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SUMMARY 
- ,  

Since 1972 Rio. 'Algom  mines  has  been  exploving  coal  deposits i n   t h e   C a b i n  

Creek  Region of the  F la thead  River   Val leyJn  Southeast   'Br i t ish  Columbia.  

Cabin . . .Creek _ . .  . i s '  located  approximately '  16 ki lometers  f rom  the.  B.C. - A l b e r t a  
border and 10 k i : lometers  nor th   o f   the  In ternat ignal   Boundary.  Because .of . . 

the  potent ia l   for   adverse  t ransboundary  e f fects   f rom  such a development,  the 
Water Q u a l i t y  Branch,  Inland  Waters  Directorate, and the  Environmental  Pro- 
t e c t i o n   S e r v i c e   o f   t h e   P a c i f i c  and Yukon Region  undertook  on  behalf of .  t h e  
Canadian  Government, a j o i n t   w a t e r   q u a l i t y   s t u d y  i n  the  F la thead  River   Basin 

i n  Canada. 
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1) . ,The  nu t r ien ts ,   ma jor   ions ,  suspended  sediment  and o r g a n i c   l e v e l s   i n   t h e  

' . water o f   t h e   F l . a t h e a d   R i v e r   a r e   i n d i c a t i v e   o f   a n  01 i g o t r o p h i c   o r ' u l t r a -  

o l i g o t r o p h i c  system.  Metal, leve ls   found i n  the'   water and b i o t a   a r e  

i n d i c a t i v e  of a non-toxic  aquat ic  environment.  The a1 k a l  i n i t y   l e v e l s  

and pH i n  the  Flathead  River System  appear t o  be s i m i l a r   t o   t h o s e   i n   t h e  
Elk River  above  the  Fording-Sparwood-Fernie  area  where  the  effect o f  - 

coa l '   m ine   e f f luen ts  on rece iv ing   waters   a re 'min ima l .  The measurements 

taken do no t   rep resen t   t hose   o f  an undeveloped  watershed  since' logging, 

e x p l o r a t i o n  of coal  , and the  const ruct ion  o f   roads  were  in   progress  dur-  
ing   the   s tudy   per iod .  

2)  P e r i p h y t i c  biomass i n   t h i s  Rocky  Mountain  River i s   r e p r e s e n t a t i v e . o f  

01 i g o t r o p h i c  and even u l   t r a - o l   i g o t r o p h i c  systems.  Diatoms , represented 
by 86 species.,  were  the  main.con'stituents o f   t h e   f l o r a ,  Hannaea arcus 
the  dominant  diatom i s  c o m o n   i n  many oth,er  mountainous,  cool  water, 
systems.  Other  per iphyt ic  dominants  include  the  chrysophyte.  Hydnuus  
foetidus and the  Blue-green Nostoc verrucosh both  o f   which  are  adapted 

t o  l i v e   i n  C O O L  low  .nu t r ien t ,   f low ing   waters .  '. 

The sparsi ty  of   .p lanktonic-   a lgae,  probably-   der ived  f rom  s loughed-off  

. .  

pe r iphy t ic   a lgae,  has  been  documented. P l a n k t o n i c   c e l l  numbers  were low 
and"97 pe rcen t   o f   t he   f ree   f l oa t i ng   spec ies  were usua l ly   found i n  t h e  
p e r i p h y t i c  assemblages i n   t h e   r i v e r .  

i. - " 
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Benthic ,mcroinvertebrates  collected i n  'the Flathead River Basin during 
four sampling periods were  mainly of the class Xnsecta. The macroinverte- 
brate  d,ensity  varied from 200. ind iv idua l s  t o  7500 indiv.idua1 s per, square 
meter. Eac'h s i t e  'sample contained between' 24 and 26 major  taxa.., The'.macro- 
invertebrate fauna were  dominated by large. 'numbers o f -  poi1 ution sensitive 
macroinvertebrate  species which characterite.hea1 thy pristine water condi- 
t io.ns . 

. .  



R ~ S U M ~ ,  SUR L '<TUDE DE LA QUALIT~ DE L ~ E A U  DU BASSIN DE LA RIVI~RE FLATHEAD 

.Depuis  1972, l a   f i r m e   m i n i h R i o  Algom e x t r a i t  des gisements de charbon  dans 

l a   r i g i o n  de Cabin  Creek  dans l a   v a l l d e  de l a   r i v i ' e r e   F l a t h e a d  au ,sud-est de 
l a  Colombie-bri tannique.  Cabin  Creek  est  si tu6 $ env i ron  16 k i lom&t res  de l a  
l i m i t e   e n t r e   l a  C.B. e t   1 ' A l b e r t a   e t  ?I 10  ki lom'etres au nord de l a   f r o n t i s r e  
in te rna t iona le ,  , .  Par s u i t e  de i a  p o s s i b i l  it6 de  consgquences f r o n t a q i s r e s  
adverses . provenant  d'un t e l  de'vel'oppement, 1 a D i r e c t i o n  de l a  qual i t 6  des 
eaux, Direct ion  g6ne'rale des  eaux i n t g r i e u r e s ,   e t   l e   . S e r v i c e  de l a   p r o t e c t i o n  

de l 'environnement de l a  Rdgion du P a c i f i q u e   e t  du Yukon o n t   e n t r e p r i s ,  au 
nom. du  .Gouvernement canadien, une &ude c o n j o i n t e   s u r   l a   q u a l i t 6  de 1 'eau dans 

l e  I .  b a s s i n . d e   l a   r i v i h e   F l a t h e a d  au Canada. 

t .  

, .  

1 )  Les substances n u t r i   t i v e s ,   l e s   i o n s   m a j e u r s ,   l e s  se'diments  en.  suspension 
e t   l e s  niveaux  des' substances:organiques des.eaux  de l a   r i v i b e  Flathead 
ind iquen t  1 'existenc'e  d'un  syst3me 01 igo t roph ique ou u l  t ra -o l   jgo t roph ique 
Les  niveaux  de  minerai  trouve's  dans 1 'eau e t  dans l a   b i o t a   d g n o t e n t  un 

env i   ron 
dans l e  
de l a  'r 
1 ' e f f e t  

sont m i  

ement aquatique  non-toxique.  Les  niveaux  d'alka' l ini t ;  e t  de pH 
syst\eme de la   r i v ih re   F la thead  semblen t   &re   semblab les  a ceux 
v i e r e   E l k ,  au-dessus de l a ' r g g i o n  Fording-Sparwood-Fernie, o'u 
des e f f l u e n t s  de l a  ,mine de charbon  sur  les eaux r6cep t r i ces  

imes..  Les  mesucea,.prises  ne  reprgsentent pas ce l l es   d lun   bass in  
hydrographique non  de/veloppd,  puisque l e  d6boi sement, 1 ' exp lo ra t i on  du , 

charbon e t   l a   c o n s t r u c t i o n  de r o u t e s   6 t a i e n t  en cou rs   l o rs  de. l a   p 6 r i o d e  
d ' ;tude. 

2 )  . La biomasse pgr iphy t ique de l a   r i v i ' e r e  Rocky Mountain  posssde  . les  carac- 

t g r i s t i q u e s  des  syst2mes 01 i g o t r o p h i q u e s   e t  m8me u l   t r a - o l   i g o t r o p h i q u e s .  
Les  diatome'es, qu i  comprennent 86 esp'eces, c o n s t i t u a i e n t   l a   m a j e u r e   p a r t i e  
de l a .   f l o r e .  On y re t rouve Hannuea arcus, l a  diatomge l a   p l u s   r i p a n d u e  
dans p lus ieu rs   au t res  systhmes  montagneux ou d 'eau  douce.   D 'aut res  per i -  
phytiques  assez  rgpandus  comprennent l e  chrysophyte hydmtms festidus e t  
. l e  Nostoc vermcoswn bleu-ver t ,   tous deux adapt& a' l a   v i e  en eau v ive ,  
f r a y c h e   e t   f a i b l e  en  substances n u t r i t i v e s .  

" 



La  distribution 6parse  des  algues  planctoniques, cel  les-ci-  provenant 
possiblement de dgbris  d'algues  periphytiques,  a 6td documentge. . Le 
nombre  de  cellules  'planctoniques 6tait peu  ;lev6 et 97 pourcent  des , 

especes  libres  ont &e' retrouvehs  ordinairement  dans  les  assemblages 
pkr.iphytiques de la rivibe. 

3 )  Le's macro-invertgbr6s  benthiques  ramassgs  dans  le  bassin  de la rivibe 
Flathead  durant  quatre  pgriodes  d'6chantillonnage  faisaient  partie  prin- 
cipalement de la catggorie  Insecta.  La  densit<  des  macro-invert6br6s 
variait  entre 200 et 7500 individus  par  m\etre  carre'.  Chaque  ;chantillon 
contenait  entre 24 et 26 groupes  majeurs.  La  faune  macro-invertgbrge 
&ait  domine'e  par  un  grand  nombre  d'especes de  macro-invert6br6s  .sensibles 
a la  pollution, ce'qui caracter,ise  des  conditions  d'eau  saine  primftive. 



l a  re'gion de Cabin  Creek 
la  Colombie-britannique. 
l imite   entre   la  C . B .  e t  
internationale. Par sui 

R~SUME' SUR L I [TUDE DE LA. QUA LIT^ DE L '  EAU DU BASSIN DE LA R I V I ~ R E  FLATHEAD 

Depuis 1972, l a  firme  mini&e.Rio Algom ex t r a i t  des  gisements de charbon  dans 

Cabin Creek est   si tue '  d environ 16 kilomhtres de l a  
dans la  vallge de la  rivi'ere  Flathead au ,sud-est de 

1'Alberta e t  'a 10 kilom'etres au nord de la   f ront ihre  
t e  de la  po.ssibil i t6 de '  cons6quences frontal  igres 

adverses  provenant  d'un  tel d&eloppement, 1 a Direction de l a  qual i t 6  des 
'eaux,  Direction gdne'rale  des eaux i.nt&ieures, e t  le..Service de la  protection 
de  l'environnkment de l a  Rdgion du Pacifique e t  du ,Yukon ont  entrepris,  au 
nom, du Gouvernement canadien, une 6tude con jointe  sur 1 a qual i t 6  de- 1 ',eau  dans 
le  bassin.de  la  r ivi 'ere Flathead au Canada. ' 

1 )  Les substances nutri t ives ,  1e.s ions  majeurs, l e s  sgdiments en' su-spension 
e t   l e s  niveaux des  substances  organiques des eaux de l a   r i v i b e  Flathead 
indiquent 1 'existence d ' u n  syst&me ol  igotrophique ou u l  t ra -o l igo t rophique .  
Les niveaux de minerai trouvis dans 1 'eau e t  dans la  biota  dgnotent u n  
environnement aquatique non-toxique. Les niveaux . d ' a l k a l i n i d   e t  de pH 
dans l e  systkme de la   r iv ihre  Flathead  semblent &re semblables a ceux 
de la   ' r iv ie re  Elk, au-dessus de la  r6gion Fording-Sparwood-Fernie,. o'u 
l ' e f f e t  des  effluents de l a  mine  de charbon sur les  eaux r iceptr ices  
sont minimes. Le: mesuces.;prises ne reprgsentent pas cel  les  d'un.  bassin 
hydrographique non d&eloppe/,  puisque l e  d6boi sement , 1 'exploration du 
charbon et   la   construct ion de routes  e'taient en cours  lors de. l a  p6riode 
d ' (tude. 

2 )  . .  La biomasse pgriphytique de la  rivi 'ere Rocky Mountain posshde les  carac- 
tgristiques  des syst\emes 01 igotrophiques e t  m$me u l  t ra -o l  igotrophiques. 
Les diatome'es, q u i  comprennent 86 esp'eces,  consti,tuaient  la majeure par t ie  
de la   f lo re .  On y retrouve Hannaea arcus, l a  diatomde la  plus rdpandue 
dans plusieurs  autres  systimes montagneux ou d'eau douce. D'autres  peri- 
phytiques  assez  ripandus comprennent l e  chrysophyte h3-s fes t idus e t  
l e  Nostoc verrucoswn bleu-vert,  tous deux adapt& a' la   vie  en  eau .vive, 
frayche e t  faib'le  en  substances  nutritives. . I  

. . .  . .  
. .  



La distribution  dparse  des  algues  planctoniques,  celles-ci  provenant , . 

'possiblement de ddbris  d'algues  periphytiques,  a 6te" documentge. Le 
nombre  de  cellules  .planctoniques &ai t peu 6lev6  et 97 pourcent  des 
,especes  libres  ont e't6 retrouvges  ordinairement  dans  les  assemblages 
pgr-iphytiques de la rivisre. 

3) Les  macro-invertgbr6s  benthiques ramass& dans le bassin de la rivibe 
Flathead  durant  quatre pe'riodes d'6chantillonnage  faisaient  partie pri.n- 
cipalement de la catggorie Insecta. La densite  des macro-in'vert6br6s 
variait  entre 200 et 7500 individus par mitre carre'. Chaque gchantil 
contenait  entre 24 et 26 groupes  majeurs. La faune  macro-invert6br6e 
e/tait domin6e par un grand nombre  d'especes  de  macro-invert6brgs  'sens 
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ibles 
a la pollution, ce qui caracterise  des  conditions  d'eau  saine  primftive. 
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I INTRODUCTION 

Coal e x p l o r a t i o n   i n   t h e  Cabin  Creek reg ion  o f   the  F la t ,head  River ,   Southeast  
B.C., has  been  underway s ince 1972. Cabin  Creek i s  a t r i b u t a r y  of  Howell 
Creek  which  enters  the  Canadian  reach  of . the  Flathead  River some 10 k i lometers 

n o r t h   o f   t h e   I n t e r n a t i o n a l  Boundary  (see.  Figure  1). I n   v i e w .   o f   t h e   p o t e n t i a l  
.adverse  t ransboundary  ef fects  f rom a coal  development on Cabin  Creek;.the 

' Water Q u a l i t y  Branch, In land  'Waters  Directorate,  and the  Environmental  .Protec- 

t i o n   S e r v i c e  were  asked t o  examine t h e   w a t e r   q u a l i t y   o f   t h e  Canadi'an p o r t i o n  
o f   the   F la thead  R iver   Bas in .  

. .  

I n  November 1974,  t.he  Water Q u a l i t y  Branch  reviewed  water  qual i ty  informa' t ion 
which- was a v a i l a b l e   f o r   t h e   F l a t h e a d   R i v e r .  A p re l im. inary   s tudy   o f   ' the  
Flathead  Basin i n  Canada  was i n i t i a t e d   i n  Ju ly  1975. Colour ,   fa lse  co lour , .  
infrared  aer ia l   photographs  which  covered  approximately . .  65 k i l o m e t e r s   o f  

f l i g h t   l i n e  were t a k e n   a t  an a l t i t u d e   . o f :  1220 meters. The photqgraphs  were 

used i n  planning. a sampling  'network f o r  the  bas in.  A ground  survey was con- 
ducted' i n  August  1975 t o  assess  .these  pre-selected  sampling  si,tes. and. t o   p r o -  

v ide   background,da ta ,   fo r   p lann ing  'a more de ta i led   s tudy .  The proposed  study 
was rev iewed   w i th   i n te res ted   p rov inc ia l  and federal   agencies and w i t h   t h e  con- 
s u l t a n t   t o   t h e  company in te res ted   i n   deve lop ing   t he   coa l   p roper t i es .  

. .  

, .  
. .  

. .  

The  Water Q u a l i t y  Branch  prepared a proposa l   wh ich   de f ined  the   ob jec t ives  and 
scope of a Flathead  River  study. The p r i m a r y   o b j e c t i v e   o f   t h e   F l a t h e a d  . .  R iver  

study was t o  determine  the  ex is t ing  t ransboundary movement o f   n u t r i e n t , s ,  
po]. lutants, and o the r   ma te r ia l s  as wel l   as  the  present  char.acter  and" 'sensi t iv-  . .  

. i ty  o f   t h e   a q u a t i c   e n v i r o n m e n t .   I n   m e e t i n g   t h i s   o b j e c t i v e ' t h i s   r e p o r t  docu- 
ments the   dens i ty   and.d ive , rs i ty   o f   ex is t ing   aquat jc   communi t ies  and t h e   e x i s t -  
i,.ng level 's  of,"sejected  chemical  parameters i n  water,,  sediment and b i o t a  so 
t h a t   p o s s i b l e ' f u t u r e  changes i n  water  qual i ty  associated  wi th  'coal   development 
can  be  determined. . .  
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I 1  STATION  SELECTION AND DESCRIPTION (Ref.  Fig.  1) I 

. .  

Flatt iead  River, 1.5 k i . lometers   eas t   o f   Mar l  Lake 
S t a t i o n  1 (NAQUADAT No.  00BC08NP0002) 

T h j s   w a t e r   . q u a l i t y   s t a t i o n  i s  l oca ted  ,50 meters  upstream  of   the  main  .br idge 
w h i c h   c r o s s e s   t h e   F l a t h e a d   R i v e r ' i y C a n a d a .   T h i s   s i t e   i s   j u s t  upstr.eam o f   t h e  
proposed  coal  development and was s e l e c t e d   i n   o r d e r   t o  document the   dens i t y  
and' t h e   d i v e r s i t y   o f   t h e   e x i s t i n g   , a q u a t i c   c o p u n i t i e s .  and t h e   e x i s t i n g   l e v e l s  

of  selected  chemical  parameters  . in  water,.  sediment, and bi,ota  (Table  1'). 

Howel 1 'Creek,  750  meters  upstream of  the  'F lathead  River-Howel 1 
Creek$.conf.l uence Stat ion.  '2 (NAQUADAT No.  .00BC08NP0008) 

T h i s   s i t e   w h i c h   i s   l o c a t e d  downstream o f   t he   b r i dge   t ha t   c rosses .Howe l1  Creek 
i s  750 meters  upstream o f . the   F la thead  R iver -Howel l  Creek  confluence and down- 

I 
I 
I 
i 
I 

: .  

,. . 
I 

. .  . .  

.:i stream  .of  the .Ho.well-Cre'ek. - C,abin Creek   con f luence._   Th is   s i te   . i s .   jus t  down- 
, ' stream o f   t h e   n o r t h  and south  coal  hi l1,s  which  are  proposed  for  development. 

(Table  1) .  

I 
F l a t h e a d   R i v e r   a t   t h e   I n t e r n a t i o n a l  Boundary  .Station 3 
(NAQUADAT.No.  00BC08NP0003) 

I 
t 

Th is -   s ta t i on   i s   l oca ted . . lOO  me te rs   ups t ream  o f   t he   I n te rna t i ona l  Boundary and 
was se lected  to 'document   the.aquat ic   ecology and the   leve ls   o f   chemica l   ,para-  

' meters ' . immediately  upstream'of   the  Internat ional   Boundary  (Table l).. A Water 
Survey o f  Canada gaug ing   s ta t i on   i s   l oca ted   a t   t he   I n te rna t i ona l   Boundary .  

I 

I 
I 

Sage Creek, 1 .O k i lometers   .nor th   o f   Proc tor   Lake 
S t a t i o n  4 (NAQUADAT  No. 00BC08NP0006) .. 

