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Technique Single Rock Brush. " Scrape
- Chlorophyll a m~2 ‘ ‘
Mean : Mean . Significance
cv Mean Range cv  Mean Range Brush vs Scrape
Shore 63 26.6 (7.5-65.8) 61 22.7 (5.8-36.5) (p <.05)

Midstream 58 31.1 (4.7-84.9) 65 20.1 (3.7-94.2)  N.S.

Midstream 75 16.8 (5.8-55.9) - 70 16.9 (0.5-58.1)  N.S.
(shaded)
cv = coefficient of ;ariation

(% dev1at1on from the mean Standard”Deviation X 100)-
: . Mean

Table 17. Microhabitat mean and range of standlng crops, deviation from
- the mean (cv) and probability of significant differences
between sampling techniques (students t-tést) (1978)

Although the single rock brush and scrape techniques yielded
similar mean standing crop estimgﬁesvamong each of the microhabitats
examined, specific differences were evident when seasonal patterne'were
combaredd(Figures 28, 29). The rock brush eechniqu‘ryieredihighen
values during May, July, August and after November (Figure 28). The
screpe techniqdé‘yie]ded,higher estimates df mean standing crop
primarily during the fall (Sept-Novj. o

Standing crqp est1mates were lower in the midstream shaded than the
unshaded river 1ocat1ons (Tab]e 17). The va]ues which exhibited the
hlghest percent deviation from the mean were found in the shaded
‘microhabitat. Ana]ys15‘of variance (ANOVA) failed to show significant -
d1fferences dn a]ga] standing crop among the various microhabitats.

. Paired student t-tests did however 1nd1cate a s1gn1f1cant d1fference
‘between the two techn1ques when app11ed to the sha]]ow shore

m1crohab1tat only.
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4.1.3 Single Rock Brush vs Scrape Technique (1979)

\/ During 1979, the single rock brush technique was again_emp]oyed to

\
}
]
)i

‘est1mate ep111th1c a]ga] stand1ng crops; however, microhabitats were not
d1fferent1ated; 1nstead, rocks were co]]ected atgrandom along transects
from shore to shore in the Muskeg R1ver The brushing technique
provided a higher estimate of epilithic algal standing crop (Figure 28).
Differences were most pronounced during June and du]y The scrape
technique y1e1ded a mean 24.8 mg- ch1<§ m“?,range (5.7-76.3 mg chl a
! ‘2){ the brush techn1que a mean of 26.2 mg ch] a m-2 (range_l 3 101 1

mg chl a m‘z). Analysis of var1ance (ANOVA) showed~no signifiCant'

difference (p <0.05) between the two techniques for estimating‘epilithic

o

4.2 Substratum'Comparison: Oilsand/Rock

During 1977, visua]~observationseindicated that natucally occurring

bitumous substratum (oilsand) appeared to'support more Nostoc commune

than rock substratum. Closer examination using-chlorophyll a as a

2‘measure‘of‘epi]ithic algal standing crop indicated that the oilsand

| supported an,average,27.lémg ch]drophy]] g_m'z while the rock supported”

an_-average 60.1 mg chlorophyll a m2, during the period July 13 through

- December 9, 1977" A simi]ar'trend'was again found during 1978 with

"o1lsand ,averaging 10 8 and rock averag1ng 48.5 mg chlorophyll a m‘2

ST

The rock supported significantly higher (p~ .05) stand1ng crops. The

apparent abundance of Cyanophycean algae associated thh o11sand and

‘rock. substratum was further examlned with respect blue-green a1ga1

_ numbers and n1trogen f]xat1on. The f1nd1ngs ‘will be discussed 1ater

.o e



.:d terns or Temgera] Changes
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4.3.1 Phyg;gg@ rand Chemical Changes

4.3 Seasona

The following is a presentat1on of the seasona] dynamics of

-~

- physical and chemical parameters examined during investigation of the

%?

Muskeg, Steepbank, Hangingstone, 'Ells and MacKay rivers.

4.3.1.1 Tempereture'

The seasonal dynamics of water temperature were similar for the .
five rivers investigated. Maximum temperatures occurred each July and

thereafter declined (Figure 30). Only during 1977 in the Steepbank and

*

Muskeg Rivers did any marked fluctuation occur, The MacKay River

exhibited the greatest overa]] mean temperature (9.69C), and;thé widest .

R
tepperature range (0-239C). Dur1ng the winter period and the resu]tant

low temperatures (November - April), ice depths of.up to 76.3 cm were

& .-
encountered on the E11s River.

4,3.1.2 Discharge

D1scharge patterns were s1m11ar in each river (Figure 31). In the
MacKay, E11s and Steepbank R1vers maxima’ occurred in September, 1978 and
May, 1979, with the 1atter.be%ng greater. In contrast, these maxima
were of gomperable size in the Hangingstone and MUsKeg Rivers ..
Distharge during 1977 in both the Muskeg aﬁd Steepbank River§ wEre\mUch-
lower than‘durihg 1978 and 1979. Diécharge'in the MacKay River was

greater than any"of the remaining four rivers.

) :4 3 1 3 §pec1f1c Conductance = : o o

Mean specific conductance in the five rivers 1nvest1gated rangede
ffom 10.9 to 23.4 mS/m.(ngure 36). It was greatest in the Muskeg R1vef =
but”gemained lowest and essentially constant in the Ells River, (i.e.

10.9 + 0.2 mS/m) throughout the study period. O

80



Figure 30: ‘
Water temperatures in the Ells, MacKay, Hang1nqstone,

-Steepbank and Muskeq rivers. _--. ,
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- \ Figure 31, :
Discharge (m3 s-1) in Elis, MacKay, Hangingstone
Stkepbank, and Muskeg Rivers.
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: , Figure 32. o .
Specific conductance {(mS/m) in the Ells, MacKay
Hangingstone, Steepbank and'&gégeg Rivers.
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In.contrast to the Ells River, a distinct seasona] pattern of

condUCtance occurred in the rema1n1ng Rivers (F]gure 32) All rivers
invest1gated dlspJayed a summer peak wh1ch decreased to a m1n1mum dur1ng'

- "the autumn, then under ice cover conductance 1ncreased and the overail

maxima occurred. - Y ° 'ﬁ:>

4.3.1.4 Calcium

Ca1c1um concentrat1ons f]uctuated least in the Ells Rlver w1th only

a small increase occurring during the winter (F1gure 33). Aga1n in
marked constrast large winter‘peaks occurred in all the other rivers

49, 5, 44.8, 43 0, 33.1 mg L*1 in the MacKay, Muskeg, Steepbank and

-~

Hanglngstone R1vers respect1ve1y. During the summer of 1978 calciumfe

1evels in the Muskeg River fluctuated ‘displaying severa] d]StlnCt peaks~

7z

(Figure 33) wh1ch coincided w1th per1ods of minimum stream d1scharge

In the MacKay, Steepbank,-and Hang1ngstone, summer peaks were ev1dent?;

but a]ways_smal]er'than winter ones.

