
i 

APPENDIX F 

MICROBIAL WATER QUALITY 
OF THE OGILVIE 

AND SWIFT RIVER BASINS 

L.J. A l b r i g h t ,  K . V .  Masuda and G . L .  Ennis 

December 19 78 



I 
BVAE North Van. Env. Can. LibJBib. 

T O  
221 

a 
I 
1 
I 
8 
I 
1 
1 

l -  I 

WATER INVESTIGATIONS 

ALONG THE 

ALASKA HIGHWAY PIPELINE R O U T E  

IN THE Y U K O N  TERRITORY 

APPENDIX F 

MICROBIAL WATER QUALITY 

OF THE OGILVIE 

AND SWIFT RIVER BASINS 

bY 

L .  J .  Albright and K.  V. Masuda 

Dept. o f  Biological Sciences 

Simon Fraser University 

Burnaby, B . C .  V5A 1S6 

and 

G.  L .  E n n i s  

Water Qual i t y  Branch 

In1 and Waters Dii rectorate  

Dept. o f  Envi  ronment 

Vancouver, B .  C .  

December 1978 

LIBRARY 
ENVIRONMENT CANADA 

PACIFIC REGION 



i 

ACKNOWLEDGEMENTS 

We t h a n k  the s t a f f  of the Water Qual i ty  Branch and the Water 
Qual i ty  Laboratory, Inland Waters Directorate, Vancouver, for  aid and 
encouragement i n  conceiving this  study, carrying o u t  the f i e ld  and labor- 
atory portions and writing th i s  report .  
o f  Woody Erlebach, Fred Flah, Steve Sheehan, Paul Whitfield, Leslie 

I 
We a re  especially appreciative I 

Churchland, Jim Taylor, and Eric Michnowsky for valuable discussions and 
i n  the case of the l a t t e r  three,  aid in f i e l d  operations. 

The aid of  Monty Alford, Water Survey of Canada, Whitehorse, i n  
f i e ld  operations i s  appreciated. 

We thank John Keays, Powell River, for  invertebrate analyses. 

Finally, we thank Peter S t r i laef f  for  his patience and encourage- 
ment whilst overall coordinator of this  project.  

c 



TABLE OF CONTENTS 

Page 

A b s t r a c t  

L i s t  of Figures  

L i s t  o f  Tables 

L i s t  o f  Appendices 

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

M a t e r i a l s  and Methods 

Resu l ts  and D iscuss ion  

L i t e r a t u r e  C i t e d  

i i  

iii 

i v  

V 

v i  

1 

3 

19 

58 



I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
8 
I 
I 
I 
I 
1 

ABS TRACT 

annua 

which 

The sub-Arctic Ogilvie and Swift Rivers are characterized by 

cycles of mi croal gal and bacteria! standing crops and a c t i v i t i e s  

and summer are maximal i n  l a t e  spring (following i ce  "break up" 

with minimal values noted in l a t e  winter. Levels of algal 

and phytosynthetic ra tes  appear t o  be regulated by availab 

standing crops 

e l i g h t  

whereas numbers and a c t i v i t i e s  of heterotrophic bacteria are probably 

controlled by DOC content of the water. ta 

Perturbations of  those two river waters by streambank materials 

a l t e r  microbial a c t i v i t i e s ,  such t h a t  Biological Oxygen Demand tends t o  

be increased by streamside materials additions a t  levels  i n  excess of 0.10 

g/1 i tre. 

These ri fe rs  t e n d  t o  be most sensi t ive t o  streambank materials 

addi t ionsin winter and l e a s t  sensi t ive i n  l a t e  spring (following i ce  

"break up")  and ear ly  summer. 
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INTRODUCTION 

This biological study was in i t i a t ed  by the Water Qual i ty  Branch as 

par t  of a much larger Inland Water Directorate program to obtain information 

necessary t o  adequately review the Alaska Highway gas pipe1 ine environmental 

impact statement. 

Aug. 1978) in-depth investigation of two r iver  basins. 

on understanding processes i n  these two northern r ivers  ra ther  t h a n  on 

establishing baseline water qual i ty  information on the hundreds of waterways 

which will be affected by the pipeline. 

This study was res t r ic ted  to  a one-year (Oct. 1977 - 
Emphasis was placed 

130'45' -1 32'W) 

(65'-65'45' N, 

p i  pel i ne route 

sampl i ng  si tes 

The study areas were ( 1 )  the Swift River Basin (59'45'-60° 50'N 

i n  the Southeast Yukon and ( 2 )  the Ogilvie River Basin 

32'30'-138'301W) which is  located along the Dempster la te ra l  

these basins are  l i s t e d  in Schreier 

fo r  t h i s  study was t h a t  b o t h  r ivers  

The Swift River, located in the Yuk 

in the northern Yukon. 

are presented in  Figs. 1 and 2. Cr i te r ia  used in selecting 

Maps of these two basins showing our 

(1 978). 

have a high biological productivity. 

n River drainage i s  i n  a chinook salmon 

spawning area (Chinook Fry were captured while sampling f o r  invertebrates).  

Slimy sculpins and a r c t i c  grayling are  also abundant. 

The most important c r i te r ion  

Aquatic plants in 

the Swift River consist  of aquatic mosses (DicrameZZa paZustris, and 

Dichodontiwn peZZucidwn), macrophytes, (dominated by H i p p u r i s  s p .  ) and benthic 

algae. 

River drainage basin and has no salmon, although we have captured a r c t i c  

The Ogilvie River, on the other hand, i s  located i n  the Mackenzie 

grayling and sculpins. 

Ogilvie River. 

Algae were the only type of f lo ra  observed in the 

Benthic invertebrates,  and planktonic and e p i l i t h i c  bacteria 
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are present in b o t h  r iver  basins. 

The present study i s  limited in scope t o  a microbial (algae,  bacter ia ,  

invertebrates) investigation. 

pipeline route has been conducted by Northern Natural Resource Services L td .  

A study of the f i sher ies  resource along the 

for  the Federal Fisheries and Marine Service (1977). 

1 i t t l e  information on microbial standing crops and productivi t i e s  i n  Canadian 

sub-Arctic and Arctic r ivers  and ,  i n  general , studies which have been done are 

limited to spring and summer months. 

A t  present there i s  

Objectives of t h i s  study were (1 )  assessment of biological ac t iv i ty  

d u r i n g  the winter months, when pipeline construction is  scheduled t o  occur 

( 2 )  development o f  techniques fo r  winter under-ice experiments ( 3 )  establ ish-  

ment of seasonal variations and between r iver  differences ( 4 )  the relationships 

of these variations to chemical (see Schreier,  1978) and physical conditions 

and ( 5 )  the evaluation of the s e n s i t i v i t i e s  of the two r ivers  t o  disturbance 

(by performing in situ and 1 aboratory perturbation experiments). 

0 
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MATERIALS AND METHODS 

Periphytic algae were sampled by removing representative rocks 

(usually four from each s i t e ,  each ca. 20 cm i n  diameter) from the streambed 

of each r iver  o r  creek, a t  locations noted (Figs. 1 and 2 )  and ca. 100 cm 

areas were immediately scrubbed with a nylon nailbrush. 

microflora on the rock and brush were then Sluiced i n t o  a container w i t h  the 

2 

The detached 

aid of a wash bot t le  containing d i s t i l l e d  water; t h i s  en t i r e  procedure was 

repeated twice. 

this technique. 

See'Sheehan e t  a l .  f o r  a more detailed description of 

The area of each rock sampled was determined by f i t t i n g  aluminum f o i l  

to the scrubbed contour, removing the f o i l ,  pressing i t  f l a t  and measuring 

i t s  area w i t h  a polar planimeter. 

Each periphyton suspension was wet f i l t e r e d ,  w i t h i n  3 h ,  onto e i the r  

5.5 o r  10 cm diameter Whatman GF/C glass f ib re  f i l t e r s  u s i n g  a maximal 

vacuum of 18 cm Hg. 

bisected,and the c e l l s  o f  one half o f  the f i l t e r  washed in to  a s t e r i l e  

container, and preserved w i t h  acid Lugol ' s  solution t i l  1 assayed for  a1 gal 

Immediately .following this f i l t r a t i o n  each f i l t e r  was 

species and numbers. The remaining half of each f i l t e r  was t reated w i t h  a 

Mgco3 SUSPenSiOn, frozen ( k c . ,  Mar., May ( S w i f t )  and June ( S w i f t )  samples 

were not frozen) and kept i n  the dark  u n t i l  used for  chlorophyll a 

extraction and analysis.  

Chlorophyll a content 

GF/C f i l t e r  ( w i t h  f i l t e r e d  a 

of each sample was, assayed by extract ing each 

gae) i n  an acid f ree  acetone: water (9 : l )  
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Figure 1 Sampling stations in the Ogilvie River drainage basin, Yukon Territory. 
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Figum 2 Sampling stations in the Swift River drainage basin, Yukon Territory. 
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mixture u s i n g  a High-speed Polytron 

(0.45 um Gelman Alpha-6 material f i  

zer fol lowed by f i  1 t ra t ion  

the sample t o  remove debris and 

par t iculate  matter?. 

again. 