. .  
. .  

. .  

T h i s   s i t e   i s   l o c a t e d   a t   t h e   b r i d g e   w h i c h  cros.s,es.Sage  Creek, approximately 1 .O 
ki lometer  south.   of- ;   Proctor Cake.. .The -s i te .was  ' se lec ted   to   take   in to .   account '  

geolog ica l  dif-ferences.in.the,eas'tern sec t ion  o f  the-  Flathead  River  'Basin.  

Sage Creek d r a i n s  an  area  . . immediately  adjacent  to:the  Flatt iead  River i n  Canada 

and enters   the  F la thead on the  U'.S. s ide  (Table 1). . .  
, .  
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Phl s s l t e  I s  located. i n  the headwaters o f  the Flathead WSver upet~earm from 
Pol lock Creek bridge. The s i t e  was selected t o  document the   dens i t y  and d i v e r -  
s i t y  o f  the   ex is t ing   aquat ic  community and t h e   l e v e l s  o f  s e l e c t e d   e h m k a l  
parameters i n   t h e   w a t e r  and the  b io ta.   (Table  1)  e 

Cabin Creek, 4.5 ki lometers above the  conf luence  wi th 

The Cabin.  Creek s i t e  I s  located  upstream  from-  the  north and south h l l l  coal  
deposlts. The s i t e  was selected i n  order  to  determine.  the  chemical  concentra- 
t ion l e v e l s  and the   cond i t ion   o f   the   aquat ic  community before  the  water 
traverses  the  proposed  development  area  (Table 1 ) . 
Because t h i s   s t a k i o n  was. not  easi ly  accessible  under  certai 'n  weather  condi t lons 
the  exact  sampl ing  locat ion  var ied  over a s t r e t c h  o f  approximately 2 ki lometers. 

Howel 1 Creek, 250 meters above the  conf luence o f  
Cabin Creek  and  Howell Creek S ta t i on  7 (NAQUADAT 
No.  00BC08NP0004 

T h i s   s i t e   i s   l o c a t e d   j u s t  downstream f rom  the  br idge  which  led  to   the  explora-  
t i o n  campsite. The s i t e  was selected i n  order   to   determine  the  inputs  coming 
from the  Howell Creek  watershed. The watershed  includes  the  north  side  of  the 
no r th   h i l l   coa l   depos i t .   (Tab le   1 ) .  

Cabin Creek, 9.0 k i lometers above confluence  with  Howell  
Creek S ta t i on  8 (NAQUADAT NO. 00BC08NP0010) . ' 

Th is   s ta t ion   i s   loca ted   ups t ream  o f   the   ma in   logged  a rea   in   the   Cab in   Creek  
watershed.  This s i t e  was sampled only  once  because i t .was n o t   e a s i l y  access- 
i b l e  (Table  1)  and s t a t i o n  6 served t o  be representat ive o f  the  headwater 
qua l i t y .   cond i t ions  on Cabin  Creek. 
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I .  Couldrey  Creek above confluence with Burham  Creek 
Station 9 (NAQUADAT No. '00BC08NP0007) 

The water quality sampling s i te  on Couldrey  Creek i s  located approximately 1.5 
kilometers upstream of the confluence with the Flathead River. The  Couldrey 
Creek  watershed includes the south hill coal deposit. A Water  Survey  of Canada 
gauging station  is located approximately one kilometer upstream of this Water 
Quality  site (Table 1 ). 

Latest Development 

Water  Survey of Canada installed gauging stations in 1977 . a t  the Howell  Creek 
water quality  station 2 and on Cabin Creek  upstream  of the confluence w i t h  
Howel 1 Creek. 
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TABLE 2 

8 STREAM PARAMETER TERMS 

GRADIENT - SUBSTRATE BANK AND HILLSIDE STABILITY 

1 
I 
I 
I 
I 
m 
I 
s 
8 
8 
I 
I 
I: 

Gradient i n  % slope 

Substrate 

Bedrock 
Boulder 30  cm. 
Large Rubble 15-30 cm. 
Small  Rubble 7-15' cm. 
Large Gravel  2-7 cm. 
Small  Gravel .5-2 cm. 
Sand 
si1 t 
Mud 
C1 ay 

FLOW PATTERN 

- uniform (no turbulance) - uniform (rapids and boi ls)  - pool r i f f 1  e sequence - tumbling  flow 
- cascading  flow 

BANK MATERIAL UPLAND SOILS 

(est. % of  each) 

Bedrock 
Boulder 
Glacial t i l l  
Sand  Gravel 
Si1 t sand 
Clay s i l t  
Organ i c 

Glacial t i l l  
Col 1 uv i  um 
Outwash 
A1 1 u v i  urn 
Marine 
Lacustrine 
Organic 

TEXTURE OF SOIL 

Upland soil  type and d e p t h ,  
texture 
Slumping banks -and h i l l s ides  
Slope (%) of h i l l s ides ;  Banks 
Terracing 
Erosion 
Wi ndfal  1 

Fine, Medium, Coarse 

Reference' Caw (1976). 

I; 
. .  
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! I 1 1  SAMPLING  SCHEDULE 

1 The Chemical  sampling  schedule was designed t o  measure the  levels  for  the 
parameters  during  pre-freshet,  freshet, and post freshet  periods  (see  Fig. 
2 ) .  The biological  sampling program was also scheduled t o  correspond with 
the  di f ferent   parts  of   the  hydrologic  cycle.  
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IV STUDY  OBJECTIVES 

12 I 
8 
I 

The primary  intent of  the  Flathead  River  Study was  to  document existing  levels 
of  chemical  parameters in sediment,  water and biota and to  provide  a  qualitative 8 
and quantitative analyses  of the existing  algal  and  invertebrate  communities  on 
the  Canadian  portion of  the Flathead River. Specific  objectives  of  the  study 
were to: 

I 
Determine  the  existing  transboundary  movement  of nutrients,  pollutants 
and other  materials; 

Determine  the  concentrations  of  several  metals,  nutrients,  organjcs, 
and other  chemical  parameters in the Flathead  River  Basin  and  attempt 
to  identify  important  parameters by comparing  results  with  Canadian 
drinking  water  standards; 

Quantify  the  existing  content of  metals in algal , macroinvertebrates, 
and  fish  tissue; 

Attempt  to  determine  the limiting  nutrients  for algal growth by examin- 
ing N:P ratios and measuring  phosphorus  reserves in algae; 

Establish 'the species  composition,  species diversity,' and  abundance  of 
algae and  benthic  macroinvertebrates in the  Flathead  River  Basin  north 
of  the U.S. border; 

Identify  and  determine the  sensitivity  of  the  aquatic biota in the 
bhundary  reach  to changes in water  quality by reviewing  both  Canadian 
data  and  data  available for  the U.S .  portion of  the Flathead  River Basin. 



V 

. .  

13 

CHEMICAL METHODS 
. .  

Chemical  methods and analytical procedures for both the f ie ld and laboratory 
chemistry program are presented in Tables (3 - 10). 

. .  

. .  . .  
. .  

. .  
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VI ALGAL METHODS 

A. Peri.phyton 

1 . .   A lga l   Co l l ec t i ons  

a)   Natura l   Subst rates 

Rocks approximately 20 cm i n  diameter (sometimes much l a r g e r )  were 
c o l l e c t e d  from a depth of about 0.5 m and  sampled q u a n t i t a t i v e l y  
for   a t tached  a lga l   growth.  One o f   t he   quan t i t a t i ve   samp l ing  methods 
employed a nylon  brush  sampler  (Stockner and Armstrong , 1971 ) t o  
remove a lgae  f rom  the  rocks.  The nylon  brush  sampler was  made from 
a mod i f i ed  50 cc  syringe. Two samples  were taken  from a rock (com- 
bined sample area o f  11.5 cm ) i n  o r d e r   t o   a c c o u n t   f o r   v a r i a t i o n   i n  

abundance  and species  composi t ion  o f   a lgae on  each rock.  Two rocks 
were  sampled a t  each l o c a t i o n   i n   o r d e r   t o   a c c o u n t   f o r   a l g a l   v a r i a n c e  

between rocks.  

As the  study  progressed i t  became obv ious   tha t   a lga l   g rowth  on 
i n d i v i d u a l   r o c k s  was pa tchy   (uneven ly   d is t r ibu ted)  and low i n  abun- 
dance. Therefore  another  quant i tat ive  sampl ing  method was developed 

2 

rock  patchiness and low  alga 
t h e   e n t i r e   r o c k   w i t h  a t o o t h  

encrusted forms w i th   fo rceps  
squeeze b o t t l e  was a l s o  used 

t o  remove a lgae  f rom  ent i re   rocks  thereby  compensat ing  for   wi th in  

1 biomass. The method involved  scrap 
brush and, when necessary,  removing 
o r  a razor   b lade.  A d i s t i l l e d   w a t e r  
t o   t rans fe r   t he   a lgae   f rom  the   rock  

ng 

n t o  
the   co l l ec t i ng   b in .   Co l l ec ted   a lgae  were. t r a n s f e r r e d   u s i n g  a funnels 
i n t o  circa 120 m l  g lass   ja rs .   A f te r   sampl ing ,   the   rock   a rea   ava i lab le  

fo r   a lga l   g rowth  was measured.  Aluminium f o i l  was t i g h t l y  wrapped 

around  the exposed p a r t  of   the  rock  ( top and sides above r i v e r   b o t t o m )  , 
then   th i s   f o i l   t emp la te   rep resen t ing   t he   rock   a rea  was pressed f l a t  
(s ides were c u t  when necessary) on a large  sheet  of paper and the   ou t -  

l i n e  o f  the   rock   t raced.   Th is   ou t l ine  was l a t e r  measured w i t h  a p o l a r  I 
p lan imeter   to   es t imate   the   rock   a rea  sampled. I n   a d d i t i o n   t o   t h e s e  
q u a n t i t a t i v e  samples  unusual  growths  were  sometimes q u a l i t a t i v e l y  1 
sampled f o r   s p e c i e s   i d e n t i f i c a t i o n  and immediately  preserved i n  a c i d  
L u g o l ' s   o r  4 pe rcen t   f o rma l in   so lu t i on .  

I 

L 
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b )  Artificial  Substrates 

Artificial   substrates were ins ta l led   a t   s ta t ions  1, 2, 3 ,  4, 5, 7, 
and 9 to measure the growth ra tes  of attached  algae (method of 
Castenhol z, 1960). These substrates  consisted  of sanded plexi.glass 
plates w i t h  a surface  area of e i ther  150 cm2 or  450 cm2 . Ropes 
fastened  this  substrate  to a concrete  reinforcing rod which had  been 
driven  into  the  river bottom. A polyproplyene f loa t  and small brick 
were also  attached t o  .the  plexiglass  plate. The instal la t ion was 
arranged so t h a t  the  floating  pl.exiglass  plate would al ign.   i t se l f  
w i t h  the  current such that  only  the narrow edge faced  the  current, 
w i t h  the main surface  area of the  plate being parallel   to  the  direc- 
t ion of the  current.  After  the immersion period  the  algae, were 
transferred from' the  plexiglass  plate  to a sample j a r  by use o f  
razor  blade and  wash bot t le .  

' Artificial   substrates 'were  installed  to provide  information on algal 
abundance and to  provide  algae  for heavy metal analysis. The use of 
art if icial   substrates  resulted i n  recognizable  (collection  deficiencies. 
The orientation of ' the  plexiglass  plates i n  the water  lead t o . f a s t  
flow across  the  plexiglass  plates,  apparently  restricting  algal growth. 
Also, the immersion period was 6-9 weeks (the time between f i e l d   t r i p s ) ,  
far longer  than  the recommended 3 week period  (Castenholz 1960; 
Patrick e t  aZ. 1954). In these long  incubation  periods  algal  competition 
can seriously  affect  production ra tes .  These long  incubation  periods 
a1 so encouraged invertebrate growth, particularly  the Simu1,iidae which 

I interfere  . w i t h  a measure of the a1,gal growth rates .  The algal abundance 
data  collected from the   a r t i f ic ia l   subs t ra tes  is  not  presented i n  t h i s  
report. The species  that grew on the  ar t i f ic ia l   substrates  were identi- 
f ied and  have  been i ncl uded. 

2 .  Sample 'Preservation and Treatment 

After.  the  algae were  sampled  and p u t  i n  g lass   j a rs  they were placed i n  a 
cold,  dark  cooler for transportation. That  evening the  day's samples 
were  wet f i l t e r ed  onto  5.5'cm  or 10 cm Whatman(R) GF/C g las s   f i b re ; f i l t e r s .  
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Biomas? - 

Biomass determtnations were performed on every sample by  measuring 
the organic  weight and ch lo rophy l l  a content   o f   the  a lgae.  The 
organic  weight, sometimes r e f e r r e d - t o  as ash- f ree   d ry   we igh t   o r   loss  
on i g n i t i o n ,  i s  t he   d i f f e rence  between a dry   wefgh t   (a t  6OoC) and  an 
ash we igh t   (a t  5 0 O O C ) .  This   p rocedure   e f fec t i ve ly  weighs o n l y   c e l l  
c o n t e n t s   o r   o r g a n i c   d e t r i t u s ,   n o t   s i l i c i f i e d   m a t e r i a l s  such  as d ia -  
tom c e l l   w a l l s   o r   r o c k   c r y s t a l s .  Samples f o r   c h l o r o p h y l l  a biomass 
determinat ions were e x t r a c t e d   i n  90 percent  acetone  with a High-speed 
Poly t ron Homogenizer. Then, debr is  and p a r t i c u l a t e   m a t t e r  were 
removed by f i l t e r i n g   t h e  sample through a Whatman GF/F f i l t e r .  The 
residue was re-homogenized and f i l t e r e d  again.  Both f i l t r a t e s  were 
combined and made up t o  15 ml w i t h  90 percent  acetone.  Chlorophyl l  
a content was then measured on a technicon  antoanalyzer Kan (1980) 
and corrected  for   phaeophyt in   us ing  the  ext inct ion  va lues and formula 
o f  Lorenzen  (1967) as  presented i n   S t r i c k l a n d  and  Parsons  (1968). 

Diatom  Enumeration 

Diatom i d e n t i f i , c a t i o n  and f rus tu le   ( ce l l   wa l l )   coun ts  were made on 
subsamples which were cleaned i n   n i t r i c   a c i d   ( P a t r i c k  and  Reimer 
1966)  and  then  mounted on microscope sl i des   w i th  Hyrax  media. It 

was i m p o s s i b l e   t o   t e l l  if the  prepared  diatom  f rustules  represented 
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l i v i n g   c e l l s ,   b u t   p r e l i m i n a r y   o b s e r v a t i o n s   o f   u n p r e s e r v e d   m a t e r i a l  
i n d i c a t e d   t h a t  most c e l l s   p r e s e n t   i n   t h e  samples  were a l i v e .  

To enumerate the   d ia tom  f rus tu les  on t h e   s l i d e ,   3 6 , s t r a t i f i e d  random 
f i e l d s  were counted  wi th  a phase con t ras t   m ic roscope   a t  1000 t imes 
magn i f i ca t ion   {Enn is ,  MS 1972).  This  method  resulted i n  a  mean o f  
about 200 f rus tu les   be ing  enumerated  per   s l ide.   In  samples o f   v e r y  
low abundance, e s p e c i a l l y   t h e   A p r i l  samples, i t  was n o t  a1  ways 
poss ib le   to   count   200.   f rus tu les ,  and  samples w i th ,   very   low  counts  
( 5  10  f rus tu le   counts )   a re   exc luded  f rom  the   da ta   p resenta t ion .  

Counts o f   abou t  200 f rus tu les   a re   we l l   be low  the  8000  specimens t h a t  
P a t r i c k  and her  co-workers  (Patr ick e t  aZ. 1954)  enumerated f o r  

t he i r ,   t ime  consuming ' de ta i l ed   read ings ' .   Acco rd ing   t o   W i l l i ams  
(19.64), counts of 300 ind iv idua ls   accura te ly   represent   the   p ropor -  
t i o n a l  abundance  of the  major.  species. . Fur thermore ,   d ivers i ty  

i n d i c i e s  such  as the  Shannon-Wiene.r f u n c t i o n  can be r e l i a b l y   c a l c u -  
l a ted   f rom  coun ts   o f  200-300 f r u s t u l e s .  

Numerous references were 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 -   o f   d i a t o m s  

P a t r i c k  and  Reimer  (1.966), Cleve-Euler (1951-1955);Hustedt (1930, 
1931-1959),  Huber-Pestalozzi  (1942),  Sreenivasa and Duthie  (1973) 

and Weber (1966).   Bourrel ly 's  (1968)  taxonomic scheme  was fo l lowed 
to   p lace   the   d ia toms  in to   o rders  and  where app l icab le   (d ia tom genera 

A-M) 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 Langingham.  (1967- 
1971) was fo l lowed  except   tha t  CymbeZZa caespitosa was recognized 
as a d is t inct   spec ies.   For   genera  not   covered  by Van Landingham 
( s t a r t i n g   a f t e r   t h e  genus MeZosira), the  species taxonomy o f   P a t r i c k  
and Reimer  (1966) ,' Cleve-Euler  (1951-1955),  Hustedt  (1930) and Huber- 
Pestal  ozzi  (1  942) was f o l l  owed. 

c )   A lga l   Phy la  Abundance 

The r e l a t i v e  abundance o f  each a lga l   phy la  was measured w i t h  an 

inver ted  microscope  us ing methods . d e t a i l e d   i n   N o r t h c o t e  e t  aZ. (1975). 
I n   t he   i nve r ted   m ic roscope  sample, non-diatom  species abundance was 
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q u a l i t a t i v e l y  measured a-nd i d e n t i f i e d   u s i n g   P r e s c o t t   ( 1 9 6 2 ) .  

Hoek (1963) , and B o u r r e l l y  (1966,  1968,  1970). 

4. Al-gal  Chemical  Composition 

a )  Ni t rogen and  Phosphorus 

T o t a l   n i t r o g e n  and t o t a l  phosphorus.  content o f   a l g a e  was measured 

' . f o r  samples c o l l   e c t e d   d u r i n g  September. Samples were  cleaned o f  
o rgan ic   debr is  and  sediment and washed several  t imes i n   d i s t i l l e d  

' wa ter   to  remove nu t r i en ts   assoc ia ted  wi th t h e   o u t e r   c e l l   w a l l  s .  A f t e r  
t h i s   t r e a t m e n t ,   t o t a l  phosphorus was measured u s i n g   t h e   a n a l y t i c a l  
p rocedure   ou t l ined   in   Tab le  6. To ta l   n i t rogen  was analyzed  on a 

Hew1 ett-Pac  kard Model 125 C : H : N anal  yser . 

b )  Excess  Phosphorus  Storage 

A lga l  samples c o l l e c t e d   d u r i n g  September  were tes ted   fo r   surp lus  
stored  phosphorus.  Most  microorganisms  contain  polyphosphate 
b o d i e s   w h i c h   a r e   r i c h   i n   l i n e a r  condensed  phosphates (Adamec e t  aZ. 
1979).  This  phosphorus i s  used for   metabol ic   processes when 
exogenous  phosphorus i s  1 im i t ing   (S tewar t  and Alexander, 1971 ) .  
F i t z g e r a l d  and  Nelson  (1966)  developed a p r a c t i c a l  method  which was 
used to   ext ract   the  surp lus  s tored  phosphorus.  The technique 
involves  washing  the  algae  several  t imes i n  phosphate f r e e   w a t e r   t o  

remove  any  aqueous  phosphorus. The surplus  phosphorus i s  then 
ex t rac ted   f rom  the   a lgae   i n   bo i l i ng   wa te r   ba th ,  and  analyzed  by  the 

same procedure  as  used  for  dissolved  phosphorus  (Table  7). The 
results,  besides  determining  whether  or  not  phosphorus i s   l i m i t i n g  

t o  growth,  can be used t o  see i f  one  aquatic  environment has  more 
a v a i l a b l e  phosphorus  than  another  region. 

