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ABSTRACT

| The sub-Arctic Ogilvie and Swift Rivers are characterized by
annual cycles ofbmicr6a1ga1 and bacterial standing crops and activities
which are méximal in 1afe spring (foT]owing ice "break up“) ahd summer
with minimal values noted in late winter. Levels of algal standing crops
and phytosynthetic rates appear to be reguiated by available 1ight
whereaé numbers and activities of heterotrophic bacteria are probably

controlled by DOC content of the water. o ®

Perturbations of those two river waters by streambank materials
alter microbial activities, such that Bio]Ogical'Oxygeh.Demand tends to
be increased by streamside materials additions at Tevels in excess of 0.10

g/litre.

These rivers tend-to be most sensitive to streambank materials
additions in winter and least sensitive in late spring (following ice

"break up") and early summer.
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INTRODUCTION

This biological study was initiated'by the Water Quality Branch as

“part of a much larger Inland Water Directorate pkogram to obtain information

" necessary to adequately review the Alaska Highway gas pipeline environmental

impact statement. This study was restricted to a one—yeak (Oct. 1977 -
Aug. 1978) in-depth investigation of two river basins. Emphasis was placed
on understanding processes in these two northern rivers rather than on
establishing baseline water quality information on the[hundreds of waterways

which will be affected by the pipeline. -

The study areas were (1) the Swift River Basin (59°45'260° 50'N

130°45'-132°W) in the Southeast Yukon and (2) the 0Ogilvie River Basin

(65°-65°45'N, 132°30'-138°30'W) which is located along the Dempster lateral
pipeline route in the northern Yukon.  Maps of these two basins showihg our
sampling sites are presented 1n.Figs. 1 and 2. Criteria used in selecting
these basins are ]isted.in Schreier (1978). The most important. criterion

for this study”waS'fhat both rivers_have'a high bioldgicé1.productivityb
The.Swift,River,-1ocatédfin thé Yukon River draihage is in aléhihook salmon
'spéwhihg area-(ChinOdk Fry weré captured while sampling for invertebrates).
'S1imy Scu]pins and érﬁtic gray]ihgvare also abundant. ~Aquatic plantS'in

the Swift‘River"édnsisi of aquatic mosses (DicrameZZalquustfis;-and
Dichodontiun pellucidun), macrophytes, (dominated by Bippuris sp.) and benthic

algae. The 0911V1e'River, on the other hand, s ]dcated in the Mackenzie

River drainage basin and has no salmon, although we have’;qbtured arctic

grayling and sculpins. Algae were the oh]y type of flora observed in the

Ogilvie River. Behthic invertebrates,,and‘p]anktonic-ahd,epi]ithic bacteria



are present in both river basins.

The present Sfudy is Timited in scope ‘to a microbial (algae, bacteria,

invertebrates) inVestigation. A study of the fisheries resource along the

.pipe11né route has been conducted by Northern Natural Resource Services Ltd.

for the Federa]IFisheries and Marine Service (1977). At present there is
little information on microbial stahdihg crops and productivities in Canadian
sub-Arctic and Arbtic rivers and, in general; Studies which have been done are

limited to spring.and:summer months.

Objectives of this study were (1) assessment of biological activity
during the winter months, when pipeline construction is scheduled to occur

(2) development of tebhhiques for winter under-ice experiments (3)‘estab]ish-

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

‘of these variations to. chemical (see Schreier,'1978)'and'physica1 conditions

and (5) the eVa]uatidnfof»the'Sensitivities,of the two rivers to disturbance

(by performing in situwand ]abbratory;perturbation expérjménts).
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MATERIALS AND METHODS

Periphytic ajgaévWere samp]ed by removing representative rocks
(usually four from each site, each ca. 20 cm in diémeter)~from the streambed
of each river or creek, at 10cati0n$ noted (figs. 1‘and_2) and ca. 100 cm2
areas were immediately scrubbed with a nylon nai]brugh. The detached
microflora on the rock and brush were then’éluited into a container with the

aid of a wash bottle containing distilled water; this entire procedure was

 repeated twice. See 'Sheehan e¢t. al. for a more detailed description of

this technique.

The area of each rock sampled was determined by fitting aluminum foil
to the scrubbed contour, removing the foil, pressing it flat and measuring

its area with a polar planimeter.

Each periphyton SuSpension.was wet filtered, within 3 h, onto either
5.5 0or 10 cm diameter'WhatmaanF/C glass fibre filters using a maximal

vacuum of 18 cm Hg. Immédiately.fo]loWing this filtration each filter was

bisected and the cells of one half of the filter washed into a sterile

container, and preéérVed with ac%d Lugol's solution till assayed for algal

species and numbers. - The remaining half of each filter was treated with a

' MgCO3;Suspén$iOn; frozen (Uec.; Mar., Mayf(Swift) and:Junej(Swift) samples

: were'not‘froien)iahd"képt in_the dark until usédﬁfdr’chTOrObhy11.a

extraction and analysis.

Ch]orophy11‘a content of'each samp1e_Wasfassayed;by extracting each

GF/C filter (with filtered algae) in an acid free'acetbhe: ‘water (9:1)
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mixture Using a High-Speed Polytron homogenizer followed by‘filtration
(9.45 um Gelman Alpha-6 material filter) of the sampie to remove debris and
particulate matter. The residue was tHen re-homogenized and filtered

again. Both filtrates were combined and made to 15 ml with 90% acetone;

'ch1okbphy11 a centent was measured spectrophotometrically (corrected for

| - phaeophytin) using extinction values of Lorenzen (1967) as described by

Strickland and Parsbns‘(1968). |

Periphytic diatom identifications and cell counts were made on sub-
samples which were first cleaned in Hy0, ok;nitric'aéid'(Patrick and Reimer,
1966); evaperatedeonto cover slips (Battarbee, 1973) and then mounted'on
microscope slides ﬁith:Hyrax'medium. Micrbscope transects were then eXamfned
using phase contrast microecopy (1000 X magn{ficatiOn);ia11 diatoms Were
identified and counted ti]ﬁ there was a tota] count of 200 frustules.

Suitable conversion factors were then. used to transform counts to cel1s/cm2.

The works of Petrick and Reimer (1966), Cleve-Euler (1951-1955),
Hustedt (1930, 1931—1959) Hubér—Pesta]ozzi (1942) Sreenfvasa and Duthie
(1973) and Weber (1966) were consulted for identification of the diatoms.
The spec1es c]ass1f1cat1on out11ned by Van Land1ngham (1967-1975) was fo]]owedv'
except that CymbeZZa caespztosa was recogn1zed as a d1st1nct spec1es qu
genera. not covered by Van Land1ngham (start1ng after the genus Navtcula),

the species taxonomy of Patr1ck and Reimer (1966) C]eve Eu]er (1951-1955),

_ Hustedt_(1930), and HuberfPesta1ozz1 (1942)‘was followed.



The relative abundance of each a1ga1'phy]a was measured in another -
subsample with an inverted microscope using methods detailed in Northcote
et al. (1975). Cyanophyta and Ch]orophyta species were qualitatively
measured for relative abundance and identified us1ng Prescott (1962),

Hoek (1963), and Bourre]]y (1966, 1968, 1970).

Samples for phytop]ankton analyses were obtained by allowing water
to flon into a clean 100 ml container p1aced.5 - 10 cm be]ow the surface ofy
each river or creek sampled. Approximafe]y two ml of acid Lugol's solution
Were.then added to'preéerve each sample whieh were subsequently anaTyzed
using the Ufermoh1 (1958)Hteohnique which inrolred sémp]e transfer to 5,
10, or 25 ml sett]ﬁng chambers (depending upon algal density) and enumeration
with an inverted‘bhaSeicontrast mféroScope MicrOSéope transects were
examined at 500 times magn1f1cat1on and all phytop1ankters 1dent1f1ed and
counted until there was a total count of 200 ce]]s (except; c010n1es composed
of small cells were counted as individual co]on1es) Su1tab1e conversion

factors were used to transform counts to cells/ml.

Plankton1c d1atoms were identified us1ng the reference works - described

' above as well as,Patr1ck and Reimer (1975). Geitler (1932) and Prescott

(]962)~were useditQ identifyxplanktonic algae frbm other planktonic classes.

In all cases both 1live and dead planktonic microalgae were counted

‘separate]y;

Phytoplankton and Perinhyton diatom species yoJumewaere determined

as follows. The”dihénsidns of ten representative cells of each species .



were microscopically measured and these values used to determine ave}age
cell sizes for that species. Surface area of-each diatom species (drawn to
scale) was then determined using a polar planimeter. This value was then
mu]fip]ied-by the cell's depth to determine the aVéragé cell volume in

um3 (Ahpendix 1). Phytopiankton volumes from ofher a1§a1 classes were

calculated by the use of geometric formulae.

Viable heterotrophic bacterial numbers were determined by spreading
water and epilithic samples upon the following medium: Bacto-beef extract,v
3g; Bacto-peptone, 5g; Bacto-agar, 15g; distilled water, 1 Titer; pH 7.2 within
several hours of sampling. .Thé.Petri plates were then maintained at
temperatures of from 1 - 10 C whilst being transported to a 1éboratory at
whfch time they were incubated at 5.C for 3 Wééks?befbre colonies were.
counted. | | | .

| . .

One-tenth h] samples of water were plated directly to aséay
planktonic bacterial numbers whereas epilithic bacterial counts were determined
using the "scrdb.waterﬂ obtained as outlined above and befofe the addition

of-Lugo]fs solution.
.Total planktonic and epiiithic bacterial counts using water and "scrub
water" respective1y wére done using epifluorescent microscopy, as described

by Daley and Hobbie (1975) and Hobbie et aZ. (1977).

Benthic invertebrates were sampled by placing a Surber sampier

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

all larger rocks and’scrubbing them in front of the net. The remaining




fine material wés thoroth]y stirred to dislodge organisms which were
subsequently washed into the hEt.‘ In this way streambed material was
sampled to a'deﬁth of ca. 10 cm. At each ]dcatioh 4 or 5 samples were
collected and then combined in a single plastic bag, preserved with a 5%
forma]dehydé solution and transported to the Téboratoky for ana]ysﬁs by

J. Keays, Powell River, British Columbia.

Laboratory analyses were done by placing each sample in a white

.éname] tray and first’removing organisms larger than c¢a. 1 cm. Each sample

was then sorted in Petri plates and organisms ‘smaller than 1 cm were
reﬁoVed.v A1 Organisms‘were identified with the aid of dissecting and
compound microscopes. The texts used 1n'idéntificat10ns were (Johannsen,
1969§ Usinger, 1956; Needham et al., 1935; Smifh, 1968; Ross, 1944,
Edmondson, 1959; Ricker, 1943, and Classen,-1931). Suitable éonversion

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

Disso]ved_organic carbon (DOC) was assayed by tpe Wet oxidation
technique of Menzé] and Vaétaro (1964) whéreaé»particu1ar50rganic carbon
(POC) values were détermihed uéing'a Beckman CHN analyzer. ~Gelman. A/E
filters were used to separate DOC from POC1and all samples were frozen till

assayed.

