  algae  (Chlorophyta)  were  dominant,   the 

May samples a t  Sage Creek when Chrysophyceae  were  most 

abundant,  and  the November samples a t   E lde r   C reek ,  when diatoms 

and  blue-green  algae  (Cyanophyta)  each made up 45% o f  t h e  

p e r i p h y t o n   ( F i g u r e   1 5 ) .  

The marked  seasonal  succession  from  diatoms t o  Hydrurus 
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Fig. 15 Average  percent  abundance (by  volume) of major  periphytic algal  groups 
collected from the  eastern Flathead River  Basin, April,  1979. July, 1982. - 
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foe t idus   (Chrysophyta  - Chrysophyceae) t o  green  algae,  which 

Sheehan e t   a l .  (1980)  descr ibed i n  the   wes te rn   F la thead   bas in ,  

was no t   obse rved   i n   t h i s   s tudy .   D ia toms   were   dominan t   I n  all 

seasons.  Occurrences  of  Chlorophytes  and  Cyanophytes i n  excess 

of 10% abundance  were spo t t y .   Hyd ru rus   f oe t i dus  was found  on ly  

i n   t h e  May and  June q u a n t i t a t i v e  samples  as descr ibed  by 

Sheehan e t   a l .   ( 1 9 8 0 )   b u t   a l s o   a p p e a r e d   i n   t w o   q u a l i t a t i v e  

samples col lected  f rom  the  Akamina-Kishinena  in  August,   1978, 

and J u l y ,  1982. 

3 .  Species  Composi t ion 

a.   Chlorophyta 

Twelve  spec ies  o f   green  a lgae  were  co l lected  dur ing  the 

s tudy   pe r iod   (Tab le  7 ) .  The most common ch lo rophy te  genus 

was S t i g e o c l o n i u m .   U l o t h r i x  spp.  w e r e   a l s o   f r e q u e n t l y  

encountered. An u n i d e n t i f i e d   u n i c e l l u l a r   g r e e n   a l g a  was t h e  

dominant  chlorophyte i n   t h e   A p r i l ,  1979,  Elder  Creek 

samples, b u t   t h i s   s p e c i e s  was never  encountered  again.  

I n   t h e   m o u n t a i n s   o f  New Hampshire, U l o t h r i x   z o n a t a  was found 

i n  streams  from  logged  watersheds  but  absent i n  streams  from 

und is tu rbed   wa te rsheds   (P ie rce   e t  a l .  1972).  This  species 

i s  u b i q u i t o u s   ( S t e i n   1 9 7 5 )  and n o t   u s u a l l y   c h a r a c t e r i s t i c   o f  

d i s tu rbed   ecosys tems .   I n   t he   cu r ren t   s tudy  U. zonata was 

p r e s e n t   a t   a l l   s t a t i o n s   e x c e p t   E l d e r  Creek  and was a l s o   t h e  
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most  abundant  chlorophyte i n   t h e   w e s t e r n   F l a t h e a d   d r a i n a g e  

(Sheehan e t   a l .  1980). I n   t h e   F l a t h e a d   R i v e r   B a s i n   t h e r e  i s  

no r e l a t i o n  b e t w e e n   l o g g i n g   a c t i v i t y  and the   p resence  o f  

- U. zonata. 

b .  Cyanophyta 

The most  abundant  b lue-green  algae  were  Osci l lator ia  spp. 

(Tab le  7 ) .  F lve  other  cyanophyte  specles  were  col lected, 

b u t   o n l y   G l o e o t r i c h i a  sp.  and  Nostoc  verrucosum made up 10% 

o r  more o f  t h e   a l g a e  on  any rock.  

Nostoc  verrucosum was abundant i n   seve ra l   s t reams   o f  t h e  

western  Flathead  drainage  (Sheehan e t  a l .   1 9 8 0 ) .   I n   t h e  

eas te rn   reg lon  I t was found  only i n   E l d e r  Creek,  where i t  

represented  about 30% of t h e   a l g a l  volume i n  November, 

1979.  Since  several  Nostoc  species  can f i x  atmospher ic 

n i t rogen  (Fogg  1974) ,   the  presence  o f  N. verrucosum i n   t h e  

l o w - n i t r a t e   w a t e r s   o f   E l d e r  Creek I s  n o t   s u r p r i s i n g .  

c .  Non-Dlatom  Chrysophytes 

The only  non-diatom  chrysophytes  encountered  were  Hydrurus 

f o e t i d u s  and  a species  which  remained  un ident i f ied.  Sheehan 

e t   a l .   ( 1 9 8 0 )   f o u n d  H. f o e t i d u s   i n   t h e   F l a t h e a d   R i v e r  and 

a l l  i t s  t r i b u t a r l e s   e x c e p t  Sage Creek. I n   t h e   c u r r e n t  

study, H. f o e t i d u s  was p r e s e n t   a t   a l l   s t a t i o n s   i n c l u d i n g  

Sage Creek (Tab le  7 ) .  
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TABLE 7 .  Occurrence  o f   non-d iatom  a lga l   spec ies.  Open c i r c l e s  (0) 
denote   spec ies   a lways   con t r lbu t lng   less   than 10% t o  any r o c k ' s  
s p e c i e s   c o m p o s i t i o n .   S o l i d   c i r c l e s  ( 0 )  deno te   t ha t  a species 
made up g r e a t e r   t h a n  10% o f   a t   l e a s t  one rock ' s   spec ies  
composi t ion.  Q i n d i c a t e s   t h a t  a species was found i n  
q u a l i t a t i v e  samples on ly .  

