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The sub-Arc t ic Og i l v ie and Swif t Rivers are character ized by annual 
cycles of microalgal and bac te r ia l biomasses and a c t i v i t i e s which are maximal 
in Spring fo l lowing ice "break up" and decrease for the remainder of the year 
such that minimal values are noted in la te Winter. Levels of a lga l 
biomasses and photosynthetic rates appear to be regulated by ava i lab le 
l i gh t whereas biomasses and a c t i v i t i e s of heterotrophic bac te r ia are probably 
cont ro l led by DOC content of the water. 

Perturbat ion of these two l o t i c systems by streamside material 
(of concentrations of 100 ppm or greater) (1) decreases a lga l p roduc t i v i t i es 
(2) increases dark p roduc t i v i t i es (3) increases bacter ia l heterotrophic 
a c t i v i t i e s (4) increases b io log ica l oxygen demand and (5) overlayers 
and smothers benthic micro-organisms. 

The seasonal order of s e n s i t i v i t y of the mic ro f lo ra of the Og i l v i e 
and Swift Rivers to streamside and sediment addit ions appears to be Winter> 
F a l l > Summer > Spr ing. 



Construction of a natural gas pipeline which generally paral lels 

the route of the Alaska Highway across the Yukon Terr i tory is due to 

commence in the early 1980's. Since this pipeline wi l l cross numerous r i v e r s , 

streams and creeks, the trenching and backf i l l ing associated with i ts 

construction wi l l probably stress each biological aquatic ecosystem through 

amongst other things (1) increased s i l t concentrations in waters and on 

stream bottoms and (2) increased organic and inorganic water loadings. 

To adequately assess the impact of pipeline construction upon 

Northern Canadian rivers i t is thus essential that regulatory agencies have 

a better understanding of (1) their b io log ica l , chemical and hydrological 

features and (2) the potential effect of pipeline construction on their 

water qual i ty . Thus, the intent of this study was to (1) examine 

microbiological and related characterist ics of two selected rivers (Ogilvie 

and Swift) in the northern and southern sections of the Yukon pipeline 

corridor and (2) to assess the impact of pipeline construction upon their 

microbial ecology as i t relates to water qual i ty . 



Periphytic algae were sampled by removing representative rocks 

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

bed of each r iver or creek, at locations noted (Figs. 1 and 2) and ca. 100 cm 

areas were immediately scrubbed with a nylon toothbrush (when necessary a 

forceps or razor blade was used to remove encrusted forms). The detached 

microflora on the rock and brush were then sluiced into a container with the 

aid of a wash bottle containing d i s t i l l e d water; this ent ire procedure was 

repeated twice. See Sheenan et aZ,(1978) for a more detai led description 

of this technique. 

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 

estimating i ts area with the aid of a polar planimeter. 

Each periphyton suspension was wet f i l t e r e d , within 24h, onto 

either 5.5 or 10 cm diameter Whatman GF/C glass f ibre f i l t e r s using a vacuum 

of -18 cm Hg. Immediately following this f i l t r a t i o n each f i l t e r was 

bisected and the ce l ls of one half of the f i l t e r washed into a s te r i l e 

container, and preserved with acid Lugol's solution t i l l assayed for algal 

species and numbers. The remaining half of each f i l t e r was treated with a 

MgCO^ suspension, frozen and kept in the dark unti l used for chlorophyll a 

extraction and analysis. 

Chlorophyll a content of each sample was assayed by extracting 

each GF/C f i l t e r (with f i l te red algae) in an acid free acetone: water (9:1) 

mixture using a High-Speed Polytron homogenizer followed by f i l t r a t i o n 

(0.45 um Gelman Alpha-6 material f i l t e r ) of the sample to remove debris and 

particulate matter. The residue was then re-homogenized and f i l t e red again. 

Both f i l t r a tes were combined and made to 15 ml with 90% acetone; chlorophyll 

a content was measured spectrophotometrically (corrected for phaeophytin) 

using extinction values of Lorenzen (1967) as described by Strickland and 

Parsons (1968). 



Diatom i den t i f i ca t i ons and c e l l counts were made on subsamples 
which were f i r s t cleaned in H^O^ or n i t r i c ac id (Patr ick and Reimer, 1966), 
evaporated onto cover s l i p s (Battarbee, 1973) and then mounted on microscope 
s l i des with Hyrax medium. Microscope transects were then examined using 
phase, contrast microscopy (1000 x magni f ica t ion) ; a l l diatoms were 
i den t i f i ed and counted t i l l there was a to ta l count of 200 f rus tu les . 
Sui tab le conversion factors were then used to transform counts to ce l l s / cm . 

The works of Pat r ick and Reimer (1966), C leve-Euler (1951-1955), 
Hustedt (1930, 1931-1959), Huber-Pestalozzi (1942), Sreenivasa and Duthie 
(1973) and Weber (1966) were consulted fo r i d e n t i f i c a t i o n of the diatoms. 
The species c l a s s i f i c a t i o n out l ined by Van Landingham (1967-1975) was fo l lowed 
except that Cymbella caespitosa was recognized as a d i s t i n c t species. For 
genera not covered by Van Landingham (s tar t ing a f te r the genus Navicula), 
the species taxonomy of Pat r ick and Reimer (1966), C leve-Euler (1951-1955), 
Hustedt (1930), and Huber-Pestalozzi (1942) was fo l lowed. 

The r e l a t i ve abundance of each.algal phyla was measured in another 
subsample with an inverted microscope using methods deta i led in Northcote, 
Ennis , and Anderson (1975). Cyanophyta and Chlorophyta species were 
q u a l i t a t i v e l y measured for re la t i ve abundance and i d e n t i f i e d using Prescot t 
(1962), Hoek (1963), and Bourre l ly (1966, 1968, 1970). 

Samples for phytoplankton analyses were obtained by al lowing water 
to flow into a 100 ml s t e r i l e container placed 20 cm.feelow the surface of 
each r i ve r or creek sampled. Two ml of ac id Lugol 's so lu t i on were then 
added to preserve each sample which were subsequently analyzed using the 
Utermohl (1958) technique which involved sample t ransfer to 5 , 10, or 25 
ml se t t l i ng chambers (depending upon a lga l density) and enumeration with an 
inverted phase contrast microscope. Microscope transects were examined a t 
500 times magnif icat ion and a l l phytoplankters i den t i f i ed 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 
c e l l s were counted as ind iv idua l co lon ies ) . Sui table conversion factors were 
used to transform counts to c e l l s / m l . 

Planktonic diatoms were i den t i f i ed using the reference works 



descr ibed above as well as Pat r i ck and Reimer (1975). G e i t l e r (1932) 

and Prescott (1962) were used to i d e n t i f y p lanktonic a lgae from other 

c l a s s e s . 

V iab le heterot roph ic b a c t e r i a l numbers were determined using the 

spread p l a t e technique, an incubat ion temperature of 5 C and the fo l lowing 

medium: Bacto-beef e x t r a c t , 3g; Bacto-peptone, 5g; Bacto-agar , 15g, 

d i s t i l l e d water, 1 l i t r e ; Ph 7.2. 