Total inorganic_ carbon (TIC) values of sampled river waters were
determined with the Use of a dual channel carbon ana]yééf‘g Beckman model .

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

~ blended water were injected into a combustion tube heated to 175 C"cohtaining
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85% H,PO, on quartz chips. The CO, liberated was qUéntitative]y assayed

374
using an infrared analyzer and standard inorganic carbon solutions.

Theoretical maximum hours of sunlight at each river were determined

using the Nautical Almanac (1976, 1977) (th. 3). The actual energy

available from the sunlight would be less due to mountain shading, cloud

cover, angle of the 'sun, river ice, snow cover, water turbidity, etc.

Concentrations of non filterable residues were determined by filtering
water samples through tared Whatman'GF/C filters (previously heated to 450 C
for 4 hours). This dried.residUe'nemaining-upon each filter was considered

to be non filterable.

Glucose heterotroph1c potent1als (V )- turnOVer'ttmes (T )- and

'-K “+. S (K refers to the transport constant whereas' S denotes the natural

concentration of substrate) va]ues were determ1ned by aspirating water

sémp]es into ten-50 ml disposable plastic syringes (with attached}Beckton-
DickinSon two way. valves). Each syring contained an. appropr1ate concentration:
of tritiated glucose. (D [6- H] g]ucose, specific activity 10 Ci/mmol;
Amersham/Sear1e Corp ) and - was inverted severa] times following water addition

to mix the samp]e. Contro]s consisted of samp]es po1soned with 5% g]utara]—

* dehyde before addition of water. In this study tritiated glucose was added

to yield a final concentrat1on range in the various water samples of from
0.001 uCi/ml (10~ OM glucose) to 1 uC1/m1 (10 M g]ucose) ' Nater samp]es were
incubated in situ for per1ods of 30 - 240 minutes,. depend1ng upon water
temperatures; care was taken to ensure substrate ut1]1zat1on was . linear w1th

time. The 1ncubat1ons were stopped by f11ter1ng the contents of each syringe
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through 0.45 um pore size membrane filters, Millipore Corp. (25 mm) in
diameter contained within a Swinnex filter holder attached to the exit port
of each two way valve. Each filter was then washed with an approximately

30 ml1 volume of river or creek water by rebeating the,refi]]ing and

_evacuation procedure. Care was taken to do all manipulations under water

as exposure to. ambient air temperatures (in some casesbas Tow as -40C)

might immediately fréeze the conteﬁts of each reaction vessel. The device
used for sampling and_incubating the water samples is desCribed in Fig. 4.
Counter-clockwise fotation of the handle fills each syringe with water Qhereas

a clockwise rotation empties. each syringe.

Filters wére'p1aced.in scintillation viaTsvcontaining 15 ml of
Aquasol scintillation cocktail (New England Nuclear Corp.) with 10% ethyl
acetate. A]]'samp]es were countéd.in a Beckman LS-250 liquid scintillation
spectrometek.' Counts-per minute (cpm) were corrected for quench (by the
external standard méthod),Amachine'effiCiency and hé1f—11fe'decay and were
reported as disintegrations per minute (dpm). The tritiated glucose. was
diluted iﬁ carboh-free:Water prepared ‘by the method of Strickland and
Parsons (]968) énd;filféred through sterile membrane}filtérs (0.22 um
pore size, 25 mm diéméter; Mi]Tipore Corp.) prior to use. No attempt was
made to~quantitate g1Uc6se respiration. See Dietz ot al: (]977) and Wright
and Hobbie (1966)‘for a more complete description of thé téchniqUe-as.we11
as- equations for ;a1chation of vaaxj K + Sn’and'Tt..vsacterial specific.
activities were calculated as the glucose heterotrophic activity per viable

heterotrophic bééterium;
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Light (a]gé1) and dark (mainly bacterial) productivities of the

14

co Two light, two dark and

plankton were deterimined with the use of 5"

two_ki11ed (1 m1 of 5% glutaraldehyde added to each) BOD bottles (300 ml

tapatity) were fi11ed:with river or créek water and 5 uCi of 14

co,

(as bicérbonate or carbonate - pre—membrane filtered (0.22 Qm)) added to each.
The bottles were stoppered, inverted td mfx the contents and incubated

in gitu for 4 hours (incubation times betWeen 1000 and 1500 h were ;hosen).
This procedure was used for all but the Decembef 1977 samples wheﬁ 24 h
incubation periods were used. Following 1ncubation, tHe reactions were
stobped by adding 1 ml of 5% g]utaraidehyde to the 1light and dark bottles

and fiTtering the contents of each through 0.45 um porg-size membfahe filters
(Mi]]ipoke Cbrb.)' Fdl]owihg this, each filter was washed with 50 ml of

pre-filtered river or creek water, pTaced in scintillation cocktail, as

“described above, and the dpm determined. -

The light minus dark dpm values were used to calculate algal

“productivities whereas the dark minus killed values were used to determine

heterotrophy productivities. See Romanenkd et al. (1972) for a more complete

‘description of this technique..

Ten-Titre plexig]éss containers (sée Fig. 5) similar to those

described by Schind]éf et al. (1973) were used to asséy‘benthic 1ight and

dark productivities.’-River or creek bottom rocks (4-5) of average volume of
400-700 m1 each were gently placed into each of one 1ight; one dark and one
killed (with 30 ml of 25% glutaraldehyde) controT’boxes#and the. remaining

space filled with river or creek water. - Each box was then p]aced on the .
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—rfver bed for ca. 30 min. to allow a resettlement of the partially dfsturbed
material. Following this 55 uCi of ]4C-bicarbonate or carbonate (new
England Nuclear Corp.) was injected intb each box, the contents mixed, and
the entire system was allowed to incubate for 4 h (betweén the hours of
1000 to 1500). The reactions in each light and dark box were then stopped
with the addition of 30 ml of 25% glutaraldehyde. Known areas (see above
for description of areal determfhation technique) of incubated rocks were

14

scrubbed (see above) to obtain ' 'C-labelled microflora which WasAthen

preserved with g]utara1déhyde, filtered onto membrane filters, oxidized
with the use of a SEARLEHcombuétbr, and the released ]4C02 collected in
scintillation fluor and thé'dpm of each aséayed as described above. The
volumes of the water which occupied each b6x were also determined at this
time. A]ga1.(ba§éd“upon Tight,minus dark dpm) and heterotrophic (dark

minus killed control dpm) productivities were subsequently calculated on a

per m2 basis.

Waters fof‘determinations of biochemical oxygen demand (BOD) values
were placed in sterile 5-litre polyprophylene carbouys and shipped to
Vancouver. whilst'in Fransit<(for periodé up. to 2 weeks) the temperature
of this water variéd_ﬁetweéﬁ 0.and 10 C. BOD va1ues,w§ke<obtained with
the use of‘standard‘BOb bottles which Were.incubatéd.iﬁ_thg dark for periods'
of up to 55 dayé"at 1:+1¢C. AAt times.zero (the timé'at,Whiph the waté?s
were added to fhe;boftles in.Vancouver), 21 and 55 dayé,d15$01ved oxygen (DO)

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

Amer. Water Wks. Assoc., ahd.Water Poll. Con. Fed. (1965)). "
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Streambank materials for nutrient (DOC and poC) ana]yseﬁ-énd
perturbatibn experiments were selected from one soil profile located near
the streaﬁ bahk in the alluvial f]oodp1ain‘in the Swift River basin.. As
is’common in floodplain situatiohs, the soil profile has been influenced
by polygenesis. In principle, the soil profile belongs to the Brunisolic
'soil order, in the early stages of development and made up of the fo]Iowing

five horizons: LFH, Ae, Bm(t), Bf and C.

The LFH, Ae, and Bm(t) horizonS'(P1afe 1.) were used for the experiments

and each can be described as follows:

LFH: an orgénic'horizoh characterized by*aécumu]atioh of ¢rgan1c material
-in various stages of decompdSition.
L = Litter: predominantly sphagnUm-hoss, labrador tea, and spruce
needles.
F = Paktly decomposed litter, mainly leaves, needles and twigs and
the original structure is difficult to recqgnize.'
H = Humus: ,de¢omposed-organic matter with no evidence of original
‘ struétufe. . |

(The L and F porfions were dominant‘in the sample wfth only a small
fraction.of humus visib]e;) |

Ae: A leached miné?a] horizon wjth,coarse sandy texture from which salts
and clays have been removed by e]uViation.

Bm(t}: A-slightly altered mineré]'horizdn’with evidence of illuviation,

and changes in texture.
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RESULTS AND DISCUSSION

A significant feature of both the Ogilvie and Swift Rivers was the

seasonal changes in the values of’many of the miérdbia] (standing crops

“and activities) as well as chemical and physical parameters assayed. These

included microalgal, bacterial and invertebrate cell numbers, algal and
bacterial activities, as well as TIC, DO AND DOC concentrations. Generally,
maximum and minimum values of each parameter occured in late ‘spring-summer

and fall-winter hespective]y*.

A1ga1,»Bacteria1 and Invertebrate'Standing'Crops

Relatively Targer concentrations of both planktonic and periphytic
microalgae were present in theSe.sub-Arctic Caﬁadian rivers during the spring,
summer and fall of 1977 - 1978 as compared to the winter of 1978 (Figs. 6 and
7, Table 1). ’MaSSivé dec1{nes ih standing-étqcks of these cells occured in

early winter; gehera11y the phytoplankton values decreased to approximately 1%

* In this mahuscript §amp1ihg dates which cbrrespond with seasons are 4-10
Oétober, fall; TO;ZO;ﬁetgmber,‘ear1y winter; 22-30 Maréh; late winter; 15-

26 May, Tate.sprihgg 17-30 Juné aﬁd 1-8 Aug.,,suhmer. "Freeze-up" oqcUrréd
on the 0§11v1é ahd Swift Rivers in the first weeks of‘Qctober and November
1977 respective]yf» Ice fbreakvup“'occurred‘in eér]y May‘1978’(Ogi1v1e River,
ca. 7.5 months of ice cover) aﬁdvear1y‘Apr11 1978‘(Swift Rivéf, ca. 6.5

months of ice 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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of their spring and summer levels (the percent viable (containing chloro-
ﬁ]asts) phytoplanktonic cell numbers of both the'Ogilvié and Swift Rivers
remained relatively constant throughout the year with mean values of
75.3_ahd 67.7% respectively) whéYeag the decline was somewhat Tess Amonst :
the periphyton (Figs. 6 and7, TabTe 1). The periphyton declines noted
between October and December 1977 were ca. 93% and 98% for the Ogilvie and
Swift Rivers respectively. HoWever, due to difficulty in quantitafive]y
sémp1ing periphyton these values should be interpreted with Caution

(see Tett et al. (1978) for a discussion of adequately sampling benthic\

“microalgad .

Karlstrom and Backlund (1977) noted similar fluctuations in numbers
of planktonic diatoms of the Yivef-Rick]ean (Sweden, 1ét; of ca. 64° 5' N.).
These authors found thét-ce]] concentrations were greatest dﬁring-spring and
summer and dec]ined’quite»abrupt1y‘dﬁring'1até autumn and early winter
whereas a slight recoverj in numbers was noted between January and March.
In both the Ogi]Vie and Swift Rivers we noted a modest recovery in numbers

of bbthvphytop1anktonfandvperiphyton,occurredmbetween.ear]y and late winter.