4.3.1.5 Sodium

vSodiumfconcentrations in the El1s River remained'10w'(3}9 mg L-1). -

and fluctuated less than in any other r1ver (Figure 34).
As ice formed during the fa]l, sod1um decreased and rema1ned

' un1form unt11 after 1ce break up dur1ng ear]y May. The §€asona1

‘ Mackay, a ser1es of d1st1nct peaks were ev1dent 52 4 mg L= 1 dur1ng

} -pattern, however, was more varlable in the rema1n1ng r1vers In thef.5~

' ”-A“SUSt °f 1978 57 5 mg L =1 durvng March of 1979 51, 8 mg L'1 dur1ngﬁf“\:

"“{:September, 1979 and 55, 1 mg L -1 dur1ng DECember, 1979 " These peakslh;f}i

'7f'or191nated and d1sappeaJed qu1ck1y. In between va]ues fe]] to m1n1ma;fA

8

,‘franging from 7 9 to 19 5 mg L -1 Sod1um A‘ﬁecreaS1ng.stepw1se ser1es}f“k

S for the Hangingstone R1ver. ; ;_", B ;'f L "f,_’;d

R
L

- }vof peaks from ear]y August 1978 until a m1n1mum 1n May, 1979 were noted'ﬁ’ﬂ'



-1 F1qure 33 . '
Ca1c1um (mq 1 ) in the Ells,.MacKay, Hangmqstone,
’ Steepbank and Muskeg rivers. - .
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‘ Figure 34. ‘

‘Sodium (mg T'l) in the Ells, Hnagingstone,li i

Steepbank; and Muskeg rivers.:
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After May, sodium concentrations increased steadil}, peaking again

during earTy December at 31.2 mg L-1, vSodium‘concehtrations in the

. Steepbank River. fluctuated simi]ar]y;~but the winter: peak (48.7 mg L'l)

was larger than the autumn sne of 16.4 mg L-1 (ngure 34). :Spring
minima in the Steepbank River were a]so less than the spring m1n1mum/id
the Hangingstone R1yer, reach1ng 3.20‘m? L-1. o

A decheasing stepwise pattern of:sodium similar to the Hangingstone
was aiéo evident in the Muskeg Rtver during July (35.6 mg L'l). August
(26.50 mg L-1) and durinov0ctober (18.70 mg Lt-1). unlike the MacKJy,

Hangingstone and Steepbank rivers, but like the Ells River, sodium

devels fell after mid-October 1978:5hd remained low all winter with a

May, 1979 'minimum of 5.7 mé L-1. " Sodium concentrations increased to a
maximum of 33.2 mg L-1 durihg September, 1979, then decreased but

cohtinued to show an upward trend during the onset of ice formation and

term1nat1on if thé‘gtudy.

4.3.1.6 Potass1um - o | S

¢

s

® Pota551um concentratlons were qu1te similar seasona]]y among the
five- ruvers Flgure°35) Vary1ng sized peaks occurred during the Summer
growth per1od and late autumn/earﬂy winter season. Two distinct peaks
occurred in the Ells and Hang1ngstone Rivers durlng August and November
(1 94 and 2. 40 mg L~ 1, 3.60.and".2.88 mg L- 1) respectively. One main °
pedk occurred-during Ju]y/August in the Steepbank River, whereas the,

potass1um 1evels f}uctuated more irregularly in the MacKay and. Muskeg

R1vers (F1gure 35) , " Four peaks were discernable in the MacKay R1ver in
)

<July, August,.September, an{ November. F1ve peaks occurred in the

W .
Muskeg R1ver dur1ng May, June/du]y m1d Ju]y and latec August. Potassium

A%

w-*levels were 1ow 1n each river dur1ng the w1nter, but 1ncreased from

- a

ear]y May-mlnima to summer peaks, and fell to a minima.

!



N

. ) Figure 35.
Potassium (mg 1 °) in the E1ls, MacKay, Hangingstone,
Steepbank and Muskeg rivers.
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4.3.1.7 Magnesium

hagnesium fluctuated little in the Ells, ranging from 1.6 to 4;9 mg
L-1 (Figure 36). Small minima occurred just prior to ice formation and
immediately after dce break-up. Seasonai patterns, however, in the
other five rivers were more pronounced, with small summer neaks and very
large wfnter maxima (17.9, 15.8, 14.9 and 14.1 mg L-1) in the MacKay,
"Steepbank, Muskeg and Hangingstone RiVers respectively. Megnesium
concentrations decreased rapidly after ice break-up.in early May,
perhaps due to dilution associated with increased discharge attributed
to the spring melting period. Nevertheless, spring minima were followed
by increasing magnesium concentrations, and egain, a fall minimum

associated with peak discharge periods.

The concentrations of magnes1un were similar seasona]]y for all
five r1vers, rang1ng from 6.40 mg L~ 1 in the MacKay River during 1978 to
10.3 mg L-1 in the Musheg during 1979. Most irregularity occurred
during 1978 «4n the Mnskeg River (Figure 36) coincidenta]1y with
unusually high discharges during early September. ' 7

4.3.1.8 Iron . | SN

An investigation of iron concentrations 1nd1cated that the MacKay,
Hangingstone, and Steepbank Rivers were similar seasonally (Flgure 37),}
Large early winter, 1ate'winter/ear1y spring, and autumn (1979) maxima

occurred Iron ranged from 0.18 mg t-1 in the Steepbank to 0.36 mg L‘1

- in the MacKay. Two large peaks occurred 1n the Muskeg River in early

May and ear]y December, 1979 (0 73 and 0 99 mg L~ 1 respect1ve1y)

otherw1se vh]ues fluctuated 11tt1e Iron concentrat1ons remained
"relat1ve1y constant in the E]ls River throughout the study, with only
slighc‘deviation;sim11ar“to the seasonal_patterns indicated for the

MacKay, Hangingstone and Steepbank Rivers.-



Figure 36. o ...
tone,

Manghesium (mg ]‘1) in the £11s, MacKay, Hnagings
: Steepbank and Muskeg rivers. *

~
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Iron (mg 177) in|the E11s, MacKay, Hangingstone,
Steepbank and Muskeg rivers.
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4.3.1.9 Manganese

Manganese levels fluctuated irregularly in the Muskeg River,
particularly during 1978 (Figure 38). In this river two winter maxima
of 0.04 and 0.05 ng L-1 de¢lined during ice-out to fluctuate throughout
the open water period.' One winter peak occurred in the Steepbank River
(0.05 mg Lt-1), while a mininpm manganese concentration appeared during

late winter, and in contrast to the Muskeg River, the levels increased

-

quickly after ice-out and again in early August. -

Manganese levels fluctuated irregularly in the Hangingstone River &

o

with peaks of 0.075 and 0.095 mg L~ 1 during the winter season. Fewer

‘,.»,,,

rapid and irregular fluctuations occurred in the MacKay R]ver (?1gure
38). Here the seasonal pattern was dominated by an autumn-and a smaller
winter maxima (0.051 and 0.013 mg'L'1 respéctiveTy). Ells River -
manganese levels decreased from June (0.01 mg L 1) to an oVera]l

November minimum of 0. 007 mg -1 during 1978. During 1979, however,

6-

manganese concentrations 1ncreasedm1rregu1ar1y to peak durimg September,

. - e ' ‘ : . ﬂﬁf,
4.3.1.10 Su]phate - 15,. . et ,¢’§
F "
Sulphate seasonal patterns were s1m11ar for the M@cKa%,

0.101 mg L-1 (Figure 38). - . .
s . .