One-tenth ml samples of water were p lated d i r e c t l y to assay 

p lanktonic b a c t e r i a l numbers whereas e p i l i t h i c b a c t e r i a l counts were 

determined using the "scrub water" obtained as out l ined above and before the 

a d d i t i o n of Lugo l ' s s o l u t i o n . 

Tota l p lanktonic and e p i l i t h i c b a c t e r i a l counts us ing water and 

"scrub water" r e s p e c t i v e l y were done using e p i f l u o r e s c e n t microscopy, as 

descr ibed by Daley and Hobbie (1975). 

Benthic inver tebrates were sampled by p lac ing a Surber sampler 

(1 mm mesh s i z e ) on a stream bed (water depth of c a . 20 cm) and p ick ing up 

a l l l a r g e r rocks and washing them in f r o n t of the net . The remaining f i n e 

mater ia l was thoroughly s t i r r e d to d i s lodge organisms which were subsequently 

washed i n t o the net . In t h i s way stream bed mater ia l was sampled to a depth 

of c a . 10 cm. Each sample was then placed in a p l a s t i c bag, preserved with 

a 5% formaldehyde s o l u t i o n and transported to the laboratory f o r ana lys i s by 

J . Keays, Powell R i v e r , B r i t i s h Columbia. 

Laboratory analyses were done by p lac ing each sample i n a white 

enamel t ray and removing organisms l a r g e r than c a . 1 cm. Each sample was 

then sorted in Pet r i p la tes and organisms removed. A l l organisms were 

i d e n t i f i e d with the a id of d i s s e c t i n g and compound microscopes. The texts 

used in i d e n t i f i c a t i o n s were (Johannsen, 1969; Us inger , 1956; Needham et al.., 

1935; Smith, 1968; Ross, 1944; Ward and Whipple, 1959; R i c k e r , 1952 and 

C l a s s e n , 1931). 

D isso lved organic carbon (DOC) was assayed by the wet ox idat ion 

technique of Menzel and Vaccaro (1964) whereas p a r t i c u l a t e carbon and n i t rogen 

values were determined using a Beckman CHN ana lyzer . 



Total inorganic carbon (TIC) values of sampled r i v e r waters were 
determined with the use of a dual channel carbon analyzer - Beckman model 
915 equipped with a Beckman model 215B inf rared analyzer . A l iquots of 
blended water were in jected into a combustion tube heated to 175 C contain ing 
85% H^PO^ on quartz ch ips . The C O 2 l ibera ted was quan t i t a t i ve l y assayed 
using an in f rared analyzer and standard inorganic carbon so lu t i ons . 

Glucose heterotrophic potent ia ls (V turnover times (T.) and 
max c 

K^-+ (K^ refers to the transport constant whereas denotes the natural 
concentrat ion of substrate) values were determined by asp i ra t i ng water 
samples in to ten-50 ml disposable p l a s t i c syringes (with attached needles 
replaced with Beckton-Dickinson two way va lves) . Each syr inge contained an 
appropriate concentrat ion of t r i t i a t e d glucose (D-[6-. Hj g lucose, s p e c i f i c 
a c t i v i t y 10 Ci/mmol; Amersham/Searle Corp.) and was rotated fo l lowing water 
addi t ion to mix the sample. Controls consisted of samples poisoned with 
5% glutaraldehyde before addi t ion of water. In th is study t r i t i a t e d glucose 
was added to y i e l d a f i na l concentration rang^ in the var ious water samples 
of from 0.001 _ uCi/ml (10"^°M glucose) to uCi/ml (lO'^^M g lucose) . Water 
samples were incubated in situ for periods of 30 - 240 min, depending upon 
water temperatures; care was taken to ensure substrate u t i l i z a t i o n was l i n e a r 
with time. The incubations were stopped by f i l t e r i n g the contents of each 
syringe through 0.45 um pore s i ze membrane f i l t e r s , M i l l i p o r e Corp. (25 mm 
in diameter contained wi th in a Swinnex f i l t e r holder attached to the ex i t 
port of each two way valve. Each f i l t e r was then washed with a 50 ml volume 
of r i ve r or creek water by repeating the r e f i l l i n g and evacuation procedure. 
Care was taken to do a l l manipulations under water as exposure to ambient 
a i r temperatures ( in some cases as low as -40C) might immediately freeze the 
contents of each react ion vesse l . 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 ml of Aquasol s c i n t i l l a t i o n cock ta i l (New England Nuclear 
Corp.) with 10% ethyl ether. A l l samples were counted i n a Beckman LS-250 
l i qu i d s c i n t i l l a t i o n spectrometer. Counts per minute (cpm) were corrected 
for quench (by the external standard method), machine e f f i c i e n c y and h a l f - l i f e 
decay and were reported as d is in tegra t ions per minute (dpm). The t r i t i a t e d 
glucose was d i lu ted in carbon-free water prepared by the method of S t r i ck land 



and Parsons (1962) and f i l te red through s te r i l e membrane f i l t e r s (0,22 um 

pore s i z e , 25 mm diameter,, Mi l l ipore Corp.) prior to use. No attempt was 

made to quantitate glucose respirat ion. See Dietz et aJ.(1977) and Wright 

and Hobbie (1966) for a more complete description of the technique as well 

as equations for calculation of V^.,„, K. + S„ and T . . Bacterial speci f ic 
max L n t 

act iv i t ies were calculated as the glucose heterotrophic ac t iv i ty per viable 

heterotrophic bacterium. 

Light (algal) and dark (mainly bacterial) productivit ies of the 

plankton were determined with the one of ^^C02- Light (two), dark (two) 

and k i l led (two; 2 ml of 5% glutaraldehyde added to each) BOD bottles 

(300 ml capacity) were f i l l e d with r iver or creek water and 5 uCi of ^'^Z^^^ 

(as bicarbonate - pre-membrane f i l te red (0.22 um)) added to each. The 

bottles were stoppered, rotated to mix the contents and incubated in situ 
for 4 h (incubation times between 1000 and 1500 h were chosen). Following 

' incubation, the reactions were stopped by adding 2 ml of 5% glutaraldehyde 

to the l ight and dark bottles and f i l t e r i n g the contents of each through 

0.45 um pore size membrane f i l t e r s (Mil l ipore Corp.) Following th is , each 

f i l t e r was washed with 50 ml of pre- f i l tered r iver or creek water, placed 

in s c i n t i l l a t i o n cockta i l , as described above, and the dpm determined. 

The l ight minus dark dpm values were used to calculate algal 

productivit ies whereas the dark minus k i l led values were used to determine 

heterotrophy productivi t ies. See Romanenko et aZ,(1972) for a more complete 

description of this technique. 

Ten- l i t re plexiglass containers similar to those described by 

Schindler et al.,[\^12) were used to assay benthic l ight and dark 

product ivi t ies. River or creek bottom rocks (4-5) of average volume of 

400-700 ml each were gently placed into each of two l igh t , two dark and two 

k i l led (with 30 ml of 5% glutaraldehyde) control boxes and the remaining 

space f i l l e d with r iver or creek water. Each box was then placed on the 

r iver bed for ca. 30 min. to allow a resettlement of the par t ia l ly disturbed 

material. Following this 55 uCi of ^^C-bicarbonate (New England Nuclear 

Corp.) was injected into each box, the contents mixed, and the entire system 

was allowed to incubate for 4h (between the hours of 1000 to 1500). The 



areal determination technique) of incubated rocks were scrubbed (see above) 
14 

to obtain C- labe l led microf lora which was then membrane-fi l tered and dpm 
assayed as described above. The volumes of a l l rocks which occupied each 
box were a lso determined at th is time. A lga l (based upon l i g h t minus dark 
dpm) and dark (dark minus k i l l e d control dpm) p roduc t i v i t i es were subsequently 

2 
calcu la ted on a per cm bas is . 