B. Phytoplankton 

Phytoplanktonic  a lgae were c o l l e c t e d  by f i l l i n g  a 200 m l  b o t t l e   w i t h   r i v e r  
water   near   the   midd le   o f   the   r i ver   channe l .  These  samples  were preserved 
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i n  Lugol ' s  solution. 

Algae i n  the r iver  water samples were f i l t e r e d  on t o  0.45 .urn mi.llipore f i l -  
ters us ing  a maximal  vaccum of 18 cm Hg. F i l t e r s  were then cleaned w i t h  
cedarwood o i l  (McNabb 1960) and  mounted on rni,croscope- .sl ides.  Al.gal cel l  s 
were counted (400 x )  i n  28 f i e lds  on each s l ide ,  distinguishing those w i t h  
(1 ive   ce l l s )  and w i t h o u t  (dead cel ls)   chloroplasts .  Independent t e s t s  by 
f i l t e r ing   l i ve  and also  preserved  algae showed that  chloroplasts remained 
in tac t  w i t h  this technique.  Suitable  conversion  factors were used t o  .trans- 
form counts t o  c e l l s  per m i l l i l i t e r .  

Planktonic  diatoms i n  the samples were: ident i f ied.using the reference works 
of Patrick and  Reimer (1966).  Cleve-Euler (1951-1955) Hustedt (1930, 1931- 
1951), Huber Pestalozzi  (1942),  Sreenivasa and Duthie (.1973) ,.a.nd Weber 
(1966). The works o f  Bourrel ly (1 966 , 1968, 1970) and Prescott (1962) were 
used t o  identify  algae from other  classes.  
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VI1 MACROINVERTEBRATES METHODS 

During  each o f   t h e   f o u r   s a m p l i n g   t r i p s   ( F i g .  Z), f i v e   q u a n t i t a t i v e  samples f o r  

macroinvertebrates were c o l l e c t e d   a t  sample s t a t i o n s  1 t o  7 us ing a 0.1  square 
meter  'modif ied Hess sampler  which had a 351  micron mesh c o l l e c t i o n  bag. The 

samples  were  emptied i n t o  circa 450 ml g l a s s   j a r s  and preserved  wi th  a 10 per-  
cent  formal i n   s o l u t i o n .  

Dur ing   the   August   co l lec t ion   t r ip ,   four   0 .1   square   meter   mu l t ip le   p la te   samplers  
known as  Hester-Dendy  samplers  (Hester and Dendy, 1962)  were i n s t a l l e d   a t  each 
of   the seven  sample s i t es .   S ta in less   s tee l   cab le  ( 2  mm diameter)  was used 
t o   a t t a c h  each  sampler to   separate  13 mm d iameter   re in forc ing  rods  which were 

d r i v e n ,   i n t o   t h e   s t r e a m  bed.'  Each sampler was held submerged by a 454  gram r o l l  
o f   f isherman's   penci l   lead.  

The Hester-Dendy  samples  were r e t r i e v e d   d u r i n g   t h e  September survey   fo l low ing  a 
seven week co lon iza t ion   per iod .  The samples  were  dropped i n t o  a t h r e e   l i t e r  
open  mouth  polyethylene  container. In   o rder   to   ach ieve   min ima l   loss   o f  sample 
th is   p rocedure  was performed  underwater  and  the  samplers  were  then  disassembled 

on the  stream bank. A s t i f f  brush was used to   t rans fe r   t he   o rgan isms   i n to   an  
enamel t r a y .  The con ten ts   o f   t he  enamel t r a y  were s ieved  us ing a 354 micron 
mesh s ieve so tha t   da ta   f rom Hester-Dendy  samplers  could  then be  compared t o   d a t a  

from t h e  Hess samplers. 

A1 1 samples  which  were c o l l e c t e d  by e i t h e r  a  Hess o r  Hester-Dendy sampl e r  were 
re tu rned   t o  Vancouver f o r   s o r t i n g ,   i d e n t i f i c a t i o n ,  and enumeration.  Organisms 

were  viewed w i t h  a Wi ld M5 Stereo  Microscope  and b11 Compound Microscope and 

i d e n t i f i e d   u s i n g   t h e   f o l l o w i n g   b i o l o g i c a l  keys: Pennak (1953), Edmondson (1959), 
and Usinger  (1956). The c l a s s i f i c a t i o n   o f   a l l   b e n t h i c   i n v e r t e b r a t e s  was dependent 
o n   m a t u r i t y   o f   t h e  specimens  and  agreement  between authors i n   a s s i g n i n g  specimens 
t o   a p p r o p r i a t e   c l a s s i f i c a t i o n s .   F o r  example, some authors  combine  the  fami l ies 

Glassomat idae  wi th   Rhycophi l idae  under   the  la t ter  name fo r   t he   o rde r   T r i cop te ra .  
Because o f  t h e s e   c l a s s i f i c a t i o n   d i f f i c u l t i e s   t h e   t e r m   " t a x a "   i n   t h i s   r e p o r t  de- 
n o t e s   f a m i l y   l e v e l   o r   t h e   l o w e s t   i d e n t i f i a b l e   l e v e l  above fam i l y .  



31 

After the  c1assi'ficati:on and identification process was completed a composite 
sample for each station Mas derived hy addi,ng the  contents of the f ive collect- 
ed samples. The t o t a l  number of o,rgani,sms  per square meter,  the  total number 
of organisms  per  sample, and the t o t a l  number of taxa uere determined for each 

. .  

sample s i te  and for  each season. 

The da ta  were analyzed statistically usi.ng the Shannon-Wiener "diversity" index 
( H I ) .  .The diversity index (.HI 1 which was. derived by Shannon-Uiener i s  shown 
bel ow: 

n 

is1 
H '  = - E Pi  log2 Pi  

where H '  = diversity per  sample 
Pi  = proport ion o f  the to ta l  sample 

n =. to ta l  number o f  taxa 
belonging t o  the i th species 

and the ''evenness".  index (J)  as described by Pielou (1966, 1967),. 

n 
- 1 Pi log Pi 

log2 n 
= i=l  2 

where Jmax = 1 (where a l l  species  are present i n  equal 
proportions). 

Analysis o f  variance (Sokal and Rohlf , 1969) tests were  performed  usi.ng ' the 
He'ss  sample diversity values t o  determine  whether or  not  a significant 
difference  existed between  'sample sites and between  sample times. The. diver- 
sity da ta  from the Hester-Dendy samplers were used.to.examine  the differences 
i n  sites. Estimates for missing da ta  were  made i,n accordance N i t h  the methods 
described by Steel and Torrie (1960). A separate  analysis was made'of the 
diversities obtained from the two sampling methods  (Hester-Dendy and'Hess) t o  
determine if the difference between  sample  methods and smple  sites were 
statistically  signi,ficant. 

. .  
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1 VI1 I CHEMISTRY DATA - RESULTS AND DISCUSSION 

The d e t a i l e d   c h e m i s t r y   d a t a   n o t   f o u n d   i n   t h i s   i n t e r p r e t a t i v e   r e p o r t  can be ,1 
obtained i n  the   F la thead  R iver   Bas in   da ta   repor t  (Sheehan e t  aZ. i n   p r e p a r a t i o n ) .  . .  

A .  Heavy. Metals 
, .  1 

1.  'Sediment - Cu, Fe, Pb,  Zn,  Cd,  Co, N i ,  Mn 

Heavy m e t a l   l e v e l s   i n  bed  sediment  were  measured i n  o r d e r   t o  document 
t h e   e x i s t i n g   l e v e l s   s i n c e   f u t u r e  pH and temperature changes occu r r i ng  

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

a)  Non-residual  metals  (chemical  methods,  Table 4)  i n  bed 
sediment c o l l e c t e d   i n   p i c k l e   j a r s  (Cu,  Fe,  Pb, I n ,  Cd, 
Co, N i )  

Heavy meta l   ana lys is  was conducted  on  set t led  sediment  col lected i n  
p o l y e t h y l e n e   p i c k l e   j a r s   f o r   t h e   p e r i o d   A p r i l  12,  1976 t o  August 5, 
1976, (Fig.  3 and 4) and  August 5, 1976 t o  September 11, 1976 (F ig .  
5 and 6 )   a t   s t a t i o n s  1 and 3 respec t i ve l y .  The a r i t h m e t i c  means 

and s tandard   dev ia t ions   ca lcu la ted   f rom  the   o r ig ina l   da ta   (Tab le  11 ) 
f o r  each o f   t h e   t h r e e   d e f i n e d   p a r t i c l e   s i z e  ranges  are  presented i n  
Fig.  3 - 6. These  samples  were t a k e n   p r i m a r i l y   t o   g i v e  an e x i s t i n g  
heavy   meta l   leve l   assoc ia ted   w i th   recent ly   se t t led   sed iment  above 
and  below the  proposed  coal  mining  development.  There  appears  to be 
a t rend  in   the   da ta ;   meta l   concent ra t ions   inc rease wi th a decrea,se 
i n  sediment p a r t i c l e   s i z e .  The la rge   su r face   a rea   t o  volume r a t i o  
assoc ia ted   w i th   the   smal le r   par t i c les   p robab ly   accounts   fo r   the   h igh  

t h a t   t h e  

which was 
i t a t e d  

concentrat ions  o f   non-res idual   meta ls .  It should be noted 

' w a l l s   o f   t h e   p i c k l e   j a r s  were  coated  wi th   fer r ic   hydrox ide 
not  recovered. Thus t h e   l e v e l s   o f   i r o n  and o ther   coprec ip  

metals  could be h igher   than  ac tua l l y  measured. 

b )   To ta l   meta ls  i n  bed  sediment co l lec ted   by   sc rap ing   the  sed 
Whir l-pak bags  (Cu, Fe, Pb,  Zn,  Cd,  Co, N i )  

imen t   i n to  

The t o t a l   c o n c e n t r a t i o n   l e v e l s   f o r   m e t a l s   i n  bed  sediment c o l l e c t e d  
' . a t   t h ree   samp l ing   s i t es   (F ig .  7, Table  12)  were measured.' 



0 1 I 1 
0-180 l a860  850-2.000 

particle size  range (4) 

10 i i  

1 
5 
I 

0-180 180850 856-2,OW 
particle size  range ( 4  

I Cedmium (Cd) 
2 

1 '  

' 0-180 180-850 850-2.000 
particle size  range (41 

6 i *  6 

0- 
0-180 180-660 8W-2,OOO 

particle size  range (41 

* .  
, Led (Pb) Nickel (Nil 

20 .  10 - 
. .  

10 ' i ; ' 5  6 : , , ' t ,  i . '  
I i 

. .  
Oi @;a lR& 8d2,oOO 0 0.180 1 18O.sW I 860-2,OOo I 

. . panicleria r w ( y )  paiticle size  range UJ 

Fig. 3 ' Non-residual metal concentrations in bed sediment  samples'collected in'pickle 
jars at station 1 from  April 12, 10.76 to August 5, 1976. l l e  solid circle and the 

. .  vertical bars indicate the mean f one standard deviation. The number above the 
bar indicates the sample  sire. 

. .  



iron  (Fel 

4,000. - 
6 

.! : 
2,000 - 

0' I '  I 1 
0-180 180-850  850-2.000 

particle rize range (4) 

i 

5 i 5 

* i  
0 0-180  180-850  850-2.000 

particle size  range (4) 

5 

I 
i 

0- 
0-1 80 180-850 850-2.000 

particle size  range (4) 

I 

MONTANA 

. L a d  (Pb) . Nickel (Nil  
20 - - 10 8 
10 i i i  I - f '  i 5 -  

0' I I J I, I 1 I 0 ,  
0.180 180-850  850-2.000  0-180  180-850  860-2.000 

particle size  range (4 1 particle size  range ( 4  

F i g .  4 Non-residual metal concentrations in bed  sediment  samples. collected in pickle 1 
jars a t  station 3 from April 12, 1976 to June 14, 1976. The,solid circle and the 
vertical bars indicate the. mean  one  standard  deviation. The number above the 

, .  . bar indicates the sample  size. 



35 ' 

2,000 - 
. .  

P P 

5 

MONTANA 
. .  

1 Nickel (Nil 



I Iron  (Fe) 

48- t 

0 I I 1 

0-180 180850 8W-2,000 
particle size  range ( y )  

. Copper (CUI 
20 - , .  

10 - i 
? 

i 
0- 

0-180 180-850 850-2.000 
particle size  range ( A )  

Cobalt  (Co) 

0-180 180-850 850-2.000 
particle size  range (4) 

6 36 

10 ' 

0 
0-180 180850 850-2.000 

particle size  range & ) 
I 

t Cadmium ( C d )  

4 

2 IJ. 
' 6  

0 
0-180  180850 850-2.000 

particle size  range (4) 

8 
8 

- L e d  (Pb) . Nickel (Nil 

20 - 10 - 

10 
I ;  6 - : , . ;  ; 5 -  

€ I i 
0 -  I 1 b 1 

O r  ' O-lSO 180-kl  8d-2,OOO 0-1 80 180-850 860-2,OOO 
particle size  range (4) particle size  range & ) 

F i g .  .'6. Non-residual  metal  concentrations in bed  sediment samples collected in pickle ' I  
jars at station 3 from August 5, 1976  to September 11, 1976. The solid circle 
and the  ,vertical bars indicate  the  mean & one  standard  deviation. The number 
above the  bar  indicates  the sample  size. I 



6 
, Iron (Fe) 

20.OOo- ' f 

l0,Ooo - 

. 
0-. 

station 1 station 2 .station 3 

T 

F Copper (CUI 
100 

60 

40 =I--. f , ,  I, *! 
20 

r 

0) 

3 0 '  ' 
station 1 station 2 station 3 



38 

h 

v) 
E 
0 
&I 

.d 
a 

IO 
b o  
0 
N 

1 
0 
v) 
00 
v 

m m m m o m  
M r l V ) M r l O  . . . . . .  

. .  

000000 
000000 
252222 I 

I 1 T 
000000 
000000 
b b P I M m b  
N N N N r l N  

I N I  r l I  

0 0 0'0'0 0 
000000 m m m m w m  
N N N N N N  

l n ~ P I W m 0  
o o o o o r l  
""MM 
I I I I I I  u u u u u u  



. : 

. .  

. .  

1 . .  . 

. .  

1 

00 
9 

0 
d 

0 
N 

d 
rl 

Ln 
00 

w 0 

W 
N 

0 
0 

0 
hl 

9 

Ln 
d 

rl 

d 
9 

0 
M 

0 
N 

00 

0 
In 
M 

rl 
N 

0 
0 

0 
hl 

9 

0 
M 

rl 

W 
9 

Ln 
9, 

Ln 
rl 

L n  

0 
00 

0 
I- 
M 

0 
N 

0 
0 
9 
rl 
hl 

M 
M 

rl 

0 
M 

l-l 
0 

d 

In 
\o 

0 
0 
M 

0 
N 

0 
0 

hl 
0 
9 

00 
rl 

r( 

v) 
M 

2 

W 

0 m 

0 
M 
d 

N 
M 

0 
0 
9 
N 
N 

0 
M 

rl 

W 
9 

0 
M 

0 
N 

d 

0 
M 
rl 

0 
0 
I- 

Ln 
hl 

. .. - 
. .  

0 
0 
9 
0 
N 

0 
d 

hl 

I- 

9 

3 

0 
N 

Ln 

0 
M 
rl 

0 x 

\o 
N 

0 
0 
.9 
hl 
N 

d 
N 

hl 

39 I '  

M 

9 

t- 
hl 

Ln 
rl 

d 

2 
rl 

N 
0 
I- 

00 
N 

0 
0 

0 
hl 

3 

00 
hl 

hl 

W 
-. 

Ln 
rl 

W 

0 
d 
M 

0 
0 
v) 

v) 
N 

0 
0 
9 
h 
rl 

0 
0 

hl 

v) 
rl 

0 
hl 

2 
N 

v) 
N 

00 
I- 

O 
Ln 
M 

d 
N 

0 
0 
3 
In 
rl 

d 
00 

.M 

e 
9 

W 
N 

2 
N 

m 

Ln m 

0 
Ln 
d 

d 
(v 

0 
0 
0 
t- 
rl 

. 

N 
b 

M 

d 
9 

0 
N 

4: 
hl 

Ln 

0 m 

M 
9 

N 
N 

2 

N 

x 

t % g  
0 0  

N O  
N N  

0 0  
0 0  

M M  
9 9  
r l r l  

M M  

M 
rl 

d 
N 

0 
hl 

0 
rl 

W m 

0 

d 
v) 

W 
N 

0 
0 

00 
rl 

9 

0 
00 

M 



40 . .  

, ' The total  'levels  are approxi,mately three to  ten times 'h igher  than 
the non-residual levels  collected in pickle jars for  each  metal 
(Table .11 and 121. The di,fferences i n  fteld sampling techniques 

' .  and analytical methodology (Table 4) , associated , w i t h  non-residual 
, ' metals and ' t o t a l  metals are  reflected in the magnitude of the 
' ' levels measured. . .  

2..  Water .- Ba, 'Cd, Coy C u ,  Fe, Pb, Mn, Hg, Ni, 
Z n ,  As,  Se 

,Canadian  Drinking Water Standards are based on criteria.which  are 
acceptable t o  the Department of National Health and Welfare, Canada. 
Our comparisons w i t h  drinking water standards .are  interpreted with,,..cau- 
tion. Compl iance w i t h  d r ink ing  water standards doesn't  necessarily 
mean t h a t  biota. and ungulates are adequately protected  as  sub-lethal 
effects on many aquatic organisms and some ungulates are not known. 

The  mean metal levels for the water  samples  taken on the' Flathead. River 
(stations 1 ,  '3.  and 5 )  for 1975 and 1976 were  barium .11 mg l - l ,  cadmium 

lead .001 mg l ' l ,  manganese .015 mg -l, mercury .05 pg 1-1 , nickel. .001 
mg l - l ,  zince ..003 mg 1-1 , arsenic .0003 mg I", and selenium .OOOl .mg 
1-1 (DATA SOURCE NAQUADAT). These levels  are a l so  representative 'of 
those measured on, the tributaries of the Flathead  River  Basin. These 
mean levels  .are a l l  below drinking water standards. 