The residue was then re-homogenized and f i l t e r e d  

Both f i l t r a t e s  were combined and made t o  15 ml with 90% acetone; 

homogen 

t e r )  of 

chlorophyll a content was measured spectrophotometrically (corrected for  

phaeophytin) usi ng extinction values of Lorenzen (1967) as described by 

Strickland and Parsons (1968). 7 

Periphytic diatom ident i f icat ions and cel l  counts were made on sub-  

samples which were f i r s t  cleaned in H202 or  n i t r i c  acid (Patrick and Reimer, 

1966), evaporated onto cover s l i p s  (Battarbee, 1973) and then mounted on 

microscope s l ides  with Hyrax medium. 

using phase contrast  microscopy (1000 X magn/fication); a l l  diatoms were 

identified and counted t i l l  there was a total  count of 200 f rus tu les .  

Microscope t ransects  were then examined 

2 Suitable conversion factors were then used t o  transform counts t o  cells/cm . 

The works of Patrick and Reimer (1966), Cleve-Euler (1951-1955), 

Hustedt (1930, 1931-1959) Huber-Pestalozzi (1942), Sreenivasa and Duthie 

(1973) and Weber (1966.) were consulted for  ident i f icat ion of  the diatoms. 

The species 'c lass i f icat ion outlined by Van Landingham (1967-1975) was followed 

except t ha t  CymbeZZa caespitosa was recognized as a d i s t i n c t  species. 

genera not covered by Van Landingham ( s t a r t i ng  a f t e r  the genus l\rauicuZa), 

the species taxonomy of Patrick and Reimer (1966), Cleve-Euler (1951-1955), 

Hustedt (1930), and Huber-Pestalozzi (1942) was followed. 

x i '  

For 



. . . .  

The re la t ive  abundance of each algal phyla was measured in  another 

subsample w i t h  an inverted microscope using methods detailed in Northcote 

e t  u Z .  (1975). Cyanophyta and Chlorophyta species were qual i t a t i v e l y  

measured fo r  re la t ive  abundance and ident i f ied u s i n g  Prescott (1962), 

Hoek (1963) , and Bourrelly (1966, 1968, 1970). 

Samples fo r  phytoplankton analyses were obtained by allowing water 

t o  flow into a clean 100 m l  container placed 5 - 10 cm below the surface of 

each r iver  o r  creek sampled. 

were then added t o  preserve each sample which were subsequently analyzed 

u s i n g  the Utermohl (1958) technique which involved sample t ransfer  t o  5 ,  

Approximately two ml of acid Lugol ' s  solution 

10, o r  25 ml sett l ing chambers (depending upon algal density) and enumeration 

w i t h  an inverted phase contrast  microscope. 

examined a t  500 times magnification and a1 1 phytoplankters ident i f ied and 

counted u n t i l  there was a to ta l  count of 200 c e l l s  (except; colonies composed 

of small cells  were counted as individual colonies).  Suitable conversion 

factors  were used t o  transform counts t o  cells/ml. 

Microscope t ransects  were 

Planktonic diatoms were ident i f ied using the reference works described 

above as  well as Patrick and Reimer (1975). Geitler (1932) and Prescott 

(1962). were used t o  ident i fy  planktonic algae from other planktonic classes.  

In a l l  cases both l i ve  and dead planktonic microalgae were counted 

separately. 

Phytoplankton and Periphyton diatom species vo.lumes were determined 

as follows. The dimensions of ten representative c e l l s  of each species 
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were microscopically measured and these values used to determine average 

cel l  s izes  for  t h a t  species. 

sca le )  was then determined using a polar planimeter. 

multiplied by the c e l l ' s  depth to  determine the average ce l l  volume i n  

um (Appendix 1 ) .  Phytoplankton volumes from other algal classes were 

calculated by the use of geometric formulae. 

Surface area of each d ia tom species (drawn t o  

This value was then 

3 

Viable heterotrophic bacterial  numbers were determined by spreading 

water and ep i l i  t h i c  samples upon the following medium: 

39; Bacto-peptone, 5g; Bacto-agar, 15g; d i s t i l l e d  water, 1 l i t e r ;  pH 7.2 within 

Bacto-beef ex t rac t  , 

several hours of  sampling. The Petri plates  were then maintained a t  

temperatures of from 1 - 10 C whilst  being transported to  a laboratory a t  

which time they were incubated a t  5 C f o r  3 weeks before colonies were 

counted. 

One-tenth m l  samples of water were plated d i r ec t ly  to  assay 

planktonic bacterial numbers whereas epil  i th i  c bacterial  counts were determined 

using the "scrub water" obtained as outlined above and before the addition 

o f  Lugol ' s  s o l u t i o n .  

Total planktonic and e p i l i t h i c  bacterial  counts using water and "scrub 

water" respectively were done u s i n g  ep i f l  uorescent microscopy, as described 

by Daley and Hobbie (1975) and Hobbie e t  aZ. (1977) .  

Benthic invertebrates were sampled by placing a Surber sampler 

(1 mm mesh s ize)  on a streambed (water depth of ca. 20 cm) and picking up 

a l l  larger  rocks and scrubbing them in f r o n t  of the net. The remaining 
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f ine  material was thoroughly s t i r r ed  t o  dislodge organisms which were 

subsequently washed into the net. In this way streambed material was 

sampled to  a depth of ca. 10 cm. 

collected and then combined in  a single p l a s t i c  bag, preserved with a 5% 

A t  each location 4 o r  5 samples were 

formaldehyde sol ution and transported t o  the laboratory fo r  analysis by 

J . Keays , Powel 1 River , Bri t i  sh Col umbi a .  

Laboratory analyses were done by placing each sample i n  a white 

.enamel t ray  and  first^ removing organisms larger  than ca. 1 cm. Each sample 

was then sorted i n  Petri plates  and organisms smaller than 1 cm were 

removed. 

compound mi croscopes. 

1969; Usinger, 1956; Needham e t  aZ., 1935; Smith, 1968; Ross, 1944; 

A l l  organisms were ident i f ied with the aid o f  dissecting and 

The  t ex ts  used i n i d e n t i  f i  cat i  ons were (Johannsen , 

Edmondson, 1959; Ricker, 1943, and Classen, 1931). Suitable conversion 

factors were applied t o  convert counts t o  number of organisms per square meter. 

Di ssol ved organi c carbon ( D O C )  was assayed by the wet oxidation 

technique of Menzel and Vaccaro (1964) whereas par t icular  organic carbon 

( P O C )  values were determined using a Beckman C H N  analyzer. 

f i l t e r s  were used t o  separate DOC from POC and a l l  samples were frozen t i l l  

assayed. 

Gelman A / E  

Total inorganic carbon (TIC) values of sampled river waters were 

de’termined with the use of a dual channel carbon analyzer - Beckman model 

915 equipped with a Beckman model 215B infrared analyzer. Aliquots of 

blended water were injected into a combustion t u b e  heated to  175 C containing 

I 
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85% H3P04 on quar tz  

u s i n g  an infrared ana 

chips. The C02 1 

yzer and standard 

berated was quant i ta t ively assayed 

inorganic carbon solutions.  

Theoretical maximum hours of sunlight a t  each r iver  were determined 

using the Nautical Almanac (1976, 1977) ( F i g .  3 ) .  The actual energy 

available from the s u n l i g h t  would be l e s s  due t o  mountain shading, cloud 

cover, angle of  the sun, r iver  i ce ,  snow cover, water tu rb id i ty ,  e t c .  

Concentrations of non f i  1 terable  residues were determ 

water samples through tared Whatman G F / C  f i l t e r s  (previously 

for  4 hours) 

to be non f i  

ned by f i l t e r  

heated t o  450 

T h i s  dried residue remaining upon each f i l t e r  was considere 

terable.  

C 

G1 ucose heterotrophic potenti a1 s (Vmax) , turnover times ( Tt )  and 

Kt  + Sn ( K t  refers  t o  the transport  constant whereas Sn denotes the natural 

concentration o f  substrate)  values were determined by aspi ra t ing water 

samples i n t o  ten-50 m l  disposable p l a s t i c  syringes ( w i t h  attached Beckton- 

Dickinson two way valves) . 
of t r i t i a t e d  glucose ( D -  16- HI glucose, spec i f ic  ac t iv i ty  10 Ci/mmol; 

Amersham/Searle Corp:) and was inverted several’ times following water addition 

to mix the sample. 

dehyde before addition of water. 

t o  yield a f inal  concentration range i n  the various water samples of from 

Each syring contained an appropriate concentration 
3 

Controls consisted of  samples poisoned w i t h  5% glut,aral-  

I n  this study t r i t i a t e d  glucose was added 

incubated in situ for  periods of 30 - 240 minutes, depending upon water 

temperatures; care was taken to ensure substrate  u t i l i za t ion  was l inear  w i t h  

time. The incubations were stopped by f i l t e r i n g  the contents of each syringe 
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through 0.45 um pore s i z e  membrane f i l t e r s ,  Millipore Corp. (25 m) i n  

diameter contained within a Swinnex f i l t e r  holder attached t o  the e x i t  port 

of each two way valve. 

30 m l  volame of river or creek water by repeating the r e f i l l i n g  and 

evacuation procedure. 

as  exposure to  ambient a i r  temperatures ( i n  some cases a s  low as  -4OC) 

Each f i l t e r  was then washed w i t h  an approximately 

Care was taken t o  do a l l  manipulations under  water 

m i g h t  immediately freeze the contents of each reaction vessel. The device 

used fo r  sampling and. incubating the water samples i s  described i n  F i g .  4. 