Biochemical oxygen demand (BOD) values of Og i l v i e and Swift R iver 
waters were determined wi th the use of standard BOD bo t t l es which were 
incubated in the dark f o r periods of up to 55 d. At times ze ro , 21 and 55.d 
d issolved oxygen contents were assayed by the Winkler technique (Amer. Pub. 
Health Assoc . , Amer. Water Wks. Assoc . , and Water P o l l . Con. Fed. (1965)). 



A signif icant feature of both the Ogilvie and Swift Rivers was an 

annual cycle in the values of many of the microbial (biomasses and ac t iv i t i es ) 

as well as chemical and physical parameters assayed. These included microalgal , 

bacterial and invertebrate standing crops, algal and bacterial a c t i v i t i e s , as 

well as TIC, DO and DOC concentrations. Generally, maximum and minimum values 

of each parameter occurred in Spring and Winter respectively. 

Relatively large concentrations of both planktonic and e p i l i t h i c 

microalgae were present in these sub-Arctic Canadian r ivers during the Spr ing, 

Summer and Fall of 1977 - 1978 (Tables 1 and 2). However, massive declines in 

standing stocks of these ce l ls occured in early Winter; generally the phyto

plankton values decreased to approximately 1% of their Spring and Summer levels 

whereas the decline was somewhat less amongst the periphyton (Tables 1 and 2). 

The periphyton declines noted between October and December 1977 were ca. 93% 

and 98% for the Ogilvie and Swift Rivers respectively. However, due to d i f f i 

culty in quantitatively sampling periphyton these values should be interpreted 

with caution (see Tett et aZ.(1978) for a discussion-of adequately sampling 

benthic microalgae). 

Karlstrom and Backlund (1977) noted similar f luctuations in numbers 

of planktonic diatoms of the r iver Ricklean (Sweden, la t . of ca. 64" 5' N.) . 

Cell concentrations were greatest during Spring and declined quite abruptly 

during late Autumn and early Winter whereas a sl ight recovery in numbers was 

noted between January and March. In both the Ogilvie and Swift Rivers a 

modest recovery in numbers of both phytoplankton and periphyton occurred 

between early and late Winter. 

The factors which cause the massive decline in phytoplankton numbers 

in late f a l l are not known with certainty. However, two s igni f icant ones 

were probably (1) low insolation and (2) low temperature. By late December 

daylight lengths were minimal at both rivers whereas water temperatures were 

near freezing (Table 7). 



Several investigators have noted that many microalgae are able to 

withstand exposure to both low temperatures and darkness. Jansz and Maclean 

(1973) found that when the blue-green alga AnaaysHsnidulans was exposed to 

0 - 5 c culture v iab i l i t y was reduced. However, residual numbers of viable 

cells'remained, even at these low temperatures. Ta i l ing (1955) found that 

two diatom genera {Asterionella and Fragilaria) grew throughout the year in 

Lake Windermere with the division rates lowest in January. As Winter pro

gressed, the divis ion rates increased from January to March. This author 

concluded that "the mean relat ive growth rates of ce l ls at 1 m. depth are 

primarily determined by daylength and temperature". Antia and Cheng (1970) 

showed that although 31 species of marine unicel lular algae showed no s i g n i f 

icant growth in darkness at 20 C . , several species were able to survive up 

to 24 w and resume normal growth rates upon transfer to l i g h t . It is possible 

that some algal ce l ls treated in this fashion, including the microalgae of 

the Ogilvie and Swift Rivers, may have (1) decreased their endogenous meta

bolism and (2) shifted to a heterotrophic pattern of c e l l u l a r maintenance. 

Many diatoms are able to survive in the absence of l ight using heterotrophic 

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

1975). 

There is no fac i l e explanation for the minor increase in numbers of 

both planktonic and e p i l i t h i c microalgae between early and late winter noted 

in both this study (Tables 1 & 2) and by Karlstrom and Backlund (1977) in the 

r iver Ricklean. Water temperatures remained approximately the same. However, 

daylength increased during this time period and i t is possible that photosyn

thetic rates increased which resulted in slow algal growth. 

The algal species composition data showed simi lar trends in a l l 

rivers assayed, i e . the Spring - Summer - Fall populations viere Baaillario-

phyceae or chlorophyoeae dominated whereas the bulk of the overwintering ce l l s 

were diatoms (Table 3). The reason for th is i s not known 

The levels bf both planktonic and e p i l i t h i c chlorophyll a in these 

two l o t i c systems (Table 4) follow a pattern similar to that of the algal 

standing crops (Tables 1 and 2)-That i s , a marked decrease in early Winter 

followed by a part ial recovery in late Winter and a rapid increase to Spring 



- n -

The seasonal changes of bacterioplankton c e l l numbers in both r i ve rs 
were remarkably s im i l a r to those of the phytoplankton (Table 5 , c f .Table 1 ) . 
T h a t , i s , the v iab le bacter ia numbers as determined by p la te counts were minimal 
in Winter and increased to greater numbers in Spring and Summer. In both l o t i c 
systems, a s l i gh t increase in numbers was noted between ea r l y and la te Winter . • 

Other invest igators have noted numbers of both p lanton ic and 
e p i l i t h i c bacter ia which were s im i l a r to those observed i n these two r i ve rs 
(Table 5 ) . Geesey et a Z . ( i n press) found that the e p i l i t h i c and planktonic 
bacter ia l numbers (assayed by epi f luorescent microscopy) o f a p r i s t i ne sub
alpine stream system in the Canadian Rocky Mountains ranged seasonal ly from 
1 X 10^ to 1 X 10^ ce l l s / cm^ and from 2 x 10^ to 2 x 10^ c e l l s / m l respec t i ve ly . 
Both planktonic and e p i l i t h i c bacter ia l numbers were minimal in the Winter and 
maximal in the Summer. The ra t i o of numbers of bacter ioplankton to that of 
the s e s s i l e bacter ia was approximately 2o rde rso f magnitude. 

Data of th is study of to ta l bac ter ia l numbers, as assayed by e p i -
f luorescent microscopy were not s u f f i c i e n t to in terpret seasonal trends. 

9 

However, the ra t io between planktonic bacteria/ml and s e s s i l e bacteria/cm 
was approximately 10 in a l l waters assayed by th is technique (Table 5) and 
i s the same as the value obtained by Geesey al. (See above). Since the 
average depths of both the Ogi lv ie and Swif t Rivers were ca .2 m, the ca lcu la ted 
ra t ios of planktonic to e p i l i t h i c c e l l s vary from 3.38 to 0.16. The r a t i o of 

phytoplankton to periphyton c e l l s vary from 2.7 to 0.007 (based upon c a l c u l a 
t ions of the data of Tables 1 and 2 and an average r i ve r depth of 2m.) Within 
the l i m i t s of these experimental data i t would appear that s i m i l a r proport ions 
of the to ta l bacter ia l and a lgal c e l l numbers in the r i v e r are supended i n 
the water as compared to the bottom. 