The factors which cadse;the massive decline in phytprankton and
periphyton.numbers ih late fall are not knownrwith certainty. However, two
significiant.feétures_weré?probéb1yv(1) low insolation and (2) Tow_temperatures.
By late December'daylight_1engths in‘the Ogilvie and Swift;RiverAwatersheds
had decreased fo‘Ca;‘3 and 6 h from summer values Qf,éa,€18:and.16 h res-
pective]y (Fig. 3). Water temperatures 1n_both\riveks hadvdecreased tonéa. 0 C
from summer values of ca. 15 C (Ogilvie River) and ca. 12 C (Swift River)

(Fig. 3).
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Several investigators have noted that many microalgae are able to
withstand exposure to both Tow temperatures and darkness. Jansz and Maclean
(1973) fqund that when.the bTue—green alga dnacystis nidulans was exposed
"to' 0 - 5 C culture viabf]ity-was reduced. However, residual numbers of
v{abié cé1ls reﬁained, even at these Tow temperatures. Té]]ihg (1955)
found thaf‘tWO diatom genera (4sterionella and Fragilaria) grew throughout
the year in Lake\ﬂindermeké with the division rates lowest in January.

As Qinter progressed, the division rates increased from January to March.
This author concluded that "the mean re1ativé growth rates of cells at 1 m.
depth are primarily determined by,day1ength'and tempekatufe"; Antia and
Cheng (1970) showed that a1thbﬁgh 31 spécies of mérine Unice11ulér'a1gaé
showed no significant growth in‘dakkhess at 20 C., several species were able
to survive up to 24 weeks and resume norma]-grOth rates upon transfer to light.
It is possible that some algal cells freated in this-fashibn;‘including the
microalgae of the 0gilvie and Swift Rivers, may have (1) decreased their
endogenous metabolism and (2) shifted to a heterotrophic pattern of cellular
maintenance. Many diatoms are'ab1e fo_survive.in the absence of light using
heterotrophic processes (HeT1ebu§t; 1968;,He]]ébustﬂand¢Lewfn, 1972 and Lewin

* ind Hellebust, 1975). - -

Theke.is'ho:féciie,exp]anétidhbfor'thé,minof increase in numbers of
bofh,p]anktohiclénaﬂébi1ithié microalgae between'earlygénd late winter noted
in"both this study,(Eigs. 6 and 7) and by'Kak]strom and Bagk]und (1977) in
the river Ricklean. -Water températures.remaihed approximately the same.
However, day]ength increased during this time'period (see Fig. 3) and it is

possible that phdtosynihetié rates increased which reSu]ted-in.s]ow algal growth.
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Analysis of planktonic algal species data suggests that most cells
of .the phytoplankton community actually originated in the periphyton. Of
the 85 phytop]anktbn species witH chloroplasts which were identified, 73
species were also found in the pérfphyton samples. Sixty-two of the diatom
domiﬁaied p]anktohic speciés_are considered to be ecologically more
important in the periphyton with only 9 species being considered primarily

planktonic. The other 14 species are about equally important in both

~ periphyton and‘phytop1ankton‘assemb1ages (Appendix 2).

Most phytoplankton species were spotty in occurrence and were only
observed a few timéS'from October 1977 ti11 August 1978. Achmanthes minutissima,
Diatoma tenue V. élongatum, Fragilaria construens V. binodis, Fragilaria
vaucheriae, and Synedra ulna were obsefved more frequently and their seasonal

distribution in the'Ogi]vievand Swift-Rﬁvers is plotted in Fig. 8.

‘The periphytic'a1gal species composition_data showed similar trends in
all rivers assayed, ie. the spring - summer - fall populations were pre-
dominantly Baci]]&riophyceae or Chlorophyceae whereas the bulk of the over-

wintering'te]]s.weré_q1atdms (Table 2). The reason for- this is not known.

Thefe'were‘96 specfes'of periphytic diatoms ide;tified»in samples
removed from the swift and Ogilvie_Rivef Basins (AppendixVB). Eighty-nine of
these species wére found in the Swift RiverBasin while on]y 63 species were
found in the more northerly 0gilvie River Basin. The Tower number of species:
%n the Ogilvie islprObably related to the harsher physical enviraonment rather

than to chemical cOndftions, Higher nutrient ]eVe]s‘and a more diverse
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Figure 8 Seasonal disirabuﬁiqm of five major phytoplankton spécies in the Ogilvie and Swift Rivers.
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chemica1 environment in the Ogilvie (Schreier, 1978) should actually favour a

greater species diversity. A]so; in the Ogilvie a few dominant species

accounted for almost all of the diatom numbers. A1l the rare species (a
rare species is one which accounts for less than 5% of the total diatom number
at all times) made ub only 24% of the total numbers in the Ogilvie whereas

in the Swift River rare species made up 41% of the total diatom numbers.

Achnanthes minutissima was the most abundant diatom in both the Ogilvie
and Swift Rivers (Fig. 9); although more cdmmon in the Ogilvie. This diatom
is also very abundant 1n'temperétevwatérs, being absent only in regions of
gross po11uf10n. Anomoeoneis vitrea, Fragilaria erotonensis and Diatoma
hiemale V. mesodon were abundant in the Ogilvie but rare in the Swift River.
These species showed distinct seasonal abundance pattérhs and it is interesting
to note that AnOmbeOneis:vitrea, an Arctic species, was at its most dominant
during winter. Achnanthes sp., Cocconeis pZaéentuZa, and Diatoma tenue V.
elongatum. were abundant only in the Swift River. These species also exhibited
definite seasonal abundance patterns (Fig. 9). Most of the other diatom
species enumerated were rare, and only 12 other specieﬁ“even accounted for as

much as five percent of the numbers at particular seasons.

The distfibdtfon of the "non-diatom" forms was. much more patchy. than
thaf_noted for the diatom §pec1es; At Varibusltimes'theré'were_nine-speciesA
of green a]gaé, SiX bTué-green a]gal'species and one Chrysophyceae-a]gq
identified in quéhtité{ive collections from the Ogi]Vi;‘aﬁd Swi ft Rivér Basins

(Appendix 4). fhevmost abundant green algae were: Mougeotia Sp.,

" Oedogonium Sp. » Uthhréxfsp., and Stigeoclonium sp.. The most common epilithic
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blue-green alga was Oscillatoria Sp.

Besides the non-diatom speciés observed in the quantitative'samples
(Appendix 4) there were also several other species enumerated in quaTitative
co]]ecfions from unusual habitats. In the Ogilvie River the red a]ga,
Lemanea fucina Bory was extreme]y.abundant‘at all the BedrOck sills that
crossed the river (see Schreier, 1978). These sills created higher current
velocities andvgrdundWater’inf1UXes also 6ccurred there; which caused the
river to remain ice free in these spots, even during mid-winter. The blue-
green a]gaé Chamaesiphon incrustans Grun. and Claétidium setigerum Kirchn.
grew épiphytica]]y'bn the Lemanea. Hydrurus foetidus was extremely abundant
in spfings which flowed into the Ogilvie. And}'ih Engineer Creek Euglenoid
f1age]1ates'grew in the.acid draihage.areas where  PH values were as low as
2.8. . In the Swiff River,. the green alga Tetrdséora cylindrica (Wahl.) C.A.
Agardh was sbmetihes abundant.-jThe blue-green alga Nostoc verrucosum grew

on large boulders in several creeks flowing into the Swift River.

The leyéls of.both-planktonic and.periphytic ;h]drophyl] a in these
two Totic systems'(Téb1ev1) qu]dw a.pattern similar tpvthat'of the algal
standing crops'(ﬁig,”G ahd 7). Thaf'is, a marked decrease in early winter
followed by a 6arffa]_retovéryiin'Jété“Wihter.and;a rapid increase to sping

and summer values.

The seasonal changes. of‘bacteriopianktoh cell numbers in both rivers
were remarkably similar to those of the phytoplankton (Table. 3, .cf. Fig.6).
That is, the viable bacteria numbers as determined by plate counts were

minimal in winter and increased to.greater rumbers in spring and summer.
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In both lotic systems, a slight increase in numbers was noted between early

and late winter.

Other inVestigators have noted numbers of both planktenic and
epi1ithfc bacteria which were similar to those observed 1n'thesé fwo rivers
(Table 3). Geesey et al. (in press) found that the epilithic and planktonic
bacterial numbers (assayed by ebif]uoresceﬁt microscopy) of a pristine subalpine.
stream system in the Canad1an Rocky Mountains ranged seasonally from

6 8 3 to 2 x 105'ce11s/m1 respectively.

to 1 x 108 cel1/cm® and from 2 x 10
Both planktonic and_epi]ithic bacterial numbers were minimal in‘the winter
and maximal in the summer. The sessile bacteria numbers were greater .than

those of the bacfékiop]ankton'by approximately 2‘order of magnifude.

Total bacterial numbers, as assayed by epifluerescent microscopy,
were only done on material collected in later field trips and hence these

data were not sufficient to interpret seasonal trends. Hdwever, the ratio

“between planktonic bacterial/ml and seSsi1evbacteria/cm2 were between 102

and 10° in all waters assayed by this teChhique (Table 3). These are some-

~ what greater than the values obtained by Geesey et al. (see above). Assuming

that the average'dépths of the Ogiivie and Swift River were approximately

1 m, the ca]cu]éted ratios.of the planktonié'to epilithic bacterial cell
numbers vary froh T;Géo to 0.080. The ratios of the ph&toplankton to'peri-
phyton cell numbers véry from 0.167 to 0.007 (based upon calculation of the

chibrophy11 a.data of Table 1 and an average_riVer depth of 1 m). Within

the limites of these experimental data it would appear that a somewhat greater

proportion of the total bactéria] cells may be suspended in water as compared

to the microalgae.. However, in most instances, greater levels of microbial
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numbers were present in the stream bottoms as compared to overlying waters.

The numbers of 1'nvertebrates'/m2 of river or stream bottom sampled
using a Surber sampler ranged from 5 to 1038 with a'méan value for all samples
of 227 (Table 4, detéi]ed data in Appendix 5).  These densities are somewhat
lower than thOse.thch have been found by other 1nve$tigatoré in similar
streams and creeks in both the Yukon and North West Terkitdries. Brunskill
et al. (1973) found that "zbObenthosvdensity‘in the Yukon and North Slope
areas ranged from é féw hundred to a few thousand organisms /m2. Hoos and
Holman (1973) found the numbers of organisms to be ca. 3,600/m2 at a site in

Rose Creek which was not perturbed by mine tailings. Because of the limited

number of samples it is difficult to compare ‘invertebrate speCies:and numbers

in the Swift River and O0gilvie River drainage.baéins; a}though benthic inver-
tebrate numbeks.appeér-to be gfeater in the Qgi1vjé River (Méy-to August, 1978)
(Table 4); The chironomidae were the mosf numerous macroinvertebrates in the
majority. of samp]es,'an observation which has also been noted by other

investigators (Brunskill et aZ.; 1973 and'HOOSlahd;Holmah, 1973).