=and,Steepbank Rivers (Figure 39). The concentratlons per%

*griver, however, were very different. - Sulphate ranged from a m1n1mUm oﬁ .
. 0.0 mg L- 1 din the Muskeg R1ver to a maximum of 53 mg L- 1 in the MacKay)&.

LR1ver
'f~ Sma]l summer peaks of sulphate occurred each year. 1n the MacKay,
Hang1ngstone_and’gieepbank R1vers (i.e. 53 0 23,5, 13 4 mg L~ 1
-»f——respective1y5 , Peaks were far less pronounced in the Ells R1ver,

f]uctuating between 4.4 and 9.0 mg -1 (Flgure 39) However, in the



R Figure 38.
Manganese (mg 1-1) in the El1s, MacKay, Hnagingstone,
Steepbank and Muskeg rivers.
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3

*‘-1 Figure 39.
(mg 177) in the E£11s, MacKay, Hangingstone,
Steepbank dand Muskeg rivers. £
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iMuskeg R1ver, %u]phate levels f]uctuated widely during 1978,
rt’icﬂar]y, dur]ng the open water per1od May to “August. Winter peaks
also occurred in the MuSkeg R1ver; one in N0vember (3.3 mg L-1) and the. .

.&\_. r
x 13 .
‘other in February (3 75 mg L- 1) Figure 39. = _ ,

o F

wA 3.1.41 oChloride

ﬁ»\ j N ,

.ﬁ; Ch]omde was undetectable ip the Ells River. Seasonal patterns
3

were, however,ssimilar in the MacKay, Hangingstone and Steepbank Rivers

/

with 1arg(£ winté‘r’maximums and a smaller s'ummer geak” (Figure 40). Peak

s

values of 20.0, 30.0° and &0 mg L-! were found in these three r1ve\rs
‘ . e . i
respectivel»y. Seasional patterns ‘were similar in the Muskeg River;

¢ s

‘ fhowever, summer a‘ather than w1nter max1mum occurred, and f]uctuatmns

were more frequent dur1ng 197& thén dur1ng 1979. Two peaks of 35.6 and*

I3

25.0' mg g-1 occurred during Jume and July of 1978, and of 27.5 and 42.5 °, .
mg L- 1 durmg August-a and September of 1979.
'4 3. l 12 Nltrate mtrogen

5

D1st1nct seasonal n1trate nitrogen f]uctﬂatwns did not occur in:

the Ells R1ver (Figure 41). More distinctive patterns occurred in the
. . L e

ovt‘her" four rivers (Figure 41), uhere the concentrations of »1t'rate-‘
n‘_i't'%iiog.en‘we’re low du'ring mid-summer, r‘ifing twmn/ear]y winter
peaks . Then, as’ 1ce formed 1t dechned in all buﬁft‘hevMuskeg Rivers.
_The greatest, variability occurred gn the Muskeg River during 1978 |
(Figure 4%). \\._

4.3.1.13° _Phosphate-phpsphorus

.PhOSpjate‘-phOSphorus'vconcenfrations fluctuated v‘vi‘d.ely and _
- 'irreg'ularIy in t‘hel‘EHs River. Four maJor peaks occurred in late August
. (0:15 mg L= 1) early December (0.24 mg L 1y, and mid- January, 1979 (0.26

ﬁ&e. -1
mg L= ) and m1d May (0 29 mg L~ ,). F1gure 42). Law summer p_hosphate- .

.

F



. 1 Figure 40.
Chloride (mg 17°) ‘in the Ells, MacKay, Hangingstone,
Steepbani: and Muskeg rivers. ' .
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~Figure 41.
Nitrate—Nitrogen'(mg 1‘1) in the E11s, MacKay, Hangingstone,
Steepbank, and Muskeg rivers.
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Figure 42.’. ) ’
Phosphate-Phosphorus (mg 1-1) in the E11s, MacKay,
Hangingstone, Steepbank’and Muskeg rivers.
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/
phosbhdrus values increasing to a mid-winter maximum of 0.094 mg.L‘l
occurred in the MacKay River. Large winter maxima occurred in the
Hangingspong and Steepbank Rivers. In both a‘minimuh occqrred in May,
however, this was fo]]oWed by a dramatic increase to 0.084 &g L-1<during
mid;Ju]y in the angingstone River only. The 6vera11 Hangingstone
maximum was 0.60 mg L-1 and the Steepbank maximum was 0.23 mg L-1 also

N

during the winter of 1979.

-

4.3.1.14 Dissolved silica

Dissolved\si1iéa f]uctuatibns were quite similar in all but the
Ells River (Figure 43)} In the Ells, dissolved éi]ica fluctuated the
least with .only ﬁlight’fa]l peaks occurning. In the other rivers it
increased to a winter maximum then dec]1éed w1th the onset of spr1ng.
(Figure 43). While mean d1sso]ved 5111ca 1evels were lower in the
MacKay'Riveh than the Muskeg, Steepbank and Hanglngstong rivers, the
dissoi?ed silica content of the Ells Riven Was three times lower again.
Desp1te the numerous d1fferences ¢concerning d1sso]ved silica

concentration the trend toward hlgher winter concentrat1on was ev1dent

 4.3.1.15 pH and alkalinity
In all rfvers éH Qaried from being acid to basic with maximum and
,-m1n1mum values occurr1ng dur1ng the summer and winter months
respectIvely (F1gure 44). In the E]Is R1ver, pH ranged from 6.0 to 9. 0
and this range was the w1dest among the. five rivers. }
A]ka]1n1ty was ﬁ%x1mum in a]l but the E]]s R1ver during the w1nter .
per1od Small peaks qf-@]ka11n1ty occurred during the early summer, in-
the flve r1vers (FigUrg 45). Alka1ﬁhity rahged from_.BO meq L-1 jntthé:

Ells. to a'maxium of 5.3 meg L-1 in the Steépbank River.
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Figure 44.
pH in the Ells, MacKay, Hang1ngstone
Steepbank and Muskeg rivers.
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Figure 45.
Total Alkalinity (meg 1-1) in the E11s, MacKay,
Hangingstone, Steepbank and Muskeg. rivers.
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4.3.2 Tempora] Ep111th1c Algal Changes

4.3.2.1 Species Compos1t1on and Cell Numbers

4.3,2.1.1 Species Composition

e
.

Algae‘from four divisions dominated the epi]ithon'inta11 five

rivers. These were the Cyanophyta (blue-green algae), Chloroph}ta

-

(breen algae), Bacillariophyta (diatoms), and Rhodophyta (red algae).. A

list of all the species encountered is presented in Table 18. Also

indicated is whether they were found freely suspended in the river water
- I {

"

(phytoplankton)f

In the Muskeg River, Cyanophycean algae dominated with two species,

’ xngbxa aerugineo- caerulea and Phorm1d1um sp., being the most 1mportant

¥1gure 46 and 47). | During July 1978 this division accounted for more

than 90% of the total epi]ithic community,'decreasing to 53% by late

, Augdst. Two other Cyanophycean algae, Ca]othr1x breviarticulata and C.