2 
The numbers of invertebrates /m of r i v e r or stream bottom sampled 

using a Surber device ranged from 32 to 5208 with a mean value for a l l samples 
of 1284 (Table 6) which are equivalent to those which have been found by 
other invest igators using s im i l a r streams and creeks i n both the Yukon and 
North West T e r r i t o r i e s . B runsk i l l ^t al. (1973) found that "zoobenthos densi ty 
in the Yukon and North Slope areas ranged from a few hundred to a few thousand 



organisms /in'". Hoos and Holman (1973) found the numbers of organisms to 

be ca. 3,600/m at a s i te in Rose Creek which was not perturbed by mine 

ta i l ings . Since so few samples within each lo t i c system studied in this 

investigation were taken i t is d i f f i c u l t to adequately compare these data, 

although the numbers of benthic invertebrates appear to be greater in the 

Ogilvie River (March to August, 1978) as compared to the Swift River (Table 6). 

The Chironomidae were the most numerous macroinvertebrates in the majority 

of samples, an observation which has also been noted by other investigators 

(Brunskill aZ.3' 1973 and Hoos and Holman, 1973). 

Generally, samples with large numbers of invertebrates also had more 

plant and filamentous algae present. 

The average water temperatures of both the Ogi lvie and Swift Rivers 

varied between Winter lows of ca. 0 C and Summer highs of 12 - 15 C during 

1977 - 78. For at least 6 months of the year the temperatures were at or near 

freezing (Table 7). Hence, this physical parameter may have had a large i n f l u 

ence upon the numbers of microflora of these rivers (see above), as well as 

microbial ac t iv i t ies (see below). 

DOC values increased in Spring and decreased as the seasons progressed 

through Summer, Fall and Winter (Table 7). These Spring increases were prob

ably due to both a l io - and autochthonous addition of organic matter to the 

two r i ve rs , although a dist inct ion between the relat ive importance of each to 

the total DOC levels cannot be made on the basis of these data. However, the 

contributions by both of these sources are probably decreased in F a l l , lowest 

in Winter and highest in Spring and Summer since (1) freezing conditions would 

greatly slow tributary and land run-off into these r ivers (allochthonous 

addition) and (2) phytoplankton and periphytic algal productivit ies were 

lowest in Fal l andWinter (autochthonous additon) (see below). 

TIC values of Ogilvie River water are almost always greater than 

those of the Swift River (at similar times of the year). Since the Ogilvie 

River system flows over extensive limestone substratum whereas the Swift River 

does not, there is probably a much greater non-biological contribution of CO^. 

HCO^ and CO^ to the former r iver . However, both rivers displayed marked seasonal 



var ia t ions in TIC. These values increased from Summer to t h e i r highest 
concentrations in la te Winter (Table 7) . A reasonable explanat ion is that 
th i s increase may be p a r t i a l l y due to community r esp i r a t i on . This i s , dur ing 
the ca. 7 months of ice cover a s i g n i f i c a n t port ion of the planktonic and 
benthic DOC and POC were metabolized with the concomitant re lease of CO2 which 
tended to c o l l e c t under the ice as TIC. At Spring break-up a sudden drop in 
TIC values were noted in each r i ve r (Table 7) . This may be due to the abrupt 
release of TIC to the atmosphere as CO2 as well as i t s f i x a t i o n by b i o l og i ca l 
processes which accelerated (see below). 

POC values were general ly greater in the Og i l v i e than in the Swi f t 
River water ( table 7) . Since these concentrations are a funct ion of both 
microbial (cf . data of Tables 1,2 and 5) and det r i tus content of these waters , 
the concentrations of which in turn are regulated by many b i o t i c and a b i o t i c 
f ac to rs , i t i s d i f f i c u l t to in terpre t these data i n a simple fashion other 
than to state that the Ogi lv ie River appears to be the r i c h e r of the two 
systems. 

The planktonic microf lora of both the Og i lv ie and Swi f t Rivers d i s 
played glucose heterotrophic a c t i v i t i e s for most of the yea r , the exception 
being la te Winter of 1978. At that time glucose heterotrophic uptake versus 
time k ine t i cs by the microorganisms of the water were l i n e a r w i th t ime, but 
Michaelis-Menten uptake k inec t i cs were not observed (Table 8 ) . This phenomenon 
has been noted previously in other aquatic ecosystems and i t i s the experience 
of th is author that th is occurs under at least three cond i t i ons , v i z . (1) the 
microbial contents of the waters are extremely low (2) the concentrations of 
na tura l l y occurr ing metabolites are minimal or (3) po l lu tan ts ( e . g . mercury) 
and/or natural physico-chemical environmental condit ions (e .g . low temperatures) 
are unduely.stressing the microbial ecosystems. The bac te r i a l content of these 
waters were not decreased excessively in Winter (Table 5 ) , but , both DOC l eve l s 
and temperatures did decrease appreciably.as compared to Summer values. However, 
l i nea r Michaelis-Menten curves were obtained during the F a l l and ear ly Winter 
when the temperatures were ca.O C which would tend to e l iminate low temperatures 
as a cause of scattered uptake of glucose in la te Winter . . A more l i k e l y cause 
may be the quantity and qua l i t y of DOC present in la te Winter (Table 7 ) . As 
Winter progressed the DOC leve ls of both r i vers decreased, probably due to 



microbial u t i l i za t ion . Since allochthonous and autochthonous production 

of DOC is minimal in Winter, the DOC remaining in late Winter may be highly 

r e f r a c t i l e , and not readily available for heterotrophic microbial u t i l i z a t i o n . 

Hence the bacterial ce l ls may not have been able to readi ly metabolize th is 

material and displayed non-linear heterotrophic act iv i ty p l o t s . Following 

Spring "break-up" a l i o - and autochthonous production greatly increased the 

quantity and quality of DOC. Th is , coupled with increased water temperatures 

may have greatly influenced glucose heterotrophic ac t i v i t i es in Spring and 

Summer (Table 8). 

Both DOC concentrations and temperatures have been shown to influence 

heterotrophic bacterial ac t iv i t ies in other aquatic ecosystems (Albright, 1977, 

Wright and Hobbie, 1965, Hamilton et aZ.1966 and Dietz et dl. 1977) 

Values of glucose and S^ decreased s ign i f icant ly from early F a l l 

to late Winter (Table 8) which is indirect evidence that glucose concentrations 

may have been decreasing during this time frame. That i s , the DOC may have 

become : more re f rac t i l e . 

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

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

heterotrophic act iv i t ies of the microflora at a l l times of the year. A predicted 

result would be increased oxygen demands of these aquatic ecosystems. 

The glucose heterotrophic potentials assayed in th is study f a l l within 

the lower part of the range noted for several other freshwater rivers and lakes 

(Table 9). These values may indicate that the more Northerly the water body, 

the less the glucose heterotrophic potentials. 