Spec i es 
Akamina Klsh lnena  E lder  Sage 

Creek  Creek  Creek  Creek 

Chrysophyta 
Bac i l l a r i ophyceae  
Non-Diatom  Chrysophytes 

Hydru rus   f oe t i dus  
U n i d e n t i f i e d   s p e c i e s  

Chlorophyta 
C los te r ium sp. 
Cosmarium  sp. 
Microspora  sp. 
Mougeotia  sp. 
Oedogoni um' sp. 
Spirogyra  sp.  
St igeoclonjum  sp.  
U lo th r l x   zona ta  
U l o t h r i x   s p .  
Zygnema sp. 
U n i d e n t i f i e d   f i l a m e n t o u s  
U n i d e n t i f i e d   u n i c e l l u l a r  

Cyanophyta 
G l o e o t r i c h i a  sp. 
Lynqbya  sp. 
Herismopedia  sp. 
O s c i l l a t o r i a  sp. A 
O s c i l l a t o r i a  sp. B 
O s c i l l a t o r i a  sp. 
Nostoc  verrucosum 
Spi r u l  i na sp. 

0 

0 

0 

0 

0 

0 
0 

Q 

Q 
0 
0 

0 

Q 
0 

0 

0 
0 
0 

0 

0 
0 

0 
0 

Q 

0 
Q 
0 
0 
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Temperature  appears t o  be  a m a j o r   f a c t o r   r e g u l a t i n g   t h e  

d i s t r i b u t i o n   o f  & f o e t i d u s .   T h i s   c h r y s o p h y t e   i s   f o u n d   i n  

cold,   usual ly  mountainous  streams  (McConnel l  and S i g l e r  

1959,  Parker e t  a l .  1973, Ste in   1975) .  A logging- induced 

temperature  increase  could  reduce  the  abundance  of  H. 

f o e t i d u s .   U n f o r t u n a t e l y ,   t h e   p o s t - l o g g i n g  samples a t  

Kishinena  Creek  were  not  taken  dur ing  the  season when 

Hydrurus i s  m o s t  l i k e l y  t o  be found.   Fur ther ,  H. f o e t i d u s  

was neve r   ve ry   abundan t   a t   t he   K i sh inena   s ta t i on .  Thus, 

f r o m  t h e   d a t a   a v a i l a b l e  i t  i s  I m p o s s i b l e   t o   i n f e r  a  change 

i n  water  temperature  using  Hydrurus as  an i n d i c a t o r   s p e c i e s .  

4 .  Diatoms 

Because diatoms  were  the  most  abundant  a lgae  present,   they  were 

analysed i n  more d e t a i l   t h a n   t h e   o t h e r   a l g a l   g r o u p s .   I n  the 

fo l l ow ing   sec t i ons ,   d ia tom c e l l  numbers,  number o f   spec ies ,  

Shannon-Wiener d i v e r s i t y   i n d i c e s  and  species  composi t ion will 

be discussed,. 

a .   D iatom  Cel l  Numbers 

The d e n s i t y   o f   d i a t o m   c e l l s  was, l i k 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 ,   h i g h l y ,   v a r i a b l e  among rocks   (F igu re  1 6 ) .  

There  were no s i g n i f i c a n t   d i f f e r e n c e s   i n   c e l l   d e n s i t i e s  

among sampl ing   s ta t ions ,   bu t   seasona l   d i f fe rences  and t h e  

s t a t i o n - d a t e   i n t e r a c t i o n   w e r e   s t a t i s t i c a l l y   s i g n i f i c a n t .  
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Fig. 16 Mean number of diatom cells attached to rocks in the eastern Flathead 
River  Basin, April, 1979. July. 1982. Vertical lines represent standard 
deviations. The number of rocks sampled is indicated above  each 
bar. 
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Seasona l   d i f fe rences   can   on ly   par t ia l l y   be   exp la ined.  The 

c e l l   c o u n t s   a t  Sage Creek i n  November,  1979,  were  extremely 

h igh ,  as were   t he   ch lo rophy l l  a va lues ,   bu t   as   p rev ious l y  

d i scussed   (Sec t i on  V I 1 1  - F-1) the   reason i s  not   apparent .  

C e l l   c o u n t s   a t   E l d e r  and Sage Creeks  were  lowest i n  May. 

This  minimum i s  probably  due t o   l o s s  o f  c e l l s   f r o m   s c o u r i n g  

du r ing   f reshe t   (Roun ick  and  Gregory  1981). 