.

Braunii also contrlbuted s1gn1f1cant1y at times (F1gure 46). However,'

these Spec1es appeared to be'more spec1f1c with respect to thelr

ecological requ1rements. Diatoms were more preva]ent during May and

-‘August through October 1978 Synedra ulna and N1tzsch1a fonticola were

vlmportant dur1ng May and these together w1th Gomphonema o]fvace@h and

-Synedra rumpens, during the fall perwod Dur1ng 1978 Chlorophycean

‘however, dur1ng September they accou

algae were 1ess 1mportant than t?e two divisions ment1oned ear11er,
red for 15,3% of the total:

fcommunlty when Draparna]d}a glomerata wWas pre ent. ‘Rhodophvcean a]gee,‘

o1aceae were also present

!

Batriﬁhospermum vagum and Audouinella

contr1but1ng s1gn1f1éant1y only during Mays;—July and November of 1978.
The' rmer spec1es was most prevalent in May and November, and the
. , : L 4

latter dur1ng July



120

Table 18. The complete list of algal species encountered in tpe five
rivers (M = Muskeg River; SB = Steepbank River; ng1ngstone
River; MK = MacKay River; E = El1s River). (+ = present - =
absent; = phytoplankton).

\

M S8 HS MK E

CYANOPHYTA
Anabaena affini§ Lemm. - .+ + + + +
A. inaequalis Borge . - + - - -
A variabilis Kitz. + + + + 9
A. wisconsinense Prescott + i - - -
Aphanizomenon f]os-équae.l(L.) Ralfs. + - - . -
Calothrix bnaunii Bornet & Flahault + S+ + k' . +
'C. breviarticulata West & West ' oo - -
C. fusca (Kitz.) Bornet & Flahault. + - - - .
Chamaesiphon incrustans Grunn. + + - - -
‘Chroococcus 1imneticns Lemm. , + + - + .
“ Fischerella mnscicoia\(Borzi) Gomont -0+ - - -
Gomphosphaeria apdnina Ku'tz : - - -+ -
G. lacustris v. compacta Lemm. + - .- -
Lyngbya aerug1neo -caertlea (Kutz ) Gomont + IOt + +
L. aestuarii (Mert.) Lieb. . - + - - -
E1Ehxt1ca H1eronymus : | + + - - -
L. ordgaard1 Witle - ) + - - -
L. taylorii Drouet & Strickland + + - - -
L. versicolor (uééf;) Gomont D S -
Merismopedia elegans A. Braun o+ - - - -
M. glauca (Ehr.) Naegeli V- - ¥ -
‘Microcoleus vaginatus (Vauch.) Gomont - + - - -
Microcystis aeruginosa'KUtz. emend Elenkin # + - - -
Nostoc commune Vaucher: 7 + + + + +
ﬂ;_microscopicum Carmichael L+ + + + +
N. verrusosum_Vaucher + T + +
~ Nostoc sp. _ + + 'f 4 +
Oscillatoria amphibia C.A. Agardh. - - - + -

0. lacustris (Kleb.) Geitler A 4 - -

-



Table 18. Continued.
\

Mougeotia sp. .

M SB HS . MK
0. tenuis C.A. Agardh. + 4 - -
Oscillatoria sp. + + - -
Phormidium favosum (Bory) Gomont + + - -
E;_égggg (Menegh.) Gomont + + - -
Rhaphidiopsis sp. | L
Rivularia haematites (D.C.) C.A. Agardh. ¢ + - -
* Schizothrix tinctoria Gomont + + - -
Tolypothrix distorta Kiitz. - + - -
. .
CHLOROPHYTA |
Ankistrqdesmus fa]catus‘(torda) Ralfs. + + + +
A. spiralis (Turner) Lemm. L + - - -
C. globosa Snow - - - +
Chaetophora incrassata (Hud.) Hazen + + - -
Chlamydomonas sp. ' + + ¥ +
Cladophora glomerata -(L.) Kitz. + + + +
Ch]ore]]a’ellipsoidea Gerneck - - - +
C. vulgaris Beyer + + + +
Closterium sp. ' O 4+ + + +
Coelastrum scabrum Reinsch + - - +
Coleochaete divergens Pringscheim - + - - -
* Cosmarium sp. o + + - +
Crucigénia quadrata Morren , + - - -
C. tetrapedia (Kirch.) West & West - + - -
Dictyosphaerium ehrenbergianum Naegeli  +  + - -
D. pulchellum Wood ‘ R T
Draparnaldia acuta (C.A.Ag.) Kltz. + - - -
D. glomerata “(Vauch.) C.A. Ag. + + - .
Elaktothrix. sp. ' ‘ - + . -
" Gloeocystis gigas (Kutz.) Lager - - - +
Hza]Othécé sp. - {+g - -
+ - -

1A%

()



Table 18. Continued.

SB HS

MK

122

Microspora loefgrenii (Nordst.) Lager
K . s
M. pachyderma (Wille) Lager

Oedogonium  sp.
Pediastrum biradiatum Meyer

P. biradiatum v. emarginatum

f. convexum Prescott

g; boryanum (Turp.) Meneghini
Pithophora varia MWile

Pleurotaenium spp.

Rhizoclonium hieroglyphicum (C.A. Ag.) Kitz.

Scenedesmus acutiformis Schroeder
S. bijuga (Turp.) Lager

S. dimorphus - (Turp,)'vKﬁtz.

S. obliguus (Iﬁrb.f Kitz.

§; quadricauda (Turp.)de Breb.

Sorastrum spinulosum Naegeli

Sphaerocystis schroeteri Chodat

Sphaeroplea annulina' (Roth.) C.A. Agardh.

~ Spirogyra sp.
_ Stigeoclonium sp;

‘§i-gachxderm Prescott®
Staurastrum sp. v

Tetraedron “asymmetricum :Prescott
N4 :
! \

Ulothrix sp. . -
. subconstricta G.S. West

subtilissima Rabenhorst
zonata (Weber & Mohr) Kitz.

Zygnema sp. {

RHODOPHYTA V.

U.
u.

o

Batrachospermum vagum \(thh.)\C.A;.Agardhf»

~* Audouinella violacea (Kiitz.) Hhmei -

\

\

-+

+

-+

+ o+ 4+ o+ o+ o+
+

-+
1

L



Table 18. .Continued .

R

Cymatop]eura solea (Breb.): N.Sm:)

M SB HS MK E
A. ngmaea- Kitz. + + - - -
> ,
EUGLENOPHYTA
Phacus sp. . - + - - -
- CHRYSOPHYTA '
Dinobryon sertularia Ehr. - - - + -
Mallomonas caudata - Iwanoff + + + + +
CRYPTOPHYTA
Cryptomanas erosa Ehr. + y - - -
' C. ovata Ehr. + + - - -
- .
BACILLARIOPHYTA
Achnanthes lanceolata Breb. + + + + :¥
A. lanceolata v. rostrata Hust. + + + + .
A, minutissima Kitz. +‘;g//27 + + +
A. Eéraggil1 Brun & Herbaud - - - + +
Amphipleura lindheimeri Grun - - - + +
A. pellucida Kitz. - N
Amphora ovalis Kiitz. f+ - -4
A. perpusilla Grun. - - - +
Asterionella formosa Hass.. ¥ £ - -
 Caloneis alpestris (Gkun.) C1.  + - - - -
Cocconeis pediculus Ehr. | 4 + + v +
C. placentula  Ehr. + + y +
_C placentula v. eug1ypta (Ehf.)' cl. + + - : -
‘Cyclotella catenata Brun. - - + — -
E;_EQEEE (Enr.) Kitz.. " - + - + ¥
C. kutzingiana Thwaites - - +. S
C. meneghiniana Kﬁtz; ' T o+ &
+ - + - "

123
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Table 18. Continued.