Physico-Chemical'Pafameters

The average water.temperatures of both the Ogi]vie?and.Swift Rivers
varied betwéen winter lows of ca. 0‘C and summer~highs of 12‘- 15 C during
1977 - 78. For af_]east 7 months;of the year the temperatufés.weré at or
near fkeézing (Fig.3).;_Hence,,this physica1,parametefﬁmay'have,had a 1argé
influence upon the numbers. (see above), as,Wé]1 as:activitieé»(see'be]ow)

of the microflora of these. rivers.
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DOC values increased in spring and decreased as the seasons progressed
through summer, fall and winter (Fig.10) These Spring increases were probably
due to both allo- and autochthrous addition of organic matter to the two
rivers, although a distihction‘between'the relative importance of each to
the total DOC levels cannot be made on the baéié of these data. However,
the contributions by both of these sources are probably decreased in fall,
Towest in winter andvhighest in Spring’and summer since (1) freezing‘conditions
would greatly slow tributary and land run-off into these rivers (allochthnous
addition) and (2) phytoplankton and périphytic algal productivities were

Towest in fall ahd'winter (autochthonous addition) (see below).

TIC values of Ogilvie River water are almost always greater than
those of the Swift River (at simiTak times of the year)-. ‘Since'thé-09i1vie
River system flows dve?'extensivé'1iMestoné‘substratum whereas the Swift River
does not, therevis'probéb1y_a much greater noh-bioiogjca] contribution of

co HCOé'and COZ to the former river. However, both rivers‘disp1ayed.marked

05
seasonal variatiohs_ih TIC. These values increased -from summer to their.ﬁighest
concentrations in Tdter winter prior to ice "break-up" (Fig. 10). A reasonable
explanation is that this increase may be partia]ly due”to_ﬁbﬁmunity respiration.
That is, during the'ca; 7 months of ice cover avéignif1Cant'portion.of the
planktonic and benthic DOC and POC were metabolized With;thebconcomitant release

of.C0., which tended to collect under the ice as TIC. At spring break-up a

2 | _
sudden drop in TIC values were noted in each rivéri(Fig. ]0), This may be due
to the abrupt release of TIC to the atmosbhere asCO2 as well as its. fixation

by biological processes, See below.
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POC values were generally greater in the Ogilvie than-in the Swift
River water (Fjg. 16); Since these concentrations are a function of both
microbial (cf. data of‘Figs. 6;and 7, Table 3) and detritQS content of these
waters, the cOncentrations of which in turn are regulated by many biotic and
abiotic factors, it is diffiéu]t to interpret these data in a simple fashion
other_than to state that the Ogilvie Rivef water co]umn appears to be the

more productive of the two systems.

Microbial Activities

The planktonic microflora of both the Ogilvie and Swift Rivers displayed.
glucose hetefotrbphic'activities for moét of the year, the exception being
late winter of 1978. At that time glucose heterotrophic uptake versus time
kinetics by the microorganisms of thé watef were linear with time, but
'MTchaélis—Menten uptake kinetics weré not observed (Fig.11). This phenomenon
* has been noted prevﬁous1y in othef aquatic'ecosystems and it is the experience
of one of us (L.J.A.) that this occurs under at least three conditions, viz.
(1) the microbiai:confents of the wéters are.exreme1y-1ow (2) the concentrations
of natUra11y Qccuﬁring:metabb1ites are minimal or (3) fhe microbial ecosystem
is étresSed by poilutants (e.g.'mercury)'or by unfévourab}e physico-chemical
conditions (e.g,'lbw temperatures). The bacterial content of these waters
were not decreased'é¥cessive1y in winter (Table 3), bdf},both-DOC levels and
temperatures did decrease appreciab]y as compared to SUhmer_va1ues._ However,
Tinear Michaelis-Menten curves were dbtained during the fall and early winter
when the temperatures were ca. OC_which would tend to eliminate low tempera-

tures as a cause of scattered uptake of glucose .in later winter. A more
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Tikely cause may be the quantity and quality of DOC present in late winter

~ (Fig.10). As winter progressed the DOC levels of both rivers decreased,

probably due to microbial utilization. Since allochthonous and autochthonous
proddction.of DOC is minimal fn winter, the DOC femainfng in Tater winter may
be highjy.refracti1e,»end hot readily avai]ab]e for'heferotrphic microbial
uti]izationb Hence the bacter1a1 cells may not have been able to read11y
metrabolize this material and d1sp1ayed non- 11near heterotroph1c act1v1ty
plots. Fo11ow1ng spring "break-up" allo- and autochthonous production

greatly increased the‘quahtityvand quality of DOC. This,'cdup]ed with‘higher
water temperanreS‘may-have greatly incfeased'glucdse'heterotrophﬁc activities

in sprihg and sUmmer (Fig.11).

Both DOC concehtrations and'temperatures'have‘been shown to influence
heterotrophic bacter1a1 act1v1t1es in other. aquat1c ecosystems (Albright, 1977,
Wr1ght and- Hobb1e, 1965, Hamilton et aZ 1966 and -Dietz et al. 1977).

Values of glucose K + Sn tended to décrease.significant]y during the

't .
fall and winter months as compared to the spring (following ice "break-up")
and summer months which is 1nd1rect ev1dence that ‘glucose utilization rates

may exceed product1on rates from ca. October to March (pr1or to ice "break-up").

That is,. the DOC of the water may have become more refract11e during the fall

and w1nter months

Since the streamside materials df}theiSwift River'have'a large organic

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

* LFH and Bm (t) conta1n 0.32 and 1.38 mg DOC, 158 and 13 mg brgan1c carbon
and 9 mg and trace (<1mg) organ1c n1trogen /g dry we1ght respect1ve1y
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the heterotrophic activities of the microf1ora at all times of the year.
A predicted_result would be incréased oxygen demands of these aquatic

ecosystems.

The gTuCose}hetrotrdphic‘potentié]s assayed in this study fall
within: the lower paft of the range hdtéd for several other freshwater rivers
and lakes - and it would appear that the more norther]y'the water body,
the less the glucose heterotrophic potentié]s (Table 5). However, this
generalization must be treated with a great deal of caution at this time

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

hetrotrophic ‘activities.

Phytoplankton photosynthesis occurred throughout the year in these

two rivers with maxﬁma1'aCtivity in the late spring and summer and minimal

-activity during w1nter (Table 6) - These data are h1gh1y variable which

s probab]y due to chang1ng da11y cond1t1ons w1th1n -each watershed. These

include silt Teyel,.temperatureg water discharge (which may tend to suspend

periphytic a]géé in the water column) and sunlight. An example of the

" results of one of these natural perturbations is that of thqk minimal photo-

synthetic ratev which‘was abserved on 23 June,.1978 (Table 6 ) in the Ogilvie
River. Heavy rainfall hatﬁhé]]y perturbed this river with'SUSpended matter
(non filterable residue, 117.mg/litre)= which fesu1£ed’in‘héavy'turbidity
and 1ittie 1ighf7ﬁenétkatioh beyond a water depth of ca._O.] m. Hence,
photosynthesis did nOt‘appreciab1y occur'(Tab]e,6),aithgughiphytop]ankton

concentrations were high (Figs. 6 and 7).
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- The plankton{c dark productivities were_genefaTTy greater than
light productivities for much offthe‘year in the Ogi1vie River whéreas'
the opposite was hoted qu thé SWfft River (light productivities generally
exceeded dark productfvities) (Téb]es 6 and 7). in addition, the dark
pfoduétivities of the Ogilvie River exceeded those of the Swift during the
yearly cycle asséyed (Table 7).'}The reasons for thisAaré-nbt’knoWn although
there are severa]_opsérVatidn$ which may be pertinent: (1) DOC levels of
the Ogilvie River water were greater than those of the Swift “River during
the annha]'cyéle‘of Oct. 1977 - August 1978. (2) Ogilvie River bacterio-
p{anktoh‘biomaséeé exceeded those of the Swift Rivér throughout the year and
(3) glucose‘Ki +S, values of the Ogilvie Rive?'weré generally gréater thah
those of SWift RiVer water. . Thus, bactekidkplankton‘bkdducijities (which
are a major portion of the total dark.prOductivities of'aquatic-microbial
écoSystéms) should on the basis of these observatiohs be'greater in the Ogilvie

as compared to the Swift River.

. Assays ofvpéhthic algal and bacterial productivities of stream bed
materials of both thelOgi]Vie and}Swift Rivers were not always possible
béCausévof.eftheF_ (1)_éXténsive fce cover (wfntér) or (Z)Thigh'water conditions
(spring). Therefore, altho@gh the benthic productivﬁtiy:v?]qéswreported were
on]y.forAsbring'thkpugh $ummér-of 1978 (Tables_6 and 7) it is probab]e that
both peribhytic aigaf,and ebjlithié'Hetefotrophic bacteriatl broductivities
occur throughoutzthe>year based upoh obSerVed 1éve1s of.both“a1ga1 and bacterial
standing crops ahd‘p1anktonfcvpkbductivities (Tables 2 and 3, .Figures 6 énd 7).
Although these'déta a#e”highly variable (dUé‘to f]uctuating.éhvironmenta]

river conditions ‘as outlined above as well as ihhérent-patghinésswof benthic
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microorganisms in lotic ecqéystems) they nevertheless 1ndi¢ate that the
periphytic algal prodﬁctivitfés éXCeeded'those of ‘the epiphytic bacterial
productivities (dften‘by severaT order of magnitdde). I?Us, upon comparison
of total bacterial (p]ahktonic and epilithic) énd'tota] microalgal (plank-
tonic and periphytic) produétivities of each river, microbial productivities

of the Ogilvie and Swift RiVers.appear fo be algal dominatéd (Tables 6 and 7).

In summary, microbial (microalgal and bacterial) biomasses and

- activities of these two lotic ecosystems were greatest in spring and summer

with decreasing values noted through fall and winter. The data support the

hypdthesis that'1ightand DOC may be the major factors cont?o]]ing'standing

crops and activities:of‘microa1gae‘and bacteria respectively.

The Ogilvie River. appears to be more productive than: the Swift River

with regard to microorganisms since generally both standing crops and activities

of microalgae and bacteria weré greater in the former throughout the year.
The reasons for this‘are.not know -although this difference may be a reflection
of the-greater lévels of both TIC (microalgal substrate) and DOC (heterotrophic

bacterial substrate) noted in the Ogilvie as compared to the Swift River at

equivaTent,fimes“of_tﬁe.year (Table 7).
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The fofegoing data and observations may be useful in predicting
general influences of streamside and sediment additions to the river waters
upon standing crdps and activities of micr0a1gae and bacteria. Increased
loadings by these ﬁater1a1s would probably reduce Tlight levels théreby‘
Towering phytoplankton photosynthetic rates (See natura1,examp1é in Table 6)

which in turn would adverseiy influence algal standing crops. Since stream-

bank material contains relatively large amounts of DOC (see above) and

stream Sedihents7probab1y also have a large DOC éomponent_the results of

these addtions may‘be increased standing crops and activities of. hetero-
trophic bacteria (and-hence incréased'BOD) in the water column. Thé.activities
of the bacterioplankton of these two’JOticvsystéms;may'beVmain1y DOC Timited

(see above, cf. Table i3 and Fig.10). Hence, DOC added at any time of year

'(inCTQdihg winter) via ‘stream bénk:materia1 and sediment would probably

increastheterotrophic activities. In addition, oxygen levels of these two
rivers are lowest in late;Wintér.(Schreier,~1978) and thérefore these two -

Totic systems may5be,most-stre$sed by DOC addition at that time.