Cel l   counts  were much l o w e r   i n   J u l y  1982,  than  on  any  other 

sampl ing  date  (F igure  16) .   Th is   dec l ine  could  not   have  been 

due t o  l o g g i n g  as i t  occurred a t  both Akamina  and K lsh inena 

Creeks. I t appears t o  have  been a n a t u r a l   f l u c t u a t i o n   l n  

the  system. On t h e  same d a t e   t h e   c o n c e n t r a t i o n s   o f  

d i s s o l v e d   n i t r a t e s   p l u s   n i t r i t e s  and (a t   K ish inena  Creek)  

t o t a l   n i t r o g e n   ( F i g u r e s  8 and 9)  were  lower  than  they  had 

beer! a t  any other   sampl ing  t ime.  

b.  Number o f   Spec ies  

The number o f   d la tom  spec ies   per   rock  was  much l e s s   v a r l a b l e  

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

no s i g n i f i c a n t   d i f ' f e r e n c e s  among samp l ing   s ta t i ons ,   bu t  

seasonal   d i f ferences  were  s ign i f icant   (P<O.Ol) .   A l though 

date  by  date  comparisons  are  suspect  due to   he te roscedas -  

t i c i t y ,  i t  appears   f rom  the   g raphs   (F igure   17)   tha t   lowest  

numbers o f   spec ies   pe r   rock   were   f ound   du r ing   f reshe t  

(usua l l y   June) .  As  m e n t i o n e d   f o r   c e l l  numbers, t h i s  minlmum 
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p robab ly   resu l ted  f r o m  scour ing  which  can  detach  f i lamentous 

forms,  leaving  low-growing  species  (Rounick  and  Gregory 

1981). 

No changes i n  average numbers of   d ia tom  species  were 

observed i n  K ish inena  Creek   a f te r   logg ing  had  begun  (1980 

and  1982, F igu re   17 ) .  

The t o t a l  number o f  s p e c i e s   c o l l e c t e d   a t  a s a m p l i n g   s t a t i o n  

f o l l o w e d   t h e  same p a t t e r n  as t h e  mean number' o f   spec ies   per  

rock,   but   magni tude was r e l a t e d   t o   t h e  number o f   r o c k s  

sampled (note  K ish inena  Creek '  i n   F i g u r e  1 7 ) .  The 

e x p l a n a t i o n  f o r  t he   seasona l   pa t te rn  has  been d iscussed 

( S e c t l o n  VI11 - F-4a). The r e l a t i o n s h l p  between  sample  slze 

and  number o f   s p e c i e s   c o l l e c t e d  i s  expec ted ,   s lnce   ra re  

species  are more l i k e l y   t o  be  encountered  as  sampling 

i n t e n s i t y   i n c r e a s e s .  

c .   S p e c i e s   D i v e r s i t y  

The Shannon-Wiener d i v e r s l t y   i n d e x  ( H I )  measures  two  aspects 

o f  c o m m u n i t y   s t r u c t u r e ,   t h e   t o t a l  number o f   spec ies  and 

t h e i r   p r o p o r t i o n a l  abundances. The d i v e r s i t y   i n d e x   r i s e s  as 

t h e  number o f   spec ies   inc reases  and  as t h e   r e l a t i v e  

abundances o f   spec ies  become more  equal. Thus, .it i s  n o t  

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

p a t t e r n  as d i d  number of   s 'pec ies.  

. . .  
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The v a r i a t i o n   I n   d i v e r s i t y  among s t a t i o n s  was s t a t i s t i c a l l y  

s i g n i f i c a n t  ( P < O . O l ) .  D i v e r s i t y   a t   E l d e r  Creek  appeared 

h i g h e r   t h a n   a t   t h e   o t h e r   s t a t i o n s ,   e s p e c i a l l y   i n   A u g u s t  and 

November,  1979 (F igu re   18 )   l a rge l y   because   o f   reduced  

dominance  by a few  specles  (see  also  Figures  19  and 20). 

Mean d i v e r s i t y   p e r   r o c k   a p p e a r s   t o  be a good e s t i m a t o r   o f  

t h e   t o t a l   d i v e r s i t y   a t  a s ta t i on   (F igu re   18 ) .   Compos i te  

d i v e r s i t i e s   u s u a l l y   f e l l   w i t h i n  one s t a n d a r d   d e v i a t i o n  and 

a lways,   except   for   E lder   Creek  ' in  November, w i t h i n   t w o  

s t a n d a r d   d e v i a t i o n s   o f   t h e  mean d i ve rs i t y .   Compos i te  

d i v e r s i t i e s  were  sometimes  lower  than mean d i v e r s i t i e s .   I n  

many types   o f   communi t ies   add ing   ra re   spec ies  has l e s s  

e f f e c t  on t h e   d i v e r s i t y   i n d e x   t h a n  does dec reas ing   t he  

dominance o f  a few  species  (Gray  '1981). The d ia tom 

assemblage o f  t he   eas te rn   F la thead   Bas in   appears   t o  be  one 

of   these  communi t ies.  The a d d i t i o n a l   r a r e   s p e c i e s  added  by 

i n c r e a s i n g   t h e  number o f   r o c k s  sampled u s u a l l y   r e s u l t e d   i n  

o n l y   s m a l l   i n c r e a s e s   i n  HI, and i n  some ins tances  HI 

actua l l y   decreased  because  g rea ter   p ropor t ions   o f   the  

dominant   spec ies  were  co l lected.  

D i v e r s i t y   i n d i c e s   h a v e   f r e q u e n t l y  been  used t o   i n d i c a t e  

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

w h i l e   t o l e r a n t   s p e c i e s   i n c r e a s e   g r e a t l y   i n  abundance  due t o  

reduced  compet i t ion.  The r e s u l t   i s   b o t h   f e w e r   s p e c i e s  and 
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greater  dominance,  thus a lower  diversity  index  (Cairns 

1977). Wilhm  and  Dorris (1968) have  used  benthic 

macroinvertebrate  diversities  to  assess  water  quality.  They 

associate  diversities  (H') >3.0 with  unpolluted  water  and 

values -4.0 with  heavily  polluted  waters.  Patrick  (1977) 

states  that  water  quality  analyses  based  on  the 

Shannon-Wiener  index  could  be  applied  to  diatoms.  However, 

there  are  limitations to this  use  of  diversity  indices.  For 

example,  Archibald  (1972)  found'  that  while  diversity o f  

diatoms in heavily  polluted  water  was  low,  communities  of 

low  diversity  were  also  fairly  common  in  clean  waters. 