N B A B
* . *

M S8 .HS MK £
Cymbella amphioxys (Kitz.) Grun. - - - - . +
C. cistula (Hemprich) Grun. + + + - e
C. lanceolata (Ehr.) V.H. - - - + -
C. naviculiformis Auerswald | + - - " +
C. prostrata (Berkeley) Cl. + .+ + - +
C. sinuata Greg. + + v+ - + ,
C. tumida (Breb.) V.H. - - + - +
€. turgida (Greg.) CI. + - - N
C. ventricosa Kitz. / e 4 + + + +
Diatoma e]pngatum Agardh. . P + + + +
D. ancegs' (Ehr.) Grunn. : + . - . - ﬁ
D. vulgare Bory ' ' + 4 + + y f
D. vulgare v. grandis (Smith) Grun. ' + A + +
D. vulgare v. ovalis (Fricke) Hust. = - - - - +
D. vulgare v. producta Grun. - - - + +
“Epithemia argus Kitz. +_' - - - -
E. sorex Kitz, Voo + + +
E. turgida (Ehr.) Kitz. . voe - -
E. turgida v. granulata (Ehr.) Grun. + + + v+
E. zebra “(Ehr.) Kitz. . -y - -
© Eunotia Zunaris (Ehr.) Grun. o + - v‘-l' - -
E. pectinalis v. minor  (Kitz.) -Rabh. - - -+ -
E.-valida Hust. ~ | - < v -
Fragi]afia capucina  Desm. ‘ + e . f'
F. capucina v. acuta Grun. - - - - . %
F. capucina v. Lanceolata Grun. - - . e F
. construens (Ehr.) Grun. B N ~o- o+
construens v. venter . (Ehr.) - Grun. ~  * + £t +
crotonensis Kitton - _ e ,if;
.'Teg;pstauronf (Ehr.) Hust. B - +
F. pinnata’ Ehr. e - - R
F. vaucheriae (Kitz.) Boye Pet. ' T -

&
T

a



Table 18. Continued.

SB

HS

MK

F. virescens v. capitata Krasske
- Frustulia rhomboides v. amphipleuroides

Grun.

Gomphonema acuminatun  Ehr.

G. acuminatum v. coronata (Ehr.) W.Sm.
. abbreviatum (Agardh.) _Kﬁtz.

. angustatum v. producta Grum.

. bohemicum Reichelt & Fricke‘

. constrictum Ehr.

gracile Ehr.

. lanceolatum Ehr. o .

. longipes v..subclavata Grun.
. olivacium (Lyngb.) Kiitz.

. parvulum Kitz.

. parvulum v, exilis Grun..

S Eill Bl

G. ventricosum Greg.

'gyrosigmé acuminatum Kitz.

Hantzschia amphioxys f. capitata 0. Myll.
Melasira gféhuﬁata/ (Ehr.) Ralfs,.

M. islandica 0. Mull. '

M. yarians. C.A. Agarth‘

Meridion circulare Agardh.
‘Naviculd bacilliformis Grun.

- N. cryp{"ocephalla Kiltz.

N. cuspidata Kitz. _

- N. dicephala (Ehr.) W.Sm.

N. gracilis .Enhr. -

. graciloides A. Mayer

. hdngaricé,v. capitata (Ehr.) CI.
Fo

==

.'lagidosav Krasske .

. minima v, atomoides (Grun.) CV.

. Elatedtular (Ehr.) GfUn.'

- =

= |

I

+ + + +

+ o+ o+

+

o+ o+ o+

T+

+ o+ o+ o+

+ + o+ 4+

-+

125



Table 18. Continued.

5B

HS

MK

N. piabentula v. rostrata A. Meyer
N. pupula Grun.

N, pupula v. rectangularis (Greg.) Grun.

N. radiosa Kutz.

=

. rhychocephala Kitz.

N. scoliopleuroides Quint

Neidium affine (Ehr.) C1.

N. affine v. amphirhynchus (Ehr.) cl.

Nitzschia acicularis W.Sm.

=

. acuta Hantzsch,

amphibia Grun.

clausii Hantzsch.
commutata Grun.

fonticola Grun.

graCi]is Hantzsch.
hantzschiana Rabh. (
“heurfleriana Grun,

ignorata
palea (Kutz.) W.Sm.

paleacea Grun.
. recta Hantzsch.

EIEIEEEEEEEE

=z

. romana Grun.

=

=

. sublinearis Hust.

Opephora martyi Heribaud

Pinnularia gibba Ehr.

P. mesolepta (Ehr.) W.Sm.

P. molaris Grun.

“P. nodosa v. constricta’ Mayer

P. viridis v, sudetica .(Hilse) Hust.

~ Rhoicosphenia curvata (Kitz.) Grun,

Rhopalodia gibba (Ehr.) 0. Mull.
R. gibberula (Ehr.) 0. Mull.

A e
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Table 18. Concluded.

]

R. parallela (Grun.) 0. Mull. ' - + + + -
Stauroneis anceps Ehr. . ‘ - - - + -

S. phoenicenteron Ehr. | - - - - +
S. legumen Ehr. + - - - -
Stephanod?scus astraea (Ehr.) Grun. | - - s+ £+
S. hantzschii . Grun. _ T S T S
Surirella angustata Kitz. - - + + +
S. didyma Kiitz, - - o
S. delicatissima Lewis - - - + -

Surirella linearis v. helvetica

(Brun.) Meister ~ ‘ B - - - -
ovalis .Breb. ' : - - - + -
robusta v. splendida (Ehr.) V.H. - - - + +
S. ténera Greg. - - - - - s

5.
5.

Synedra cyc]épum Bfutschii - - - - +
S. capitata Ehr. o

S. pulchella Kitz. L
S. rumpens Kitz. |

S. rumpens'v. fami]ia;is (Kutz.) Grun.
S. ulna <(Nitzsch.) Ehr. |

Tabellaria feneétrata'.(Lyngby.) Kﬁtz;'
T. flocculosa (Roth.) Kitz.

+ 4+ + + o+ o+ o+

A

i




s Figure 46.

Seasonal succession of the dominant epilithic
algae in the Muskeg River.
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R . Figure 47.
Seasonal changes in the percentage composition of the |
epilithon in the Steepbank and Muskeg ri_vers c
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. N
From December 1978 u’ntil April 1979 on]y Cyanophycean and
Baci]iariophycean al‘gae were found..‘ Two qu?‘?es of Calothrix began‘
growth in early December and stowly 1ncreased in numbers dur1ng the
winter to peak during May and early June 1579. A‘]so, both angbxa.

aerugineo&aeruleé and Phormidium sp. were present and these too began

increasing in numbers, under ice cover, during March, The winter diatom

community comprised mainly Synedra ulna, Gomphonema oliaceum (after

January, 1979), Synedra rumpens and again after January, as well as tor

the first time, Gomphonema acuminatum (Figure 46).