Most pafticu1;te streambank and sedfment materials would tend to
settle to the étﬁéém_bbttoms within seyéra1 km of its site of addition, over-
lying and smothéring'some-offfhé benthic flora (mosses., périphyton:and
epf]ithic bactéria):which would tend to lower théikvstanding crops, produc-
ti?ities and activities.. Recolonization of these stkéssed areas would even-

taully occur with'the'rates'ih'winter,being the slowest.
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Thus, the least sensitive time for perturbation of these two lotic
systems by stréambahk and seditment matéfia]svwou1d probab1y be late spking
fo]]pwing "break.up" since microbial productivities aré high and natural
perturbation by streambank materials and sediments occur at this time. The
most sensitive time with regard to influcences upon a1ga1 and bacterial
activitiés (WhicH in turn wou]d inf]uenée DO levels) as Qe]] as recolonization
rates would be winter. The rémaihder of this manuscript deals with a quan-
titative evaluation of .D0 levels and BOD values of te Ogilvie and Swift Rivers
at various times of the year as‘inf1uenced by streambank and sediment additions

in the context of microalgal and bacterial biomasses and activities.

Data of Scheier (1978) and that of othérs‘(SChal10ck and Lotspeich,
1974) indicate‘that many Alaskan and Cahadian Afctic and sﬁb—Arctic'RiverS'
have similar annual DO .concentration trends. That‘is.che waters.are_near
saturation during spring "break up" and fall "freeze up" when water tempera-
tures are near Q C; someWhat 10WeffD0 cdncentrationS'dUring warm suhmer periods;
and yearly minimuh concentration duking the wintér (January - March) interval
...,; Data indicate that DO depression begins in October and»qbntinues into
February" (Schallock and Lotspeich, 1974). A second important observation of
these authors was that DO'dep]étion'may become more severe as the river water
flows from its héadwatérs to its moUthﬂther'an ice cbvé§; ;This is ﬁrobab]y
due to»continued;bfdlogica1_and chemical utilization of DO of each Water‘mass.
as its travels the length of the river. -In severé]-ri?eré these DO depletions

may be severe, é,g. the Yukon River from thé Alaska.- Canadian border.to its

"mouth displayed DO levels of ca. 10.5 mg/1 and 1.9 mg/} reépectively,during

March of 1971 (Schallock and Lotspeich, 1974).
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In both of our study areas the levels of the DO drOpped significantiy
from early fall (Swift River, ca;Tll— 14 ppm; Ogilvie River, ca. 9 - 15 ppm)
to late winter-(Swift River; ca. 3 - 10 ppm; Ogilvie River, ca. 5 - ]1 ppm) -
and remained at relatively high concentrations during the ice-free seasons.
of late spring fo]iowing icé_ﬂbreak up" (Swift River, ca. 8 - 15 ppm; Ogilvie
River, ca.11 - 12 ppm) and summer (Swift River, ca.10 - 12 pbm; 0gilvie Rivér,
ca.10 - 12 ppm) (Data of Schreier, 1978) Large spatial variations in DO
were found in both rivers dUring winter (Schreier, 1978). The drop in average
DO levels under ice cover was probably‘due to a variety of physical,. |
chemical and bid]dgic&] influences such as dilution of river'wafér~by'grOUnd
water, abiotic reddction'by various types of organic and inorganic materials
and:respikation'by the aquatic micro- énd méCrOOrganisms. When these data
are used to calculate the in siti rate”df:DO depletion in the Swift River
during the period of:ice cover (October to March)-a net resﬁiration value of
0.041 mg 0,/¢/d is obtained. This value is of the same order of magnitude

of net réspiration:rate values reported by Welch (1974) for three Canadian

“Arctic and sub—Arctfc;]akés during ice cover (Table 8).:

in 1ate.winter the experimehta11y,détermined BOD values of both the

Ogi1vie and‘Swift»Riyérs were ih the fange of ca. 0.5 fo 1.0 mg 02/2/21'd

(ca. 0.023 to 0.048 mg oz/z/'d) (Table 9). These were pinoibab']y.maxjmum.vames
of BOD since the:treafﬁents that_the'waters underwent Wou]d ténd to increase
BOD values. These are (1) on incubation tempefature of 1#1C, as compared to
ca. 0 C at the time of sampling - this temperature increase would tend to

increase biological activity (2) enclosure of natural'WatersLin_gWass confainers
ténds to accelerate bio]ogica] actiyities;»1nc1ud1ng»9xygehiuti1ization

(bottle effect) and (3) the storage times of the waters at'temperaturgs >1¢C
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prior to BOD assays would téndvtd'increasé bacterial numbers.

The in situ (0.041 mg Oz/z/d) and'experimentally assayed (0.023

“to 0.048 mg 02/2/d) rates of DO deb1e£ion in the Swift River and its water

respectively are approximately the same. Howevek,vthese data comparisons
must be interpréfed:wifhva.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 addition, these in vitro BOD values do

not take into cohsiderafion both bioTbgica1 and chemical oxygen demands of

’the»stream bottom.as well as oxygen utilization by“planktonic macrobrganisms

(inc]uding”fish). Benthic bactéria, fungi., insect larvae and other inverte-
brates may eXert:a‘cOhsideréb1e oxygen demand upoh.thSOVekajng water.

McDonnell and Hall (1969), for éxampTe; noted that ca. 50% of the benthic

. oxygen utilization by organisms was due to invertebrates in a river system.

Treatments of both Ogilvie and Swift River waters with several
(LFH, Ae ard Bm(t))'soil.ﬁoriZOn méteria]s (from the Swift Rjverbank)..
markedJy inf1uehcéd'BOD'va]Uesv(Tab1e’10).' A]]Itreatments greater than_O.]Og
streambankJmatefia1/1itre of stream watérfsignificant1y_Tncreased oxygen
uti]iiainnAby the native mickdOrgahisﬁs of these two’watersmbeyond_thatvof

the untreated cohtk6i4Vé1ués.;ﬁ

Both planktonic algal and heterotrophic produ;tivitiesjof the Swift River .
waters were also influenced by these'streambank‘matefials'additions (Table 11).
Bm (t) and LFH'additidns at 10 g/ ‘and 1:9}1 (LFH'additiOns at other concen-
trations were not done) respectiVely~significant1y‘inéreasedbmicrobial produc-

tivities, particularly by -heterotrphic microdrganjsms; However, these
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phytop]ankton product1v1ty ‘data may be m1slead1ng since all perturbant
mater1a1 was contained within BOD assay ‘bottles wh1ch were then rep1aced

in the clear stream water for 1ncubat1on. If sediment and streambank
materia1 had been added to the entire river‘system'1ight penentration into
the water would have been markedTy Tess with resultant deereases in algal
productiVitiesd(see Microbia1dActivitdeectioh dealing Witﬁ a natuna1 pertur-

bation by silt of the,Ogilvie River in dJune). Addition research needs to be done

on the influence ot‘si]t loads dpdn both planktonic and periphytic activities.

Since heterotrophic prdductivtties are ‘not Tight dependent the great]y.

increased activitiesvndted at Bm(t) levels of 10 g/ may be significant in

.thedconteXt'oF'BdDTbyzthese”riveks in wintér (see previous discussion).

It is difficult to forcast the sediment loads which will occur in

the Ogiivie and SwiftfRiver,Waters.downstream'of a construction-site as-a

*fresu]t»of trenehing~and“baekfi111ng.operations since these loads will be

great]y influenced by factors such as water ve]oc1ty, trench depth ‘and
substrate size(s). One study wh1ch attempted to determ1ne downstream sediment
idading of rtverIWatens as influenced by streambottom tnencthg,and back-
fiTiing'was,that Of Landeen and Brandt (1975) tn the La;BicHedand'KotaneeIee
R1vers, tr1butar1es of the L1a1d River.- Tnese aUthonS~tound’that'suspended
sediment. concentrat10ns rose abruptly downstream of river trench1ng and
backf1111ng act1v1t1es The La B1che R1ver suspended sed1ment concentrat1ons |
rose"to_betWeen Tobfand'ZOO mg/z frqm:background leve]svof ]ess JO_mg/z.

Twenty-four hours- after trenching had ceased the~susPended’sediment;1oadsgwere

<. 10-mg/e (similar toileVe1s*notedfpridr,to'cOnstnuctibniaetivity),_,
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Schreier (1978) noted that the total non filterable residue-of

the water of the Ogilvie RiVer varied greatly from ca; 2 to 270 mg/s

during May - July 1978 (cf. the non filterable residue data of .(Fig.10).
The Swift River did not display these large variations in non filterable

residue Tevels; these remained below 5.2 mg/% (F{g.10)' (The Swift River

- .

was not sampled at freshet ‘when non filterable residue levels were

probably .much greater.

Perturbation Summary

Additions of several Swi?t Rivér'streambahkjmatéfia]sf(LFH;’Ae and
Bm(t) to Swift River1Waték ihckeased.BOD va1ues“and-hetéf0tr0phic p}Oducti-
vities. Dependjng*upbh the bio]dgita1 process, significant influence of
sireaMbank matériaTs»Weré noted over the corcentration range of 0.10 g/¢ to

10 g/« (Tables 10 and 11)..

Thevtime.of yéar at which streamside énd}sediment additions to river
_ ahd cfeek!watef§_OCprs is of great importance. since these materials increase
baCfefia]’éttiV%tiéS éhd'BOD’va1ues which result in accelerated oxygen
depletion rates.. These r%veré:fend to beﬁmost'sehsftiveltOJStréambank materials.
énd sediméht additions in Wintékland.1east~seh5itive‘in 1até:$pkjng‘(f01]owing

ice “break up") and early summer.

Many -swamps and bogs contain waters of relatively high organic matter

content which méy_gféat]y“increase BOD of receiving waters.
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APPENDIX 1: Cellular volumes of algal species listed in Appendices 2 and 3.