.. ~ 

. .  .003 mg 1 , cobal t  .001 mg 1 , copper .001 mg 1 -'. iron .27 mg 1"l , 

: I  

I 

The d r i n k i n g  water standard of .05 mg 1 for manganese (Canadian Dept . 
National  Health and Welfare,  '1968) was exceeded on April 12 ,  1976 a t  
station 8. On t h a t  date,  the  level  for a single grab sample was .06' mg 
1-'. The acceptable standard of .05 mg 1-l  for manganese in  water was 
measured on April 10, 1976 at .station 3 and on April 12, 1976 a t  stations 
3 and 6. R 
Barium  exceeded the.  drinking water standard 'of 1 .O mg 1-1 (Canad.ian  Dept. 
National  Health and Welfare,  1968) on February 5, 1976 a t  station 2 and 
3 .  The levels were 1.5 mg 1-1 and 1.6 mg 1 - 1  respectively ( F i g .  8): The 
high levels of barium may be accounted for by the f ac t  t h a t  there  are 
barite (BaS04) deposits in the Flathead.watershed,. H i g h  barium concen- .,, 

trations  also correspond t o  period of low discharge when groundwater 
contributions t o  base flow appeared to be high. I 

, ,  ' I 
. ~. .. 
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3 .  Algae 

The levels  ( p g  g - l  dry  weight)  of  copper,  iron,  lead and zinc  in  the 
Flathead  River  algae  are  reported i n  Table  13. The concentrations 
of these  metals  are  greater  in the algae  than i n  the ambient  water. 
The metals  in a t tached  algae can be related t o  uptake a t  specific 
locations. The present  levels o f  metals i n  the Flathead River algae 
can be considered background levels;   concentrations  for  al l  samples 
(Table  13) were  low  compared to  other  healthy  r ivers  in the nearby 
Kootenay River  Drainage  Basin  (Water Quality Report in  preparation). 
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4. Macroinvertebrates 

Nehring (1976) found  that the metal  levels in many  invertebrates  are 
related by a predictable  reproducible  factor  to  metal  levels in water. 
In the present  study,  methodology  problems  associated  with the' collec- 
tion  and  preservation o f  'invertebrates  invalidated  the  measured  levels 
of these  metals in invertebrates. No further  discussion of results is 
warrented. 

. .  
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Fish 

The ranges (pg g-' wet we,i.ght) for mercury, copper, iron, lead, and 
zinc i n  the Flathead. River Basin for  Slimy. Sculpins, (Cottus cognatus) 
are given i n  Table 14. There were no observable differences i n  the 
metal levels for Slimy Sculpins between stations i n  the Flathead  River 
Basin. Slimy Sculpins were caught by 'personnel from the F i s h  and Wild- 
life.,  Nelson  Regional  Branch and were selected for metal analysis 
because of their abundance and non-migratory behaviour i n  the' Flathead 
River. Between, 5 and 9 Slimy Sculpins were  homogeni,zed- for chemical . .  

analysis and reported .metal levels  are for whole. fi,sh. Metal, concentra- . .  

tions i n  whole  Slimy -Sculpins are probably  higher than concentrations 
i n  fish flesh alone, a pattern observed i n ,  other fish species (Rehnoldt 
et aZ. 1976). The metal levels measured for the S1 imy ScuJpins are 
below the Canadian Food and Drug Directorate  regulations set .for edible 
fish flesh (see Table 14) .  

. .  

. .  

. .  

. .  
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B. Nutrient - 
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1. . Sediment 

Settled  sediment,  collected by  hand from  wadeable  portions of  the  river 
at  station 1 (upstream o f  the  proposed coal  deve1opmen.t) and s,tation 3 
(at 'the  International  Boundary)  were  analyzed for. total phosphorus, 
particular  carbon, and particulate  nitrogen. This data  provides  only 
minimal  information on total phosphorus,  particulate  carbon and particu- 
late  nitrogen  levels  present in .newly  settled  sediment. 

, .  
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2. Water 

Dissolved nitrogen i.n the Flathead River occurs mai,nly as ni.trite plus 
'nitrate. In the Flathead Ri.ver, the  biologi,cally important nutrient, 
n i t r i te  plus nitrate  is  present in-concentrations of .usually.< .050 mg 
1-1 (Fig.  9 ) .  The ni t r i te  plus nitrate values i n  the Flathead River 
are  usually lower than the  levels found f n  the Kootenay  System 
(Whitfield, MS 1979; Thorp, MS 1980). The concentration of the nutri- 
ent ammonia which is a l so  readily usable by algae i s  generally < -.025 
mg 1-'. The concentrations of dissolved organic nitrogen compounds 
such as  urea, uric acid, and xanthine were calculated by subtracting 
the ammonia and the ni t r i te  p l u s  nitrate concentrations from the total 
dissolved  nitrogen  concentrations ( F i g .  10) .  The levels for dissolved 
organic nitrogen were usu'ally < .075 mg 1-'. 

The dissolved phosphorus levels are all  .020 mg 1-1 in the Flathead 
River (see Fig. 11 ) . Total phosphorus level s were a1 so measured (see 
F i g .  12)  because a degree of uncertainty i s  associated with the forms 
'of phdsphorus available for  p l a n t  growth (Stewart 1974).  The levels 
are  similar t o  those found i n '  the B u l l  and Elk Rivers (Whitfield, MS 

1979). Three of 376,  samples  taken for total phosphorus  exceeded d r i n k -  
- ing'.water standa.rds. These  were associated with  high  suspended  sediment . .  

levels and slush  ice  conditions a t  the time o f  sampling. 

Nitrogen and phosphorus besides being present i n  the aqueous component 
of the river ecosystem can also be stored  as  surplus  reserves. in algae.  
Since the water nutrient d a t a  misses these  other components, caution 
must  be  used  when predicting  nutrient  related  algal growth potentials. 
The low biomass values measured in the Flathead  River (see  section 1 
Biomass p. 68) and the low nitrogen and phosphorus levels found .stored 
i n  algal  cells  (see  section,.2 Chemical  Composition p. 71)  indicate the 
nitrogen and phosphorus levels in the water remained low and/or unavail- 
able throughout the study period. 

. .  
. ,  . . .  

. .  .. , . 1 .  
. .  
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The solid circle and the vertical bars indicate the mean 2 one standard 
deviation. A solid circle without bars indicates the mean of six replicate 
samples with  a zero standard deviation. The number above the bar indicates the 
number of consecutive  days that the six replicate samples were taken. 
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11 Concentrations of dissolved  phosphorus  (Diss. P) in the  Flathead  River Basin, January - December, 1976. 
The solid 'circle and the vertical bars indicate the mean & one  standard  deviation. 
A solid circle,  without bars indicates  the mean of replicate sample with a zero 
standard deviation. The  number  above the bar indicates the number of consecutive 
days that replicate samples  were taken. 
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F ig  .. .a:. ' . ncentrations of total phosphorus (T'- P) in  the Flathead  River Basin, January - December, 1976. 

The solid circle and the vertical bars indicate the mean & one  standard 
deviation. A solid circle without bars  indicates the mean of .six replicate 

.samples.with . a  zero  standard  deviation,  The  number above the barindicates the 
number of consecuti.ve  days that  the six  replicate samples  were  taken. 
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Tab1.e 18 identifie.s  occasions when  means derived from sets of s i x  
simultaneous  repli.cate  nutrient samples collected on a number of con- 
secutive days were significantly  different.  Table  19 identified signif-  
icant  differences i n  mean concentration over five sampling trip.s. These 
data  exhibit  the  occurrence o f  significant  short  term temporal variations 
i n  nutrient concentrations which make interpolation o f  concentrations 

'between sampling times a questionable exercise. For this reason it i s  
considered  preferable  to  identify  loadings  (see  section 3 Transboundary 
loading  calculations p. 56) w i t h  instantaneous  concentration rather than 
to..attempt  to  calculate  uncertain monthly or annual loading  values. 

: Transboundary loading  calculations 

Ecologically  important  daily  loading  figures  for  total  phosphorus, 
n i t r i t e  plus n i t r a t e ,  and sediment (non-filterable  residue) were calcu- 
lated.  Water Survey of Canada supplied dimscharge data .from the  Interna- 
tional Boundary Station. The calculations for total  phosphorus and 
n i t r i t e  plus nitrate  daily  loads  are based on concentration means a t   t he  
time of sampling and their  associated  errors (Table 20). The error  
associated w i t h  flow measurements i s  unknown and was not  included i n  the 
loading  calculation. 

'I: = 2.45 ( E  x Q )  

mean Concentration  value  determined from C 
- 

Q 

1 

2.45 

SDL 

a 

- 
C 

. SDL 

six replicates mg 1-l 

daily flow f t 3  sec-l 

mean load kg day-' 

1 
I 

conversion  constant mg-' 1 f t -3  sec kg day-' 1' 
- X Q  
U 

C 
- 

standard  deviation of the six replicate  concentration 
values . 
mean concentration  value  determined from six replicates 

standard  deviation of the Load 
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The large  error  associated w i t h  the  load  calculation  for  total phos- 
phorus on February 5, 1976 can be explained by the  presence of slush ice. 
Sediment particles  are  often  attached  to slush ice and when the water i s  
sampled, these  particles along w i t h  some of  the  ice may  be collected 
result ing i n  erratic  concentration  values. The range fo r  s-ix total  
phosphorus replicates taken on February 5, 1976 was .008 mg 1 -1 
t o  4.155 mg 1-1 w i t h  a mean value of .760 mg 1 -'. The errors.  associated 
w i t h  n i t r j t e  plus ni t ra te   calculat ions,  however, cannot be explained. 

C.  Acidity 

Acid water conditions  occur when oxidized  products of  pyrit ic  materials  are 
present i n  the water i n  sufficient  quantit ies  to  affect   the- pH. The 
oxidation of pyritic  materials  associated w i t h  coal can be described by the 
fol.lowing reactions (Ahmad 1974) : 

FeS2 ( s )  + T,02 7 + H20 = 2SOi2 + Fe+2 + 2H+ (1) 

Fe+2 + + O2 + H+ = Fe +3 + - H O  1 2 2  

Fe+3 + 3H20 = Fe(OH)3 + 3H+ (3) 

The overall  relationship i s  .described below: 

FeS2(s) + 4 15 O2 + - H 0 = 2H2S04 + Fe(OH)3 7 
2 2  

The sulphur  content  of  eight  core samples which  were taken from eight 
different coal seams  from the  Flathead  coal  deposits i s  between 0.46 per-  
cent and 0.69  per cent (Rio Algom, unpublished data) .  The s u l p h u r  content 
associated w i t h  coal-  deposits i n  the  Flathead  Valley is  low  compared w i t h  
the  content of  sulphur associated w i t h  deposits i n  the  eastern United States 
where acid  production from coal mines i s  a problem. The sulphur  content 
of coal deposits can vary from 0.55 percent t o  4.25 percent  (Tennessee) 
Valley-Authority,  1968). The oxidation  rate which is  a function of the 
oxygen concentration,  temperature,  degree of surface  saturation by water, 
and pH of the  solution i n  contact w i t h  the  pynite i s  important i n  SO4 

- - 
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I 
formation. 

The E l k  River which does not  appear to  have experienced  decreases i n  pH as  
a resu l t  of the coal-mining ac t iv i ty  i n  the Fording-Sparwood-Fernie area 
i s  located i n  an  adjacent  drainage  basin. The coal from the Elk River 
basin and the  Flathead  River  basin i s  part of the Kootenay formation ( B . C .  
Dept. . o f  Mines  and Petroleum  Resources ¶ 1976).  The  El k River. has average 
levels of a1 kal i n i ty  of 100 mg 1 -' and an average. pKof 8.0 above the coal- 
min ing  ac t iv i ty  (Rocchini ¶ 1976). These levels  are  similar  to.  the  level s 
found i n  the Canadian section of the  Flathead system (see  Figures  13 & 14). 
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F i  9, 13 Total  alkalinity measurements in the Flathead River  Basin,  January - December. 1976. 

Each dot represents a single  measurement. 
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D .  Suspended Sediment 

The concentration o f  suspended sediment i n  the Flathead  River fluctuates 
w i t h  the flow r e g h e .  High concentations of suspended sediment are  associ- 
ated w i t h  the  freshet  period. On the  Flathead  River this period  occurs i n  
the spring, (April  13, 1976, a level of 120 mg 1-1 and May 28, 1976, a 
level of 150 mg 1-1 a t   s t a t i o n   3 ) .  Low concentrations of suspended sediment 
were noted d u r i n g  the low flow period,  (i.e. Augus t  5, 1976, a level of 2 rng 
1-1 and September 1 2 ,  1976, a level of 1 mg 1 - l  a t  station 3 ) .  Logging, 
road construction, and exploratory m i n i n g  were in  progress d u r i n g  the study 
period . 

Suspended sediment can affect  the  light  penetration,  the  temperature and the 
survival of aquatic  organisms. For example, Dolly Varden deposit eggs i n  
the  gravel o f  the  Flathead  River and i t s  t r ibu tar ies  from early Augus t  t o  
October, when. suspended sediment concentrations  are low. The eggs incubate 
over  the  winter months  and hatch i n  the  spring.  Increases i n  suspended sedi- 
ment concentrations d u r i n g  the  incubation  period could lead to  increased 
sediment deposition, and the smothering e f fec t  i s  known to cause egg mortal- 
i t y  i n  salmonids, (McNeil & Ahnell 1964; Lanager MS 1975). 
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E. Carbon (Total  Organic Carbon  and Total.  Inorganic Carbon) 
and  Phenol i t s  im Water 

1 
I 
I 
1 
I 
1 

The concentrations d u r i n g  the  study'period  for  total  inorganic carbon 
ranged from  a maximum of 35 mg 1-1 (for September 11, 1976) to  a minimum 
of 18'mg 1-l ( f o r  June 14,  1976).  Total  organic  carbon ranged from a 
maximum of  95 mg 1-1 ( fo r  May 28, 1976) w i t h  a minimum value  of < 1 .O mg 1-1 

(for S.eptember 11, 1976) a t   S ta t ion  3. The significance of total  organic 
carbon and total  inorganic carbon levels i n  the water can only be given 
limited interpretation unless the chemical compounds present are   ident i f ied.  
Of the organic compounds present only  phenolics were analysed. They 
remained below the detection limit o f  1 g 1-1 throughout the study  period. 

I 
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F. Ions (Ca, Mg, K ,  Nay C 1 ,  F, S i ,  SO,) - 

The ions measured  were a l l  below the water qua l i ty   c r i te r ia  recommended 
for  d r i n k i n g  water  standards  throughout  the  basin  over  the study period 
(EPA 1972, Canadian Dept. National  Health and Welfare, 1968). 

A summary of the  data i s  presented i n  Table 21. 
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The detailed  algal  data  not found i n  th is  interpretative  .report  can be 
obtained i n  the  Flathead  River Basin data  report (Sheehan et aZ. i n  Prepara- 
t i o n ) .  

A.  Periphytic Algae 

1. Biomass 

a )  Chlorophyll a determined Biomass: 

Chlorophyll a estimates  of  algal biomass differed  greatly depending 
on the sampling methodology used (see methods sect ion) .  Chloro- 
phyll a (mass per u n i t  area)  estimates based upon subsamples from 
rocks  (Stockner Armstrong sampler) were always  .higher  than e s t i -  
mates obtained from sampling en t i r e  rocks and resu l t s  must be 
interpreted w i t h  care  (Figure  15,  16). Most probably  those  regions 
on the rocks w i t h  densest  algal growth were  unknowingly selected 
when u s i n g  the  Stockner Armstrong sampler.  Chlorophyll a levels  

obtained from en t i r e  rocks were usually  less  than 1 .O mg my' 
(Figure 15).  These values  are  extremely low  and closely comparable 
to  values found i n  ultra  oligotrophic systems such as  Carnation 
Creek on Vancouver Island where chlorophyll a values i n  non-estuary 
regions  averaged  1.9 mg m (Stockner and Shortreed  1975). On 
si te  observations  indicated  that   algal growth i n  the Flathead Basin 
was qui te  patchy  both between rocks and on individual  rocks. 
Occasional h i g h  chlorophyll a levels  from en t i r e  rocks  (once a t  
s ta t ions  5  and 2 )  were not d u p l  icated i n  rep1 i ca t e  samples and 
appear to  represent  rocks  that had unusually h i g h  algal growth. 
These values were l e s s  than 20 mg m-2 and s t i l l  indicative of 
oligotrophic  waters  (values i n  oligotrophic, Lake Superior  range 
from 14.9 - 73.5 mg m-'; Stokes e t  aZ. 1970). 

-2 

Chlorophyll a values  obtained from subsamples off  rocks  exhibited 
. some va r i ab i l i t y  w i t h i n  the Flathead  River  Basin.  Chlorophyll a 
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F i g  . 15 Regional  and hasonal variations in  the  amount of chlorophyll u attached to rock substrates (entire  rock sam'pled) at an 
approximate  depth of O.Sm -in  the  Flathead River Basin. April - September, 1976. Solid circles represent chlorophyll values . ' 

from single  samples, circles with  downward  pointed arrows  represent below  detection  limit values; horizontal lines represent 
mean values. 
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F i  9 ,  1 6 Regional  and  seasonal variations in the amount of  chlorophyll u attached to rock substrates ("SA scraped  rocks") a t  an 
approximate depth of 0.5m in the Flathead  River  Basin, April - September, 1976. Solid circles  represent chiorophyll values 
from single  samples,  c,ircles with downward pointed arrows  represent  below detection limit values; horizontal lines  represent 
mean  values. 
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levels were generally  highest in Howell  Creek a t  stations 2 and 7. . 

Dissolved  phosphorus levels, d u r i n g  non-freshet  periods, were often 
s l igh t ly  higher a t  these  stations than elsewhere, and probably 
permitted denser a1 gal populations t o  develop on selected  areas of 
the rocks i n  Cabin and Howell Creeks.  Chlorophyll a levels were 
only occasionally h i g h  on the mainstem.Flathead River and a t  station 
9 located on Couldrey  Creek. 

Organic Biomass 

Organic  biomass (ash free  dry.weight)  estimates of  community  biomass 
also  indicated t h a t  the Stockner Armstrong  subsampl  ing  method select- 
ed for areas of densest biomass on single rocks (Figures 17, 18). 
Biomass  measured by this method tended t o  be higher t h a n  comparable 
chlorophyll a estimates of  biomass. Any contamination i n  the samples 
such as  organic sediment, leaf   l i t ter ,  or invertebrates would of 
course, re.su1 t in an exaggerated estimate .of algal organic biomass 
bu t  would not affect chlorophyll a estimates. Generally organic 
biomass values were  below 3.0 mg cm" , indicative of unenriched, low 
nutrient water (Pitcairn and Hawkes 1973;  Northcote e t  aZ. 1975) 
b u t  certainly above values. found i n  ultra 01 igotrophic waters 
(Stockner and Shortreed 1975). Trends i n  org'anic biomass d i d  
parallel chlorophyll a trends w i t h  the  highest biomasses  being found 
a t  stations 2 and .7 i n  the Cabin-Howell  Creek .region. Also, station, 
5 on the mainstem Flathead River, had dense algal  growths,durinq 
August. 