Counter-clockwise rotat ion of the handle f i l l s  each syringe w i t h  water whereas 

a clockwise rotat ion empties each syringe. 

F i l t e r s  were placed i n  s c i n t i l l a t i o n  v i a l s  containing 15 m l  of 

Aquasol s c i n t i l l a t i o n  cocktail  (New England Nuclear Corp.) w i t h  10% ethyl 

acetate .  

spectrometer. 

external standard method) , machine eff ic iency and ha l f - l i f e  decay and were 

A l l  samples were counted i n  a Beckman LS-250 l i q u i d  s c i n t i l l a t i o n  

Counts per minute (cpm) were corrected f o r  quench (by the 

reported as dis integrat ions per minute (dpm) . 
diluted i n  carbon-free water prepared by the method o f  Str ickland and 

The tr i  t i  ated glucose was 

Parsons (1968) and f i l t e r e d  through s t e r i l e  membrane f i l t e r s  (0.22 um 

pore s i ze ,  25 mm diameter, Millipore Corp.) p r ior  t o  use. No attempt was 

made t o  quant i ta te  glucose respirat ion.  

and Hobbie (1966) f o r  a more complete description o f  the technique as well 

as equations f o r  calcu'lation of Vmax,  Kt + S n and Tt. Bacterial  spec i f ic  

ac t i  v i  t i e s  were calculated as the glucose heterotrophic a c t i v i t y  per v i  able 

See Dietz et aZ. (1977) and Wright 

1 

heterotrophic bacterium. 
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with two shown 

crank handle (counter dockwise 

short spring to prevent backflow 

Beckton-bickinson water entrance 

morable syringe barrel, plate 

to clow valve 

Swinnex filtration 

25mm diameter, 
0.45mm membrane filter 

Figure 4 

Syringe sampler - incubator for heterotrophic activity assays 
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Light (a lga l )  and d a r k  (mainly bac ter ia l )  productivit ies of the 
14 plankton were determined w i t h  the use of Two l i g h t ,  two dark and 

two ki l led ( 1  m l  of 5% glutaraldehyde added to  each) BOD bot t les  (300 ml 

C02. 

capacity) were f i l l e d  w i t h  r iver  o r  creek water and 5 uCi  of 14C02 

(as  bicarbonate or  carbonate - pre-membrane f i l t e r e d  (0.22 um))  added t o  each. 

The bot t les  were stoppered, inverted t o  mix the contents and incubated 

in s i t u  for  4 hours (incubation times between 1000 and 1500 h were chosen). 

This procedure was used fo r  a l l  b u t  the December 1977 samples when 24 h 

incubation periods were used. 

stopped by adding 1 ml of  5% glutaraldehyde t o  the l igh t  and dark bot t les  

and f i l t e r i n g  the contents of each through 0.45 um pore s ize  membrane f i l t e r s  

Following incubation, the reactions were 

(Millipore Corp.) Following t h i s ,  each f i l t e r  was washed with 50 m l  of 

pre-f i l tered r iver  o r  creek water, placed i n  s c i n t i l l a t i o n  cocktai l ,  as 

described above, and the dpm determined. 

The l i gh t  minus dark dpm values were used t o  calculate  algal 

producti vi t i e s  whereas the dark mi nus  k i  11 ed Val ues were used t o  determi ne 

heterotrophy productivit ies.  See Romanenko e t  aZ. (1972) for  a more complete 

description of t h i s  technique. 

Ten-li tre plexiglass containers (see F ig .  5 )  s imilar  to  those 

described by Schindler e t  aZ. (1973) were used t o  assay benthic l i g h t  and 

dark productivit ies.  

400-700 ml each were gently placed into each of one l i g h t ,  one dark and one 

- 
River o r  creek bottom rocks (4-5) of average volume of 

ki l led ( w i t h  30 m l  of 25% glutaraldehyde) control 'boxes and the remaining 

space f i l l e d  with r iver  o r  creek water. Each box was then placed on the 
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r iver  bed fo r  ca. 30 min. t o  allow a resettlement of the pa r t i a l ly  disturbed 

material. Following this 55 uCi of 14C-bicarbonate o r  carbonate (new 

England Nuclear Corp.) was injected into each box, the contents mixed, and 

the en t i r e  system was allowed t o  incubate for  4 h (between the hours of 

1000 t o  1500). 

w i t h  the addition of 30 ml of 25% glutaraldehyde. Known areas (see above 

fo r  description of areal determination technique) of incubated rocks were 

scrubbed (see above) t o  obtain 14C-labelled microflora, which was then 

preserved w i t h  gl utaral dehyde, f i  1 tered onto membrane f i  1 t e r s  , oxidized 

w i t h  the use of a SEARLE combustor, and the released 14C02 collected i n  

s c in t i l l a t i on  f luor  and the dpm of each assayed as described above. 

volumes of the water which occupied each box were also determined a t  this 

The reactions in each l i gh t  and dark box were then stopped 

The 

time. Algal (based upon l i g h t  minus d a r k  dpm) and heterotrophic ( d a r k  

mi nus k i  11 ed control dpm) producti vi t i e s  were subsequently cal cul ated on a 

per m basis. 2 

Waters for-determi nations of biochemical oxygen demand (BOD) values 

were placed in s t e r i l e  5 - l i t r e  polyprophylene carbouys and shipped t o  

Vancouver. 

of t h i s  water varied between 0 and 10 C.  BOD values were obtained w i t h  

the use of standard BOD bott les  which were incubated in the dark for  periods 

of up to  55 days a t  1 k 1 C.  

Whilst i n  t r a n s i t  ( fo r  periods up t o  2 weeks) the temperature 

1 

A t  times zero ( the  time a t  which the waters 

were added to  the bot t les  in Vancouver), 21 and 55 days dissolved oxygen (DO) 

contents were assayed by the Winkler technique (Amer. Pub. Health Assoc., 

Amer. Water Wks. ASSOC., and Water Poll. Con. Fed. (1965)). 
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Streambank materials f o r  nutr ient  (DOC and P O C )  analyses a n d  

perturbation experiments were selected from one so i l  p rof i le  located near 

the stream bank i n  the a l luvial  floodplain i n  the S w i f t  River basin.  As 

is  common i n  floodplain s i tua t ions ,  the so i l  p rof i le  has been influenced 

by polygenesis. 

soi l  order,  i n  the ear ly  stages of development and made up  of the following 

f ive horizons: 

In pr inciple ,  the soi l  p rof i le  belongs to  the Brunisolic 

LFH, Ae, B m ( t ) ,  Bf and C .  

The LFH,  Ae, and B m ( t )  horizons (P la te  1 . )  were used for the experiments 

and each can be described as follows: 

- LFH: an organic horizon characterized by accumulation of organic material 

i n  various stages of decomposition. 

L = Li t t e r :  

need1 es .  

predominantly sphagnum moss, labrador t ea ,  and spruce 

F = Partly decomposed l i t t e r ,  mainly leaves, needles and twigs and 

the original s t ructure  i s  di-ff icul t  to  recognize. 

H = Humus: 

s t ructure .  

(The L and F portions were dominant i n  the sample w i t h  only a small 

f ract ion of humus v is ib le . )  

A leached mineral horizon w i t h  coarse sandy texture from which s a l t s  

and clays have been removed by eluviation. 

decomposed organic matter w i t h  no ewidence of original 

, 

- Ae: 

B m ( t ) :  A s l igh t ly  a l tered mineral horizon w i t h  evidence of i l l uv ia t ion ,  

and changes i n  texture. 



P l a t e  1. V e r t i c a l  view o f  the  s o i l  p i t  ad jacent  t o  t h e  S w i f t  R i v e r  

showing the  l o c a t i o n  o f  t h e  LFH, Ae and B m ( t )  hor izons.  
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RESULTS AND DISCUSSION 

A s ignif icant  feature of both the Ogilvie and Swift Rivers was the 

seasonal changes in the values of many of the microbial (standing crops 

and a c t i v i t i e s )  as well a s  chemical and physical parameters assayed. 

i ncl uded mi croal gal , bacterial  and invertebrate cel l  numbers , a1 ga l  and 

bacterial  a c t i v i t i e s ,  as well as T I C ,  DO AND DOC concentrations. Generally, 

These 

and minimum values of each parameter occured in l a t e  spring-summer I maxi mum 

and fa1 -winter respectively*. 