<

From May 1979 Cyanobhycean algae decreased in importance from 75%
to 59 7% by 1ate Ju]y . After an increase during August and early

September, correspond1ng to 1arge Phorm1d1um and Lyngbya popu]at1ons,

further decreases to 41% by m1d-0ctober occurred. D1atoms cont1nued to
COnstitute the second major algal group-from May to late July 1979 and -

- again from early September until ear]y December when they accounted feor

56% of thevbenth1c§popu]at10n. Gomphonema o11vaceum part1cu1ar1y, was

- important from May tobléte July, while Synedra ulna and Synedra rumpens

dominated frhm'ear1y-$eptember onwards. Rho&ophycean qlgae_were again

present ddring51979.' Audouine11a violaceae peaked in 1ate Maytandf:k

Batrachospermum vagum in m1d July. From May to early July; thdophyeean'

algae were 1ess consplcuous account1ﬂg for 10 {o 12% of the total

'populatlons - Ch]orophycean a]gae were 1ess conspicuous w1th;A

Draparna1d1a glomerata the most 1mportant spec1es qur1ng August. (Figure"

© 46 and 47). j?’.‘_ _. ,'7' o L ,.,.‘.;A>;,“

eyanophycean a]gae were also dom1nant in the Steepbank R1verh'

.

‘ '(Elgures 47_andv48). The1r 1mp0|tance, however ﬁecllned from a

contribution‘ot 85%_0f the totaltpopulat1on»dur1ng November 1978 and



L~

o . Figure 48.
Seasonal succession of the dominant epilithic
-a]gag in the Steepbank River:

“
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this decline continued during 1979. Lyngbya aerugineo caerulea and
~ ’ Iy

Phorgidium sp. were again the most important species (Figure 48). A

vlarge‘population of Calothrix braunii developed during the autumn and

eerly winter of 1978, but during 1979 the populations of these three
algae never reached the 1978 levels. Increasing from a minimum of 49.5%
in mid-July of 1978 the Cyanophycean a]gae attained a peak contr1but1on
of 98% by mid-August. In contrast, levels never exceeded 64 7% during
| 1979 (March) and by early December ‘they had fallen to 44.5%.

During 1978 in the Steepbank River, Audouine]la violaceae and

Batrachospermum vagum were important, also peaking in mid-July (39.3%).

Both species were present during 1979, however, they contributed

slightly less and they appeared later in the year (August - Sepfember).

135

Dvatoms were important and steadily increased as the Cyanophycean algae

decreased Ep1them1a sorex was most prevalent dur1ng July and 1ate

autumn/early winter 1978. Achnanthes lanceolata peaked along with

Epithemia during this latter period. Then, as ice formed Nitzs;hia

foufico]a and Gomphonema o]ivaceum,peaked. All theseropulatiohs

however, decreased before March when numbers of Synedra rumpens

increased. Peak diatom contributions occurred during 1978 October

through December, averaglng 24. 3% of the total ep111th1c popu]at1on

Leve]s were much higher dur1ng 1979, reaching 49.8% by early December

Spr1ng 1979 d1atom popu]at1ons were dom1nated by Ep1them1a sorex andj.

Gomphonema ol1vaceum Then, from a low of 15 3% 1n August dlatom,'

contributions increased as Eplthem1a sorex, N1tzsch1a fontmco]a,

Gomphonema olivaceum, Synedra rumpens and Nitzschia palea becéme,

dominant. Ch]orophycean algae were also more preva1ent dur1ng 1979,

: part1cu1ar1y from July to August when large popu]at1ons of Draparna1d1a,

-
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glomerata and Cladophora glomerata developed (figures 47 and 48)

contributing 28 to 38% of the benthic community.
Cyanophycean_algaevwere the most important algal group in'the
MacKay River (Figure 49), particularly during 1978. However,cduring the
following year diatoms assumed a far greater importance, accounting for
100% of>cne community on JuneVZVand'December 9 (Figure 49). The

epi]ithon of the MacKay River‘was also-dominated by far fewer algal

species than the other four rivers (Figure 50). Lyngbya aerugineo

caerulea, Calothrix braunii and Anabaeana affinis were the dominant

Cyanophycean algae during 1978 (Figure 50), Cladophora glomerata and

Chlamydomonas spp., the dominant Chlorophycean algae; and Epithemia

sorex the dominant diatom. During.1978, Lyngbya and Calothrix maxima

coincided during mid-July when Cyanophycean algae accounted for 99.3% of
‘the total epilithic algal community, nhereas, during 1979 only the
“‘spr1ng peaks coincided. The summer peak of Calothrix occurred during mid
July while that of LGgbxa d1d not occur until early September At each .
time, Cyanophycean algae acceunted for 92.9% and 55.6% of the total
*commun1ty Ch]orophycean a]gae constltuted 47.3% of -the tota1 commun1ty

in early August 1978, correspond1nq to popu]at1ons of ChlamydOmonas .Spp.

<

and Cladophora g]omerata.

The on1y other major contribution occurred under ice- cover 1n Apr11‘

(47 4% C]adophora glomerata) From here, no one part1cu1ar

Ch]orophycean alga dom1nated and as -a group occurred on]y 1n sma]l'

.numbers. D1atoms accounted for a far greater proport1on of the,-

epilithon during'19795 particu]ar]y because of Epithemiavsorex which had
a restricted d1str1but1on during. 1978 in contraet doring 1979 it was

present on all but one sampllng date in far greater numbers

~ . . . . RN



. : Figure 49.
Seasonal changes in' pe~centage composition of the epilithon
in the MacKay and Hangingstone rivers. '
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Figure 50. '

Seasonal succession of the dominant epilithic
algae .in the MacKay River.
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In the Héhgingstone River Cyanophycean algae were not as abundant
as in the othér four rivers during 15?8 (Figure 49). Initially,
Chlorophycean algae accounted for 81% of the total population, with

Stigeoclonium pachydermum being most important (Figure 51) However,

"after mid-July this alga occurred rarely. By early August, Cyanophycean
|

algae had increased to 47.9%, reaching the 1978 maximum of 52.3% at the
' ’ L2)

end of this month. Anabaena affinis, Calothrix braunii, and Exngbxa

aerugineo-caerulea were the dominant Cyanophycean algae. From late

August until November no Cyanophycean algae were found. Instead, by

early September diatoms acounted for 98.8% of the totaT community

(mainly Epithemia. turgida). Diatoem contribution thereafter decreased,
reaching a low of 4.3% in mid-January. Concomitant with this decgéase,

Chlorophycean a1gee (mainly Clédopﬁora glomerata) increased in

importance, and also Cyanophyeean algae (from November 1978) when

Anabaena affinis and Calothrix Braunii reappeared("By mid-April diatoms

;tre the most important (40 3% - ma1n1y Gomphonema olivaceum) followed

by Cyanophycean and Chlorophycean a]gae 33 2% and 26.5% respectively.
However, by the end of Mey the Cyanophycean algae accounted for 93.9% of

the total communitybwhen Lyngbxg,aerugineo-caerulea dominated.