Further,  mild  organic  pollution  caused  an  increase in 

nitrogen  heterotrophic  species  without a substantial 

reduction in other  species,  resulting in high  diversity.  He 

concluded  that  diversity  alone  was  not a reliable  indicator 

of  water  quality,  and  that  understanding  the  requirements o f  

the  dominant  species  was  far  more  useful.  Most  authors  now 

recommend  the  use o f  diversity  indices  only in conjunction 

with  other  types  of  evidence  for  assessing  biological 

integrity  (eg.  Cairns 1977). 

Shannon-Wiener  diversities  of  the  diatoms  of  the 

Akamina-Kishinena  and  adjacent  drainages  were  usually >3.0. 

The  diversity  at  Akamina  Creek  fell  below 1.0 in May  and 

June,  1979.  These  values  are  lower  than  diatom  diversities 

I n  the  western  Flathead  Basin  (Sheehan et  al. 1980) and  fall 
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be low  the   range  ind ica t ive   o f   "c lean  water "   (Wi lhm and 

Dor r is   1968) .  

The Akamina-Kishinena  Val ley i s  a remote  area,  and p r i o r   t o  

the   l ogg ing   ( l e .   be fo re   t he   1980   samp les )   t h i s   wa te rshed  was 

genera l l y   und is tu rbed  by human a c t i v i t y .  Water  chemistry 

measurements  gave  no i n d i c a t i o n   o f   p o l l u t i o n .   T h e r e f o r e ,  

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

bu t   i nd i ca te   t ha t   t he   d ia tom  assemb lages   a re   " c lean   wa te r  

l o w  d ivers i ty '   communi t ies   (sensu  Arch iba ld   1972) .  

The eastern  F la thead  Basin i s  charac ter ized   by   lower  

n u t r i e n t   w a t e r s  and d ia tom  commun i t i es   t ha t   a re   heav i l y  

dominated  by one or  two  species  (See  Figures  19  and 20  and 

d i s c u s s i o n   i n   S e c t i o n  VI11 - F-4d). Any d i s t u r b a n c e   t o   t h e  

watershed  which  produces  h igher   nut r ient   leve ls   could  cause 

d i a t o m   d i v e r s i t i e s   t o   i n c r e a s e .   S i m i l a r i l y ,  any  change i n  

wa te r   qua l i t y   wh ich   adve rse l y   a f fec ted   t he   dominan t   spec ies  

m igh t   p roduce   h ighe r   d i ve rs i t y   va lues .  The 1980  and  1982 

d i v e r s i t y   i n d i c e s   a t   K i s h i n e n a  Creek ne i the r   i nc reased   no r  

decreased. 

d.  Species  Composition 

E igh ty - th ree   d ia tom  spec ies  and v a r i e t i e s  were I d e n t i f i e d  

among t h e   f o u r   s t a t i o n s   ( T a b l e   8 ) ,   b u t  most  samples  were 

highly  dominated  by one or   two  spec ies.  The most  abundant 
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Fig. 19 Average percent abundance per  rock (based on cell  numbers) of common 
diatom Species (2 5 percent of the  total  number) collected In the eastern 
Flathead River Basin, April,  1979. July, 1982. 

The  diatom species are: AI, Achnonthes lunceolufa; Am. Achnanthes minutiss,mo, 

CUeSpitOSO. CP. COCCOneis  plucenfL11o; Cr, Cymbellu sinuuto; Dhq, D1atomo 
Ca. Ceratonris arcus; Caa. Ceruroneis arcus var. amphioxys; CC. Cymbellu 

hlemule var. quudrarum; Fcv. Frayiluriu cousfruens var. venter; 

herculeanum; Go, Gomphonema olivuceum; Mc. Merid/on  urculure; 
Gd. Gomphonemu olivaceoides var. densestriufa; Gh. Gomphonemu 

acus var. angustissirno; Suo. Synedro ulna var. otyrhynchus. 
Nav. Nuvicula SP.; Nit, Nitzschiupuleu; 0th. All other species;  Saa. Synedro 
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Fig. 20 Percent  abundance  (based on total cell  counts from all  rocks) of common 
diatom species (2 5  percent of the total  number) collected in the eastern 
Flathead  River Basin, April, 1979 - July,  1982. 

The species  are: AI. Achnanthes lanceolafu; Am, Achrranfhes minufissima; 
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TABLE 8.  Occur rence   o f   pe r iphy t i c   d ia toms  i n  t h e   e a s t e r n   F l a t h e a d   R i v e r  
Basin.  t denotes a species  which  always made up l e s s   t h a n  5% 
o f  any rock ' s   d ia tom  compos l t i on .  tt denotes a species  which 
made up 5-20% o f   a t   l e a s t  one rock ' s   d ia tom  compos i t i on .  +tt 
denotes a species  which made up  more than 20% o f   a t   l e a s t  one 
rock ' s   d ia tom  compos i t i on .  Q i n d i c a t e s   t h a t  a species was 
found i n   q u a l i t a t i v e  samples on ly .  