Algal , Bacterial and Invertebrate Standing Crops 

Relatively l'arger concentrations of both planktonic and periphytic 

microalgae were present i n  these sub-Arctic Canadian r ivers  d u r i n g  the spring, 

summer and f a l l  of 1977 - 1978 as compared to  the winter of 1978 ( F i g s .  6 and 

7 ,  Table 1 ) .  

ear ly winter; generally the phytoplankton values decreased t o  approximately 1% 

Massive declines in standing stocks of these c e l l s  occured i n  

* I n  t h i s  manuscript sampling dates which correspond with seasons are 4-10 

October, f a l l ;  10-20 December, ear ly  winter; 22-30 March, l a t e  winter; 15- 

26 May, l a t e  s p r i n g ;  17-30 June and 1-8 Aug . ,  summer. "Freeze-up" occurred 

on the Ogilvie and Swift Rivers in the f i r s t  weeks of October and November 

1977 respectively. 

ca. 7.5 months of i ce  cover) and ear ly  April 1978 (Swift River, ca. 6.5 

Ice "break up" occurred in ear ly  May 1978 (Ogilvie River, 

months of i ce  cover). 
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Figure 6 Viable Phytoplankton concentrations (cells/ml - 500 x magnification) of several streams 

of the Ogilvie and Swift River drainage basins. 
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Figure 7 Total periphytic diatom concentrations (cells/cm2 - 1000 x magnification) 
of several streams of the Ogilvie and Swift River drainage basins. 
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of the i r  spring and summer levels  ( the  percent viable (containing chloro- 

p las t s )  phytoplanktonic ce l l  numbers of both the Ogilvie and Swift Rivers 

remained re la t ive ly  constant throughout the year w i t h  mean values of 

75.3 and 67.7% respectively) whereas the decline was somewhat l e s s  amonst 

the .pe.ri phyton ( F i g s .  6 and 7 ,  Tab1 e 1 ) . 
between October and December 1977 were ca. 93% and 98% for  the Ogilvie and 

Swift Rivers respectively. 

sampling periphyton these values should be interpreted w i t h  caution 

(see Tett  e t  aZ. (1978) fo r  a discussion of adequately sampling benthic 

microalga4 . 

The periphyton decl i nes noted 

However, due to d i f f i cu l ty  i n  quant i ta t ively 

Karlstrom and Backlund (1977) noted s imilar  fluctuati'ons i n  numbers 

of planktonic diatoms of the river,Ricklean (Sweden, l a t .  of ca. 64' 5 '  N . ) .  

These authors found t h a t  ce l l  concentrations were greatest  during spring and 

summer and declined qui te  abruptly d u r i n g  l a t e  autumn and ear ly  winter 

whereas a s l i g h t  recovery i n  numbers was noted between January and March. 

In  both the Ogilvie and Swift Rivers we noted a modest recovery in numbers 

of b o t h  phytoplankton and periphyton occurred between ear ly  and l a t e  winter. 

The factors  which cause 

periphyton numbers i n  l a t e  fa1 

the massive decl i ne in phytoplankton and 

are not known with cer ta inty.  However, two 

s ign i f i c i an t  features were probably (1)  low insolation and (2)  low temperatures. 

By l a t e  December daylight lengths in the Ogilvie and Swift River watersheds 

had decreased t o  c a . ' 3  and 6 h from summer values of ca. 18 and 16 h res- 

temperatures in both r ivers  had decreased t o  ca. 0 C 

5 C (Ogilvie River) and ca. 12 c ( S w i f t  River) 

pect 

from 

vely (Fig. 3 ) .  Water 

summer values of ca. 

( F i g .  3 ) .  
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Several investigators have noted tha t  many microalgae are able to 

withstand exposure to  b o t h  low temperatures and darkness. 

(1973) found tha t  when the blue-green alga Anacystis niduZans was exposed 

Jansz and MacLean 

' t o  0 - 5 C cul ture  v i ab i l i t y  was reduced. However, residual numbers of 

viable ce l l s  remained, even a t  these low temperatures. 

found tha t  two diatom genera (AsteKoneZZa and F r a g i l d a )  grew throughout 

Talling (1955) 

the year i n  Lakeblindermere w i t h  the division rates  lowest in January. 

As winter progressed, the division ra tes  increased from January to  March. 

This author concluded t h a t  "the mean re la t ive  growth ra tes  of c e l l s  a t  1 m. 

d e p t h  are  primarily determined by daylength and temperature". Antia and 

Cheng (1970) showed t h a t  although 31 species o f  marine unicel lular  algae 

showed no s ign i f icant  growth i n  darkness a t  20 C . ,  several species were able 

t o  survive up  to  24 weeks and resume normal growth ra tes  upon t ransfer  t o  l i g h t .  

I t  i s  possible t h a t  some algal c e l l s  t reated i n  t h i s  fashion, including the 

microalgae o f  the Ogilvie and Swift Rivers, may have (1 )  decreased their 

endogenous metabolism and ( 2 )  shif ted to  a heterotrophic pattern of ce l lu l a r  

maintenance. Many diatoms are able t o  survive i n  the absence o f  l i gh t  using 

heterotrophic processes (Hellebust, 1968, Hellebust and Lewin, 1972 and Lewin 

and Hellebust , 1975). 

There i s  no f a c i l e  explanation f o r - t h e  minor increase in numbers o f  

bo th  planktonic and ' ep i l i t h i c  microalgae between e a r l y  and l a t e  winter noted 

in both this study (Figs. 6 and 7)  and by Karlstrom and Backlund (1977) i n  

the r iver  Ricklean. 

However, daylength increased during t h i s  time period (see Fig. 3) and i t  i s  

possible tha t  photosynthetic ra tes  increased which resulted in slow algal growth. 

Water temperatures remained approximately the same. 

,, . _ .  .-.- 
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Analysis of planktonic algal species d a t a  suggests t ha t  most c e l l s  

Of of . the phytoplankton community actual ly  originated in  the periphyton. 

the 85 phytoplankton species w i t h  chloroplasts which were ident i f ied ,  73  

species were also found i n  the periphyton samples. 

dominated planktonic species are  considered to be ecologically more 

important in the peri phyton w i t h  only 9 species being considered primarily 

planktonic. 

periphyton and phytoplankton assemblages (Appendix 2 ) .  

Sixty-two of the diatom 

The other 14 species a re  about equally important i n  both 

Most phytoplankton species were spotty i n  occurrence and were only 

observed a few times from October 1977 t i  11 August 1978. 

Eatoma tenue V. elongatwn, Fragi Zaria construens V .  binodis, F r a g i l d a  

vaucheriae, and Syne&a ulna were observed more frequently and t h e i r  seasonal 

dis t r ibut ion in the Ogilvie and Swift R'ivers i s  plotted in Fig. 8. 

Achanthes minutissirnu, 

The periphytic algal species composition data showed s imilar  trends in 

a l l  r ivers  assayed, i e .  the spring - summer - f a l l  populations were pre- 

dominantly Bacillariophyceae or Chlorophyceae whereas the bulk o f  the over- 

wintering ce l l s  were diatoms (Table 2 ) .  The reason for  this i s  not known. 

There were 96 species o f  periphytic diatoms ident i f ied i n  samples 

removed from the Swift and Ogilvie River Basins (Appendix 3 ) .  

these species were found in the Swift Riverbs in  while only 63 species were 

Eighty-nine of 

found i n  the more northerly Ogilvie River Basin. The lower number of species,  

i n  the Ogilvie i s  probably related to  the harsher physical environment ra ther  

than t o  chemical conditions. Higher nutr ient  levels  and a more diverse 
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chemical environment i n  the Ogilvie (Schreier, 1978) should actual l y  

30 

favour  a 

greater species divers i ty .  

accounted for almost a l l  o f  the diatom numbers. 

rare  species i s  one which accounts fo r  l e s s  than 5% of the to ta l  diatom number 

a t  a l l  times) made up  only 24% of the total  numbers in the Ogilvie whereas 

i n  the S w i f t  River rare  species made u p  41% of  the to ta l  diatom numbers. 

Also, i n  the O g i l v  e a few dominant  spec es 

All the rare  species (a  

Achnanthes minutissima was the most abundant diatom i n  both the Ogilvie 

and S w i f t  Rivers ( F i g .  9), although more common i n  the Ogilvie. 

i s  also very abundant i n  temperate waters, being absent only i n  regions of 

gross pollution. 

hiemaze v .  mesodon were abundant in the Ogilvie b u t  rare in the Swift River. 

This diatom 

Anomoeoneis Witrea, FragiZaria crotonensis and Diatoma 

These species showed d i s t i n c t  seasonal abundance patterns and i t  i s  interest ing 

t o  note tha t  Anomoeoneis v i t rea ,  an Arctic species,  was a t  i t s  most dominant 

d u r i n g  winter. Achnanthes s p . ,  Cocconeis pZacentuZa, and Diatoma tenue v .  

eZongatwn. were abundant only i n  the S w i f t  River. 

def in i te  seasonal abundance patterns ( F i g .  9).( Most o f  the other diatom 

species enumerated were ra re ,  and only 12 other species even accounted for  as 

These species a lso exhibited 

L. f;, much as f ive  percent of the numbers a t  par t icular  seasons. . ,2. 

The dis t r ibut ion o f  the "non-diatom" forms was much more patchy than 

t h a t  noted for the diatom species. 

of green algae, six bl'ue-green algal species and one Chrysophyceae alga 

A t  various times there were nine species 

ident i f ied i n  quant i ta t ive collections from the Ogilvie and Swif t  River Basins 

(Appendix 4 ) .  The most abundant green algae were: Mougeotia sp. 

Oedogonim sp. , UZoth& sp., and StigeocZoniwn s p .  The most common epil  i t h i c  
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bl ue-green a1 ga’ was OseiZZatoria sp. 

Besides the non-diatom species observed in the quant i ta t ive samples 

(Appendix 4) there were a1 so several other species enumerated in qua l i ta t ive  

collections from unusual habi ta ts .  I n  the Ogilvie River the red alga,  

Lemanea fucina Bory was extremely abundant a t  a l l  the bedrock s i l l s  t h a t  

crossed the r iver  (see Schreier,  1978).  

veloci t ies  and groundwater influxes also occurred there ,  which caused the 

r iver  t o  remain ice f ree  in these spots ,  even during mid-winter. 