Species ' Volume: um3

Bacillariophyceae:

Achnanthes clevei Grun. - 150
inflata (Kutz.) Grun. : -~ 160
flexella (Kutz.) Grun. : 1270
lancelota (Breb.) Grun. 120
microcephala (Kutz.) C1. ) 100
minutissima Kutz. { 60
sp. 210

' Amphipleura pellucida (Kutz.) Kutz. - 1920

Amphora sp. o : 50
Anomoeoneis vitrea -  (Grun.) Ross _ _ 280
zellensis  (Grun.) C1. 370
Asterionella formosa Hass. . : 220
Cocconets placentula Ehr. 700
Cyelotella bodanica  Eulenst. ‘ . 1520
comta . (Ehr,) Kutz. - 845
glomerata Bachm. . : o 200

ocellata Pant. _ . _ © 900
Cymatopleurq solea . (Breb.) W. SM. _ 2970
Cymbella affinis . . Kutz. _ 4525
- caespitosa = (Kutz.) Grun. 2070
eistula =~ - (Ehr.) Kirchn. o - 16090
prostrata  (Berk.) Cl. o 3990
sinuata - ‘Greg. ‘ , ' 100

turgida ‘Greg. ' 1760 -

ventricosa Kutz. . - ' _ - 260 -
sp. npn 4, ST o s 37470
sp. - - o o 530
Diatoma hiemale. - (Lyngb.) Heib. _ : 250
hiemale v. mesodon (Ehr.) Grun. - 1210
tenue V. elongatum Lyngb. ‘ . 110

vulgare Bory ' ' 1460
Diploneis decipiens A, Cl. = 630
' Denticula elegans Kutz. ' ' : 350
- sp. 430

' | Frustulia rhomboides (Ehr.) DeT. . w0
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- Volume: um3

D%dymosphenta gemtnata

Gomphonema . Sp.

Gyr@sigma sctlotense

Hannaea arcus

Species
Epithemia sorex Kutz. o 1720
turgida  (Ehr.) Kutz. 25030
Euﬁoiia pectinalis  (0.F. Mu]i.?) Rabh. 1830
sp. ‘ 440
Fragilaria capucina Desm. | v 1850
construens v. construens -(Ehr.) Grun. 210
construens V. binodis (Ehr.) Grun. 480 .
construens V. venter (Ehr.) Grun. - 250
crotonensis Kitton o 360
leptostauron  (Ehr.) Hust. 520
vaucheriae - -(Kutz.) Peters - 170
Frustulia rhomboides (Ehr.) DeT 960
Gomphonema acuminatum  Ehr. - 620
intricatum Kutz. 690
lanceolatum -~ (Ag.) Ehr; 630
olivaceum - (Lyngb.) Kutz. 370
parvulum Kutz. 980
ventrzcosumz Greg. _ 700
Gomphonews hercuéeana - (Ehr.) C1. (Gomphonema herculeanum) 4750

(Lyngb})‘M; Schmidt. (Gbmphonema geminatum) 21260

(Sultiv. & Wormley) Cl.
(Ehr.) Patr.:

. arcus. V. amphzoxys ~ (Rabh.) Patr.

Meridion czrculare _-(Grev.) Ag.

Melosira granulata ' (Ehr.) Ralfs
granulata V. angustissima 0 F. Mull.

Navicula btcephala Hust.
convergens Patr.
eryptocephala Kutz.

pupula
radiosa

salinarum V. intermedia. (Grdﬁ;) Cl.
scuteZZOtdes o

Kutz.
Kutz.

w Sm

300
14190

2520
1070

1670

1800
750

360
350
780
420
550
830
970
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Species , Volume: um3
Vavieula tripunctata  (0.F. Mull.) Bory 1480
viridula  (Kutz.) Kutz. | 1690 .
sp. A : : 540
sp. B _ ' 280
sp. C ' : , 480
Neidium sp. | 1800
Nitzschia acicularis W. Sm. ' 280
angustata (W.. Sm. 920
dissipata (Kutz.) Grun. o 410
frustulum (Kutz.) Grun. ' 170
hantaschia - Rabh. . - - .- 250
linearis W. Sm. . - 3370
‘palea (Kutz.) W. Sm. : : - 645
sigma (Kutz.) W. Sm. : 500
- sp. : : .. 660
Pinnularia sp. o - 940
Rhoicoéphenid curvata ?(Kuti.) Grun. | 510
Fhopalodia gibba © (Enr) 0. FoMaTl 13470
Stauronezs phoenicentron . (Nitz. ) Ehr. ' 3020
anceps “Ehr. ' : ’ 560
sp. : 150
. Surirella aﬁgdstata Hﬁst;/ 3030
ovata . Kutz., - 15350
sp. ' - , 1200
Synedra dechatzsszma W Sm. : ' 4590
ulna o (N1tZ ) Ehr. 1 ' 3460
ulna v. oxyrhychus (Forti) Hust. (Synedra angustata) 3520
radiaris - Kutz. 1240
acus Kutz. o o 1400
Stephanodiscus astraea  (Ehr.) Grun. - o 2280
tenuis Hust. o : 230
Tabellaria féﬁestfata (Lyhgb.)-Kufz. - 840
flocculosa (Roth) Kutz. : v 520
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Species

Volume: um

Chléroghyta:

ankistrodesnius fﬁlcatus,(Cordé)ARa1fs.

Chlamydomonas Sp.
Ulothrix sp.
Oedogonium sp.
Mbﬁgeotia sp..
Closterium Sp.
Cgsmarium sp.

Czygtoghyta:

Chroomonas acuta Utermohl.

sp.

Cryptomonas borealiéyskuja

Cryptbmonas-sp.
Chrysophyta:

pinobkyoﬁ sertularia Ehr.
Céahoghyta:
Oéciliatoria'sp.

Anabaena Sp.

260
160 |
669,660 um/mn of algae
951,200 um>/mm of aldae
473,630 ym°/mm of algae
14380
5870

100
440

1800
400

1140

13,850 um?/mm of algae
.1b;180'um3/mm of algae
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Appendix 2d - Viable Phytoplankton Concentrations (15-26 May, 1978) (cel1s/m1) of several streams of the Ogilvie and Swift River
drainage basins. Species that are typically periphytic are indicated with a check (V), typically planktonic with
a solid circle (o) and those equally important in both habitats are indicated with a plus (£) sign. (analyzed
using 500 X magnification). (1 of 2 pages) - ; ﬁ ,

SPECIES SAMPLE LOCATION

w
w
(%]
n

Ogilvie River Swift River S 14 OR 8 S5 S8

24.6
.92

18.4

(o))
—
[0 2]
B>

Achnanthes minutissima 48.8 37.8
Achnanthes flexella 1.65% .46
Achnanthes Sp. 1.38 .613
Amphipleura pellucida .46 .55
Cocconeis placentula .46
Cymbella caespitosa

Cymbella cistula

Cymbella ventricosa

Cymbella sinuata

Cymbella SP.

Diatoma hiemale

Diatoma hiemale V. mesodon
Diatoma tenue V. elongatum
Diatoma vulgare

Fragilaria construens V. binodis
Fragilaria construens V. venter
Fragilaria capucina

Fragilaria vaucheriae

Gomphonema acuminatum
Didymosphenia geminatum
Gomphonema olivaceum

Hannaea arcus

Harnaea arcus V. amphioxys
Melosira granulata

Melosira granulata V. angustissima
Meridion circulare

Navicula ceryptocephala

Navicula salinarum V. intermedia
Naviecula SPp.

Netdium Sp.

Nitzschia hantzschia

Nitzschia palea

Nitzschia sigma

Synedra ulna

Synedra ulna V. oxyrhychus
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Appendix 2d - Continued (2 of 2 pages)

0 0 0 (O X

_ 74

@

SPECIES

SAMP rmm LOCATION

Tabellaria fenestrata , -
Nitzschia actcularis
Anomoeoneis vitrea
Fragilaria leptostauron
Nitazschia linearis
Oscillatoria sp. (mm)
Ankistrodesmus falcatus
Oedogonium Sp. (mm)
Ulothrix Sp. (mm)
Chlamydomonas SP.
Cryptomonas borealis
Chroomonas acuta

TOTAL

* Only figures to the first amo¢3m4 place are significant. The - | w
remainder are carried for calculation purposes only. _

w
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w
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Appendix 2e - Viable Phytoplankton Concentrations (17-30 June, 1978) (cells/ml1) of several streams of the Ogilvie and Swift R
drainage basins. Species that are typically periphytic are indicated with a check (), akudnm_d< planktonic with
a solid circle (o) and those equally important in both habitats are indicated with a plus (+) sign.

AR S wd
l

using 500 X magnification). (1 of 2 pages)

i

i
1

(analyzed.

|
|

River

SPECIES SAMPLE “ LOCATION

|
Ogilvie River Swift River S 14 OR 8

w
(3]

(oo}

nN
w
*

0.63
19.5
.3

Achnanthes flexella

Achnanthes minutissima
Achnanthes SP.

Amphipleura pellucida

Amphora SP.

Anomoeoneis vitrea

Cocconets placentula

Cyclotella ocellata

Cymbella caespitosa -

Cymbella cistula

Cymbella sinuata

Cymbella ventricosa

Cymbella SP.

Diatoma hiemale V. mesodon
Diatoma tenue V. elongatum
Diatoma vulgare ,
Diploneis decipiens

Fragilaria capucina .
Fragilaria construens V. construens
Fragilaria construens V. binodis
Fragilaria construens V. venter
Fragilaria vaucheriae
Gomphonema acuminatum
Didymosphenia geminatum
Gomphonema olivaceum

Gomphonema paruulum

Hannaea arcus ]
Hannaea arcus V. amphioxys

Melosira granulata

Meridion circulare

Navieula cryptocephala

Navicula salinarum V. intermedia
Navicula Sp.

Netdium SP.

Nitzschia acicularis

Nitzschia hantaschia
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Appendix 2e - Continued (2 of 2 pages)

]
SPECIES SAMPLE LOCATIGON N
Ogilvie River Swift River S ﬂaw OR 8 S5 S8 . S 3 S 2
/ Nitzschia linearis 0.4 0 0 0 0 0 0 0.5
v Nitazschia palea 0.2 N 0 | 0 0 0.5 1.4 0
/ Nitzschia sigma 0.4 0 0 | 0 0 0 0 0
v Rhopalodia gibba 0 0.1 0 | 0 0 0 .0 0.9
+ Stephanodiscus astreae 0 0 0 | 0 0 0 |0 0.5
+  Synedra ulna 17.1 7.0 0 9 0 1.4 b3.2 2.8
+ Synedra ulna V. oxyrhychus 6.9 1.7 0 ' 3.7 0 0 ” 0 0
+ Tabellaria fenestrata 0.5 0 0 M 0 0 .9 . 0 0
o Chlamydonomas SPp. 0 0 0.5 0 0 0.5 -0 0
o Dinobryon sertularia 0 0.2 0.5 0 0 0 .0 0
o Chroomonas acuta 0.6 0.1 0.5| 0 0 0 0 0
o Cryptomonas borealis 0 0.2 0 | 0 0 0 ” 0 0
_, m
TOTAL 205.3 69.2 4.4 54.2 36.5 64.5 71.1 - 47.7.

* Only figures to the first decimal place are significant. The remainder are car jed for calculation purposes only. |

———y—— -
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Appendix 2f - Viable Phytoplankton Concentrations (1-8 Aug., 1978) (cells/ml1) of several streams of the Ogilvie and Swift River

drainage basins. Species that are typically periphytic are indicated with a check (v), typ
jtats are indicated with a plus (

a solid circle (o) and those equally importantin both hab
using 500 X magnification) (1 of 2 pages) '™ “"" ™'~ °~

jcally planktonic with
+) sign. (analyzed

SPECIES  °

SAMPLE

LOCATION

Ogilvie River

Swift River S 14

o__;

S5

w
oo

w
w

w
N

OR 14

w
W

Achnanthes flexella 37* ’
Achnanthes minutissima 4
Achnanthes Sp.