2. Chemical Composition 

a )  Nitrogen and Phosphorus: 

During September algal samples  were taken and 
t i o n  of the  cell s' analysed. Nitrogen content 
ug N mg" dry weight algae (Table 22), with a 
mg-l ' . algae. Highest nitrogen levels occurred i n  the Cabin-Howell , 

Creek region and were usually measured in .Nostoc verrucoswn, a blue- 

the  nutrient composi- 
varied from.17 - 41 
mean va1.ue .of 29 pg N 

. .  

green alga t h a t  can fix nitrogen gas (a complete l i s t  of the  algal 
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Regional  and  seasonal variations in the amount of organic  weight  attached to rock substrates (entire rock  sampled) a t  an 
approximate depth of 0.5m in the  Flathead  River  Basin, April - September, 1976. Solid  circles  represent  organic  weight values 
from single  samples; horizontal lines  represent  mean  values. 



73 

15 I 

2 

Regional  and  seasonal variations in the amount of organic weight attached to rock substrates ("SA scraped  rocks") at an 
approximate depth of 0.5m  in the Flathead River Basin, April - September, 1976. Solid circles  represent  organic weight values 
from single  samples; horizontal lines  represent  mean  values. 
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species i,nyolved i n  .these  analyses i,s presented i n  Table 2 2 ) .  
Phosphorus content averaged 1.5 p g  P . .  mg'l dry w e i g h t  algae 
(Table  22). Both nitrogen and phosphorus .content   fa l l '  w i t h i n  the 
range  reported i,n the l i t e r a t u r e  [Healey 1973). However, both 
nitrogen and pho,sphorus content  are low  compared t o  most other 
reports (.typical 1 i t e ra ture  N content is 55 pg N mg-l for  algae,  
typical 1 i t e ra ture  P content i s  11 pg P mg-l for algae).  ' This 
suggests that  algae i n  .the Flathead Basin are  limited. i n  growth by 
low nutrient levels. 

The ratio-!of nitrogen t o  phosphorus (N:P . r a t io )  a1 so provides  valu- 
able  information on factors  affecting  algal growth. The l i t e r a t u r e  
indicates  that   average  cellular N:P r a t io s   a r e  approximately 5:l 
(Healey  1973) , although this r a t i o  can  change dramatically depend- 
i n g  upon the physiological state o f  the plants   (Kistr i tz  1979).  
Most values i n  the Flathead Basin were over 2O:l indicating  that  
populations  are low i n  phosphorus and perhaps  phosphorus limited.. 

Excess Stored Phosphorus: 

Algae store  excess phosphorus i n  their vegetative  cells   for use 
when exogenous  phosphorus i s  1 imi t i n g  (Fitzgerald and Ne1 Son. 1966; 
Stewart and Alexander 1971 ). A1 1 values i n  the Flathead Basin were 
below  a level  of. 1 .O pg mg-I dry weight algae  (Table.23) , consider- 
ed indicativ.e  of . .  phosphorus limited populations  (Fitzgerald  1969). 

. . .  

3.. Algal  Phyla Abundance and..  Succession 

The' attached  algal  flora  consisted of b1,ue-green algae  (Cyanophyta), 
. green algae  [chlorophyta) , diatoms  (Chrysophyta - Bacillariophyceae), 

as  well as  algae  belonging  ,to the Chrysophyta classes - Chrysophyceae 
and Xanthophyceae. 

There was a  marked successi.on i n  the-abundance  of the major algal 
groups tha t  formed the Flathead  Basin  flora. Diatoms, for. instance, 

\ . .  
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were generally dominant in A p r i l ,  the Chrysophyc.ean alga ~&drmms 
foet idus was important i n  June, whil'e green a1 gae were volumetrically 
important  in August and September (Figures 19, 20). Blue-green a1 gae 
were sometimes abundant in April or in August and September. If 
samples are  collected  in  future  years  the  inherent  periodicity of the 
algal.  groups  should .be considered when interpret ing  the  resul ts .   I t  
should be noted that  samples collected  either by subsampling rocks or 
by scraping  entire  rocks  generally showed comparable results  (Figures 

I .  

19, 20). 

Besides the  seasonal  pattern  there were also  dist inct   spatial   varia- 
t ion i n  the  distributions of  the  al.gal  phylas. In  the Cabin-Howell 
Creek, area  (stations.  6 ,  2 and 7) blue-green algae were much  more 

. . abundant  than elsewhere i n  the Basin. T h i s  was primarily due t o  the 
abundance o f  the  ,large  colonial  blue-green  alga Nostoc  verrucoswn. 
The denser  algal biomasses i n  the Cabin-Howell Creek region (Figures 
15 - 18) are  also  associated w i t h  th i s   l a rge  blue-green alga. Couldrey 
Creek 'a1 so had periods of Nostoc mrrucoswn dominance. Blue-green 
dominance i n  Sage Creek were' not  associated w i t h  Nostoc b u t  occurred 
instead a t  a time when community biomasses and abundanc.ies  of o t h e r ,  
algal  phylas were particularly low. 

. .  

4. Species Composition 

a )  Green A1 gae 

Ten,species of green algae were identified.  i n  the  .periphytic  algae 
of the F1,athead Basin (Table. 24) .  . In addition, one other  green.  alga, 

Haematocochs ,sp. was i n  the  water-filled rock  pools  alongside  the 
upper reaches  of Cabin Creek. Although several  green  al'gal  species 
were often  present i n  individual  samples,  only U2othri.x zonata, 

' . StigeocZoniwn spi ,   or  Monostroma sp. were vo1~umetrically  important. 

, '  , . . I  Both' ' , .  uZot,h$z.zbmta.,and . . .  StCgeocZonik, s p .  were widespread i n  t he i r  
"'.di'stribution i n  the  Flathead  Basin.  'The distribution and abundance 
of u. zonuta the most common of  the two algae i s  . i l lustrated  in 
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Fig. 19 Regional  and seasonal variations in the average  percentage  abundance (by volume). of diatoms, green  algae,  and bluegreen 
algae  attached to rock substrates (entire rock sampled) at an approximate depth of  0.5m in the Flathead River  Basin, April . 
September, 1976. Vertical bars  represent  mean  percentage  abundancies of two samples from different rocks. 
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~ i ~ .  20 Regional  and seasonal variations in the average  percentage  abundance (by volume) of diatoms, green  algae, bluegreen algae 
and  Chrysophyceae (Hydrufus) attached to rock substrates at an .approximate depth of 0.5m in the Flathead River  Basin, 
April - September, ,1976. Vertical bars  represent  mean  percentage  abundances of two samples from  different."SA scraped'' 
rocks. 



TABLE 24 . A 1 
and 
o f  

Spec i es 

Cyanophyta 

80 

. .  

i s t  of the  Cyanophyta,  Chlorophyta,  Chrysophyceae 
Xanthophyceae-  species  occurring i n   t h e   p e r i p h y t o n  

the  Flathead  River  Basin, 1976. 

t 
Lyngbya. spp . 
Microcystis Sp. 
Nostoc verrucoswn. Vauc her 

Oscillatoria Spp. 
Raphidiopsis - l i k e  

Rivularia Sp. 
Tolypothrix Sp. 
Un ident i f ied   spec ies  
Unident i f ied  Chrococcales  .species 

Chlorophyta 

CZosteriwn Sp. 
Haematococcas sp. ( i n   r o c k   p o o l  S) 

Microspora 
Monos  troma S p . 
Mougeotia 
Spirogyra s p . 
StigeocZoniwn s p . ' '  . 

Tetraspora , S p . 
U Zothrix sp. 

U1othriz"zonata (Ubber & Mohr)  Kutz. 
U n i d e n t i f i e d   f i l a m e n t  

. .  

Chrysophyta - Chrysophyceae 
. . .  

Hydrurus foetidus (Vi 1 1 . ) Trev . 
Chrysophyta - Xanthophyceae 

Tribonema, ' S p . , . , 
. .  

Occurrence 
En t i re   rocks  SA rocks 

X 

X 
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Figure 21. This species is frequently found i n  cold  streams 
(Prescott 1962) and i n  the  Flathead Basin was present a t   a l l  
sample stations.  

Monostroma sp. was restr ic ted i n  d is t r ibut ion  to  Cabin  and  Howell 
Creeks (s ta t ions 6 and 2 )  and to  Couldrey Creek (s ta t ion 9 ) .  The 
freshwater  species of Monostroma are  found i n  alpine and subalpine 
streams around the world (Parker et aZ. 1973). In the.Flathead 
system i t  was most common a t   s t a t ion  6 i n  the upper reaches of 
Cabin Creek, a h i g h  al t i tude  location where the  creek.consisted of 
a ser ies  of cataracts .  A t  this sampling location Monostroma sp. was 
often  the  only  alga i n  large  sections of the  r iver.  (Near the edge 
of the  creek Monostroma sp. occurred w i t h  Nostoc verrucoswn and 
some species of .diatoms.) In the United States ,  Parker et aZ. 
(1.973) report  the  occurrence of Monostroma quatemzariwn (Kutz . ) 
Desmaz. i n  s.treams drai'ning  into  the Middle Fork of the  Flathead 
River. In .this U.S. section o,f the  Flathead Basin Monostroma 
q'uaternuriwn grows best i n  cold r u n n i n g  semi-shaded streams (.such as  
Cabin Creek, s ta t ion 6 ) ,  although i t  will   tolerate a wider range of 

. .  l . i g h t  , < .  intensity. Monostroma also has an apparent  preference  for 
iron-rich (and perhaps sulphide-rich)  locations  (Parker et aZ. 

1973). 

. .  

. .  

.' b )  B1 ue-Green Algae 

Nine species-of  blue-green  algae were identified from the  periphytic 
f lora  ,of the  Flathead' Basin (Table 2 4 ) .  Most. species were widespread 
in  distri,bution b u t  rare  i n  numbers. However, Nostoc verrucoswn was 

. .  most -abundant, a t  the. Cabin-Howell  Creek locations  (stations 6,  7 and 

'; 2 )  where'the  flora was sometimes composed ent i re ly  of this species 
of Nostoc (Figure 22.). Nostoc verrueos'm was also abundant i n  
Couldrey  Creek. I t  was generally  not  encountered i n  the mainstem 
Flathead  River  except for  occasional  populations growing a t   s t a t i o n s  
3 and . .  5. I t  was never found , a t  . stat ion 4 i n  Sage Creek. Nostoc 
verruco,s+ grows on rocks and stones i n '  several.  rivers [Huber-Pestalozzi , 

. .  . 

. .  

. .  
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Fi 9, 21 Regional  and  seasonal  variations in the  percentage  abundance of Ulothrix zonofo attached to rock  substrates at an  approximate 
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1938) and has a number of  adaptations which allow i t  to  f lourish i n  
. . low nutrient,  oligotrophic  waters. Like other,  Nostoc species N .  

verrucoswn has the   ab i l i ty  t o  f ix  atmospheric  nitrogen. Also,.N. 
verrucoswn.can  accumulate  phosphate from the environment much fas te r  
t h a n  other  species of Nostoc and the r a t io  of phosphorus in N. 
verrucoswn to  phosphorus i n  water . i s  highest i n  water containing  the 
l ea s t  amount .of  phosphorus ( W h i t t o n  1967). Whi tton (1967). suggests 
that   the presence of N. verrucoswn i n  British waters w i t h  .low 
phosphorus. values ( 2  - 3pg 1 - l )  i s  re la ted   to   the   a lga ' s   ab i l i ty   to  
accumulate  phosphorus. 

.. c )  Non-Diatom Chrysophytes 
, .  

Only two non-diatom ch.rys'ophytes were identified,  Tribonerna sp. 
(Xanthophyceae) was found once growi.ng on a plexiglass  Plate. The 
.other  species, Hydmcmcs foetidics (Chrysophyceae) , was very common i n  
June b u t  not  present a t  any other  time. During June H.  foetidus was 

. .  

. .. 

' ' generally  the most abundant alga i n  the  Flathead  Basin; Sa'ge  Creek 
(station  4) being the  only s i t e  without H. feotidus (Figure  23). 
H y d r r n s '  foetidus is  also  reported. growing i n  subalpine  streams 

.. draining'   into  the U.S. portion  of  the  Flathead  River  (Parker e t  aZ. 

, ' 1973). A1 though H. foetidus prefers h i g h  ' 1  i g h t  intensit ies  (Parker 
' . e t  a'Z. 1973) the . .  major factor  regulating H: foetidus is water 

temperature. I t  i s  found i n  cold.,  usually mountai..nous, streams 
throughout  the world (Stein 1975; Bourrelly 1974; Levadnaya  and 
Kuz"mina' ,1974;. ,and.'Squires' e t  aZ. 1973).  Parker e t  aZ. (.1973), 
also  report  tha't H.  ' foetidus prefers pH 6.4 - 8.0 and waters which 
flow  over  igneous or  non-calcareous  rock. 

-d)  , Diatoms 

Diatoms  were present i n  almost  every sample and 'were therefore 
examined in .detai1.  The diatom species were identified t o  the 
species 0.r variety  level and cell  counts. performed. The fo l lowing  
sections  present 'results i n  terms of  diatom cel l  numbers, numbers of 

. .  
. . .  

. .  

, .  . .  

. .  . .  
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es, Shannon-Wiener diversit: 
d,istributions; 

i )  diatom c e l l .  numbers 

y .indicies,. species composition and 

\ 

As noted for chlorophyll a and organic ,weights there were  more 
diatoms ( u p  t o  15 x 10 diatoms  per cm ) in collections obtained 6 2 '  

by subsampl ing  rocks (Figure 24) than in collections where the 
entire rock (Figure 25) was  sampled (maximum of  ,1.5 x 10,  diatoms 
per cm ). I t  appears t h a t  the subsampl i n g  .method overestimates 
biomass as determined by diatom cell numbers. Results from 

6 
2 

. .  

: ' . ,  entire rocks are  similar t o  diatom cell counts obtained from 
natural substrates in other ol igotrophic waters a l though  wide- 
ranging 1 iterature  reports make i t  hard t o  be -conclusive about  
the  trophic  status of the Flathead  Basin. The  numbers reported here 

. . are,  for  instance,  less than those reported by Douglas (.1958) from a 
. .  nutrient-poor ,English stream b u t  comparable t o  values in the 

,.. ' nutrient  rich b u t  turbid Fraser River (Northcote e t  aZ. 1.975). 
I .  Physical factors such as turbidity a1 so 'regulate diatom, numbers 

making i t  difficu1.t t o  relate algal biomass directly t o  nutrient 
status of rivers. 

i i )  diatom diversity 

' The  number of  diatom species  identified per  sample  ranged  from 2 
t o  25 species.' Number of  diatom species were also comparable i n  
either subsampled or entirely sampled rocks (Figures 26 and 27) .  
The  number of  species (and cell numbers)  seen  were least i n  April 
a t  the start  o f  freshet when the river was cold and turbid. 
Greatest diversity was observed  in August and September.  There 

, .. 

;. appeared t o  be l i t t l e  regional va r i a t ion  i n  diversity except for  
the reduced number of'species a t  the Sage Creek station. Results 
are, not easily comparable t o  other  studies  since the numbers o f  
species  identified  is  related t o  the ef for t  spent .in enumerating 
individual samples (see method section). 

. .  

. .  . 

. .  

. .  
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Fig ,  24 Regional  and,  seasonal variatiowin the average number of  diatom cells (x lo6) attached to rock substrates  taken from an 
approximate  depth of 0.5m in the  Flathead  River  Basin, April . September,  1976:Vertical  bars  represent meannumbers of.two 
samples from  different "SA  scraped"  rocks; horizontal dashed  lines  represent  the  grand  mean  during  the  entire  sampling 
period. 
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F i g .  25 .Regional  and  seasonal variations in the average number of diatom cells ( ~ 1 0 ~ )  attached to rock substrates (entire  rock sampled) 
taken from an approximate  depth of 0.5m in the  Flathead  River  Basin, April - September, 1976. Vertical  liars represent  mean 
numbers of two samples from  different rocks;  horizontal dashed lines  represent  the  grand  mean during  the  entire  sampling 

., period. . .  
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Regional  and  seasonal  variations in  the average number of diatom species attached to,rock substrates at ,approximately 0.5m 
in'the Flathead River  ,Basin, April - September, 1976. Vertical bars  represent  mean number of species of two samples from 
different "SA scraped"  rocks; horizontal dashed  lines  represent the grand  mean during the entire sampling period. 
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Regional  and  seasonal variations in the average number of diatom species attached to the  rock substrates (entire  rock sampled) 
Fig 27 .taken from an approximate  depth of 0.5m in the  Flathead  River  Basin, April - September, 1976. Vertical bars  represent  mean 

number of species of  two samples from  different rocks;  horizontal dashed lines  represent  the  grand mean during  the  entire 
sampling  period. , 
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A measure of diatom species  diversity which depends on 'both  the 
number of taxa and abundance of individuals w i t h i n  each taxa 
was also  calculated.  This  index,  called  the Shannon-Wiener 
function  (see  section VI1 page  31 . for   the mathematical formula) 
'produces resul ts   that   are   easi ly  compared w i t h  other  studi-es. 
The sampling e f fo r t  has less  influence on the  results because 
increases  in  the number of rare  species  are  offset  by the 
greater,  abundance'  of individuals in the common species. The, 
diversity  values  range from  below 1 for  low diversity  often i n  
polluted'  waters (Weber 1973) to  values  as h i g h  as 3 or .4 i n  
unpoll uted  waters. \ 

. .  

In the  Flathead Basin d ivers i t ies  were often  near 1.0 i n  A p r i l ,  
a t   t h e  begining o f  f reshet ,  b u t  increased  to  values between 2.- 
4 l a t e r .  i n  the  year  (Figures 28 and 29). The only  exception was 
Sage Creek which had diversit ies  generally between 1 - 2 on 

.rock subsamples .(with  sl ightly higher. d ivers i t ies  from' en t i re  
rocks)  throught  the  year. The lower d ivers i t ies  found for  Sage 
Creek cannot be explained.  Generally,  results were comparable 
between the'two sampling  methods, both sets ,of -data  reflecting 
the  unpolluted'status of the  r iver;  ' ,  

. .  

i i i )  diatom  composition 

In the  attached  flora of . the  Flathead Basin there  were.86 diatom 
species  identified (Table 25). B u t  only 28 species were dominant - 
made u p  more than 10 percent of any single  sample's numeric 
abundance (sol i d  c i rc les  Table 25). More di,atom species (and 
dominant species) were observed from rock  subsamples t h a n  from 

' .  ent i re . rock samples (72 versus 67) b u t  t h i s  i s  probably  because 
of the  larger 'number'of  samples collected by the subsampl i n g  
method.  Diatoms collected on the  ar t i f ic ia l   substrates   are  .also 
'1.isted in Table 25;' i t  i s   . in te res t ing  t o  note  that..those  species 
also occurred on natural  substrates. Furthermore, the most 
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F i g .  28 ' Regional and  seasonal  variations in average diatom diversity (Shannon - Wiener function, H ' )  of samples taken from an 
approximate depth of 0.5m in the Flathead River Basin, April :September, 1976. Vertical bars  represent  mean  diversities of 
two samples from  different "SA scraped"  rocks; horizontal dashed  lines  represent the grand  mean diversity during the entire 
sampling period. , . 
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Table '25 A list of the  attached  diatom  species and their  numeric  occurrence on natural  or  artificial  substrates 
. .  

at approximately 0.5m in the Flathead  River  Basin, 1976. For  occurrence;  open  circles ( 0 )  denote  a 
species  always made up  less  than 10% of a sample's abundance,  solid  circles ( 0 )  denote that a  species 
made  up  greater  than 10% of at least  one sample's abundance. 