These s i l l s  created higher current 

The blue- 

green a1 gae Chamaesiphon incrustans Grun .  and CZastidiwn setigerwn K i  rchn. 

grew epiphytically on the Lemanea. 

i n  springs which flowed i n t o  the Ogilvie. 

f lage l la tes  grew in the acid drainage areas where PH values were as low as 

Hydrurus foe t idus  was extremely abundant 

And, in  Engineer Creek Euglenoid 

2.8. 

Agardh was sometimes abundant. 

I n  the Swift River, the green alga Tetraspora eyZindrica (Wahl.) C . A .  

The blue-green a.1 ga Nostoc verrucoswn grew 

on large boulders i n  several creeks flowing in to  the Swift River. 

The levels of , b o t h  planktonic and periphytic chlorophyll a in these 

two l o t i c  systems (Table 1 )  follow a pattern s imilar  t o  tha t  of the algal 
I 

standing crops (Fig. 6 and 7 ) .  

followed by a par t ia l  recovery.in la te ’win ter  and a rapid increase t o  sping 

That i s ,  a marked decrease in ear ly  winter 

and summer values. 

The seasonal changes of bacterioplankton cel l  numbers i n  b o t h  r ivers  

were remarkably s imilar  to  those of the phytoplankton (Table 3 ,  cf .  Fig.6). 

T h a t  i s ,  the viable bacteria numbers a s  determined by p la te  counts were 

minimal in winter and increased t o  greater  numbers in spring and summer. 
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In both l o t i c  systems, a s l i g h t  increase i n  numbers was noted between ear ly  

and l a t e  winter. 

Other investigators have noted numbers of both planktonic and 

e p i l i t h i c  bacteria which were s imilar  t o  those observed i n  these two r ivers  

(Table 3 ) .  

bacterial numbers (assayed by epif l  uorescent microscopy) of a p r i s t i ne  subalpine. 

stream system i n  the Canadian Rocky Mountains ranged seasonally from 

1 x 10 to  1 x 10 cell/cm and from 2 x 10 t o  2 x 10 cells/ml respectively. 

Geesey e t  aZ. ( i n  press) found tha t  the e p i l i t h i c  and planktonic 

6 8 2 3 5 

Both planktonic and e p i l i t h i c  bacterial  numbers were minimal i n  the winter 

and maximal i n  the summer. The se s s i l e  bacter 

those of the bacteriopl ankton by approximate1.y 

Total bacteri a1 

were only done on mater 

numbers, as assayed by 

a numbers were greater  than 

2 ‘order of magnitude. 

epi f l  uerescent microscopy , 

a1 collected i n  l a t e r  f i e l d  trips and hence these 

data were not suf f ic ien t  t o  interpret seasonal trends. However, the r a t i o  
2 between planktonic bacterial/ml and s e s s i l e  bacteria/cm2 were between 10 

3 and 10 i n  a l l  waters assayed by this technique (Table 3) .  

what greater  than the values obtained by Geesey e t  a2. (see above). 

tha t  the average depths of the Ogilvie and Swift River were approximately 

1 m ,  the calculated r a t io s  of the planktonic t o  e p i l i t h i c  bacterial  ce l l  

These are  some- 

Assuming 

numbers vary from 1.690 to  0.080. T h e  r a t io s  of the phytoplankton t o  per i -  

phyton cell  numbers vary from 0.167 t o  0.007 (based upon calculation of the 

chlorophyll a data of Table 1 and an average river depth of 1 m ) .  W i t h i n  

the l imites  of these experimental data i t  would appear t h a t  a somewhat greater  

proportion o f  the to ta l  bacterial c e l l s  may be suspended i n  water as compared 

to  the microalgae. However, i n  most instances, greater  leve ls  of microbial 
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II the stream bottoms as compared t o  overlying waters. 

2 The numbers of invertebrates /m 

Surber sampler ranged from 5 t o  

Table 4 ,  detailed data in Append 

of r iver  or stream bottom sampled 

038 w i t h  a'mean value f o r  a l l  samples 

x 5 ) .  These densi t ies  are  somewhat 

lower t h a n  those which have been found by other investigators in s imilar  

streams and creeks in b o t h  the Yukon and North West Ter r i to r ies .  Brunskill 

e t  aZ. (1973) found t h a t  "zoobenthos density i n  the Yukon and North Slope 

areas ranged from a few hundred to a few thousand organisms / m  . Hoos and 2 

2 Holman (1973) found the numbers of organisms t o  be ca. 3,60O/m a t  a s i t e  in 

Rose Creek which was not perturbed by mine t a i l i ngs .  Because of the limited 

number of samples i t  i s  d i f f i c u l t  t o  compare invertebrate species and numbers 

in the Swift River and Ogilvie River drainage bas ins ,  although benthic inver- 

tebrate numbers appear to be greater i n  the Ogilvie River (May t o  August, 1978) 

(Table 4 ) .  

majority of samples, an observation which has a lso been noted by other 

investigators (Brunskill e t  ai?., 1973 and Hoos and Holman, 1973). 

The chironomidae were the most numerous macroinvertebrates in the 

Physi co-Chemi cal Parameters 

The average water temperatures of b o t h  the Ogilvie and Swift Rivers 

varied between winter lows o f  ca. 0 C and summer . h i g h s  o f  12 - 15 C during 

1977 - 78. For a t  l ea s t  7 months of the year the temperatures were a t  or 

near freezing (Fig.3). '  Hence, t h i s  physical parameter may have had a large 

influence upon the numbers (see above), as well as a c t i v i t i e s  (see below) 

of the microflora of these r ivers .  
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DOC vaiues increased i n  s p r i n g  and decreased as 

37 

the  seasons progressed 

tllrough summer, fa 1 and winter (Fig.10) 

due to  both al lo-  and autochthnous addition of organic matter t o  the two 

r ivers ,  a1 though a d is t inc t ion  between the re la t ive  importance of each to  

the to ta l  DOC levels cannot be made on the basis of these data. However, 

the contributions by both of these sources are  probably decreased i n  f a l l  , 

lowest i n  winter and highest in s p r i n g  and Summer since (1)  freezing conditions 

would greatly slow tr ibutary and land run-off in to  these r ivers  (a1 ochthnous 

addition) and ( 2 )  phytoplankton and periphytic a1 gal productivi t i e s  were 

lowest i n  fa1 1 and w i  ntelr (autochthonous addition) (see below). 

These s p r i n g  ncreases were probably 

I 
I 
1 

I 
I 

TIC values of O g i l v i e  River water are  almost always greater  than 

those o f  the Swift River ( a t  s imilar  times of the year ) .  Since the Ogilvie 

River system flows over extensive limestone substratum whereas the Swift River 

does not,  there i s  probably a much greater  non-biological contribution of 

C02, HCO; and CO; t o  the former r iver .  However, both r ivers  displayed marked 

seasonal variations i n  TIC. 

concentrations i n  l a t e r  winter pr ior  to i ce  "break-up" ( F i g .  10) .  

explanation i s  t h a t  this  increase may be pa r t i a l ly  due t o  community respirat ion.  

T h a t  i s ,  d u r i n g  the ca. 7 months of ice  cover a s ign i f icant  portion of the 

planktonic and benthic DOC and POC were metabolized w i t h  the concomitant re lease 

of.C02 which tended to  co l lec t  under the i ce  as TIC. 

sudden drop i n  TIC values were noted i n  each r ive r  ( F i g .  10) .  

t o  the abrupt release of TIC t o  the atmosphere as C02 as well as i t s  f ixat ion 

by b i  ologi cal processes, 

These values increased from summer t o  t h e i r  hjrghest 

A reasonable 

- 

A t  s p r i n g  break-up a 

This may be due 

See bel ow. 
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carbon concentrations, and non filterable residues (mg /I) of the Ogilvie and Swift Rivers. ' 
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POC values were generally greater i n  the Ogilvie t h a n  i n  the S w i f t  

River water (Fig. 10) .  

microbial (c f .  data of Figs. 6 and 7 ,  Table 3)  and de t r i tus  content of these 

waters , the concentrations of which in turn are regulated by many b o t i c  and 

abiot ic  fac tors ,  i t  i s  d i f f i c u l t  to in te rpre t  these data in a simple fashion 

other. t h a n  to s t a t e  t ha t  the Ogilvie River water column appears t o  be the 

more productive of  the two systems. 

Since these concentrations are  a function of both 

Microbial Act ivi t ies  

The planktonic microflora of  b o t h  the Ogilvie and S w i f t  Rivers displayed 

glucose heterotrophic a c t i v i t i e s  for  most of the year, the exception being 

l a t e  winter of 1978. A t  t ha t  time glucose heterotrophic uptake versus time 

kinetics by the microorganisms of the water were l inear  w i t h  time, b u t  

Michaelis-Menten uptake kinet ics  were not observed (Fig.11). 

has been noted previously i n  other aquatic ecosystems and i t  i s  the experience 

T h i s  phenomenon 

of one of us (L.J.A.) tha t  t h i s  occurs under a t  l e a s t  three conditions, viz. 