Phytoplankton photosynthesis occurred throughout the year in these 

two rivers with maximal act iv i ty in the Spring and Summer and minimal a c t i v i t y 

during the Fall and Winter (Table 10). These data are highly variable which 

is probably due to changing daily conditions within each watershed. These 

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



include sun l igh t , s i l t l oad , temperature and water v e l o c i t y (which may tend 
to suspend per iphyt ic algae in the water column). An exce l l en t example o f 
the resu l ts of one of these natural perturbations i s the minimal photosynthetic 
a c t i v i t y observed on 23 June, 1978 (Table 10) i n the O g i l v i e River . Heavy 
r a i n f a l l na tura l l y perturbed th is r i ve r with s i l t (0.117 g s i l t / l i t r e water 
(Schre ier , 1978)) wi th in 2 d which resul ted in heavy t u r b i d i t y and l i t t l e 
l i g h t penetrat ion beyond a depth of ca . o- l Hence, photosynthesis d id not 
appreciably occur (Table 10) although phytoplankton concentrat ions were high 
(Tables 1 and 4) . This natural s i l t loading i s probably in excess of that which 
would occur by streamside and streambed disturbances due to p ipe l ine con
s t ruc t i on . Thus, in at leas t one of these two r i vers const ruct ion disturbances 
in the Spring and Summer may resu l t i n l i t t l e more than a pale imi ta t ion o f 
natural processes which dramat ical ly a l t e r s i l t load. 

The planktonic dark p roduc t i v i t i es were genera l ly greater than 
l i g h t p roduc t i v i t i es for much of the year in the Og i l v ie River whereas the 
opposite was noted for the Swif t River ( l i gh t p roduc t i v i t i es general ly exceeded 
dark p roduc t i v i t i es ) (Tables 10 and 11). In add i t i on , the dark p roduc t i v i t i es 
of the Og i lv ie River exceeded those of the Swif t during the year l y cycle 
assayed (Table 11). The reasons for t h i s are not known although there are 
several observations which may be per t inent : C 1) DOC l eve l s o f the Og i l v i e 
River water were greater than those of the Swif t River dur ing the annual cyc le 
of Oct. 1977 - August 1978 (2) Og i l v ie River bacter iop lankton biomasses 
exceeded those of the Swif t River throughout the year and (3) glucose K .+ S 

T* n 
values of the Og i lv ie River were general ly greater than those of Swift R iver 
water. Thus, bac te r ia l p roduc t i v i t i es (which are a major por t ion of the 
to ta l dark p roduc t i v i t i es of aquatic microbial ecosystems) should on the bas is 
of these observations be greater in the Ogi lv ie as compared to the Swift R iver . 

In summary, microbial (microalgal and bac te r ia l ) 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 Spr ing with decreasing 
values noted through Summer, Fa l l and Winter. The data support the hypothesis 
that l i g h t and DOC may be the major factors con t ro l l i ng standing crops and 
a c t i v i t i e s of microalgae and bacter ia respect ive ly . 



The Ogilvie River appears to be more productive than the Swift 

River with regard to microorganisms since generally both standing crops and 

act iv i t ies of microalgae and bacteria were greater in the former throughout . 

the year (Tables 1 - 11). The reasons for this are not known although th is 

difference may be a ref lect ion of the greater levels of both TIC (microalgal 

substrate) and DOC (heterotrophic bacterial substrate) noted in the Ogi lv ie 

as compared to the Swift River at equivalent times of the year (Table 7). 

The foregoing data and observations may be useful in predicting 

general influences of streamside and sediment addition to the r iver waters 

upon standing crops and ac t iv i t ies of microalgae and bacter ia . An increased 

s i l t and sediment load would probably lower microalgal photosynthetic rates 

which in turn would adversely influence algal biomasses. A natural example 

of this type of perturbation was noted in June in the Ogi lv ie River. However, 

this influence may not be signi f icant i f s i l t and/or sediment loading were 

of short duration. 

Since streambank material contains re lat ive ly large amounts of DOC 

(see above) and stream sediments also have a large DOC component the results 

of these additions may be increased biomasses and ac t i v i t i es of heterotrophic 

bacteria and increased oxygen demand. Since, the heterotrophic bacteria in 

these two l o t i c systems may be mainly DOC limited (see above, cf .Tables 5 and 

7) , DOC added at any time of year (including Winter) via s i l t and sediment would 

probably increase heterotrophic a c t i v i t i e s . However, DO levels of these two 

rivers tend to be lowest in late Winter., Hence these two l o t i c systems may be 

most sensitive to DOC addition at that time. 

Most streambank and sediment material would se t t l e to the stream 

bottoms within several km of i t s s i te of addit ion, overlaying and smothering 

much of the periphyton and ep i l i th ic bacteria, which would tend to lower their 

biomasses, productivit ies and a c t i v i t i e s . Recolonization of streambottom 

surfaces would eventually occur although the rates in Winter would be extremely 

slow (see above). 

Thus, the least sensitive time for perturbation of these two l o t i c 

systems by streambank and sediment materials would probably be Spring following 



"break up". The most sens i t i ve time with regard to in f luences upon a lga l 

and bac ter ia l a c t i v i t i e s (which in turn would inf luence DO leve ls ) as we l l 

as reco lon izat ion rates would by Winter. The remainder o f t h i s manuscript deals 

with a quant i ta t ive evaluat ion of DO leve ls and BOD values of the Og i lv ie and 

Swift r i ve rs at various times of the year as inf luenced by streambank and 

sediment addi t ions in the context of microalgal and bac te r ia l biomasses and 

a c t i v i t i e s . 

Data of Schre ier (1978) and that of others (Schal lock and Lo tspe ich , 
1974) ind icate that many Alaskan and Canadian A r c t i c and sub-Arc t ic Rivers have 
s im i l a r annual DO concentration trends. That i s " the waters are near sa tu ra 
t ion during Spring "break up" and Fa l l " f reeze up" when water temperatures are 
near 0 C, somewhat lower DO concentrations during warm Summer periods; and 

year ly minimum concentrations during the Winter ( January - March) in terva l 

Data ind icate that DO depression begins in October and continues into February" 

(Schal lock and Lotspe ich , 1974). A second important observat ion of these 

authors was that DO deplet ion usual ly becomes more severe as the r iver water 

flows from i t s headwaters to i t s mouth under an ice cover. This i s probably 

due to continued b io log ica l and chemical u t i l i z a t i o n of DO of each v/ater mass 

as i t t rave ls the length of the r i v e r . In several r i ve rs these DO deplet ions 

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

mouth displayed DO leve ls of ca. 10.5 mg/1 and 1.9 mg/1 respect ive ly during 

March of 1971 (Schallock and Lotspeich, 1974). 