Akamina K ish inena   E lde r  Sage 
Spec i es  Creek  Creek  Creek  Creek 

Cosc inod lsca les  
C y c l o t e l l a   g l o m e r a t a  
C y c l o t e l l a   o c e l l a t a  
Me los i ra  g r a n u l a t a  
Me los i ra  va r ians  

F r a g i l a r l a l e s  
Cera tone is   a rcus  
Ceratoneis  arcus  var.   amphloxys 
Diatoma  elongatum 
Diatoma  hiemale 
Diatoma.  hiemale  var.  quadratum 
Diatoma  vulgare 
F r a g i l a r i a   c a p u c i n a  
F r a g i l a r l a   c o n s t r u e n s  
F r a g i l a r i a   c o n s t r u e n s   v a r .   b i n o d i s  
F r a g i l a r i a   c o n s t r u e n s   v a r .   v e n t e r  
F r a g i l a r i a   c r o t o n e n s l s  
F r a q i l a r i a   l e p t o s t a u r o n  

ttt 
tt 
t 
t 

tt 
t 
t 

tt 
t 

tt 

tt 

F r a g i l a r i a   v a u c h e r i a e  t+ 
M e r i d i o n   c i r c u l a r e  tt 

M e r i d i o n   c i r c u l a r e   v a r .  cons t r i c tu rn  Q 
Synedra  acus  var.  radians Q 
Synedra  acus  var.  angustissima 
Synedra rumpens v a r .   f r a g i l a r l o i d e s  t 
Syned r a   u l  na t 
Synedra  ulna  var.  oxyrhynchus 
T a b e l l a r i a   f e n e s t r a t a  
Tabel l a r i a  f l o c c u l o s a  

Achnanthales 
Achnanthes f l e x e l l a  
Achnanthes  lanceolata 
Achnanthes  microcephala 
Achnanthes  minut lssima 
Achnanthes sp.  
Coccone is   p lacentu la  
Rhoicosphenla  curvata 

Nav icu la les  
Amphip leura   pe l luc ida  
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TABLE 8. Continued 

Akamina K ish inena  E lder  Sage 
Spec i es Creek  Creek  Creek  Creek 

Amphora o v a l i s  t t 
t 
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Amphora sp.  
Anomoeneis e x l l i s  
Cymbella a f f i n i s  Q 

t 
t 

t 
t 
t 

Cymbel la  caespi tosa 
Cymbella c l s t u l a  
Cymbella  mexicana 
Cymbel la   p ros t ra ta  
Cymbel la  s inuata tt 

t 
tt 

t 

Cymbe 1 1 a tux 
Cymbel la   vent r icosa t 

Cymbel l a  sp. 
D ip lone is   dec ip iens  
Frus tu l ia   rhomboides  
Gomphonema geminatum 
Gomphonema herculeanum 
Gomphonerna i n t r l c a t u r n  
Gomphonema lanceo la tum 
Gomphonema o l i vaceo ides  

va r .   denses t r i a ta  
Gomphonema o l ivaceum 
Gomphonema parvulurn 
Gomphonema sp. 
Gyrosigma  sciotense 
Nav icu la   a rvens is  
Nav icu la   b i cepha la  
N a v i c u l a   p e l l i c u l o s a  
Nav icu la   rad iosa  

t t 
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Nav icu la   sa l inarum  var .   in te rmed ia  
N a v i c u l a   s c u t e l l o i d e s  
N a v i c u l a   t r i p u n c t a t a  
N a v i c u l a   v i r i d u l a  

t 
t t 

Nav icu la  sp. B 
Navicu la  sp.  
Neidium sp. 
P l n n u l a r i a   s p .  
S taurone is  anceps 
Staurone is  sp. 
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S u r i r e l l i n e e s  
Dent icu la   e legans 
Epithernia  sorex 
E p i t h e m i a   t u r g l d a  
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N i t z s c h i a   a c i c u l a r i s  
N i t z s c h i a   d i s s i p a t a  
N i t z s c h i a   f r u s t u l u m  

~~ 

N i t zsch ia   han tzsch iana  
N i t z s c h i a   l i n e a r i s  
N i t z s c h i a   p a l e a  
N i t z s c h i a  sp. 
S u r i r e l l a   a n g u s t a t a  
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diatoms  were  Achnanthes  minutissima  and Gomphonema 

o l i vaceum,   wh ich   together   usua l l y  made up  more than 50% and 

sometimes  more than 80% o f   t h e   t o t a l   c e l l s   i n  any  sample 

(F igures  19  and  20) .   Cocconels   p lacentu la  was a l s o  

abundant. All these  species  were among the  dominants i n   t h e  

western   F la thead  Bas in  (Sheehan e t   a l .   1 9 8 0 ) ,   b u t   t h e  

c h a r a c t e r i s t i c   s p e c i e s  o f  that   watershed,   Ceratoneis  

( =  Hannaea) arcus was o n l y  a minor  component o f  t h e  

Akamina-Kishinena  system,  and was dominant  only i n   t h e  June 

1979, E lde r  Creek  samples. 