1. 

2. 
3. 
4. 
5. 
6. 

0. 
7. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
20. 

' 29; 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
40. 
49. 
50. 
51. 
52. 

Bacillariophyceae  Species 

Coscinodiscales: 
CycZoteZZa sp. A 
Fragilariales: 

.As ter ione lk   fonosa  Hass. 
Diatoma hiemale (Lyngb.) Heib. 
Diatoma hiemale var. mesodon (Ehr.) Grun. 
Diatoma vulgare Bory 
Fmgilaria  capucim Desm. 
Fragilaria  castruens (Ehr . ) Grun. 
FmgiZaria  construens var. binodis (Ehr.)  Grun. 
FmgiZaria  construens var. venter (Ehr.) Grun. 
Fragilaria  leptostauron (Ehr;) Hust. 
Fragilaria  producta (Lagst.) Grun. 
Fragilaria  vaucheriae (Kutz.) Peters. 
Hannuea wmt: (Ehr . ) Patr . 
Hannaea a~v'~'1(8 var. amphioxys (Rabh.) Patr . 
Meridion circulare (Grev.) Ag. 
Synedra ulna (Nitz.) Ehr. 
Synedra ulna var. impressa Ehr. 
Synedra ulna var . oxyrhynqhus (Fort I ) Hust . 
Achnanthales: 

A c h k t h e s   f l e x e l l a  (Kutz.) Brun 
Achnanthes  ZmceoZata (Breb.) Grun. 
Achnunthes lenvnemanni Hust. 
Achnanthes minutissima Kutz. 
Achnanthes sp. A 
Achnanthes sp. B 
Achnanthes sp. C 
Cocconeis pediculus Hantz. 
Cocconeis placentuk Ehr. 
Rhoicosphenia  curuata (Kutz.) Grun. 
Naviculales: 
Amphipleura pellucida (Kutz.) Kutz. 
Amphom, ovalis Kutz. 
CymbelZa a f f i n i s  Kutz. 
ChbelZa  caespitosa (Kutz.) Brun 
Cymbella cis tula Hempr. 
CymbeZZa cymbifomia Ag. 
CymbelZa gmcilis (Rabh.) C1. 
CymbeZZa prostrata (Berk.) C1. 
Cymbella sinuata Greg. 
CymbeZZa sp. A 
CymbelZa t u r g i d a  Greg. 0 
CynbelZa ventricosa Kutz. 
Diploneis ovalis (Hilse) C1. 
Frustulia rhomboides (Ehr.)  DeT. 
FruetuZia rhomboides var. viridula (Breb.) C1. 
Gomphonema geminatwn (Lyngb.) Ag. 
Gomphorxma hebridenses (Greg.  Her. 
Gomphonema herculeanwn Ehr . 
Copnphaoma intricatum Kutz. 
Gomphonema lanceolatum Ehr . 
.Comphonema olivacewn (Lyngb.) Kutz. 
Comphonema 'parvulwn (Kutz.)  Kutz. 
Gomphonema parvulwn var. genuinwn May. 
Gompkonema sp. A 

Occurrence 
Natural  'Substrates  Artificial  Substrates 

Rock  Subsamples  Whole  Rocks  Plexiglass  Plates 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 
0 .  

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

' 0  
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

i 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
'I 
1 



Table 25 . (Continued) 

5 3 .  
5 4 .  
5 5 .  

5 7 .  
5 6 .  

5 8 .  
5 9 .  
6 0 .  
61. 
6 2 .  
6 3 .  
6 4 .  
6 5 .  
6 6 .  
6 7 .  
6 8 .  
6 9 .  

71. 
7 0 :  

7 2 .  

7 3 .  
7 4 .  
7 5 .  
7 6 . .  
7 7 .  
7 8 .  
7 9  * 
8 0 .  
81.  
8 2 .  
8 3 .  
8 4 .  
8 5 .  
8 6 .  

Bacillariophyceae  Species 

Naviculales:  (Cont'd) 

Gyro8igma spencerii (heck.)  Griff 6 Heafr. 
Navicula  bicephula Hust . 
Navicula  cqptocephala Kutz. 

Navicula f e s t i va  Krasske 
Navicula g o t t l d i c a  Grun. 
Navicula minima Grun. 
Navicula muralis Grun. 
Navicula pupula Kutz. 

. Navicula  mdio8a Kutz. 
NaviacZa reinhardii (Grun.)  Grun. 
Navicula walinanun var. intermedia (Grun.)  C1.. 
Navicula s p .  A . 
Navicula sp. B 
Navicula sp. C 
Navicula.  tripunctata (O.F. Mull.)  Bory 
Neidim binode (Ehr.)  Hust. 
Neidiwn dubium (Ehr.) C1. 
Stauroneiw ancepw Ehr. 
Stauroneie  phoenicenteron (Nitz .) Ehr . 
Surirellinees: 
Cymatopleura 8olea (Breb.) W. Sm. 
Epithemia 8orex Kutz. 
Epithemia turgida (Ehr.)  Kutz. 
Nitaechia acicularie W. Sm. 
Nitaschia cmrphibia Grun. 
Nitawchia angu8tata (W. Sm.) Grun.. . . 

Nitaschia  dissipata (Kutz.)  Grun. 
Nitawchia frustulum (Kutz.)  Grun. 
Nitawchia l inearis  W. Sm. 
Nitaschia  palea' (Kutz.) W. Sm. 
RhopaZodia gibba (Ehr.) O.F. Mull. 
Surirella anguatata Kutz. 
SurireZla  bi8eriata Breb. 
Surirella  ovata Kutz. 

Navicula C U 8 p i d a t U  (Kuti.)  Kutz. 

Occurrence 
Natural  Substrates  Artificial  Substrates 

Rock  Subsamples  Whole  Rocks  Plexiglass  Plates 

0 

0 

0 

0 
0 

e 
0 

0 

0 

e 
0 

' 0 -  

e 
0 

- e  
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

e 
0 '  

0 

e 
0 

0 

0 

0 

0 

e 
e 
0 

e 

0 

0 

0 

9 

0 

0 

0 
0 

0 

0 

0 

0 

9 
0 

0 

e 
1 

0 
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abundant species on the  ar t i f ic ia l   substrates  were also 
dominant on natural  substrates,  indicating  that  the  plexiglass 
plates were non-selective  for diatom growth'. The relat ively 
few diatoms (39 .species) encountered on the  ar t i f ic ia l   substrates  
is  Probably due to  the fever number o f  samples coll ected. 

Most diatom species  belonged-to  the  orders:  Achnanthales, 
Naviculales,  Surirell  inees  or  Fragilariales. Al though these 
orders have some species  that  are  planktonic,  almost  all  species 
observed in the  Flathead Basin are  representative o f  the  truely 
attached forms.  Species  belonging t o  the  planktonic  order 
Coscinodiscales were virtually  absent from the  attached  assemblages 
of the  Flathead  Basin. The most diverse diatom order was .the 
Naviculaes.  'There were  more species o f  NavicuZa (15)  than any 
other  genus, b u t  only  three of the Navicula species were numerical- 
l y  important. 

i v )  diatom dis t r ibut ions 

The distribution and percentage abundance of .the dominant diatom 
species is  i l lus t ra ted  in  Figures 30  and 31. . Individual  species 

. .  abundances are  not  similar between the two. sampling methods 
although  species from the same genera usually predominate for  both 
sampling techniques. In the  Flathead Basin species belonging to  
the genera Achnanthes,  Cocconeis,  CymbeZZa, Gomphonema, Hannaea 
and Nitzschia are  widespread i n  d i s t r i b u t i o n .  Other  diatoms 
(Table 25). such as Synedra, and NavicuZa are  only  occasionally 
abundant and usually patchy i n  distribution. 

Achnanthes minutissima and Achnanthes ZanceoZata are  the two most 
abundant and widespread Achnunthes species i n  the  Flathead  Basin. 
Patrick and  Reimer (1966) indicate  that  both these  species can 
to le ra te  a wide range of ecological  conditions b u t  i t  i s  s ign i f i -  
cant t o  note t h a t  A. ZanceoZata is  reported  as being sparce where 
organic  enrichment  occurs and that  A. minutissima does not  occur 
where  oxygen levels   are  low o r  where toxic  conditions such as  
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The  diatom species are:  AI. Achnanthes lanceolata; Am, Achnat. le5 minutissima; Cc, Cymbella caespitosa; 

Cpe* Cocconei5 P e d i c h s ;  CPl. Cocconeis placentula; Cs, Cymbella  sinuata; Cv, Cymbella  ventricom; €1, 
tbithemia turgida; Fca, Fragilaria capucina; Fv, Fragilaria  vaucheriae; GI, Gomphenoma,  lanceolatum;, Go, 

GomPhonema  ?livaCeum; GP, Gomphonema  parvulum; Ha, Hannaea  arcus; Haa, Hannaea arcus var. 
amphioxys; Mc. Meridion  circulare; Nit, All Nitzschia species; Nsi, Navicula salinarium var. intermedia; 0th. 
All  other species;  Sa, Surirella  angustata; Su, Synedra  ulna. 
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Fig , 31. Regional and seasonal variations  in  the  percent  numeric  composition of common  diatom species ( 3 5  percent 
of  the  total  number)  attached to  rock substrates (entire  rock sampled) a t  an approximate  depth  of 0.5m in 
the  Flathead  River Basin, April - September, 1976. Numbers above monthly  data refer to  the  number of 
replicate samples taken. 

The  diatom species  are: AI. Achnanthes lanceolata; Am, Achnanthes minutissima; Cc, Cymbella caespitosa; 
Cpe, Cocconeis pediculus; Cpl., Cocconeis placentula; Cv, Cymbella ventricosa; Dv, Diatoma vulgare; Fcv, 
Fragilaria. construens var. venter; Gg, Gomphonema  geminatum; Go, Gomphonema  olivaceum; Gp, 
Gomphonema  parvulum; Ha, Hannaea  arcus; Haa, Hannaea arcus var. amphioxys; Nit, Ail Nitzschia species; 
Nsi, Navicula salinarium var. intermedia; Nt, Navicula  tripunctata; 0th.  Al l  other species; Su,Synedra ulna. 
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h i g h  zinc  levels  occur  (Ennis, MS 1977). 

Cocconeis pkcentuza , a1 though. widespread , was particularly common 
a t   s t a t i o n  6 on Cabin Creek where i t  was epiphytically growing 
on the 1 eafy  green a l g a  , Monostrma. This i s  not unexpected 
since  Patrick and  Reimer (1966) .describe C. pZacentuk a s  being 

-eurytopic and epiphytic. Other species such a s  CymbeZZa 
ventricosa which are.  also  reported  as being eurytopic.  (Patrick 
and  Reimer 1966) a re  widespread i n  the  Flathead River Basin. 

Many diatoms found i n  the  Flathead  River Basin are  typical cool 
water  species. Gomphonema oZivacewn, for  instance;  prefers cool 
hard water and also has a h i g h  calcium  preference  (Patrick and 
Reimer 1966). 

The diatom that  most characterizes  the  present day Flathead 
. ,  .River Basin i s  Hannaea arcus. This  species  prefers low nutrient 

. .  

, 

. . .  . .  

cool;  flowing  water i n  mountainous regions. I t  .is reported  as 
being c,ommon i n  an .arctic  r iver (Moore 1974), i n  the French Alps 
(Bourrelly  1974), and several  other cool flowing r ivers  i n  
mountainous regions  (Patrick and  Reimer 1966). Hannaea arcus 
is also dominant i n  the low nutrient  ultra  oligotrophic  waters 
of Carnation. Creek (Stockner and Shortreed.  1976)' and i n  other 
low nutrient streams (Moore 1974). In the Flathead River Basin 
H.. arcus was abundant a t  a l l  sampling s i tes ,   par t icular ly  dur ing  
June and August,. when H. arcuB and. .its subspecies H. arcus var,l 
amphioxp sometimes accounted for as much as  76 percent of the 
total  diatom numbers (Figures 30 and 31 ).  

,Diatom species  indicative  of.polluted  waters 'were, if  .present, 

River Basin the  largest  group  of these  pollution  indicators belong 
to  the genus Nitzschia whose species  are most abundant i n  waters' 
suffering.from  organic  enrichment. However, even the combined 
abundance of the seven Nitzschia species observed i n .  this study 

. .  

' .  low i.n numbers  and numerically  unimportant. In the  'Flathead 
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were only 5 - 10 percent  (Figures 30  and  31 ).  These Nitzschia 
levels i n  the  Flathead Basin a re   fa r   l ess  than the dominance 
levels of a t   l e a s t  50 percent which are  associated w i t h  h i g h  
nitrogen  levels from sewage plant  outfall s (.Schoeman 1.972). 

B. Planktonic Algae 

1 .  Abundance 
. .  

Phytoplankton density was  low a t   a l l  sampling s i tes ,   usual ly  below  500 
c e l l s  m1-I (Figure  '32). Even the maximum ce l l  count of about 2600 ce l l s  
m1-I i n  the  Flathead Basin i s  low  compared to  phytoplankton numbers i n  
lakes, and i n  some r ivers  such as  the upper Thames,  England  where counts. 
can exceed 70,000 c e l l s  m1-I d u r i n g  the  spring peak  (Lack 1971.). These 
Flathead  phytoplankton  counts represent  cell s w i t h  chloroplasts;   cell  
counts from dead c e l l s  wi thout  chloroplasts were not  included. 

Percentages of c e l l s  w i t h  chloroplasts ranged from  below 5 percent  to 
43.9 percent  (Figure  33) w i t h  a mean of approximately 15 percent.  This 
extremely low  number probably  overestimates  the number  of c e l l s  t h a t  
are  viable  since  cells  w i t h  chloroplasts can be dead. 

2. Species Composition 

Vir tual ly   a l l  of the 68 phytoplankton species  identified from the  Flat- 
head Basin were diatoms  (Table 26) w i t h  only 6 %on-diatom' forms being 
recorded.  Also, most of the  planktonic forms (97 percent)  are  usually 
.found i n  attached  algal assemblages and  most of these  species were 
ident,ified i n  the  periphyti.c  samples.  This  data combined w i t h  the low 
.viabie  cell  density and h i g h  percentage of. dead c e l l s  observed i n  the 
plankton  provides  strong  evidence  that a t rue phytoplankton community 
does not exist.  Instead,  these  planktonic  algae 'probably represent por- 
t ions of the  periphyton which  have  been detached'from rock substrates by 
physical  factors  or  'algae which  have  been sloughed o f f  after  death.  This 
observation i s  not unusual and agrees w i t h  Hynes's (1972) contention  that 
ben'thic  algae a t  the headwaters of a river  are  the plankton  source. 
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F i g .  32 ' Regional  and  seasonal  variations in  the,number of phytoplankton cells with chloroplasts in the Flathead River Basin, April - 
September, 1976. Vertical bars  represent  numbers  per ml in single  samples, horizontal dashed  lines  represent  mean  numbers 
per ml during the entire sampling period. . . 
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Table 26 A list o f  the  planktonic  a1  a1  species and t h e i r  numeric  occurrence in  the  Flathead  River   Basin,   1976.  For 
, . occurrence; open c i r c l e s  (OB denote a species  a lways  contr ibut ing  to  less  than  10  percent  o f  a sample's 

abundance, s o l i d   c i r c l e s  ( 0 )  denote  that  a species made up greater  than  10  percent o f  a t   l e a s t  one sample's 
abundance.  Species t h a t   a r e   u s u a l l y   p e r i p h y t i c ,   o r  connnon in  the  Flathead's  per iphyton. ,   are  indicated  with 
a plus (+) sign. 

1. 
2. 

4 .  
3. 

5 .  
6 .  
7. 
8 .  
9 .  
10. 

.11. 
12 * 
13. 
14. 
15. 
16. 
17. 
18. 

.19. 
20. 
21. 
22. 
23. 
24. 
.2s. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45 .  
46. 
47. 
48. 
49.  
50.  
51. 
52. 
53 .  
54. 
5 5 .  

Species 

Occurrence 

Cells  with  Chloroplasts  Cells  without  Chloroplasts  Usually  Periphytic . 

Diatoms: . 

Acknanthes ZanceoZata (Brgb. ) Grun. 
Achnanthes minutiasima kut z 
Achnanthee sp. A 
.Achnanthes sp. B 
AmphipZeura peZZucida (kutz.)   kutz.  
Amphora ovaZie kiitz. 

Cocconeis pZacentuZa Ehr. .  
Cocconeis pedicutus Hantz. 

CymtopZeura  sotea (Brdb.) W. Sm. 
CymbeZZa caespitosa (kiitz. ) Brun 
CymbeZZa sinuata Greg. 
CymbeZZa turgida Greg. 

Dzatma hiemaze (Lyngb.)  Heib. 
Diatoma tenue Ag. 
Diatoma vuZgare Bory 
Epitheinia sorex kiitz. 
Epithemia t u r g i d a  (Ehr. ) kutz . 
hcnotia  pectinaZi8 (O.F. Mull.) Rabh. 
FmgiZaria  capucina Desm. 
FmgiZaria  construens (Ehr.) Grun. 
FragiZaria  construene var.  binodis (Ehr.) Grun. 
FragiZaria  construens var.  venter (Ehr.) G r u n .  
FmgiZaria  Zeptostauron (Ehr.) Hust. 
FragiZaria vauohesriae (ktitz.)  Peters. 
Frustulia rhomboidee (Ehr.) DeT. 
Gomphonema geminatwn (Lyngb.) Ag. 
Gomphonema hercuZeana Ehr. 
Gomphonema Zanceolatwn Ehr . 
Gomphonema ol ivacem (Lyngb.) kiitz. 
Gomphonema pamZwn (kG't z . ) kiit 2. 
Gomphonema p a m z m  . var.genuinm May. 
Gyrosigma kutz ingi i  (Grun.) C 1 .  
Hannaea arcus (Ehr.)   Patr .  
Hannaea arcus var. conphiqs (Rabh. ) Pat r .  
MeZosira varians Ag. 
Meridion  cirmiZare (Grev.) Ag. 
Navicula bergi i  A .  C 1 .  
Navicula bicepFaZa Hust. 
Navicula cryptocephaZa kutz.  
Navicula m u ~ Z i s  Grun. 
NavicuZa pupuZa kutz.  
Navicuta radioea kiitz. 
~ a ~ i c u ~ a  sa~iMmmr var .  i n t e n e d i a  (Grun.) CI. 
NavicuZa tripunctata (Grun. ) C 1 .  
Navicula sp. - A  
NavicuZa sp. B 
NaviacZa ,sp . C 
NavicuZa sp  . X 
Neidim  a f f ine  (Ehr. ) Pfi:z. 