Og i l v ie and Swif t River water DO values also showed marked va r i a t i on 

in concentrations in both r i vers over a year ly cycle (Schre ie r , 1978). In both 

cases the leve ls of the DO dropped s i g n i f i c a n t l y from ear l y F a l l to la te Winter 

and remained at r e l a t i v e l y high concentrations during the i ce - f r ee seasons of 

Spring andS ummer. The drop in DO leve ls under ice cover was probably due to 

a var iety of phys i ca l , chemical and b io log ica l inf luences such as d i l u t i on of 

r i ve r water by ground water, - ab io t i c reduction by various types of 

organic and inorganic materials and resp i ra t ion by the aquat ic micro- and 

macroorganisms. When these data are used to ca lcu la te the in situ rate o f DO 

deplet ion in the Swift River during the period of ice cover (October to March) 

a net resp i ra t ion value of 0.041 mg 0 2 / l / d i s obtained. This value i s o f the 

same order of magnitude of net resp i ra t ion rate values reported by Welch (1974) 



for three Canadian Arct ic and sub-Arctic lakes during ice cover (Table 12). 

In late Winter the experimentally determined BOD values of both the 

Ogilvie and Swift Rivers were in the range of ca. 0.5 to 1.0 mg ̂ .^1 iIll d 

(ca.-.0.023 to 0.048 mg 02/'^/d) (Table 13). These were probably maximum values 

of BOD since the treatments that the waters underwent would tend to increase 

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

ca. 0 C at the time of sampling - this temperature increase would tend to 

increase biological act iv i ty due to a Q-JQ effect.) and (2) enclosure of 

natural waters in glass containers tends to accelerate biological a c t i v i t i e s , 

including oxygen ut i l i za t ion (bottle ef fect ) . 

The in situ (0.041 mg ̂ y%IA) and experimentally assayed (0.023 to 

0.048 mg O^/^/d) rates of DO depletion in the Swift River and i ts water res

pectively are approximately the same. However, these data comparisons must 

be interpreted with a great deal of caution since BOD values assayed in vitro 

are subject to experimental errors which tend to bias the results upwards 

(see above discussion). In addit ion, these in vitro 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 i s h ) . Benthic bacteria, fungi , insect larvae and other invertebrates may 

exert a considerable oxygen demand upon the overlying water. McDonnell and 

Hall (1969), for example, noted that ca. 50% of the benthic oxygen u t i l i za t ion 

by organisms was due to invertebrates in a r iver system. 

Treatments of both Ogilvie and Swift River waters with several 

(LFH, Ae and Btm) soi l horizon materials (from the Swift Riverbank) markedly 

influenced BOD values (Table 14). A l l treatments greater than 0.10 g stream-

bank mater ia l / l i t re of stream water (100 ppm) s ign i f icant ly increased oxygen 

ut i l i za t ion by the native microflora of these two waters beyond that of the 

untreated control values. 

Both algal and heterotrophic productivit ies of the Swift River waters 

were also influenced by these streambank materials additions (Table 15). Btm 

and LFH additions at 100 ppm (0.10 g/£) or greater and 1 ppt respectively 

s igni f icant ly increased microbial product iv i t ies, par t icular ly by heterotrophic 



microorganisms. However, these a lgal product iv i ty data may be misleading 
since a l l perturbant material was contained within BOD assay bott les which 
were then replaced in the c lear stream water for incubat ion. I f sediment and 
streambank material had been added to the ent i re r i ve r system l i gh t penetrat ion 
in to ' the water v/ould have been markedly less with resu l tant decreases i n a lga l 
p roduc t i v i t i es (see above discussion deal ing with a natural perturbat ion.by 
s i l t of the Og i lv ie r i v e r i n June). However, these data do indicate that i n 
the presence of adequate l i g h t l eve ls Btm material (at concentrations greater 
than 100 ppm) increased algal p roduc t i v i t i es (Table 15). S ince heterotrophic 
p roduc t i v i t i es are not l i g h t dependent the great ly increased a c t i v i t i e s noted 
at Btm leve ls of 100 ppm or greater may be s i gn i f i can t in the context o f BOD 
by these r i ve rs in Winter (see previous d iscuss ion) . 

In summary, addit ions of several Swift r i ve r streambank mater ia ls 
(LFH, Ae and Btm) to Swi f t River water increased BOD va lues , glucose hetero
t rophic a c t i v i t i e s , and planktonic and e p i l i t h i c heterotrophic p roduc t i v i t i es . 
Planktonic (see above discussion) and benthic algal p roduc t i v i t i es were i n the 
one case probably and in the other d e f i n i t e l y inh ib i ted by streambank mater ia ls 
add i t ions. In a l l cases s i g n i f i c a n t inf luences were noted at perturbant 
addi t ion l eve ls of 100 ppm or greater. Hence, addit ions o f streambank mater ia ls 
and sediments should be regulated such that water s i l t l eve l s do not exceed 
100 ppm. 

The time of year at which streamside and sediment addit ions to r i v e r 
and creek waters occurs is of great importance since these mater ia ls increase 
bacter ia l a c t i v i t i e s and BOD values which resu l t i n accelerated oxygen dep le t ion 
ra tes. Therefore, pre ferent ia l times for construct ion a c t i v i t y , in th i s context 
are Spring ( fo l lowing "break up") . Summer and F a l l (before " f reeze ove r " ) . 

Many swamps and bogs contain waters of r e l a t i v e l y high organic matter 
content which may great ly increase BOD of rece iv ing waters. Hence, p i p e l i n e 
crossings at these areas should be avoided. 

As a water mass passes the length of a r i ve r which i s ice covered, i t s 
DO level tends to become depleted due to micro- and macroorganism r e s p i r a t i o n . 
Therefore, construct ion a c t i v i t y (which increases streamside and sediment addi t ion 
and hence enhances BOD values) should in general be done as c lose to a r i v e r ' s 
mouth as poss ib le . 
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Table 1: Phytoplankton concentrations (cells/ml - 500 magnification) of 
several Yukon r ivers . 

2 
Table 2: Periphyton concentrations (cells/cm - 1000 x magnification) of 

several Yukon r ivers . 

Table 3: Percent composition of periphytic algae of several Yukon river 
waters. 

2 3 Table 4: Periphytic (mg/m ) and planktonic (mg/m ) chlorophyll a concentrations 
of several Yukon r ivers. 

Table 5: Periphytic and planktonic bacterial counts of Ogi lvie and Swift 
River water and stream bottom material , as determined by epif luores-
cent microscopy and nutrient agar plate counts. 

2 
Table 6: Invertebrates (numbers/m ) of several Yukon Rivers. 

Table 7: Dissolved (DOC, mg C / J i ) , particulate (POC, mg Z/i) and total inorganic 
(TIC, mg Z/i) carbon concentrations and water temperatures ( C ) of 
the Ogilvie and Swift Rivers. 

Table 8: Glucose turnover time (Tt) , maximum velocity of uptake (̂ max) and 
+ S^ values of two Yukon Territory waters. 

Table 9: A comparison of glucose heterotrophic potentials (V^ax) of several 
lakes and r ivers . 

2 3 
Table .10: Periphytic (yg C/m /day) and planktonic (mg C/m /day) algal product

i v i t i e s of two Yukon Territory r ivers . 

Table 11: Periphytic (yg C/m2/day and planktonic (mg C/m /day) heterotrophic 
microbial productivit ies of two Yukon Territory r i v e r s . 

Table 12: Respiration rates for several arct ic and sub-Arctic Canadian water 
bodies. 

Table 13: Biol ogi can oxygen demand* (mg 02/«.) of waters removed from the 
Ogilvie and Swift Rivers and incubated in the laboratory at 1 C. 