(1)  the microbial contents of the waters are exremely low (2) the concentrations 

of naturally occurring metabolites are minimal or (3)  the microbial ecosystem 

i s  stressed by pollutants (e.g.  mercury) o r  by unfavourable physico-chemical 

conditions ( e .  g. low temperatures). 

were n o t  decreased excessively i n  winter (Table 3 ) ,  b u t ,  both DOC levels  and 

temperatures d i d  decrease appreciably as compared to  summer values. 

l inear  Michaelis-Menten curves were obtained d u r i n g  the f a l l  and ear ly  winter 

when the temperatures were ca. OC which would tend to  eliminate low tempera- 

tures as a cause of scattered uptake of glucose i n  l a t e r  winter. 

The bacterial  content of  these waters 

However, 

A more 
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l i ke ly  cause may be the quantity and qual i ty  of DOC present i n  l a t e  winter 

(Fig.10). 

probably due t o  microbial u t i l i za t ion .  Since allochthonous and autochthonous 

production of DOC i s  minimal i n  winter,  the DOC remaining i n  l a t e r  winter may 

be highly r e f r a c t i l e ,  and not readily available fo r  heterotrphic microbial 

As winter progressed the DOC levels  of bo th  r ivers  decreased, 

u t i l i za t ion .  

metrabol ize  th i s  material and displayed non-linear heterotrophic ac t iv i ty  

plots .  

greatly increased the quantity and qual i ty  of DOC. 

water temperatures may have greatly increased gl ucose heterotrophic a c t i v i t i e s  

in spring and summer (Fig.11). 

Hence, the bacterial  c e l l s  may not have been able t o  readily 

Following spring "break-up" a l lo-  and autochthonous production 

This . ,  coupled with higher 

Both DOC concentrations and temperatures have' been shown to  influence 

heterotrophic bacterial  a c t i v i t i e s  i n  other aquatic ecosystems (A1 bright , 1977, 

Wright and Hobbie, 1965 , Hamilton e t  aZ. 1966 and Dietz e t  aZ. 1977) .  

Values of glucose Kt  + Sn tended t o  decrease s ign i f icant ly  d u r i n g  the 

f a l l  and winter months as compared t o  the s p r i n g  (following ice  "break-up") 

and summer months which i s  indirect  evidence tha t  glucose u t i l i za t ion  ra tes  

may exceed production rates  from ca. October t o  March (pr ior  to  ice  "break-up"). 

T h a t  i s ,  the DOC of the water may have become more r e f r a c t i l e  d u r i n g  the f a l l  

and winter months. 

Since the streamside materials of the-Swift  River have a large organic 

matter content* addition of this to  the Swift River would probably increase 

* LFH and Bm ( t )  contain 0.32 and 1.38 mg DOC,  158 and 13 mg organic carbon 
and 9 mg and t race (<lmg) organic nitrogen / g  dry weight respectively. 

L '  
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the  heterotrophic a c t i v i t i e s  of the microflora a t  a l l  times of the year. 

A predicted r e su l t  would be increased oxygen demands of  these aquatic 

ecosystems. 

The glucose hetrotrophic potent ia ls  assayed in t h i s  study f a l l  

w i t h i n  the lower par t  of the range noted f o r  several other freshwater r ivers  

and lakes - and i t  would appear t h a t  the more northerly the water body, 

the less  the glucose heterotrophic potent ia ls  (Table 5 ) .  However, t h i s  

generalization must be t reated w i t h  a great deal of  caution a t  this time 

since so few Arctic and sub-Arctic freshwater bodies have been assayed for  

hetrotrophic ac,ti v i  t i e s .  

Phytoplankton photosynthesis occurred throughout the Year in these 

two r ivers  w i t h  maximal ac t iv i ty  i n  the l a t e  s p r i n g  and Summer and minimal 

ac t iv i ty  d u r i n g  winter (Table 6 ) .  

is probably due t o  changing dai ly  conditions w i t h i n  each watershed. 

include s i l t  l eve l ,  temperature, water discharge (which may tend t o  suspend 

periphytic algae in  the water column) and sunlight.  

resu l t s  of one of these natural perturbations i s  tha t  of the minimal photo- 

synthetic r a t e  which was observed on 2 3  June, 1978 (Table 6 ) in the Ogilvie 

River. Heavy ra infa l l  naturally perturbed t h i s  r iver  with suspended matter 

These d a t a  are highly variable which 

These 

An example of the 

(non f i l t e r a b l e  residue, 117 mg / l i t r e )  

and l i t t l e  l igh t 'pene t ra t ion  beyond a water depth of ca. 0.1 m. 

which resulted i n  heavy turb id i ty  

Hence, 

photosynthesis d i d  n o t  appreciably occur (Table 6 )  a1 though phytoplankton 

ons were high (Figs. 6 and  7 ) .  concentrat 
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The planktonic dark productivi t i e s  were generally greater than 

l i gh t  productivit ies fo r  much of the year i n  the Ogilvie River whereas 

the opposite was noted fo r  the Swift River (1  i g h t  productivi t i e s  general l y  

exceeded dark product ivi t ies)  (Tables 6 and 7 ) .  In addition, the d a r k  

productivit ies of the Ogilvie River exceeded those of  the S w i f t  during the 

yearly cycle assayed (Table 7) .  The reasons for  t h i s  are not  known although 

there are several observations which may be pertinent:  ( 1 )  DOC levels  of 

the Ogilvie River water were greater t h a n  those of the Swift River d u r i n g  

the annual cycle of Oct. 1977 - August 1978. ( 2 )  Ogilvie River bacterio- 

plankton biomasses exceeded those of the Swift River throughout the year and 

( 3 )  glucose Kt + Sn values of the Ogilvie River were generally greater than 

those of Swift River water. Thus, bacteriorplankton productivit ies (which 

are a major p o r t i o n  of the to ta l  dark productivit ies of aquatic microbial 

ecosystems) should on the basis of these observations be greater  i n  the Ogilvie 

as compared t o  the Swift River. 

Assays of: benthic algal and bacterial  productivit ies of  stream bed 

materials of both the Ogilvie and Swift Rivers were not always possible 

because of e i the r  

(spr ing) .  

(1) extensive ice  cover (winter) o r  ( 2 )  high water conditions 

Therefore, a1 though the benthic productivit iy values reported were 

only fo r  s p r i n g '  t h r o u g h  summer of 1978 (Tables 6 and 7 )  i t  i s  probable tha t  

both periphytic a1 gaf and epi 1 i th i  c heterotrophic bacteri a1 producti v i  t i  es 

occur th roughou t  the year based upon observed levels  of b o t h  algal and bacterial  

s t a n d i n g  crops and planktonic productivit ies (Tables 2 and 3; (Figures 6 and 7 ) .  

A1  though these d a t a  a re  highly vari ab1 e (due to  f l  uctuati ng environmental 

r iver  conditions as outlined above as well as inherent patchiness of benthic 
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microorganisms i n  l o t i c  ecosystems) they nevertheless indicate tha t  the 

periphytic algal productivi t i e s  exceeded those of the epiphytic bacterial  
0 

productivi t i e s  (often by several order of magnitude). 

of to ta l  bacterial (planktonic and epi 1 i t h i c )  and to ta l  microalgal cplank- 

Thus, upon compari son 
c 

tonic and periphytic) productivit ies of each r ive r ,  microbial productivit ies 

of  the Ogilvie and S w i f t  Rivers appear t o  be algal dominated (Tables 6 and 7 ) .  

I n  summary, m i  crobi a1 ( m i  croal gal and bacteri a1 ) biomasses and 

a c t i v i t i e s  of  these two l o t i c  ecosystems were greatest  i n  spring and summer 

w i t h  decreasing values noted t h r o u g h  f a l l  and winter. The data support the 

hypothesis t h a t  lightand DOC may be t h e  major factors  controll ing standing 

crops and a c t i v i t i e s  o f  microalgae and bacteria respectively. 

The Ogilvie River appears t o  be more productive than the Swif t  River 

w i t h  regard to  microorganisms since generally both s t a n d i n g  crops and a c t i v i t i e s  

of microalgae and bacteria were greater i n  the former t h r o u g h o u t  the year. 

The reasons for  t h i s  a re .not  know although t h i s  difference may be a re t lect ion 

of the greater levels  of bo th  TIC (microalgal substrate)  and DOC (heterotrophic 

bacterial  substrate)  noted i n  the Ogilvie as compared t o  the S w i f t  River a t  

equivalent times o f  the year (Table 7 ) .  
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Perturbation Experiments 
r 

I 

The foregoing data and observations may be useful i n  predicting 

general influences o f  streamside and sediment additions t o  the r ive r  waters 

upon standing crops and a c t i v i t i e s  of  m i  croal gae and bacteria.  

loadings by these materials would  probably reduce l i gh t  levels thereby 

lowering phytoplankton photosynthetic ra tes  (see na tura l  example i n  Table 6 )  

Increased 

which i n  turn would adversely influence algal standing crops. 

bank  material contains re la t ive ly  large amounts of DOC (see above) and 

stream sediments probably also have a large DOC component the resu l t s  of 

these addtions may be increased standing crops and a c t i v i t i e s  of hetero- 

Since stream- 

trophic bacteria (and hence increased BOD) i n  the water column. The a c t i v i t i e s  

o f  the bacterioplankton of  these two *lot ic  systems may be mainly DOC limited 

(see above, cf.  Table i3 and Fig .10) .  