Ch]qrophycean algae dominated'during'JUIy (77. 3% - mainly Chlorella

vulgaris). Thereafter they were quite 1n51gn1f1cant w1th Cyanophycean

algae (mainly Ca]othrlx)‘end d1atom§ (ma1n1y Ep1them1a turg1da)

dominating‘

Cyanophycean a]gae in the El]s River dgm}nated on a11 but two,- )

occas1ons (F1gure»52 and 53) The dom1nant spec1es were xngbza

141

'aerug1neo caeru]e? Ca]othr1x braun11 and Anabaena aff1n1s. xngbza was

. a]ways present produc1ng its 1argest popu1at10ns dur1ng autumn 1978 and

Lt



. Figure 51.
Seasonal succession of -the dominant epilithic
algae in the Hangingstone River.
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Figure 52.
Seasonal changes in the percentage composition
of the epilithon in the E11s River.
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: Figure 53.
Seasonal succession of the dominant epilithic -
algae in the Ells Riyer.
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\ p

‘July 1979; Calothrix braunii peaked in April and July 1979, although

1ike Anabaena affinfs, smaller populations were present during 1978 with
a §m@11 peak occurring in September; and Anébaena peakég in July and
late September 1979, |

On those two occasions.thatACyanophycean algae did not dominate,
Tate Juée 1978 and early Augugt 1979 respectively, digtoms and

C
chlorophycean algae were numerically more important. In late June 1978,

Synedra ulna, Synedra rumpens, Cocconeis pediculus, Gomphonema olivaceum

and Gomphonema longiceps var. subclavata were all present (Figure 53);

P

in August 1979, Epithemia sorex and Cocconeis éjacentu]a were the

dominant diatoms. In both instances the dominant\Ch]grophycean algae

—

were Ch]amydomonaé Spp.

4.3.2.1.2. Cell Numbers

[ 4

Ln the_Muskeg'River to§a1}ce1l numbers peaked in the spring and
autumn of 1978, but in 1979 a summer peak in July occurréd between a
much smaller spring and a 1argef autumn pgak (Figure 54);» The dominant
spécies during these peaks are shown in Table 19. The’species

composition was very similar_in both years in the spring and autumn

maxima. However, Nitzschia fontjcold and Synedra ulna were not present

in the 1979 spring peak, and Batrafhospermum vagum and Gomphonema

olivaceum present-in sbring 1979 were absent in 1978. Similarly,

Draparnaidia glomerata and Gemphonema olivaceum were present during the ' -

.summen maximum of 1979. Gomphonema acuminatum only»contributed
ﬁignifi&antly in autumn>1979. Cyanophycean algae were a]most always fhe
. aominant-aigTQ nuherical]y\(ngure 54);‘ Exceptions pccurred dukiﬁg ﬁhe
'bautumn each ;éark Diatqms chpriﬁed.the nexf most nuﬁerous division
~fdllowed by Ch16rophycean and thdobhycean algae.‘ The range of total.

\ O

[



Figure 54. .
Seasonal changes in total cells, Cyanophyta, Bacillariophyta,
Chlorophyta and Rhondophyta in the Muskeg River.

.0
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cells, diatoms, Chlorophycean, €yanophycean and Rhodophycean algae for

the Muskeg river is presented in the following Table 20.
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Table 19: The algae dominant during the spring, summer, and autumn cell
number peaks in the Muskeg. River.
Year Maximum
Spring Summer Autumn
1978. Phormidium sp. no méximum Phormidium sp.

1979.

Lyngbya aerugineo-caerulea

Calothrix breviarticulata

Calothrix braunii

Synedra ulna

Nitzschia fonticola

Audouinella violacea

Phormidium sp. °

i
-

“Phormjdiumu sp.

Lyngbya aerugineoél

Lyngbya
aerugineo-caerulea

Calothrix braunii

Drapdrnaldia

glomerata

Synedra iina

Nitzschia

fonticola

Gomphongma ~
olivacium

LGgbxa

aerugineo-caerulea

Synedra ulna

Lyngbya aerugineo-caerulea .

Audouinella violacea

Batrachospermum vagum -

caerulea
. . -
Calothrix breviarticulata Draparnaldia Synedra rumpens
glomerata
Calothrix braunii Gomphonema Gomphonema
' olivacium » acuminatum
- Gomphonema olivaceum Batrachospermum Phormidium sp.
’ : - vagum : - '

i
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Table 20
Mean and Range of total ce]]s,numbens, Diatoms,

Cyanophycean, Chlorophycean and Rhodophycean algae
in the Muskeg River for the study period

' Range h\\\i:> ° Mean (arithmetic)
cells 1010 p-2 : cells 1010p-2
®

‘Total Cells 1.30 - 5.63 . 2.90

Cyanophyta 1.02 ;,2.90 " . 1.78
Bacillariophyta " 0.01 - 2.30 B 0.79
Chlorophyta M | 0 - 0.61 ' 0.12
Rhodophyta | 0 - 0.50 0.13

5
s

during late July and a second,.the largest, during Octobér (Figure 55).

Thereafter the populations remained high,fdecreasing only s]ightl]b

during March of 1979. The winter population was dominated by Phormidium

SP., Eplthemla sorex, ‘and §yneqra rumpens (table 21) ‘A small spr1ng

peak ‘was apparent in 1979 fo]lowed by 1arger summer and winter peaks.

Agaln, spec1es compos1t1on was very s1m11ar at the max1ma each year,.

although in spring 1979 Phorm1d1um sp. was not as preva]ent as in 1978

: .and the two dwatoms Gomphonema ollvaceum and. Synedra rumpens were

1mportant only ‘in 1979. A]so, four_spec1e5'not found 1in 1978,

-Dhaparna]diahg]omerata,‘Nitischia pa]ea;‘Nostdp spp. and Gomphonema

d]ivaceum were. dominant during summer 1979. ~ Draparnaldia glomerata also

occurred durlng the autumn peak in 1978 Only this'species:and

- . Calothrix braunii were absent from the 1979 autumn peak.

o

During 1978 in the Steepbank River, two algal maxima occurred, one_



Figure 55. |
Seasonal changes in total cells, Cyanophyta, Bacillariophyta,
‘ Chlorophyta and Rhondophyta in the Steepbank River.
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Table 21: The algae dominant during the spring, summer, and autumn cell
number peaks in the Steepbank River. -

Year - ' Maximum

Spring Summer Autumn

-1978. Lyngbya aéruﬁineo-caefu]ea ‘Lyngbya aerugineo- Lyngbya

caerulea aerugineo-
' : caerulea

Epithemia sorex o Phormidium sp. Phormidium sp.
Phormidium sp. Clado hdra ' Calothrix
‘ o gTomerata braunii
7 Epithemia sorex Draparnaldia
‘ glomerata
2 - % Draparnaldia Epithemia sorex
: ‘ glomerata :
Achnanthes

Tanceolata

- : Gomphonema
; olivaceum

o e o ‘ Nitzschia
" Tonticola
1279. Epithemia sorex - Lyngbya aerugineo- Lyngbya
-§ _ o . caerulea -aerugineo-
' ‘ : caerulea
Lyngbya 5érugjneo-céeru]ea Draparnaldia ~* Phormidium sp.-
R : glomerata o -
“Gomphonema olivaceum * Epithemia sorex | Epithémia sorex -
' a : ) . . “
" Synedra rumpens . Nitzschia palea Nitzschia ~ .
a Nosth spp. - . Synedra rumpené '
N RS LT
: . Gomphonema (,uAchnanthes
ofivaceum ] Tata'

ata’
A
Gomphonema
olivacium

: B , L
, T , Cladophora v
ﬁ L & . glomerata =
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Cyanophycean algae were always most numerous except in early
December 1979 (Figure 55, Table 21, 22), followed by diatoms. Only
during mid-summer 1979 did a very large Chlorophycean community develop.
»The largest Rhodophycean population occurred in July 1978 when

‘Audouinella violaceae was present.