Amphipleura pellucida

Amphora coffeiformis

Amphora Sp.

Anomoeoneis vitrea

Cocconeis placentula

Cymbella affinis

Cymbella caespitosa

Cymbella sinuata

Cymbella ventricosa

Cymbella Sp.

Diatoma hiemale V. mesodon
Diatoma tenue V. elongatum 1
Diatoma vulgare :
Fragilaria capucina ‘
Fragilaria construens V. binodis
Fragilaria construens V. venter
Fragilaria vaucheriae .
Didymosphenia geminatum-
Gomphoneis herculeana

Gomphonema, olivaceum

Gomphonema parvulum

Hannaea arcus V. amphioxys
Meridion circulare

Navicula cryptocephala

Navieula tripunctata

Navicula viridula

Navicula sp.

Nitzschia linearis

Nitzschia palea

Nitzschia sigma

Stauroneis Sp.
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Appendix 2f - Continued: (2 of 2 pages)

SPECIES SAMPLE LOCATION

i
|
Ogilvie River Swift River S 14 @x 8 S5

w
[0 o]
w
w
w
[Z\)
=}
=]
—
S

Surirella angustata
Synedra ulna

Synedra ulna v. oxyrhychus
Hannaea arcus

Nitaschia acicularis
Navicula pupula
Tabellaria flocculosa
Ankistrodesmus falcatus
Chlamydomanos sp.
Cosmarium Sp.
Closterium Sp.
Dinobryon sertularia
Chroomonas acuta
Cryptomonas borealis
Cryptomonas SPp.
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* Only figures to the first decimal.place are significant. The remainder are carried for calculation purposes o:_u
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Appendix 3c - Periphytic Diatom concentrations (22-30 March, 1978) Anmiﬂm\namv of mm$m1m_ streams

of the Ogilvie and Swift River drainage basins

(analyzed using 1000 X magnification).

SPECIES

SAMPLE LOCATION

Achnanthes flexella
Achnanthes lancelota
Achnanthes microcephala
Achnanthes minutissima
Achnanthes sp.
Amphipleura pellucida
Amphora Sp.

Anomoeoneis vitrea
Cocconeis placentula
Cyclotella comta
Cyelotella glomerata
Cyclotella ocellata
Cymbella affinis

Cymbella caespitosa
Cymbella cistula

Cymbella sinuata

Cymbella ventricosa
Cymbella SPp.

Diatoma hiemale _
Diatoma hiemale V. mesodon
Diatoma tenue V. elongatum
Diatoma vulgare

Fragilaria capucina :
Fragilaria construens V. construens

Fragilaria.construens V. binodis

Fragtilaria construens V. venter
Fragilaria crotonensis
Fragilaria leptostauron
Fragilaria vaucheriae
Frustulia rhomboides
Gomphonema lanceolotum
Didymosphenia geminatum
Gomphoneis herculeana
Gomphonema olivaceun
Gomphonema parvulum
Gyrosigmasciotense
Hannaea arcus

Hannaea arcus V. amphioxys

CONTINUED NEXT PAGE

Ogilvie River Swift River S 14
44,966 1,688 1,419
379 0] 20

0 0l 147
279,783 13,688 | 14,500
353 dﬂdp 305

0 0 0
6,590 22 492
5,143 416 742
3,655 1955 | 661
0 228 | 0
1,589 376 | 569
0 0! 0

0 7. 0

949 76 0
2,278 0 0
477 307 179
8,690 702 120
.0 o 290" 199
0 . 0] 0
54,089 216 0
23,351 1,856 1,482
8,891 188 0
12,787 : 0] 0
477 687 . 13
9,141 907 369
6,136 1,358 1,622
73,785 852, 559
1,571 : 203 105
6,122 76 171
0 AmA 0
5,550 0! 0
2,508 . 0i 0
0 6 0
12,025 1,399 813
0 82 0

0 : 6 67
2,031 0 0
0. 15 0

85




Appendix 3¢ - Continued (2 of 2 vmmmmv

SPECIES : SAMPLE LOCAITION
Ogilvie River Swift River S 14 _
f
Melosira granulata 0 3 0 “
Meridion circulare 9,479 . 82 0 |
Navicula radiosa 0 _ 3 0 !
Navicula salinarum V. intermedia 1,931 . 409 82 ‘
Navieula viridula 0 188 0
Naviecula Sp. . 1,515 : 0 141 ;
Neidium Sp. 0 0 0 ‘
Nitzschia dissipata 2,741 640 13 ‘
Nitzschia frustulum - 6,334 607 180. %
Nitzschia hantzschia - 176 . 0 o !
N tzaschia linearis ., 10,415 g . 7 . o0 .- i
Nitzschia palea . ~ 30,979 1,282 - 389 _.
Nitaschia sigma , : 353 , 15 o 0
) Rhopalodia gibba C -0 236 : - 45
Synedra delicatissima . 379 - 44 : 0
Synedra ulna ; . ; : 21,821 198 156
. Synedra ulna V. oxyrhychus . S - .0 o -0 . 45 o o
“ Stephanodiscus astraea - .0 - 152 0 o .

Tabellaria fenestrata . . . e 0 - 11 0

TOTAL 659,439 30,230 25,599 B
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Appendi x 3d - Periphytic diatom concentrations (15-25 May, 1978) Aomgdm\nsmv_Oﬂ several streams
‘ of the Ogilvie and Swift River drainage basins  (analyzed using 1000 X magnification).

SPECIES SAMPLE LOCATION
{

Ogilvie River Swift River m_$A OR 8 S5 S8 X S 3 A
Achnanthes flexella 937 1,293 129 77 0 0 ~ 0 0
Achnanthes Llancelota 483 102 0 0 0 0 0 4,686
Achnanthes microcephala 0 0 0 0 0 0 _ 0 6,248
Achnanthes minutissima 117,691 41,383 3,336 1,017 120,382 14,801 104,728 110,454
Achnanthes sp. 1,688 - 7,782 54 0 4,607 429 0 -0
Amphipleura pellucida 0 : 774 0 0 38 0 . 0 0
Amphora sp. 2,527 1,492 0 77 0 -0 0 0
Anomoeoneis vitrea , 0 2,089 a 0 0 196 0 7,016
Cocconeis placentula 2,385 4,412 0 0 8,548 881 37,218 384
Cymbella caespitosa 2,453 a7 129 0 0 156 0 .0
Cymbella sinuata 681 157 0 0 750 466 19,405 768
Cymbella ventricosa 2,471 1,876 345 0 1,510 588 1,876 3,124
Cymbella sp. 61 : 0 366 154 0 196 0 0
Denticula SPp. . ‘ 179 - 157 0 0 0o 0 0 0
Diatoma hiemale ‘ 3,541 313 129 77 38 196 o -0
Diatoma hiemale V. mesodon ‘ 2,384 198 582 0 0 783 - 7,862 768
Diatoma tenue V. elongatum . 3,031 , 38,086 162 39 -3,101 0 0 160,108
Diatoma vulgare S 2,107 0 623 149 0 979 0 0
Epithemia turgida o S 0 . 469 Y 0 0 - 19 _ 0 0
Eunotia Sp. . _ 0 o 129 0 0 o 0 _ 0
Fragilaria capucina A o 0 : 7,636 2,819 0 1,510 : 0 1,520 - 3,892
Fragilaria construens V. construens. 2,536 10,522 257 0 0o 0 _ 0o 0
Fragilaria construens V. binodis . 5,568 : 2,429 216 0 3,020 2,056 1,520 3,839
Fragilaria construens V. venter . 4,172 6,839 o 308 0 - 0 0 2,687
Fragilaria crotonensis . R - 300 1,586 , 0 0 0 -0 M 0 -0
Fragilaria vaucheriae : 2,404 3,816 1,022 32 3,058 4,797 2,280 31,982
Fragilaria leptostauron , ; 7,954 0 0 - 154 -0 . 0 : 0 . 0
Didymosphenia geminatum . -0 . o 0 0 0o . 755 0 . 0 0
Gomphonema olivaceum 263 1,450 129 154 307 1,482 ° 10,499 9,730
Gomphonema parvulum . 3,151 - 5,143 - 386 .32 38 392 . 0 - 768
Hannaea arcus . R -0 , . 3,009 - 6,680 16 0 294 ; 0 1,152
Hannaea arcus V. amphioxys . o : 0 : 0 1,850 0 0 0 | 0 0
Melosira granulata . . 0 0. 129 0 0 196 _ 0 0
Meridion circulare 316 : 0 S0 : 0 0 0 2,233 0
Navicula radiosa . 0 235 0 0 0 o | 0 0
Navicula salinarum V. intermedia ‘ 1,320 1,910 0 - 0 0 0 _ 0 1,545
Navicula tripunctata - 28 : 0 0 -0 0 0 0 -0
Navicula SPp. : 0 2,324 129, 115 0 0 5,629 0

'CONTINUED NEXT PAGE o . _ _, u




>vum:&.x 3d - Continued (2 of 2 pages)
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SPECIES

Nitzschia acicularis
Nitaschia dissipata
Nitzschia frustulum
Nitzschia hantzschia
Nitzschia linearis
Nitzschia palea
Nitaschia sigma
Rhoicosphenia curvata
Stauroneits Sp.
Surirella angustata
Synedra delicatissima
Synedra ulna

Synedra ulna V. oxyrhychus

Tabellaria fenestrata

TOTAL

|

Ogilvie River Swift River S 14 OR 8 S5 S 8 S 3 S 2
61 682 10 0 0 0 0 0
1,976 1,620 "0 0 0 0 0 3,124
0 198 0 32 0 0 0 0
227 1,364 0 0 0 0 0 0
765 0 0 0 36 0 0 0
4,413 5,997 1,030 0 77 196 11,117 15,567
179 667 | 0 0 0 0 o 0
909 0 . 0 0 0 0 0 0
0 469 i 0 0 0 0 0 0
84 682 L0 0 0 0 0 0
56 198 [ 0 0 0 233 0 0
90 6,919 968 0 793 0 1,117 768
283 1,078 129 0 0 881 0 384
0 0 0 0 0 0 _ 0 3,124

] . i
179,674 165,077 21,728 148,568 30,214 187,004 372,118

2,433
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Appendix 3e - Periphytic diatom concentrations (17-30 June, 1978) (
Ogilvie and Swift River drainage basins

nmggm\namv of several stream of the
(analyzed using 1000 X magnification).

SPECIES

i

SAMPLE LOCATION

Achnanthes flexella
Achnanthes minutissima
Achnanthes sp.

Amphora sp.

Amphipleura pellucida
Anomoeoneis vitrea
Cocconeis placentula
Cyclotella bodanica
Cyclotella comta
Cyclotella ocellata
Cymbella caespitosa
Cymbella cistula

Cymbella prostrata
Cymbella sinuata

Cymbella ventricosa
Cymbella sp.

Diatoma hiemale

Diatoma hiemale y. mesodon
Diatoma tenue v. elongatum
Diatoma vulgare

Denticula sp.

Epithemia sorex

Epithemia turgida

Eunotia sp.