Table 14: The influences of three Swift River streamside so i l horizons upon 
Biological Oxygen Demand of Swift and Ogilvie River waters. (Sampled 
10 March, 1978). Incubation temerature = 1 C. 

Table 15: The influence of two streamside soi l horizons upon planktonic algal 
(mg C/m3/day) and heterotrophic (mg C/m^/day) productivit ies of the 
Swift River. 
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3 
Species Volume: ym 

Aohnanthes olevei Grun. 1 50 
inflata (Kutz.) Grun. 160 
f l e x e l l a (Kutz.) Grun. 1270 
lancelota (Breb.) Grun. 120 
micToaephala (Kutz.) C l . 100 
minutissima Kutz. 60 
sp. 210 

Amphipleura pelluoida (Kutz.) Kutz. 1920 

Amphora sp. 50 
Anomoconeis vi-trea (Grun.) Ross 280 

zellensis (Grun.) C l . 370 

Asterionella formosa \Hass. 220 
CoGconeis plaaentuta Ehr. 700 
Cyolotella bodanica Eulenst. 1520 

oomta (Ehr.) Kutz. 845 . 
glomerata Bachm. 200 
ocellata Pant. 900 

Cymatopleura solea (Breb.) W. SM'. 2970 

Cymbella affinis Kutz. 4525 
caespitosa (Kutz.) Grun. 2070 
cistula (Ehr.) Kirchn. 16090 
prostrata ( B e r k . ) C l . 3990 
sinuata Greg. 100 
turgida Greg. 1760 
ventricosa Kutz. 260 
sp. "A" 37470 
sp. 530 

Diatoma hiemale (Lyngb.) Heib. 250 
hiemale V mesodon (Ehr.) Grun. 1210 
tenue v elongatvm Lyngb. .110 
vulgare Bory 1460 

Diplonois decipiens A. C l . 630 

Denticula elegans Kutz. 
sp. 

Frustulia rhomhoides (Ehr.) DcT. 

350 
430 

960 

file:///Hass


Epitherhia sorex Kutz. 1720 
turgida (Ehr.) Kutz. 25030 

Eunotia peotinalis (O.F. Mull.?) Rabh. 1830 
sp. 440 

Fragilaria oapucina Desm. 1850 
oonstruens v construens (Ehr.) Grun. 210 
oonstruens v hinodis (Ehr.) Grun. 480 
construens v venter (Ehr.) Grun. 250 
crotonensis Kitton 360 
leptostauron (Ehr.) Hust. 520 
vaucheriae (Kutz.) Peters 170 

Gomphonema acuminatum Ehr. 620 
intricatum Kutz. 690 
lanceolatum (Ag.) Ehr. 630 
olivaceum (Lyngb.) Kutz. 370 
parvulum Kutz. 980 

Gomphoneis herculeana (Ehr. Cl .)(Gomphonema hereuleanum) 4750 

Didymosphenia geminata (Lyngb.) M. Schmidt. 21260 

Gomphonema sp. (Gomphonema gemiactum) 300 

Gyrosigma sciotense (Su l l iv . & Wormley) C l . 14190 

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

Meridian ciroulare (Grev.) Ag. 1670 

Melosira granulata (Ehr.) Ra1fs 1800 
granulata v angustissima O.F. Mull 750 

Navicula bicephala Hust. 360 
convergens Patr. 350 
cryptocephala Kutz. 780 
pupula Kutz. 420 
radiosa Kutz. 550 
salinarum v intermedia (Grun.) C l . 830 
scutelloides W. SM. 970 



Navioula tripunctata (O.F. Mull.) Bory 1480 
viridula (Kutz.) Kutz. 1690 
sp. A 540 
sp. B 280 
sp. C 480 

Neidium sp. 1400 

Nitzsohia aciculavis W.SM. 280 
angustata (W.SM.) Grun. 920 
dissipata (Kutz.) Grun. 410 
frustulum (Kutz.) Grun. 170 
hantzsohia Rabf. 250 
linearis W. SM. 3370 
palea (Kutz.) W. SM. 645 
sigma (Kutz.) W. SM. 500 
sp. 660 

Pinnularia sp. 940 

Rhoicosphenia curvata (Kutz.) Grun. 510 

Rhopalodia gibba (Ehr.) 0. Mull 13470 

Stauroneis phoenicentron (Nitz.) Ehr. 3020 
anceps Ehr. 560 
sp. 150 

Surirella angustata 1 Hust. 3030 
ovata 1 Kutz. 15350 
sp. 1200 

Synedra delioatissima W. SM. 4590 
ulna (Nitz.) Ehr. 3460 
ulna voxyrhychus (Forti) Wust. CSynedra angustata) 3520 
radians Kutz. 1240 

Stephanodisous astraea (Ehr.) Grun. 2280 
tenuis Hust. 230 

Tabellaria fenestrata (Lyngb.) Kutz. 840 
floooulosa (Roth) Kutz. 520 



Chlorophyta 260 

Ankistrodesmus falcatus ( C o r d a ) R a l f s . 260 

Chlamydomonas sp. 160 

Ulothrix sp. 669,660.ym"^/mm o f a l g a e 

Oedogonium sp. 951 , 2 0 0 pm" /̂mm o f a l g a e 

3 

Mougeotia sp. 4 7 3 , 6 3 0 ym /mm o f a l g a e 

Closterivm sp. 1 4 3 8 0 

Cosmarium sp. 5870 

Cryptophyta: 

Chroomonas acuta U t e r m o h l • 100 

sp. 4 4 0 

Cryptomonas sp. 4 0 0 

Chrysophyta: 

Dinobryon sertularia E h r . 1 1 4 0 

Cyanophyta: 
Qscillatoria sp. 1 3 , 8 5 0 ym^/mm 

3 
Anabaena sp. 1 0 , 1 8 0 ym /mm 
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H E " î; "=1; "=1; 

IC 

cu 
tc 
> 

IC 

to 
IC 

-a 
Q J 
-o 
3 
o 
c 

CO 
• p 
to 

C3 
+ 1 . 

H IO 

.P i QJ 
C | - , + J 

CL 
a o 

sz 
P I O 
O T - I — CM CO O GO 

S- 4- • 
kii— 'Ota(ata>^'CU>, 
S Q . Q . C l . Q . r — O - r -
d S - 3 3 3 3 •!- fi' ' . , T - l O t O 

PH QJ Q. Q. CL. Q- E cq Ol E tb Ci 
•O IC * IC 
S_ L i . L i -
O 

Q J 
fO 

T D 

. — 0 0 1— 
r - C M - r -

JZ 
ca <a CL 

r s ; ca ca Q J <3 
CJ O r « E 
S ) SJ CJ CJ E QJ 
CO CO SJ S i - r -
C u C u to CO —1 C3 

5^ 
CJ CJ g Pi .— . 
^ EI: 

ta 

-i 

eo 

•P 
S3 

C3 fc t o 
• p o rs; 
§ to a , 

•ri O 
+1 t o C33 C3 CJ - r i fx, CJ t O 



O J c 
• r -
CJ) 

c • 
ta 
CD 
o 

-a 

Q . 