Nitaschia acicuZaris W. Sm. 
Neidiwn incurrnrm (Greg. ) Ostr. 

Nitaschia  frustuzwn (kutz.)  ~ m .  
Nitaschia Zinearis W. sm. 

Cymbe 2 la 'ventricosa !&t z . 

Nitzschia  di88ipata (kutz. ) Grm . 

e 

e 

e 

e 

e 
e 

e 

e 

0 

0 

e 
0 

e 

0 

0 

e 
e 
e 
0 

. e  
e 

0 

0 + 
e + 
0 + 
0 + 
0 + 
0 + 
0 + 
e + 

e + 
+ 

0 .  + 
0 + 
0 + 
0 + 
0 + (planktonic  also) 
0 + 
0 + 
0 + 
0 + 
0 + 
0 + 
0 + 
0 + 
0 + 
0 + '  
0 + 
0 + 
0 + 
0 + 
e + 
e + 
0 + 
0 + 
e + 
0 + 
0 + 
e + 
0 + 
0 + 
0 + 
0 + 
0 '  + 
0 
0 + 
0 + 
0 + 
0 + '  ' 

0 + 
0 + 
0 + 
0 + 
0 + 
0 + 
0 + 
0 + 
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56. 
57. 
58. 

60. 
59. 

61. 
62. 

63. 
64. 

65. 
66. 

67. 

68. 

. .  

Occurrence 

Species  Cells  with  Chloroplasts  Cells  without  Chloroplasts  Usually  Periphytic 

Diatoms:  (Cont'd) 

'Nitaschia  palea (kiitz.) W. Sm. e 
Pinnularia subrostrata A:, C1. 
Rhoicoephan& curvata (kutz . ) G k .  e 
Stephanodiscue astraea var. minutula (kutz.) G r u n .  
Surirellu angustata kutz. e 
Synedm ulna (Nitz.)  Ehr. e 
Synedm ulna va'. oxymnchus (Fortii)  Hust. 0 

Chlorophyta: ,. 

cf. ChZmnydonroMs 
Mougeotia sp. A 

Cyanophyta 

Nostoc sp. 
Oscil  latoria sp. 

Chrysophyta 

Order  Chrysosaccale  like 

Xanthophyta 

Order  Vaucheriales sp. 

9 
0 

0 

e 

e 

0 

e 
0 
0 

0 
0 

e 
e 

+ 
+ 
+ 

+ 
+ .  
+ 

+ 

+ 
+ 

+ 
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3 .  Speci,es Distribution 

" The dis t r ibut ion and percentage abundance of the dominant phytoplankton 
, 'species is  i l lus t ra ted  i n  Figure 34. The most ,important  phytoplankters 

such as ,  Hannaea arcus, Achnunthes spp. , Cocconeis spp. Gomphonema spp.,  
and CymbeZZa spp.  were present a t  most sampling s i t e s .  Mo'st species 
observed prefer  oligotrophic  waters or are  -considered t o  be eurytopic i n  
d is t r ibut ion,   ref lect ing  the low nutrient cool water status of the  Flat- 
head River and ' i t s   t r ibutar ies .  

4 .  Species  Diversity 

a )  Number o f  Taxa 

There were generally between 5 and 10  phytoplankton species identi-  
f ied per sample (Figure 35) w i t h  l i t t l e   c o n s i s t e n t  var ia t ion in 
.species number -between stations.  These d a t a  a lso show t h a t  the 
phytoplankton  assemblages are 1 ess  diverse  than  the  periphytic com- 
munity, which i s  presumably. the.  source of the  phytoplankton. 

. . .  

b )  Shannon-Wiener ( H ' )  Diversity 

In.the  Flathead Basin Shannon-Wiener phytoplankton diversit ies  varied 
from 0 - 3 . 2  (Figure, 36). There was l i t t l e  regional  variation  and, 

' . i n  contrast   to periphyton resul ts ,   there  was l i t t l e  seasonal  varia- 
. .  tion. A1 though most diversities were near 2.0 there were.occasiona1 

values of zero. I t  is most, unl i kely that  these  infrequent  zero 
. . values  are  associated-with  pollution.  Instead, i t  seems reasonable 

. that   these low d ivers i t ies  where only one viable  species was seen 
and  where cel l  numbers are.  extremely low (Figure 32) r e f l ec t  some 
change i n  the  release of c e l l s  by the  diverse  periphyton community. 

, .  

. .  

. .  

. .  
. . .  
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~i~ . 34 Regional  and  seasonal  variations in the  percent  numeric  composition of common phytoplankton species 
(35 percent of the total number) in the  Flathead  River  Basin, April. September, 1976. 

The phytoplankton species  are: Am, Achnonthes  minutissirno; Cc. Cymbello  caespitosai Cpe, Cocconeis 
pediculus; Cpl, Cocconeis  plocentulo; Ct. Cymbella  turgido; Cv, Cymbella  ventricosa; Dh, Diotoma  hiemole; 
Dv, Diatoma  vulgore; Et ,  Epithemio  turgido; Fcv, Fragilorio  construens var. venter; Fr, Frustuiiorhomboldes; 
Fv. Fragilorio  voucherioe; Gh, Gomphonemo  herculeona; Go, Gomphonemo oliwceum; Gp. Gomphonema. 
populum; Ha. Honnoeo  arcus; Mc. Meridion  circulore; Nit, All Nitzschlo species; Nr. Noviculo  rodiosa; Nsi, 
Navicula  solinarum var. intermedia; Nt, Naviculo  trlpunctota; 0th. All other species;  Rc, Rhoicosphenia 
curvato; Sa, Surirello  ongustoto; Su, Synedro ulna; Ch. cf. Chlamydomonas; Ocl;  order  Chrysoraccales like; 
Os. Oscillotorio sp. 

. .  

1 
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Fig.. 35 Regional  and  seasonal variations in 'the number of surface water phytoplankton species in the Flathead River Basin, April . 
September, 1976. Only cells with 'chloroplasts.'included;'vertical bars  represent the number of species in single  samples 
horizontal dashed  lines  represent the mean number of species during the entire sampling period. 
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F i g .  36 Regional  and  seasonal variations in surface water phytoplankton diversity (Shannon. - Wiener function, H') in the Flathead 
River Basin, April - September, 1976. Only cells with chloroplasts included; vertical bars  represent  single  sample  diversities, 
horizontal dashed  lines  represent the mean diversity during the entire sampling period. 
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X MACROINVERTEBRATE DATA 

The detailed macroinvertebrate'data not.  found in this  interpretative  report 
' can be  obtained in the Flathead  River  Basin  data  report  (Sheehan et aZ. in 

preparation). 

A.  Benthos  Composition .< 

Macroinvertebrate  samples  from  the  Flathead  Basin  were  comprised  mainly  of 
: the  class Insecta  (Table 27).  Most of the  insect  species  belonged  to  the 

orders  Diptera,'  Ephemeroptera,  Plecoptera,  and  -Tricoptera  while the' remain- 
ing.few insect  species  belonged  to  the  orders  Coleptera  or.  Collembola. . -: 

The 'non insect  benthic  fauna  were  categorized t o  the  taxonomic,  levels  of 
Ostracoda,  Turbellaria, Nematoda or Pelecypoda. 

B. .Abundance 

A  graphic  summary of the total number of organisms  per-  square  meter at each 
s.tation for  each  of  the  four  sample  periods is  presented. in Figure 37.  In 
the  Flathead  .Basin the density,ranged from  approximately 200 individuals 
per  square  meter to 7500 individuals  per  square  meter  and  except  for  the 
April sampling  period,  most  stations  supported  more  than 1000 organisms per 
square  meter.  Temporal. .changes in abundance  were  very  similar at all 
stations; ' numbers  generally  increased  following  the  spring  break-up  of  ice 
cover  and  appear  to  reach  a  maximum in September.  Differences. i.n abundance 
between  sample  sites  were  slight  although  numbers in the Flathead  .decreased, 
.with distance  downstream, possibly  because of increased  river flow and 
scouring  effects.  Highest  densities  were observed'at Ca'bin and.Howel1 Creeks 
(stations 6 and 2). 

C.  Populati'on Distributions . 
The percentage  distribution  of  Ephemeroptera, Diptera, Plecoptera,  Tricoptera, 
and  all other macroinverlebrates-is summarized -in Figure 38. Ephemeropterans 
almost  totally  dominated  the,  macroinvertebrate  community o f  the Flathead  River 

. .  
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TABLE 27 A list  of  the  benthic  macroinvertebrates  found  in  the 
Flathead  River  Basin,  1976.  Numbers  refer  to 
categories  used  in  the  Shannon-Wiener  diversity  analysis. 
(Related  taxa,  genera  and  species,  were  combined  into 
Family  classifications  for  diversity  analysis). ' 

Group 

Insecta 

Sub-group  and  Taxa  Diversity  Category 

Coleptera  unidentified. 
EZmidae (1 arvea) 
EZmidue .(adult) 

Collembola 
Diptera  unidentified 

Cyclorrhapha 
Nematocera 

Ceratopogoniidae 
Psychodidae 
Tanyderidae 
Tendipididae 
Tipul  idae 

Ephemeroptera  unidentified 
Baetidae 
Ephemerellidae 

Ephemere 2 Za s p p  . 
E. o f  cuterpe 
E. coloradensis 
E .  doddsii 
E. spinifera group 
E. serrata group 

Rhithrogena 
Heptageniidae 

Leptophlebiidae 
Siphlonuridae 

Plecoptera  unidentified 
Holognatha 

Nemouridae 
Nemoura s p p .  
N .  subgroup zapada 
N. subgroup zapadu cinctipes 

Capnia or Eucapnopsis s p p .  

Brachyptera 

Capnilnae 

Taeniopteryginae 

Systellognatha 
Chloropeslidae 

Perlodidae 
A Z Zoper Za s p p  . 
Arcynopteryx subg Megarcys s p p .  
Isogenus s p p .  
IsoperZa s p p .  
Type red (unidentified) 

1 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12. 
13 
13 
13 
13 
13 
13 
13 
14 
14 
15 
16 
17 
18 
19 
19 
19 
19 
20 
20 
21 
21 
22 
23 
23 
24 
24 
24 
24 
24 



Group 

Insecta 

Ostracoda 
Acari 
Oligochaeta 
Turbellaria 
Nematoda 
Pelecypoda 
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Sub-group  and  Taxa 

Tricoptera  unidentified 
Brachycentiidae 

Glossosomatidae 
Micrasema s p p .  

GZossosoma s p p . .  
Agapetus s p p  . 
Hydropsyche s p p .  
Parapsyche, s p p .  

Hydropsychidae 

Lepidostomatidae 
Limnephilidae 

Platycentropus s p p .  
OZigophZebodes s p p .  

Psychomyiidae 
Rhyacophilidae 

RhyacophiZa s p p .  , 

Diversity  Category 

25 
26  

27 
27 
27 

28 
28 

. . 29 
. 3 0  
30 
3 0  
31 
32 
32 
33  
34 
35 

. 36 
37 
38 

26 

28 
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a t  the  .International Boundary  and  of Sage Creek (stations 3 and 4 ) .  A t  a l l  
other sites Dipterans and Ephemeropterans together dominated (depending 
upon the  season). 

Plecopterans usually made u p  approximately 10 percent of the  population 
throughout  the  study  period.  Tricopteran numbers  were negligible d u r i n g  
April b u t  increased  through  the summer  and occasionally made u p  to 15 per- 
cent of the numbers a t  some sampling s i t e s  d u r i n g  September. 

The'remaining  fauna, comprised primarily of the non insect  invertebrates, 
were:low i n  numbers b u t  increased d u r i n g  the  las t  month 06 the  study. 
Their combined to t a l s  seldom accounted for  as much as 10 percent of any 
samp 1 e.. 

, .  

Artif ic ia l   substrates  (Hester-Dendy samplers) were found t o  be selective 
for..Ephemeropterans  (Figure 38) .  The  between s ta t ion   s imi la r i t i es  of data 
from Hester-Dendy samples are  possibly  related  to  these  large numbers (50- 
86 percent) of Ephemeropterans. The differences between the  faunal com- 
position of natural   versus  art if icial   substrates is  very l ikely  related  to 
the  substrate  preferences of these organisms. For .instance,  Northcote e t  
aZ. (1976) noted b n  t h e i r .  lower Fraser River study  area  that  invertebrate 
biomass and species.types  varied  according t o  the  substrate  type  present when 
Hester-Dendy sampjers  are used., invertebrates  unlikely  to reach  the a r t i -  
f ic ia l .   subs t ra te  by d r i f t ,  or w + t h  a lesser  abil i ty  ,for  at tachment,   or w i t h  
a preference  for  sediment, would  be underestimated. 

Number. of Taxa 

The total  number of  taxa  (taxa i s  defined  as family or  lowest  identifiable 
level. above family)  -at  each station and for each  sampling period are  summar- 
ized i n  'Figure 39. Generally, each sample s i t e  contained between 24 and 26 
major taxa d u r i n g  the  four sampling periods  or a t   l e a s t  increased  to  this 
l.eve1 of representation by the September collections.  , Sample s i t e  3 was the 
only s i te   to   contain  less  than 20 taxa d u r i n g  September; however there were 
24 taxa found i n  the  previous  collection  period a t  t h a t  s i t e .  
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F i g .  39 Total number of macroinvertebrate taxa for sarnples.taken with  a modified Hess Sampler in the Flathead River Basin. April . 
September, 1976. 

\ 



116 

E .  Diversity and Evenness 

Diversity  values have  been calculatec i ,  t o   f a c i l i t a t e  th.e future assessment 
of the impact that  proposed coal mining  or any other  disruption may have  'on 
the  Flathead  drainage-basin. The divers i ty  index ( H ' )  which summarizes i n -  
formati.on ,on the numbers  and kinds of organisms present has been widely 
accepted as an indication 'of water quality [Wilhm and Dorris ,1968; Cole  1973). 
Generally,  diversity  values  greater  than 3 . 0  are  found i n  unpolluted produc- 
tive  waters  while  heavily  polluted  waters have values of less  than  1.0. In . 

our  study i t  should be noted tha t  because o f  taxonomic d i f f icu l t ies   the  d i -  
versity  values were not  calculated from data a t   t he  same taxonomic level.  
For instance, most insects were identified  to  the  family  .level  while  there 
was  no  breakdown  beyond the  class  level for specimens i n  .such  classes  as 
Oligochaeta and Ascari. This i s  not a serious problem as  there  are 'very few 
individuals i n  these  classes. ( B u t  should the  Flathead  River System  macro- 
invertebrate community change w i t h  Oligochaeta  species  increasing i n  number, 
the  diversity index would not r e f l ec t  this a s  the  Oligochaete breakdown is  
only to  the  class  level ) . 

always above 1 .O 
lower i n  June fo 
increased a t   a l l  
a t   s t a t i o n  5 (wh 

and usually between 2.0 - 4.0. D 
llowing  the  freshet  than i n  April. 

s ta t ions,   except   a t   s ta t ion 6 (wh 
ich was  low i n . A u g u s t )  , t o  reach a 

3.0 i n  the September collections.  

The macroinvertebrate  diversities  presented i n  Figure 40 indicate  that  the 
F,lathead  system  has an acceptable water quality.  'Diversity  values were 

iversity  values were always 
Diversity  values then 

ich was already h i g h )  and 
maximum of greater  than 

Stat is t ical   analysis  (ANOVA) of the diversity  data  revealed t h a t  a s ign i f i -  
cant  difference ( P  i 0.001) existed both among sample s i t e s  and  among sample 
periods ( P  < 0.001). The variance components show that  ,the  greatest  percent- 
age' (= 40 percent) of this difference'was due to  differences among sample 
periods. Hester-Dendy samplers were consistently lower ( P  < 0.001 ) i n  diver- 
s i t y  than were natural  substrates, because o f  the. lower number of taxa u t i l i -  
zing  the  art if icial   substrates.  The greatest  variance i n  t he   a r t i f i c i a l  sub- 
stra-te  data was attributable  to  the  differences between sample sj t e s  (62 per- 
c e i  t 1.. 

. I  . 

, .  

. .  
. .  
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F i g .  40 Diversity values ‘for the ,macroinvertebrate communities in the Flathead.River Basin taken with the modified Hess Sampler 
April September, 1976. Data is  also presented from artificial substrates (AS,, Hester ~ Dendy Sampler) that were retrieved in 
September, 1976. 
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J .  .Pie'lou's (1966,.1967).evenness  value ( J )  ranges  from 0 in the  case  where 
only  one  taxon  is  present  to  a  maximum of 1 where  each  taxon  has  the  same 
number  of  species. In natural  healthy  populations  the  evenness  of  diversity 
ranges  from 0.5 to 0.8. Evenness  values  throughout  all  four  collections 
averaged 0.63. for  composite  samples  and  0.725  for  individual  samples.  Com- 
posite  samples  were  derived by adding  the  contents of the  five  collected 

H' 
ividuals 

samples.  These  values  are  relatively high and  confirm 
diversity  values  primarily ref1ect.a fairly  even  distr 
in the  taxa  (about 20). 

F. Pollut.ion  Sensitivity 

that  the high 
i bution of ind 

Many  benthic  macroinvertebrate  species  are  sensitive  to  pollution- or environ- 
mental  stress  and  react  quickly  to  it,  and  because  they  serve as integrators 
of water  quality,  they  are  becoming  an  increasingly  important  tool .in the 
assessment of aquatic  environments. ' Invertebrates  differing in terms of 
their  water  quality  requirements,  can be  grouped  according  to  their  toler- 
ance  to  particular  levels  of  a  pollutant.. The groupings  used in this  report 
are  a  combination of  standards  set by MacKenthus (19691, Cairns  and  Dickson 
(1971),  and  Servizi (1978). 

Sensitive  organisms  that  characterize  pristine  water  conditions  include 
Ephemeroptera  Tricoptera,  and  Plecoptera.  Conversely,  those  organisms  such 
as Oligochaetes,  which  can be  found  even in the.  presence of large  amounts of 
pollution,  are  termed  "tolerant".  Diptera,  which  can  withstand  moderate 
amounts of pollutants  are  found in all conditions  and  termed  "facultative". 