Fragilaria capucina
Fragilaria construens v. construens

. Fragilaria construens v, binodis

Fragilaria construens y. venter
Fragilaria crotonensis
Fragilaria leptostauron
Fragilaria vaucheriae

Frustulia rhomboides

Gomphonema Llanceolotwn
Didymosphenia geminatum
Gomphonetis herculeana

‘Gomphonema olivaceum

Gomphonema parvulum
Gyrosigma sciotense

CONTINUED NEXT PAGE

|

Ogilvie River Swift River mmdp S5 S8 S 3
0 2,029 "0 0 0 0
460,963 53,031 4,591 6,711 63,120 51,288 .

10,695 68,283 403 0 0 462
15,782 1,469 0 0 0 0

: 0 1,706 0 0 0 66
0 1,259 564 0 0 0

0 6,851 '60 3,108 1,249 9,591

0 0 160 0 0 0

0 988 0 0 0 0

0 0 ) 0 0 363

0 0 | 0 0 882 0

0 309 0 0 0 0

0 155 0 0 0 0

0 1,014 0 0 142 1,848
131,740 3,865 310 0 2,646 1,583
0 2,031 689 0 0 0
0 1,861 {90 0 0 33
344,765 194 1,629 138 0 1,583
0 42,071 . 190 207 0 0

7,766 126 251 0 0 0
3,946 0 | 0 0 0 0

0 0 | 0 0 0 - 726

0 0 | 0 0 0 132

0 107 275 0 0 0

0 1,745 0 0 41 0

0 3,659 fo 0 0 0
117,677 8.594 1,282 0 923 66
106 ,426 16,891 126 0 121 1,054
0 931 0 0 0 0
28,510 1,464 L0 0 0 0
9,924 7,950 1,861 402 3,628 1,643

0 0 0 0 0 . 66

0 0 0 0 882 0

0 0 ‘0 0 0 0

0 0 10 0 0 99

49,328 8,571 156 3,476 14,436 2,571
54,764 3,718 ‘ 0 0 0 0
0 75 0 0 0 0

89




Appendix 3e - Continued (2 of 2 pages)

SPECIES

SAMPLE LOCATION

Hannaea arcus

Hannaea arcus V. amphioxys
Melosira granulata

Melosira
Meridion
Neidium

Navicula
Navicula
Navicula
Navicula
Navicula
Navicula
Navicula

Nitzschia
Nitaschia
Nitzschia

granulata V. angustissima

circulare
sp.

convergens
eryptocephala

radiosa

scutelloides
tripunctata

salinarum V. intermedia

sp.

Nitzschia linearis
Nitzschia palea
Ehopalodia gibba

Surirella angustata
Stephanodiscus tenuis
Synedra delicatissima

Synedra ulna

- Synedra ulna V. oxyrhychus
Tabellaria flocculosa

dissipata
frustulum
hantzaschia

TOTAL

Ogilvie River Swift River S 14 S5 S8 S3
0 2,179 376 207 243 197
7,766 0 |0 0 1,764 0
0 0 0 0 0 0

0 238 0 0 0 0
69,004 0 376 0 0 0
0 1,550 126 0 0 0

0 1,464 o 0 0 0

0 44 314 0 0 0

0 233 lo 0 0 0

0 1,464 'o 0 0 0

0 2,549 [0 0 0 0
4,962 155 0 0 0 0
41,428 2,622 30 0 0 0
0 1,032 60 0 0 66
19,728 5,054 "0 63 41 0
3,946 0 60 0 0 0
0 44 0 0 0 0
10,695 4,424 248 0 0 923
0 226 0 0 0 0

0 0 185 0 0 0

0 232 0 0 0 0

0 1,464 0 0 0 0
46,972 19,571 10 0 41 66
0 931 |0 0 41 0

0 0 0 0 0 0
156,787 286,423 © 14,212 14,312 90,200 74,426

90
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CONTINUED NEXT PAGE
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Appendix 3f - Periphytic Diatom concentrations (1-8 August, 1978) Anm__m\ngmv of several streams of
the Ogilvie and Swift River drainage basins (analyzed using 1000 X magnification).
SPECIES SAMPLE LOCATION
,_ M
Ogilvie River Swift River S AT OR 8 S5 S8 M S3 S 2 OR 14
| 1
Achnanthes flexella 29,269 15,649 0 0 0 0 J 0 55,803 0
Achnanthes lancelota 0 2,227 -0 0 0 0 | 0 22,321 0
Achnanthes minutissima 646,293 260,519 50,784 293,315 5,897,160 33,534 .y 37,802 1,473,186 2,582,384
Achnanthes SPp. 10,559 30,765 0 0 0 0 | 0 0 415,026
Emphipleura pellucida 0 7,428 0 0 0 0 21,263 22,321 0
Amphora  SP. .0 4,454 0 0 0 0 o 0 0 0
Anomoeoneis vitrea 26,921 267 1,270 0 0 o | 0 22,32 0
Cocconetis placentula 643 23,600 i0 0 379,646 737 - 59,065 22,321 0
Cyelotella glomerata 0 12,561 0 0 0 0 . 0 0 0
Cyelotella ocellata 0 0 0 0 0 0 _ 0 0 0
Cymbella affinis : 0 1,467 i0 0 -0 0 [ 0 0 0
Cymbella caespitosa 1,134 0 1,270 0 151,858 -0 \ 0 0 0
Cymbella cistula 0 3,217 0 0 - 0 0 , 0 0 0
Cymbella prostrata 0 3,217 i0 0 0 0 * 0 0 0
Cymbella sinuata 2,657 1,467 #o 0 50,619 0 - 14,176 0 0
Cymbella ventricosa 23,272 11,365 5,078 69,837 101,239 737 ; 0 0 553,368
Denticula: SP. | 6,490 . 0 0 0. 0 0 0 0 | 0
Diatoma hiemale V. mesodon . 0 3,295 2,539 0 50,619 0 _ 11,813 0 876,166
Diatoma V. elongatum 71,632 43,364 lo 479,547 0 737 - 30,714 . 145,087 0
Epithemia turgida .0 0 0 0 0 737 . 18,901 . 0. 0
Eunotia Sp. 0 267 b 0 0 0 0 0 0
Fragilaria capucina 52,271 32,917 27,931 0 101,239 1,843 | 0 22,321 : -0
Fragtilaria construens V. construens 0 5,945 “o 0- . 0 0 4,725 - -0 184,456 .
Fragilaria construens V. binodis 26,614 62,064 3,174 0 253,097 3,865 0 , 0 184,456
Fragilaria construens V. venter .0 43,702 ‘o -0 0 1,474 0 44 ,642 645,596
Fragilaria vaucheriae - = 2,329 18,338 20,948 74,493 50,619 13,266 56,702 - 66,963 92,228
Fragilaria leptostauron 0 1,114 0 0 0 0 0 0 553,368
 Didymosphenia geminatum 1,146 0- 0 0 50,619 1,474 0 0 . 0
Gomphonema intricatum S0 0 0 0 0 0 0 0o 0
Gomphonema olivaceum 18,281 - 35,648 0 0 151,858 1,474 54.,346 133,926 1,475,648
Gomphonema ventricosum 0 0 wo 0 0 0 9,450 0 0
Gyrosigma sciotense 0 4,684 0 0 .0 .0 0 -0 -0
Hannaea arcus. - 2,858 1,734 3,809 0 101,239 1,843 0 22,321 0
Hannaea arcus V. amphioxys 0 0 0 18,623 0 0 0 22,321 0
Melosira granulata 0 5,885 0 0 0 369 0 R ¢ 0
Meridion circulare 0 0 0 0- 0 0 . 0 0 276,684
Navieula cryptocephala 0 3,694 0 - 0 0 0 9,450 44 ,642 0
Navicula pupula 0 0 0 0 0 0 0 0 0
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Appendix 3f - Continued (2 of 2 pages)
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SPECIES SAMPLE SOLUTION
O0gilvie River Swift River S 14 OR 8 S5 S8 % S$3 S 2 OR 14
Navicula salinarum v. intermedia 0 3,217 0 0 0 0 Lo 0 0
Navicula Sp. 4,543 653 0" 0 0 737 2,363 22,321 0
Navicula sp. B 0 1,467 o~ 0 0 0 0 0 0
Neidium sp. 0 -0 0! 0 0 0 0 0 0
Nitaschia dissipata , 0 3,217 cﬁ 0 0 0 0 0 184,456
Nitzschia frustulum 3,213 4.,256 0, 0 0 0 14,176 0 0
Nitzschia hantzschia 0 5,580 0 0 0 0 0o 0 0
Nitzschia palea 6,131 36,208 2,539 9,312 0 0 18,901 111,605 276,684
Rhopalodia gibba 0 4,761 0 0 0 0 0 0 0
Stauroneis Sp. 0 3,000 0' 0 0 0 0 0 0
Surirella angustata 0 03,217 0 0 0 0 0 0 0
Synedra delicatissima 4,828 0 0. 0 0 0 0 0 0
Synedra ulna , 24,894 14,355 0! 130,362 177,168 2,211 mm,ﬂmw 44,642 1,152,850
Synedra ulna V. oxyrhychus 1,134 0 0l 0 50,619 0 14,176 0 0
Tabellaria flocculosa .0 934 2,539 ; 0 0. 0 M 0o 0 0
Cymbella Sp. _ 1,146 1,068 11,426 0 0 0 022,321 ]
: : . — L : . .
TOTAL 968,258 722,787 133,307 1,075,489 7,339,811 64,858 444,176 2,320,279 - 8,900,002

|
ﬂ
|
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Appendix 4 - Cyanophyta, Chlorophyta and Chrysophyceae species occurring in the periphyton of the Ogilvie and Swift River basins.

SPECIES

OCCURRENCE

Cyanophyta

Anabaena SP.
Lyngbya SPp.
Merismopedia SP.
Nostoe verrucosum
Oscillatoria Sp.
Tolypothrix SPp.

Chlorophyta

Closterium Sp.
Cosmarium SPp.
Mougeotia SP.
Oedogonium SPp.
Scenedesmus  Sp.
Spirogyra SPp.
Stigeoclonium SP.
Ulothrixz Sp.
Zygnema SP.

Chrysophyta
’ Hydrurus foetidus

Ogilvie River

OR 8

OR 14

Swift River S 2
ATl sites

S 3

> <

> >< >< > >

> ><

S D 5 B 5 5 5 <

> ><
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Appendix 5.

March 28-29, 1978

“June 17-30, 1978

May 22-30, 1978

August 1-8, 1978

S8 S 3 OR

S5

OR 14 S 15-16 S 9

1-¢

OR 6

IR 11-12

S 15-16 S 14 S 14 S5 S8 S 3 OR 8 OR 14 OR 14 S15-16 S 9 S 14 S5 S8 S 3

OR 14

October 4-10, 1977

Date

S 9

OR 6

OR 8

S 9 S 14

OR 11-12 S 15-16

OR 1-2

Feeding
Type*

Length
ran§e
(mm
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\ppendix 5 continued

August 1-8, 1978

June 17-30, 1978

May 22-30, 1978

OR 8

|

March 28-29, 1978

Date

October 4-10;»]977
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Order Trichoptera.
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