5 

i~ 
o 

1— 
r — 

00 +-> 5 3 
4 - O CT) 

CTl • r - r— na r—• S Q) QJ 
OO CQ 00 

ft 

CO 1 
QJ 

+-> S-cn 4-> 4 - QJ •o 
(/) • I - 4 - 'r— 

S - r -
CD oo Q; CQ 3 

OJ 
1 — 
+-> QJ 
l/l O) fO S-

C_3 <_> 

OJ 
• r -
> S-

1— QJ 
• r - 3 
cn o 

O _J 

QJ 
•r- S_ > QJ 
1— +-) 
• r - E 
CD-r-

O 3 

QJ . 

> 
r— CX 
•r- E 
cn rc 

r.J C J 

O O O O O O O O O O O 

Ln 
o O O L O O O O O O O O 

O O O O O L O O O O L D 

O O O O O O O O O O 

O CM 
o o o c n o o c o o o o o 

CO r— CM 
o o o r - . O r — C M O O O O 

CM 
o o o o o o o o o o o o 

CM 
O O O O O O C M O O O 

O O l — o o o o o o o 

o o o o o o o o o o 

o o o o o o o o o o o 

o o o o o o o o o o o 

o o o o o o o o o o o 

LD I— 

o o o o o o o o o o L n o o 

CM LD 1— 1 o o c o c M O o c n o O l 
CM CM 

CM CM 00 
O O O O O C M C M O O O O O 

O O O O O O O O O O O 
I— C M C M O O l — C M O O C M O O O 

O O O O O O O O O O O O O O O O O l — O O O l 

B . B 
cn 

CO 

c n 

o 
CO 

I 

OJ 
c 
3 

•"3 

B 
rc 
cn 
o 

QJ 
CD 

T3 

rc 
Q . 

3 
QJ 
s-
o 

00 

3 
cn 
IC 
QJ 

CO 

+-> S-
4 - QJ 
• I - > 

3 - r -
oo oc 

QJ 
4-> CD 
4 - QJ "O 
• r - > •,-

oo D: CQ • 

QJ 

> 

CD 
o 

QJ 

> 

CD 

o 

O o o 1— O O O C M O O O O O O O O O O O O O 

1 — 00 O O l — CM 1— •— I— 
O o o I— O O O O O l — CM O r — O O r — O r — O O O 

I— 00 CO CM CM 

r — o o r - ~ o o c M O O c M O o o o o o o o o o o 

o o o o o o o o o o o o o o o o o o o o o 

o o o o o o o o o o o O O O O O O O l — o o 

B B B 
I— r— 00 00 

O r r - O o o o o o o o o O O O O O O O O O O C M C M r — 

o o O O O O O O O O O O O O O O L D O O O 

o o o o o o o o o o 
CM oo r-. 

o o o o o o o o o o o 
CM 

S -
QJ 
QJ 
c 
CD 

c 

rc 
CD 

o 

QJ 
cn 
-o 

S-
rC 

D-

CO 3 
QJ 

c n S -
o 

oo 

o 
CO 

1 
CM 
CM 3 

CD 
>1 rc 
IC QJ 

s: 00 

•M 3 3 
4 - O CD 
• r - r— rc 
S QJ QJ 

I/) OQ 00 

QJ 
+J S- CD 
4 - QJ "O 
• r - > - r -
3 T ^ S-

00 CQ • 

QJ 

> 
r— O -
CD 

O 

O O o o o o o o o o O O O O O O O O O O 

o o o c o ^ o o ^ ^ o o o o o o o o o o o o 

r— CM 
O o o O O O O r — o o o O O C M O O O O O O O 

I— 1— CM 

o O l — 1 — o o o o o o o o o o o o o o o o o o 

o o o o o o o o o o o O l — o o o o o o o o 

CTl 
o o 

o o 

o o o o o o o o O O O O O O O O O O C M 

o o o o o o o o O O O O O O O O O O 

CO o o o O O O O O O O O 
- o cn 
- L n o o o c D O O O 

00 , 
1— r— c n -»-> 3 3 
1— 4 - o CD 

• r - r— rc ft 3 QJ QJ 
cn to CQ OO 
CM 

1 
00 
CM QJ 

•r— 
> u ,— 

s- •r— 
IC CD 

s: O 

O o O O O O O O O O 

O O O O O O O O O O 

O O O O O O O O O O 

o o o o o o o o o o 

5-
QJ 
QJ 

CD 

CM 
o o o o o o o o o o o o o O O O l — o o o 

3 
cn 
IC 
QJ 

00 

O o o o o o o o o o o O O O O O O C M O O O 

c n 

+J 3 3 
4 - O CD 
• 1 - r — ro 
3 0) OJ 
to £33 00 

o o CD o o o o o o o O O O O O O O O O O 

S-
QJ 

JD 
o 
u 

o 

Q) 
ro 
Q 

4 - QJ 
• r - > 
3 - r -

00 oc 

OJ 
• r - S-
> QJ 

r — +•> 
•r- C 
CD-r-

O 3 

OJ 

> 

CD 

o 

o CMO o o o o o o o o o o o o o o o o o r ^ 

o o o o o o o o o o o o o o o o o o o o o 

o o o o o o o o o o o o o o o o o c n o o o 
s-
QJ 

TD 
TD 
QJ 

CD c 
• r - * 
X 3 QJ 
QJ CX 
QJ >, 

D. D- D - Q - D - Du Q_ CD CD CV. CV. 

to 

00 

CD CD' 
c: c 
QJ IC 
_j s- -

T3 
QJ 

C 
o 
o 

TD 

c 
OJ 
CX 
CL 

I 
c n 

o 
I— i n 
o CO 

O CM O CM CM 
I—cor-r-i—coi—cn 

I I I I I I I I 
c o c o o t D L n r - o r -

00 
4 - JC J= 
O +-> +-> 

E ^ l t o 
B 

oo 

in CM CM I— CM 
I I I I I 

o 
CM r-. B 

CO c 

-p 

to t o 
Cfl 
t o 
a 

I 
ro CO 

X> TD 
O O 
CX CJ 

• r - IC 
S Z i-
C L + J 
E l/l 
<c o 

03-
Cfl 
+1 

a 
c u r -
cn 3 
C TD 
IC rc 
S-
O ro 

S-
S 3 • QJ aj CM +-> 

CL 
I QJ O 

CX C 
• r - >, ro 
5- 4 - ) to 
ro >, 
O S Z 

u 
o 
CD to 
r - CD 

CD 

>, >,TD 4-> +J O 

I— CQ O UJ 

ro 
U-
I 

sz 
to 

QJ - r -

rO 

o 
4-> 
IC 

TO 
c u 
S -

D. 

to II 
x: 4-> CL. 

CD 
C 
QJ ft 

p— S -
(U 

J i i rvi 
S- ro 
o S-• 4 - CD 

E 
rc 1 ,11. 

^̂ •̂  "r— • TD TD CU CD 
QJ rc CX . TD 
E E • r -
3 E +J s-

r - CO 4 J o 
O 4-» 

O ̂  CJ O OJ 
CD r— CM >1 1— 

4-> r— 1 

QJ QJ QJ •r— o 
ro CL CX IC E o 

o 