The percentage  distribution of sensitive,  facultative, and tolerant  organisms 
are.presented in Figure 41 to facilitate  a  quick  comparison of the  composites 
of ali months, samples.sites and  sampling  methods. In all cases, sensitive 
and  facultative  macroinvertebrates  accounted  for 90 -percent  or Inore of  the 
population.  In  the  majority of cases  greater  than. 50 percent of this  segment 
were o f  the  sensitive  category.  There  was  an  overall  decrease in  the percent- 
age of  sensitive  macroinvertebrates  from  April  to  August  and  a  return  to  pre- 
freshet  levels by September.  This  trend  was  almost  entirely  attributable  to 
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the  inc'rease i n  Diptera d u r i n g  these  four months,  followed by an increase 
of Tricoptera, Ephemeroptera, and P1 ecoptera from August, to September. 
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A .  Transboundary movement o f  nutri.ents, 
pollutants, and other  materials 

T.he. concentrations : o f  t o t a l  phosphate and ni t r i te  plus nitrate and t o t a l  
dissolved nitrogen i n  water crossing  the border were low 'and no nui.sance 
growth of plants and algae occurred i n  the downstream' porti 'on of the river 

' . studied. Measurements .of sediments, ,nutrients and other  materials ar.e not  
typical of an undeveloped  watershed since logging, exploration for coal , 
and the construction 'of roads were i n  progress d u r i n g  the study period. 
The.  proposed coal ... development a t  Cabin Creek  would result i n  further  dis- 
ruption  of vegetative cover and rock formations., These activities could 
lead t o  increased suspended  sediment concentrations reaching the Flathead 
River which. could affect some aquatic organisms. 

B. Chemical parameters of importance i n  the water of the 
Flathead  River Basin by comparing the  concentration 
levels w i t h  Canadian d r i n k i n g  water standards 

. .  

The levels. of metals, nutrients, major ions,  and organics were we1 1 below 
d r i n k i n g  water standards except for a small porticn of the samples  taken 
fo,r manganese,  phosphorus .and barium. The h i g h  levels of phosphorus  were 

nutrient  section). . The levels of barium which  exceeded d r i n k i n g  water stan- 
dards were  measured d u r i n g  low flow when the ground water contribution t o  
the t o t a l .  flow was likely h i g h .  Because of the l o w  sulphur content of the 
Flathead  coal ,deposits,  there should be no sign'ificanf reduction i n  pH 
levels from the proposed mining  activities. . . , 

. .  

,. ,either associated w i t h  freshet  conditions or.;slush ice condi.tions, (see 

C . .  Metal content i n .  algae,  macroinvertebrates . . . .  
and 'fish tissue . . . ,  

1 
. ,  ' ,  

Metal s were  measured jn a1 gae ,,' macroinvertebr'ates , and. fish ,ti Ssue. Method- 
. .  . .  

ology ,problems .prevent  the- use of the.macroinvertebrate, metal, results. .How- 
ever; our ,data showed t h a t  pol1,ution sensitive macroinvertebrates. dominate 
the fauna, i n d i c a t i n g  t h a t  toxic pollutants, su,ch as metals,  are .probably 

pollution  intolerant  species and their metal content was low.  Although 
' ' .low i n  concentration. Algae i n  the F.latbead Basin are,also .dominated by . .  

. .  
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there,  are no criteria or stan'dards w i t h  whi'ch t o  compare the algal metal 
levels, ' . .  actual Flathead  River  Basin  metal concentrations were generally 
be1,ow those found i n  even the least '  poiluted.. streams, i n  the nearby' Kootenay 
River-Bas.i,n. Lev.els of metals i n  the slimy'sculpin  'also  indicate the l a c k  
of a .water .quality problem as the heavy  metal levels  are  all well below the 
Canadian .Food and Drug Directorate . . .  regulations  for  'levels in fish used for 
human consumption. 

.. . . . 

. ,  . 

.. , . ,: '! 

D.' Limiting nutrients  for  algal growth 

Both  water and algal' nitrogen and phosphorus. nutrient  levels i n .  the F.lathead 
River  Basin  were low. Algal N:P ratios were near 20:l and low surplus 
stored ptios,phorus values indicate t h a t  phosphorus , not  nitrogen,' i s  the 
limiting  nutrient. , ' . 

, .  

. ,  

E. The species composition, population diversity, 
and abundance. of'algae and benthic invertebrates . 
in the Flathead  'River Basin 

. .  

Periphytic biomasses i n  the Flathead  River Basin are  representative .of 
' ' oligotrophic or &en ultra  oligotrophic systems. Diatoms often dominate the 

a1 ga l  ' community 'a1 though  green. a1 gae , blue-greens and Chrysophycean a1 gae 
are also important a t '  certain sampling stations and dates. Diatoms, repre- 
sented by 86 species, were studied in more detail than' the other a lga l  groups. 
Diatom diversities usually,ranged from 2 - 4,  indicative of unpol lu ted  waters. 
Diatom cell numbers  were  low and typical of low nutrient waters. Algal 
species from a l l '  the groups including the blue-green Nostoc verrucosm, the 
Chrysophyte. Hydrums foetidus and the diatom Hanriaea arcus have adaptations 

. .  t o  live i n  the cool,  low-nutrient, flowing waters of the Fl.athead River  Basin. 

I t  seems clear t h a t  the planktonic  algae are  actually derived from"s1oughed 
off periphytic  algae.. Planktonic a lga l  numbers are low and there  are always 
more 'dead than 1 ive cells. Furthermore, 97 percent o f '  the planktonic forms 
are considered t o  be typical  periphytic.  species.. 'Most diversiti.es were near 
2 b u t  sometimes less during periods of low. cell numbers-; probably ,reflecting 
changes i n  the release of cells from the  per.iphytic community rather.than a 
pol. luted 'condition. 

. .  

. . .. 
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Benthi.c macroinvertebrate  densities  ranged  from 200-7500 organisms  m 
with  the  lowest  number  occurring in April  and  numbers  generally  increasing 
to a  September  maximum. The fauna was  comprised  primarily of individuals 
and  taxa  belonging  to  the  Insecta  orders;  Di'ptera,  Ephemeroptera,  Plecoptera 
and  Tricoptera.  Most  sample  sites had  between 24" - 26 taxa  and  Shannon- 
Wiener  diversities  'were  usually  between 2.0 - 4.0, indicative of 'unpolluted 

-2 

waters.  Macroinvertebrates  were  also  categorized.  into  pollution  sensitive, 
~ facu,ltative,  and  tolerant  organisms  and in all cases  sensitive  and  faculta- 
' tive  organisms  accounted  for 90 percent  or  more of the  population. In the 

. ' majority of cases  greater  than 50 percent.  of  the  population  were  defined as 
pollution  sensitive  organisms. 

F., The  Sensitivity  of  the  Aquatic  Biota  below  the 
International  Boundary  to changes ,in Water 
chemistry 

Species of algae and macroinvertebrates  were  very  similar at all our  stations 
(covering a  distance  of  approximately 44 km)  on  the  Canadian  section of the 
North Fork-of the  Flathead  River.  Attached  algae  and  macroinvertebrate data. 
from  the U . S .  section  was  not  available  for  review  but U . S .  phytop'lankton 
and  chemical  data'  reviewed  during  this  study  were  found  to  be  similar  to  our 
Canadian  data  somewhat.con'firming  the  similarities  above and  below  the 
International,  Boundary. Since the  aquatic  biota  downstream of the  Interna- 
tional  Boundary  are  also  likely  adapted  to  low  nutrient  unpolluted  waters, 
'their  sensitivity,to possible  changes in water  chemistry  would  be . .  similar. 

. .  
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SUGGESTED .ADDITIONAL  STUDIES  PRECEDING COAL ' .  

MINING .DEVELOPMENT 

The resul.ts and observations  obtatned dur tng  t h i s  one year  study have identified 
supplementary or complementary i,nformati.on needed to  more effectively meet the 
objective o'f chatacterizing the aquatic environment 'prior t o  development. The 
following l i s t  contains examples of the  type of information  identified: 

- Additional  phosphate,. barium, and other heavy metal measurements d u r i n g  low 
flow  periods i n  sed.iment, biota, groundwater and surface  water. 

Only two sampling trips were conducted i n  sub-zero  conditions d u r i n g  the 
low 'flow period i n  the 1975-76 winter b u t  resul ts   indicated-that   cer ta in  
parameters such as barium and phosphorus were h i g h  a t  this time. 

- Supplementary data on attached  algae  collected d u r i n g  the  winter  before 
freshet  including measures of productivity,  species, composition and metal 
uptake. 

. . -  

A winter sampling program for  algae was not  undertaken i n  t h i s  study..  There 
are  indications  that groundwater contributes  significantly t o  the flow i n  
the winter thus leading  to changes i n  water  chemistry and i n  turn possibly 
algal  productivity and species  composition. 

- In situ and/or  algal  bioasay  using  sediments from the Cabin Creek area. 

Added information from bioassay  studies would better  predict the ef fec ts  of 
coal. mine development on the  algal  population. 

- ' Measurements of present  levels of polycyclic'  aromatics i n  groundwater, sur- 
face  water and possibly  biota. 

. These additional measurements would fur ther   ass i s t  i n  assessing  the impact 
of  the proposed coal development. 
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XI11 SUGGESTED  MONITORING  FOLLOWING THE'INITIATION OF . .  

COAL  MINE  DEVELOPMENT 

Although a proposal for a detailed  program to monitor water quality 
' . during.mining .operations was not.an objecti've of this study,  some 
. . suggestions for monitoring  based  on  -information  and  knowledge.acquired 

. .  

can  be made.  The  measurements  suggested  should  supplement  the 
requirements  set  forth  in  the  Guidelines for Coal Developments (B..C: 
Environmental  and  Land Use  Committee, 1976). 

- The  concentrations  of  the  metals Cu, Zn, Pb, Hg, and  Ba  and other 
chemical  parameters  should  be  monitored  at  the  time  biota  are 

'. .collected to  assist  in  correlating  biological  and  chemical'  data. 
,' Sampling  before  and after  freshet,  during mid summer and  before 

freeze up will provide representative  data. 

- Particular  attent,ion should'be paid to  a algal abundance  and  species 
composition.  The a1  gal species Hannaea arcus, Hydrmmts foetidus,  and 
Nostoc verrucoswn, are  indicative  .of.  low  nutrient  waters, an'd are 
useful indicators of change i.n. the  aquatic  environmental. 

I .  

- . Total  numbers of Diptera,  Tricoptera,  Plecoptera, and .Ephemeroptera 
(with  indentification o f  Ephemeropterans to the  family  or.  generic 
level  as was  done in  this study) should.be monitored  sinc'e.  they 
provide  effective  indicators. If Ephemeroptera  abundance or taxonomic 
composition  change  then'  the  other  invertebrates  should  be  ident ified 
to  the  family o r  generic  level. 
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.,GLOSSARY . .  

ALGAE  (ALGA - Singular; A vast  array of plants of approximately 1,800 
ALGAL' - Adjective), . ' genera and 21,000 species which are  highly 

I phyla lack a structured archegonium (where 

. .. diverse w i t h  respect  to  size,  physiology, 
. .  biochemistry and .reproduction. All algal 

. .. 

reproductive  cells  are produced) such as i s  
. .  found i n  a l l  other' plants. 

1 ANOVA (Analhis  o f  Var.i.ance).: The analysis of variance i s  a method for  

I 
. .  

. .  d i v i d i n g  the variation observed i n  experimental 
data  into  different  parts, each part  assignable 
to  a known source,  cause  or  factor. 

. . .  
, .  . 

I BACILLARIOPHYCEAE: ' ' 

' . See. diatoms. 
, .  

. .  

1 ' BENTHOS (BENTHIC. - Adjective): ' Flora  or  -fauna found a t  the bottom  of a r iver ,  

est  depth. 

A phylum' (Cyanophyta) of primitive  algae which 
are  blue-gre,en . i n  colour and  which  have no 
obvious internal .   cel lular   s t ructures  such as 
chloroplasts. " '  . 

' . ' ' lake'  or  sea from, the water's edge t o  the  great- 
. .  

I CHLOROPHYLL: General name. for  green  fat-soluble  photosynthe- 
t i c  pigments. 

CHLOROPLAST: A structure w i t h i n  a plant  cell  which contains 

8 
t 
1 
I 
I 
I 
I 

the green pigment chloro h 11 ; where energy 
from s u n l i g h t  i s  "trappe + "in.. the  chloroplast.and 
used i n  manufacture of complex organic  matter, 
especially  sugar, from simple  inorganic raw 
material s .. 

, ,  . , .  
CHRYSOPHYCEAE: ' .,' .A class  .of-algae w i t h i n  the phylum Chrysophyta. 

Cell s are'.usuall y go1  den i n  appearance and have 
several  distinctive  features i n c l u d i n g  .apical 
f lagel lae  (1 or 2 )  and usually a chrysolaminarin 
storage.  product. . .  

or yellow-brown i n  colour.  Bacillariophyceae 
(diatoms) , Chrys,ophyceae and Xanthophyceae. are  
a l l   c lasses  w i t h i n  the phylum. 

. >  . . .  

CHRYSOPHYTA: .An algal phylum  whose cel l  s appear  yel'l ow-green 
. _ .  

, .  , .  

. -  

CLASS: Taxonomic category which 3 s  a major subd.ivision 
. . _ .  - . of a phylum, andc  which includes one or more 

orders which' have- certain  phylogenetic  characters 
i n  common. (See taxonomic category. ) 



CHLOROPHYTA: 

CYANOPHYTA: 

DIATOMS : 

DIIIERS1T.Y: 

DRIFT: ' 

EPILITHIC:  

EPIPHYTIC: 

EURYTOPIC: 

EUTROPHIC: 
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See green  algae. 

See bl ue-green a1 gae. 

A class  (Baci,llariophyceae)  of.  algae w i t h j n  $he 
phylum Chrysophyta. Di,atoms are  characterized 
by having cell  walls of si1  ica and a typical 
golden-brown colour. 

. ,A. term used to  express  the amount of "structure" 
or  ' 'richness" i n  a community; represented by 
the number of different  species i t  has, and often 
also. by the number of indiv.iduals w i t h i n  each 
species. Communitjes of h i g h  di.versity  are 
characteri,zed by large numbers of species with 
no sing1 e species overwhelmingly abundant;  those 
of low diversity  contain few species some of 
which  have a great many individuals. High 
diversity i.s character is t ic  of re la t ively uridi-s- 
turbed,  unpolluted'  waters. Low divers i ty  i.s 

'often  associated w i t h  disturbed,  stressed  or. 
polluted  waters, b u t  not  invariably so. 

Term appl ied  to macroinvertebrates'which 1:eave 
the i r  benthic  habitat and "d r i f t "  i n  the  river 
current. 

. .  

FACULTATIVE: 

FAMILY :. 

FAUNA : 

Growing  on rocks. 

Growing  on plants. 

Having an ab i l i t y   t o   l i ve  i n  a wide range o f  
ecological  conditions,  i .e. being able   to   l ive 

. . i n  01 igotrophic,'mesotrophic  or  eutrophic  waters. 

An aquatic  habitat  richly  supplied w i t h  nutrient 
materials and' hence very  productive;  eutrophica- 
t ion   re fers   to ' the  enrichment of an aquatic 
habitat  either  gradually by natural  processes  or 
rapidly and often  excessively by e f fec ts  of ma'n. 

A term used i.n this report  to  characterize macro- 
invertebrates which can 1 ive.  i n  either  polluted 
or  unpolluted  waters. 

Taxonomic category  including one or more genera 
which  have certain  phylogenetic  characters i n  
common: (.See taxonomic category. ) 

Collectively,  the animal l i f e  of any particular 
area. 

. .  
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.FLORA: 

FRUSTULE: 

GENERA (GENUS - S ingu lar ) :  

GREEN ALGAE: 

MACROINVERTEBRATES: 

OLIGOTROPHIC: 

ORDER: 

PERIPHYTON (PERIPHYTIC - 
Ad jec t ive) :  

PHYLA'  (PHYLUM - S ingu lar ) :  

PHYTOPLANKTON: 

PLANKTON (PLANKTONIC - 
Ad jec t ive) :  

SENSITIVE: 

SPECIES: 

Co l l ec t i . ye l y ,   t he   p lan t  1 i f e   ( . i n   t h i . s ' r e ' p d r t  
a l g a l  1 i fe)  of  any  part i .cular  area. 

One h a l f   o f  a d i a t o m   c e l l ;   t h e  two . f r u s t u l e s  
which make up a s i n g l e   d i a t o m   c e l l  f i t  together  
1 i k e  a p i 1  1 box w i th   over1  appi,ng  edges. 

Taxonomic. ca tegory   inc lud ing  one o r  more  species 
which  have  one o r  more  fundamental c h a r a c t e r i s -  
t i c s   i n  common. (See taxonomic  category.) 

A phylum  (Chlorophyta) o f   a lgae  charac ter ized   by  
t h e i r   g r e e n   c o l o u r ;   t h i s   t u r n s   b l a c k  when s ta rch  
s t a i n s  such  as i od ine   a re   app l i ed .  

Invertebrates  such.as  insects  which  can be 
recogn ized  w i th   the  naked  eye, microscopic 
inver tebra tes  such  as r o t i f e r s   a r e   n o t  i.nc 

e a s i l y  

1 uded. 

An a q u a t , i c   h a b i t a t   ' p o o r l y   s u p p l i e d   w i t h   n u t r i e n t  
m a t e r i a l s  and there fore   very   unproduc t ive .  

.Taxonom'ic ca tegory   inc lud ing  one o r  more f a m i l i e s  
h a v i n g   c e r t a i n   , f e a t u r e s   i n  common. 
(See taxonomic  category. ) 

A lgae  which 'grow  at tached  to   or  on aquat ic  sub- 
s t r a t e s  such  as  rocks,  logs, mud or. submerged 
p lan ts .  

The l a r g e   p r i n c i p l e   d i v i s i o n s   o f   t h e   p l a n t   o r  
animal  kingdom. (See taxonomic  category.) 

Algae  which d r i f t   f r e e l y   i n   t h e   w a t e r r a t h e r   t h a n  
being  at tached  to  any  substrate.  . . 

Co l l ec t i ve l y ,   a l l   t hose   o rgan isms   (p lan ts   o r  
animals) suspended i n   t h e   w a t e r .  

A term  used i n   t h i s   r e p o r t   t o   c h a r a c t e r i z e  macro- 
i nve r teb ra tes   wh ich   can   l i ve   on l y   i n   unpo l l u ted  
waters. 

Group o f  o rgan isms   wh ich   ac tua l l y   (o r   po ten t i a l l y )  
i n t e r b r e e d  and. wh ich   a re -   rep roduc t i ve l y   i so la ted  
from a l l .   o t h e r  such  groups;  the  fundamental 
category of taxonomic c l a s s i f i c a t i o n .  
(See taxonomic  category . ) 
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TAXONOMIC CATEGORY: 

. ' TOLERANT: 

XANTHOPHYCEAE: 

General term t h a t  can be applied  to any taxo- 
nomic category . 
Sci;entific naming of organi.ms..and  thei.r 
classi.ficati,on ' w i t h  reference  to  their!  .precise 
posi.tion i n  the ani.ma1  kingdom or plant 
kingdom. A hi.erarchy of categories is  used as 
f o l  1 ows : 

Kingdom 
P hyl um 

Class 
Order 

Fami 1 y 
Genus 

Spec i es 

A term used i n  this report  to  characterize 
macroinvertebrates which can be found i n  highly 
.polluted  waters. 

A c lass  of algae w i t h i n  the phylum Chrysophyta 
(Xanthophyceae is  often  considered  to .be a 
separate phyl urn). Cell s are  ye1 low-green in 
colour and  have 'several  distinctive  features 
including two apical  f lagellae o f  unequal , 

length and, cellulose or pectin  cell  walls. 
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