Achnanthes  mlnut lssima i s  one o f   t h e  most  abundant  and 

w i d e l y   d i s t r i b u t e d   d i a t o m   s p e c i e s  known. It has  been 

repo r ted  as a dominant i n  two  Canad ian   subarc t i c   r i vers  

(Enn is  and A l b r i g h t   1 9 8 2 ) ,   o l i g o t r o p h i c   w a t e r s  on  Vancouver 

I s l a n d   ( S t o c k n e r  and  Shor t reed  1976) ,   "hypero l igot rophic"  

waters  i n  Be lg ium  (Lec le rcq  and Fabr i   1982) ,   h igh l y  

calcareous  streams i n  England  (Butcher  1946),  and a 

n u t r i e n t - p o o r   M i s s i s s i p p i   s t r e a m   ( O ' Q u i n n  and S u l l i v a n  

1983). A. minu t i ss ima  was a lso  dominant  i n   t h e  South 

Af r i can   low-d ivers i ty ,   c lean  water   communi ty   s tud ied   by  

Arch iba ld   (1972) .  

Gomphonema o l  ivaceum  and  Cocconeis  p lacentula  are  a1 so 

wide ly   d i s t r i bu ted .   Bo th   were   abundan t   i n   t he   ca l ca reous  

streams  studied  by  Butcher  (1946)  and i n   t h e   U i n t a h   B a s i n  o f  
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Utah  (Evenson e t   a l .  1981,  Rushforth e t   a l .  1981). 
-~ 

- G. o l ivaceum was dominant i n   t h e   p e r i p h y t o n   o f   t w o   s h a l l o w ,  

eu t roph ic   Nebraska  reservo i rs   (Hoag land  e t   a l .   1982) .  

- C. p l a c e n t u l a  was dominant i n   t h e   " r e l a t i v e l y   e u t r o p h i c ,  

warm" waters  of   Elk  Lake,  Br i t ish  Columbia,   where i t  

appeared t o  be i n   c o m p e t i t i o n   w i t h  A. m,i.nutissima  (Brown  and 

Aust in   1973) .  

Severa l   authors  have  a t tempted  to   use A. mlnut isslma  as  an 

i n d i c a t o r   o f   w a t e r   q u a l i t y   c o n d i t i o n s ,   b u t   r e s u l t s  o f  

d i f f e r e n t   s t u d l e s  have  been v a r l a b l e  and o f t e n   o p p o s i t e .  

This  species i s  f requen t l y   cons ide red   an   i nd i ca to r   o f  

oxygen- r ich   waters   o f   low  o rgan ic   con ten t   (Arch iba ld   1971,  

Schoeman 1972,  Evenson e t   a l .  1981),  but i t  was dominant I n  

t h e   e u t r o p h i c   w a t e r s   o f   E l k  and  Kootenay  Lakes, B.C. (Brown 

and A u s t i n  1973,  Ennis  1975).  Other  authors  have  considered 

- A. m i n u t i s s i m a   a n   i n d i c a t o r   o f   l o w   m e t a l   l e v e l s   ( R u s h f o r t h  

e t   a l .  1981,  Lampkin  and  Sommerfeld  1982). b u t  Say and 

Whi t ton   (1981)   inc lude i t  w i t h   s p e c i e s   r e s i s t e n t   t o   z i n c .  

P a t r i c k   ( 1 9 7 7 )   s t a t e s   t h a t  A. m i n u t i s s i m a   p r e f e r s  a 

cons iderab le  amount o f   c a l c i u m ,   w h i l e  Evenson e t   a l .  (1981) 

cons ider  i t  a weak i n d i c a t o r   o f   l o w   c a l c i u m   l e v e l s .  

Gomphonema o l ivaceum and  Cocconeis  placentula  have 

o c c a s i o n a l l y  been  used t o   i n d i c a t e   p a r t i c u l a r   w a t e r   q u a l i t y  

c o n d i t i o n s .  G. oliva'ceum  occurs i n  wa te rs   t ha t   a re   h igh  I n  
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ca lc ium  (Pa t r i ck   1977 ,  Evenson e t   a l .   1 9 8 1 ) .  C. p l a c e n t u l a  

has  been a s s o c i a t e d   w l t h   h i g h   l e v e l s   o f   h e a v y   m e t a l s   o t h e r  

t h a n   z i n c   ( R u s h f o r t h   e t   a l .   7 9 8 1 ) .  I t  was the  dominant 

spec ies i n  an  Engl ish  s t ream  be low a sewage o u t f a l l  

s u p p l y i n g   e l e v a t e d   l e v e l s  o f  n i t r a t e  and  phosphorus  (Jones 

1978) . 

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

or I n   c o n f l i c t   w l t h   o b s e r v e d   d i s t r i b u t i o n s   i n   t h e  

Akamina-Kishinena  region i t  appears  that   the  dominant  

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

i n d i c a t o r s   o f  any p a r t i c u l a r   w a t e r   q u a l l t y   c o n d l t i o n s .  

However, m inu t iss ima,  G. olivaceum,  and C. p l a c e n t u l a   a r e  

c h a r a c t e r i s t i c   o f   b o t h   t h e   e a s t e r n   ( t h i s   s t u d y )  and  western 

(Sheehan e t   a l .  1980)   F la thead  River   Basin.  Any m a j o r   s h i f t  

away from  dominance  by  these  species  (p lus  Ceratoneis  arcus) 

c o u l d   i n d i c a t e  a change i n  w a t e r   q u a l i t y   c o n d l t i o n s .  Such a 

change  would  have t o  be  conf i rmed by measurements o f   o t h e r  

parameters. 