(including winter) via stream bank material and sediment would probably 

increase heterotrophic a c t i v i t i e s .  

r ivers  are  lowest i n  l a t e  winter (Schreier,  1978) and therefore these two 

l o t i c  systems may be most stressed by DOC addition a t  t ha t  time. 

Hence, DOC added a t  any time of year 

I n  addition, oxygen levels  of  these two 

Most par t icu la te  streambank and sediment materials would tend t o  

s e t t l e  t o  the stream bottoms within several km of i t s  s i t e  of addition, over- 

lying and smothering some of  the benthic f lo ra  (mosses, periphyton and 

e p i l i t h i c  bacteria) which would tend t o  lower t h e i r  standing crops , produc- 

t i v i t i e s  and a c t i v i t i e s .  Recolonization of these stressed areas would even- 

tau l ly  occur w i t h  the ra tes  i n  winter being the slowest. 
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T h u s ,  the l ea s t  sensi t ive time for  perturbation of these 

systems by streambank and seditment materials would probably be 

following "break up" since microbial productivit ies are  h i g h  and 

perturbation by streambank materials and sediments occur a t  this  

two l o t i c  

a t e  s p r i n g  

natural 

time. The 

most sensi t ive time w i t h  regard t o  influcences upon algal and bacterial 

ac t iv i t i e s  (which i n  turn would influence DO levels)  as well as recolonization 

rates  would be winter. The remainder of this manuscript deals w i t h  a quan- 

t i t a t i v e  evaluation o f  DO levels and BOD values ofthe Ogilvie and S w i f t  Rivers 

a t  various times of the year as influenced by streambank and sediment additions 

i n  the context of  microalgal and bacterial biomasses and ac t iv i t i e s .  

Data o f  Scheier (1978) and tha t  o f  others (Schallock and Lotspeich, 

1974) indicate t h a t  many Alaskan and Canadian Arctic and sub-Arctic Rivers 

have s imilar  annual DO concentration trends. That i s  "the waters are  near 

saturation d u r i n g  s p r i n g  "break up" and (fall  "freeze up" when water tempera- 

tures are  near 0 C y  somewhat lower DO concentrations d u r i n g  warm summer periods; 

and yearly m i n i m u m  concentration d u r i n g  the winter (January - March) interval 

..... Data indicate tha t  DO depression begins i n  October and continues i n t o  

February" (Schallock and Lotspeich, 1974). A second important observation of 

these authors was tha t  DO depletion may become more severe as the river water 

flows from i t s  headwaters t o  i t s  m o u t h  under an ice  cover. 

due t o  continued biological and chemical u t i l i za t ion  of  DO of each water mass 

as i t s  t rave ls  the length of the river. In swera l  rivers these DO depletions 

T h i s  i s  probably 
I 

may be severe, e.g. the Yukon River from the Alaska - Canadian border t o  i t s  

m o u t h  displayed DO levels  of  ca. 10.5 mg/l and 1.9 mg/l respectively d u r i n g  

March o f  1971 (Schallock and Lotspeich, 1974). 
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I n  both of our study areas the levels  of the DO dropped s igni f icant ly  

from ear ly  f a l l  ( S w i f t  River, ca.11 - 14 ppm; Ogilvie River, ca. 9 - 15 ppm) 

t o  l a t e  winter (Swift River, ca. 3 - 10 ppm; Ogilvie River, ca. 5 - 11 ppm) 

and remained a t  re la t ive ly  high concentrations during the ice-free seasons% 

of l a t e  spring following ice  "break up" (Swift River, ca. 8 - 15 ppm; Ogilvie 

River, ca.11 - 12 ppm) and summer (Swift River, ca.10 - 12 ppm; Ogilvie River, 

ca.10 - 1 2  ppm) (Data of Schreier,  1978) 

were found in b o t h  r ivers  d u r i n g  winter (Schreier,  1978).  

DO levels under ice  cover was probably due to a variety of physical, 

chemical and biological influences such as di lut ion of r iver  water by ground 

water, ab io t ic  reduction by various types of organic and inorganic materials 

Large spat ia l  variations i n  DO 

The drop i n  average 

and respiration by the aquatic micro- and macroorganisms. When these data 

are used to  calcu1,ate the in s i tu  r a t e  of DO depletion i n  the Swift River 

d u r i n g  the period of ice  cover (October to  March) a net respirat ion value of  

0.041 mg 02/a/d i s  obtained. T h i s  value i s  of the same order of magnitude 

of net respiration r a t e  values reported by Uelch (1974) fo r  three Canadian 

Arctic and sub-Arctic lakes during ice  cover (Table 8 ) .  

I n  l a t e  winter the experimentally determined BOD values of bo th  the 

Ogilvie and Swift Rivers were i n  the range of ca. 0.5 t o  1.0 mg 02/&/21 d 

(ca. 0.023 to 0.048 mg 02/&/d) (Table 9 ) .  

of BOD since the treatments t ha t  the waters underwent would tend t o  increase 

BOD values. These are  ( 1 )  on incubation temperature of 1+1C, as compared to  

ca. 0 C a t  the time of sampling - t h i s  temperature increase would tend t o  

increase biological ac t iv i ty  ( 2 )  enclosure of natural waters in glass containers 

These were probably maximum values 

tends to accelerate biological a c t i v i t i e s ,  including oxygen ut i1  ization 

(bo t t l e  e f f ec t )  and ( 3 )  the storage times o f  the waters a t  temperatures > 1 C 



51 

% 
U 
0 
m 
L 
01 
c, 
tu 
3 

7 7  

a J a ,  
3 3  

% 
U 
3 

0 

* *  
C C  * 

. .  
0 0 0 0 0 0  

aJ 
Y 
tu 
J 

L 
m 
c 
0 

L 
a, > 

0, 
0 

7 

+I 

L 
0 rc 

* 
Y *  



I 
1 

52 

I 
8 
1 
c 
s 
il 
I 
1 
I 
8 
I 

1 
I 

W 

> 
.r 

7 
.r 
9) 
0 

E 
0 
L 
rc 

ln- 

I - c ,  

7 
0-0 
*r S 
mta 

a; 

n 
W 

ta 
I- 

7 

rc 
0 

W 
c, 
ta 
n 

60 
h m 
7 

0 
0 
I 

N 
N 

L 
aJ > 

N h  1 

- 0  

o m -  
- 0 0  

V 

0 
V 

ln 
ln aJ 
7 
S 
3 

2 
U - 
N 

* 



I 
8 

I 
a 

53 

pr ior  t o  BOD assays would tend t o  increase bacterial  numbers. 

The in. s i t u  (0.041 mg 02/R/d) and experimentally assayed (0.023 

t o  0.048 mg 02/R/d) ra tes  of DO depletion i n  the S w i f t  River and i ts  water 

respectively a re  approximately the same. However , these data comparisons 

must be interpreted w i t h  a great deal of caution since BOD values assayed 

in witro are  subject t o  experimental e r rors  which tend to  bias the r e su l t s  

upwards (see above discussion).  In addition, these in v i t ro  BOD values do 

not take into consideration both biological and chemical oxygen demands of 

the stream bottom as well as oxygen u t i l i za t ion  by. planktonic macroorganisms 

(including f ish) .  

brates may exert a considerable oxygen demand upon ,the overlying water. 

Benthic bacter ia ,  fungi., insect  larvae and other inverte- 

McDonnell and Hall (1969), f o r  example, noted tha t  ca. 50% of the benthic 

oxygen u t i l i za t ion  by organisms was due t o  invertebrates i n  a r i ve r  system. 

Treatments of both Ogilvie and S w i f t  River waters w i t h  several 

(LFH, Ae and Bm ( t ) )  so i l  horizon materials (from the S w i f t  Riverbank) 

markedly influenced BOD values ( T a b l e  10). 

streambank material/ l  i t r e  of stream water s ign i f icant ly  increased oxygen 

u t i l i za t ion  by the native microorganisms of these two waters beyond t h a t  of 

the untreated control' Val ues. 

A l l  treatments greater  than 0.1Og 

Both planktonic algal and heterotrophic productivities. of the S w i f t  River 

waters were also influenced by these streambank materials additions (Table 11).  

Bm ( t )  and LFH additions a t  10 g / t  and 1 g /a  (LFH additions a t  other  concen- 

t ra t ions  were not done) respectively s ign i f icant ly  increased microbial produc- 

t i v i  t i es ,  par t icu lar ly  by heterotrphic microorganisms. However, these 
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~1 
phytoplankton productivity data may be misleading since a l l  perturbant 

material was contained w i t h i n  BOD assay bot t les  which were then replaced 

i n  the c lear  stream water for incubation. I f  sediment and streambank 

material had been added to  the en t i r e  r iver  system l igh t  penentration into 

the water would have been markedly l e s s  w i t h  resul tant  decreases i n  algal 

productivit ies (see Microbial Activity Section dealing w i t h  a natural pertur- 

bation by s i l t  of the Ogilvie River i n  June). Addition research.needs t o  be done 

on the influence of s i l t  loads upon both planktonic and periphytic a c t i v i t i e s .  

Since heterotrophic productivit ies are not l i g h t  dependent the great ly  

increased a c t i v i t i e s  noted a t  B m ( t )  levels  of 10 g/a  may be s igni f icant  in 

the context of BOD by these r ivers  i n  winter (see previous discuss’ion). 