No major  change i n  spec ies   compos i t ion  was observed a t  

K ish inena Creek f o l l o w i n g   l o g g i n g .  A species  which  had  not 

been i d e n t i f i e d   p r e v i o u s l y ,  Gomphonema o l i vaceo ldes   va r .  

d e n s e s t r i a t a  made up about 10% o f   t h e   c e l l s   i n   t h e   J u l y ,  

1982  samples.  Since t h i s   s p e c i e s  was equa l ly   abundant   a t  

t h e  Akamina s t a t i o n ,  i t s  appearance  must r e f l e c t  a n a t u r a l  

change i n   t h e  community  rather  than a response t o   l o g g i n g .  
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IX. CONCLUSIONS 

A. Hydrology. Suspended  Sediments.  Water  Chemistry  and  Algae 

The fou r   c reeks   s tud ied  may be d i v ided   i n to   two   g roups   based   on  

watershed  areas  and  discharge. The watershed  areas  and  f low  ra tes 

o f  Akamina  and E lde r   C reeks   a re   s im i l a r  as a r e   t h o s e   o f   K i s h l n e n a  

and Sage Creeks. A t  a l l   f o u r   s t a t i o n s   f r e s h e t   a p p e a r e d   t o   o c c u r  

between May and  June i n  1979. 

T o t a l  suspended  sediment l eve l s   were   l ow   (510  mg/L) on a l l  

occasions a t  a l l  s t a t j o n s .  

Water  chemistry  and  per iphyton i n  Akamina, K ish lnena,   E lder  and 

Sage Creeks  were s i m i l a r   t o   w a t e r   c h e m i s t r y  and p e r i p h y t o n   r e p o r t e d  

f r o m   t h e   m a i n s t e m   a n d   w e s t e r n   t r i b u t a r i e s   o f   t h e   F l a t h e a d   R i v e r  

(Sheehan e t   a l .  1980) .   Me ta l   l eve l s   ,we re   l ow .   Ma jo r   i on   l eve l s  

were  low  and  dominated  by  calcium. 

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

waters.   Dominant  a lgal   species,   such  as  the  d iatoms  Achnanthes 

minut iss ima  and Gomphonema o l ivaceum  were  a lso  dominant  i n   t h e  

ma ins tem  and   wes te rn   t r i bu ta r ies   o f   t he   F la thead   R ive r ,   bu t  

Ceratoneis  ( =  Hannaea) arcus was l e s s   i m p o r t a n t   i n   t h e   e a s t e r n  

t r i b u t a r i e s .  
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B .  E f f e c t s   o f   L o g g i n g  

1 .  Observed  Ef fects  

The sampling scheme  was designed t o   d e t e c t   o n l y   m a j o r   c h a n g e s ,  

w h i c h   m i g h t   r e q u i r e   f u r t h e r   s t u d y   o r   r e m e d i a l   a c t i o n .   S i n c e  

t h e   p o s t - l o g g i n g  samples  were  taken i n  summer, changes bes t  

observed  dur ing  f reshet,   such  as  increases i n   c o n c e n t r a t i o n s   o f  

suspended  sediments, may have  been  missed. 

No major  changes i n   t h e   w a t e r   q u a l i t y   o f   K i s h i n e n a   C r e e k   w e r e  

observed.  Measured  values  of   water  chemistry  parameters and 

suspended  sediments  were w i t h f n   t h e   r a n g e s   o f   p r e - l o g g i n g  

data.  Temporary  changes i n   w a t e r   c h e m i s t r y   ( f o r  example, 

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

wh ich   most   l i ke ly   wou ld   have been  missed w i th   annua l   wa te r  

sampling,  might s t i l l  have  been r e f l e c t e d   i n  changes i n   t h e  

a lgae.  However,  no  changes  which  could  be  related t o   l o g g i n g  

were  detected i n  biomass,  abundance, o r   spec ies   compos i t ion   o f  

t h e   p e r i p h y t o n .  

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

due t o   t h e   l o g g i n g   p r a c t i c e s   e m p l o y e d .   B u f f e r   s t r i p s   a l o n g  

s t ream  banks,   reseeding  and  water-barr ing  o f   roads  and  sk id  

t r a i l s ,  and t h e   u s e   o f   l i g h t   f l o t a t i o n   v e h i c l e s   a p p e a r   t o   h a v e  

m a i n t a i n e d   t h e   i n t e g r i t y   o f   K l s h i n e n a   C r e e k .  
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P o t e n t i a l   f o r   F u t u r e   E f f e c t s  

I t I s  p o s s i b l e   t h a t   I n   t h e   f u t u r e   t h e r e  wlll be some 

d e t e r i o r a t i o n   I n   t h e   w a t e r   q u a l l t y   o f   t h e   A k a m l n a - K l s h l n e n a  

system.  Beschta  (1978)  has  reported  that I n  Oregon Increased 

sed iment   loads   f rom  e ros ion   o f   logg ing   roads   d ld   no t   appear  

u n t i l  as much as  seven yea rs   a f te r   road   cons t ruc t l on .   Wh i le  I t  

i s  hoped t h a t   t h e   c o n s e r v a t i o n  measures descr ibed  above wlll 

preven t   de layed   e ros ion ,   t he   poss lb i l i t y   rema ins .   E ros ion  

problems may a lso   deve lop  as t h e   s t e e p e r   s l o p e s   c h a r a c t e r l s t l c  

o f   t h e  Akamlna watershed  are  logged.   Fur ther ,   changes  In  

l o g g i n g   p r a c t i c e s   w h l c h  began i n  1983, l n c l u d l n g   c l e a r c u t t i n g  

i n  some b locks  and l e a v l n g   p a t c h y   r a t h e r   t h a n   c o n t i n u o u s   b u f f e r  

s t r i p s ,  may have some impact. 
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X .  SUGGESTIONS FOR FUTURE MONITORING 

Because o f   t h e   p o t e n t i a l   f o r   d e l a y e d   e r o s i o n  i n  areas  a l ready 

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

p r a c t i c e s ,   c o n t i n u e d   m o n i t o r i n g   i n   t h e   A k a m i n a - K i s h i n e n a   r e g i o n   i s  

suggested. 

A t  a minimum, monitor ing  should  be  conducted  at   the  Kishinena  Creek 

s t a t i o n   a t   f r e s h e t  a n d   l o w   f l o w   ( p r e f e r a b l y   A u g u s t ) .   T h l s   s i t e   i s  

s e l e c t e d   f o r   t h e   f o l l o w i n g   r e a s o n s :  1 )  i t  Is   access ib le   by   road ;  

2) l o g g i n g   a c t i v l t l e s   c o n t i n u e   i n   t h e   w a t e r s h e d ;  and 3) p re - logg ing  

d a t a   a r e   a v a i l a b l e .  

M o n i t o r i n g   I s   n o t   s u g g e s t e d   a t  Akamina, Elder,   and Sage Creeks f o r  

severa l   reasons .   These  s ta t ions   a re   no t   eas i l y   access ib le .  

Akamina  Creek  can  no  longer  function  as a c o n t r o l   s t a t i o n  because 

l o g g i n g  has  been  extended i n t o   t h e   w a t e r s h e d   ( s e e   F i g u r e  2 ) .  Sage 

Creek i s   a l r e a d y   b e i n g   m o n i t o r i e d   a p p r o x i m a t e l y  8 km upstream  f rom 

t h e   s i t e  used f o r   t h e   p r e s e n t   s t u d y  (NAQUADAT No. 00BC08NP0006). 

The parameters t o  be  measured a re   t hose   wh ich ,   acco rd ing   t o  

p u b l i s h e d   l i t e r a t u r e ,   a r e   m o s t   l i k e l y   t o  change f o l l o w i n g   l o g g i n g .  

Leve ls   o f   these  parameters   a re   g iven  as g u i d e l i n e s   t o   s u g g e s t  a 

need f o r  more d e t a t l e d   s t u d y .  The gu ide l l nes   a re   based  on da ta  

c o l l e c t e d   f r o m  Akamina, K ish inena,   E lder ,  and Sage Creeks  and 

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

Parameters t o  be  measured  and g u i d e l i n e   l e v e l s   a r e   a s   f o l l o w s :  
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- Suspended  sediments. I f  concentrat ions  exceed 25 mg/L 

du r ing   f reshe t   o r   10  mg/L du r ing   l ow   f l ow ,  more i n t e n s i v e  

sampling  should be undertaken. 

- N u t r i e n t s .  If t o t a l  phosphorus  concentrat ions  exceed  0.010 

mg/L* d u r i n g   f r e s h e t   o r  0.005 mg/L* d u r i n g  l o w  f l o w ,   f u r t h e r  

i nves t i ga t i ons ,   wh ich  may i n c l u d e   a l g a l  abundance  and 

s p e c i e s   c o m p o s i t i o n ,   a r e   w a r r a n t e d .   N i t r a t e   p l u s   n i t r i t e  

leve ls   exceeding  0 .15 mg/L a t   f r e s h e t   o r  0.05 mg/L a t   l o w  

f l ow ,  and t o t a l   n i t r o g e n   ( t o t a l   d i s s o l v e d   n i t r o g e n   p l u s  

p a r t i c u l a t e   n i t r o g e n )   c o n c e n t r a t l o n s   g r e a t e r   t h a n  0.25 mg/L 

a t   f r e s h e t  o r  0.10 mg/L a t   l o w   f l o w   r e q u i r e   f u r t h e r  

i n v e s t i g a t i o n  as descr ibed  above. 

- F l o w  measurements  should  be  taken when sediment  and 

chemis t ry  samples a r e   c o l l e c t e d .  

Caut ion i n   t h e   i n t e r p r e t a t i o n   o f  any monitoring r e s u l t s   i s  

advised. Many f a c t o r s   b e s i d e s   l o g g i n g   c a n   a f f e c t   t h e   w a t e r   q u a l i t y  

o f  these  s t reams.   Instances  o f   natura l   eros ion o f  stream  banks i n  

unlogged  areas,  avalanche damage on steep  slopes,  and  blow-down  of 

b e e t l e - k i l l e d  t r e e s  have  been  observed  dur ing  aer ia l  

reconnaissance. All these   fac to rs  may a f fec t   s t reams  i n  ways 

s i m i l a r   t o   l o g g i n g .  

* These values do no t   app ly  i f  s lush- ice   cond i t ions   a re   p resent .   (See 
Sheehan e t   a l .   1 9 8 0 ) .  

n 
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