I t  i s  d i f f i c u l t  to  forcast  the sediment loads which will occur i n  

the Ogilvie and S w i f t  River waters downstream of a construction s i t e  as a 

resul t of trenching and backf i 11 i ng operations s i  nce these loads w i  11 be 

greatly influenced by factors  such as water velocity,  trench depth and 

substrate  s i z e ( s ) .  

loading of r iver  waters as influenced by streambottom trenching and back- 

f i l l i n g  was tha t  of Landeen and Brandt (1975) i n  the La Biche and Kotaneelee 

Rivers, t r i bu ta r i e s  of the Liaid River. 

sediment concentrations rose abruptly downstream of r ive r  trenching and 

backfil l ing a c t i v i t i e s .  

rose t o  between 100 and 200 mg/a from background levels  of  l e s s  10 mg/a. 

Twenty-four hours a f t e r  trenching had ceased the suspended sediment loads were 

One study which attempted to  determine downstream sediment 

These authors. found tha t  suspended 

The La Biche River suspended .sediment concentrations 

< 10 mgla (s imilar  t o  levels  noted pr ior  to construction a c t i v i t y ) .  
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Schreier (1978) 

the water o f  the Ogilv 

d u r i n g  May - Ju ly  1978 

noted tha t  the 

e River varied 

( c f .  the non f 

The S w i f t  River d i d  n o t  display these 

to ta l  non f i l t e r a b l e  residue of 

greatly from ca. 2 t o  270 mg/a 

l t e r ab le  residue data of (Fig.10). 

large variations i n  non f i l t e r a b l e  

residue levels ;  these remained below 5.2 mg/a (Fi .g .10)  

was n o t  sampled a t  f reshet  when non f i l t e r a b l e  residue levels  were 

probably much greater.  

(The Swift River 

Perturbation S u m m a  

Addit jons of several Swift River streambank materials (LFH, Ae and 

B m ( t )  t o  S w i f t  River water increased BOD values and heterotrophic producti- 

v i t i e s .  Depending upon the biological process, s ign i f icant  influence of 

streambank materials were noted aver the concentration range of 0.10 g/a  t o  

10 g/a (Tables 10 and 11) .  

bacterial  act ivi  t 

The time of year a t  which streamside and sediment additions t o  r iver  

and creek waters occurs i s  of great importance since these materials increase 

es  and BOD values which r e su l t  i n  accelerated oxygen 

These r ivers  tend to be most sensi t ive t o  streambank materials - 

and sediment add-itions i n  winter and l e a s t  sensi t ive i n  l a t e  spring (following 

depl e t i  on ra tes .  

i ce  "break u p " )  and ear ly  summer. 

Many swamps and bogs contain waters of 

content which may greatly increase BOD o f  rece 

re la t ive ly  h i g h  organic matter 

v i  n g  waters. 
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APPENDIX 1 : Cel l u l a r  volumes o f  a1 gal  species 1 i s t e d  i n  Appendices 2 and 3. 

3 Volume: um 

BaciZZariovhuceae: 

Achnanthes cZevei Grun. 150 
i n f l u t a  (Kutz.)  Grun. 160 
f l e x e l l a  ( Kutz. ) Grun. 1270 
ZanceZota (Breb. ) Grun. 120 

. microcephala (Kutz.)  C1. 100 
nrinutissima Kutz. I 60 

210 

Amphipleura pellucida (Kutz. ) Kutz. 1920 

Amphora sp. 50 
Anomoeoneis v i t r ea  (Grun.) Ross 2 80 

zeZZensis (Grun. ) C 1 .  370 

S P  - 

AsterioneZZa formosa Hass. 220 
Cocconeis pZacentuZa Ehr. 700 
CycZoteZZa bodanica Eulenst.  1520 

comta (Ehr.) Kutz. 845 
glomerata Bachm. 200 
oceZZata Pant. 900 

CymatopZeura solea (Breb.) W. SM. 

Cymbella a f f i n i s  Kutz . 
caespitosa (Kutz. ) Grun. 
cistuZa (Ehr.) K i rchn.  
prostrata (Berk. ) C1 .  
sinua-ta ' Greg. 
t w g i d a  Greg. 
ventricosa Kutz. 
sp. "A" 
SP * 

hiemale V. mesodon (Ehr . )  Grun. 
tenue v. eZongatwn Lyngb. 
vuzgare Bory 

Diatoma hiemale (Lyngb. ) Hei b. 

Diplonsis decipiens A. C1. 

DenticuZa eZegans Kutz. 
SP. 

Frustulia rhomboides (Ehr. ) DeT. 

2 970 

4525 
2070 

16090 
3990 

100 
1 7.60 
260 

37470 
. ' 530 

250 
1210 

110 
1460 

6 30 

350 
4 30 

96 0 
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Species 3 Volume: urn 

Epithemia sorex Kutz. 
turgida (Ehr.) Kutz. 

1720 
25030 

Eunotia pectinaZ-is (O.F. Mull .? )  Rabh. 
SP * 

1830 
440 

Fragi Z&a capucina Desm. 1850 
construens v. construens 210 
construens v . binodis (Ehr.) Grun .  4 80 

( E h r . )  G r u n .  250 
36 0 

construens v. venter 
crotonensis K i  t ton 
Zeptos-tauron (Ehr.) Hust. 520 

( E hr . ) Grun . 

vaucheriae (Kutz.) Peters ' 170 

FrustuZia rhomboides (Ehr.) DeT 96 0 

Gomphonema acwrrinatwn Ehr. 62 0 
intr icatwn Kutz. 690 
Zanceolatwn ( Ag . ) Ehr  . 6 30 
o Zivacewn (Lyngb. ) Kutz. 370 
parvuZwn Kutz. 980 
ventricoswn Greg. 700 

Gornphoneis herculeana (Ehr. ) C1. (Gomphonema herculeanwn) 4750 

Didymosphenia geminata (Lyngb.) M. Schmidt .  (Cornphonema geminatwn) 21260 

Gornphonema sp. 30 0 

Gyros; gma scio tense (Sul l iv .  & Worrnley) C1. 141 90 

Hannaea arcus (Ehr.) Patr. 2520 
arcus v .  amphioxys (Rabh.) Patr .  1070 

Meridion cLrcuZare (Grev . ) Ag . 1670 

MeZosira granuZata (Ehr.) Ral f s  1800 
granulata v.  angustissima O.F. M u l l .  750 

NavicuZa bicephaia Hust. 360 
convergens Patr.  35 0 
cryptocephaZa Kutz. 7 80 
pupuZa Kutz. 42 0 
radiosa Kutz.  550 
saZinarwn v. intemnedia (Grun.) C1. 830 
scute Z Zoides W . Srn. 970 
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Volume: um 3 
Species 

Navicula tripunctata (0. F. Mu1 1 . ) Bory 
wiridula (Kytz . )  Kutz. 
sp. A 
sp. B 
sp. c 

Neidiwn Sp.  

Nitzschia acicularis 
angus t ata 
d i ss i  pata 
frustulwn 
hantzschia 
1 inear i  s 
palea 
sigma 

’ s p .  

W .  Sm. 
( W .  Sm. 
(Kutz.) Grun. 
(Kutz. ) Grun. 
RaCh. 
W .  Sm. 
(Kutz . )  W. Sm. 
(Kutz.)  W .  Sm. 

Pinnularia sp. 

Rhoicosphenia curvata -( Kutz.) Grun. 

Rhopalodia gibbu (Ehr.) 0. F. Mul l  

Stauroneis phoenicentron ( N i  t z .  ) Ehr. 
anceps Ehr. 
SP 

S u e r e l l a  angustuta Hust. 
ovata Kutz. 
SP 

1480 
1690 
540 
2 80 
480 

1400 

280 
92 0 
41 0 
170 
250 

3370 
645 
5 00 
660 

94 0 

51 0 

13470 

3020 
560 
150 

3030 
15350 

1200 

Synedxa del icat iss ima W .  Sm. 4590 
u Zna (N i t z . )  Ehr. 3460 
ulna v. oxyrhychus ( F o r t i )  Hust. (Synedra angustata) 3520 
radians Kutz. 1240 
acus Kutz. 1400 

Stephanodiscus astraea (Ehr. ) Grun. 2280 
tenuis  Hust. 2 30 

TabeZZaYYia fenestrata (Lyngb. ) Kutz. 840 
floccu los a (Roth) Kutz. 520 
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Species 
Volume: pm 3 

ChZorophyta: 

Ankistrodesmus fatcatus  (Corda) Ral f s  . 260 

Chlamydomonas sp. 160 

UZothrix sp. 

Oedogoniwn sp. 

Mougeotia Sp.  

CZosteriwn sp. 14380 

Cosmariwn sp. 5 870 

3 

3 

3 

669,660 pm /mm of algae 

951,200 pm /mm o f  algae 

473,630 pm /mm o f  algae 

C z y p  top hy t a  : 

Chroomonas acuta Utermo h l  
SP * 

Cryptomonas borea Zis Skuja 

Cryptomonas S p . 
Chzysophyta: 

Dinobryon s e r t u Z A a  Ehr. 

Cyanophyta: 

OsciZZatoria ~ p .  

Anhaena Sp.  

100 
440 

1800 

400 

1140 

3 13,850 pm /mm of algae 
10,180 pm 3 /mm o f  algae 
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