/

Table 22

Mean and Range of total cell numbers, (Diatoms, -
Cyanophycean, Chlorophycean, and Rhodophycean algae)
in the Steepbank River for the study period

Range ‘ Mean ,
Cells 1010 m-2 . Cells 1010 p-2
Total Cells 1.02 - 3.93 g 2.36
Cyanophyta - 0.86 - 2.00 n 1.45
Bacillariophyta ©0.03 - 1.55 0.66
Chloroghyta 0 - 1.51 : 0.18
R;odophyta 0 - 0.70 0 0.07

‘Sampling on' the Mackay rivér”did not\commenée until early July of

1978. Thereafter a large summer maximum of epilithic algae occurred

—

(Fighre 56)7' Cyanophycean algag were invériab]y the most numerous being /.

fo]lowed;by diatoms and Chlorophycean aigae (Table 24). 'No_autumn

maxima occurred dy ing 1978, but in 1979 spriﬁg, summik:and autumn ﬁeaks

appeared, each ljghtly;1argefjthan'thé previouswseason; However, the.
1979'pdbuiation umbers never approached the size of the 1978 epilithic
numbers. Litghe Chaﬁge'ogcurred,iﬁg}he_domihant of these peaks (table

23) ahd'diatoﬁs;a]ong(wffh Cydndphycean algae became very important

during autumn 1979'with‘hassiVe popu]atidn§‘of Epithéma sorex

‘déveipping.



@

\ Figure 56. ’
Seasonal changes in total cells, Cyanophyta, Bacillariophyta
and Chlorophyta in the MacKay River.
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Table 23. The algae dominant during the spring, summér, and autumn cell,
number peaks in the MacKay River,

Year

'1978.

1979,

Spring

Not sampled

Maximum

Summer

' Calothrix braunii

Lyngbya ‘aerugineo-caerulea

Cladophﬁiz glomerata

Chlamydomonas spp.

Epithemia sorex

Autumn
. L 4
No maximum

. B

Lyngbya

Calothrix braunii

- Anabaena affinis

‘Lyngbya aerugineo-caerulea

€
Calothrix braunii

Lyngbya aerugineo-

Epithemia sorex

.caerulea

Epithemia sorex

-

- aerugineo-
caerulea
: 1

‘Epithemia sorex
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Sampling.on the Hangingstore

. ) | .
. -
™~ TABLE 24
,Mean and Range of total cell numbers (Diatoms‘Cyanophycean and
Chigrophycean algae) 1n the Mackay River S
,.7’
. - . o A
" Range . . - Mean - 3
. Cells 1010 p-2 Celds 1010 n-2 (-"’(,\
Total Cells - ©0.10 - 137.50 ~ . T 20.30 R~
. ) /
~. Cyanophyta . : 0. - 186.50 : ~15.40
Bacillariophyta. . -0 - 35.50 - 3.39
_leorophyta B -0 - 7.95\‘. : _ ©1.38
. " T :t . K . v . A N ) . 4,/’

-

River also commenced duringhearly July

of .1978. Dur1ng that year a.large® summer ep111th1c commun1ty deve]oped

fol]owed by a much sma]ler autumn one z'I'he spﬁ1ng and summer peaks of

l979 merged and only“a slight fq]} pe@kgwasgev1dent (F1gure 57).

. ' -

v

By ; R . "

o
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Table 25: The algae dominant during the spring, summer, and autumn cell

number peaks in the Hangingstone River.

Year - ' lMaximum =S
Spring '.‘ Summer Autumn
1978. ﬁot sampled Stfgeoclonium pachyderﬁum Eéithemia
turgida
Lyngbya aerggjneo—cé%ru]ea Gompﬁonema

P
Cladophora  glomerata

-

Anabaena affinis

Calothrix braunii

. v
1979. Spring and Summer

-

Lyngbya .aerugineo-caerulea

Ca]éthrix braunii

Gomphonema olivaceum

B

glivacium

Calothrix braunii

Epithemia turgida
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Stigeoc]dnium pachydermum was found only dnring July 1978.

Gomphongma olivaceum was dominant during autumn 1378 as well as during

the §brﬁng/ summer maximum of 1979. These algae formed only a small

population during autumn 1979 (Table- 25, Figure 57). Cyanophycean'algae

were again numerically dominant but, unlike the other four rivers} the
< “‘ '

second most nuneroué division was Chlorophycean algae followed by

diatoms (TabTe 26). ,

TABLE 26

Mean and Range of total cell numbers.(Diatoms, tyanobhycean,
Chlorophycean algae) in the Hangingstone River

Range ' Méan o
cells 1010 -2 " cells 1010 -2
Total Ce]]; 29.00 - 653.16 o 75.80
Cyanophyta " "0 - 613.57 ~40.70
5 c . .
Bacillariophyta ' 0.30 - 31.50 - 5.64
Chiorophyta .0 -299.70 " 23.80 ‘

Un11ke the MacKay and Hang1ngstone R1vers, the E1ls river d1d not

have a very large sumner peak of en;ilth1c algae during- 1978 Instead

1979 was.the year of maximum ep111th1c abundance. Autumn maxima- were,
howeyer, comparab]e for both 1978 and 1979 (Figure 58) Cyanaphy n

9

algae were dom1nant, with angbza aeruglneo -caerulea dominant” all the -

time (Table 27). In this river moreud1at;F”spec1es ontnjbuted

significantly than in-the other four rivers (Table 27). -



F\igure 57.
Seasonal changes in total cells, Cyanophyta, Bacillariophyta
and Chiorophyta in the Hangingstone River.
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Table 27: The algae dominant during the spring, summer, and autumn cell
number peaks in the E]ls River

, ’
Year " Maximum

Spring Summer - ’ Autumn

_ \ ‘ 4
1978. not sampled Lyngbya aerugineo-caerulea Lyngbya aerugineo-

caerulea
Anabaena affinis - Stigeoclonium
' Qachxdermum
Cocconeis pediculus ~ Gomphonema longiceps .

v. subclavata

s

Synedra rumpens . Gomphonema olivaceum
j . : N | a- LI
Chlamydomonas spp. Cocconeis pedicutus
, S e cocconeds placentula .
Synedra ulna - - .
Chlamydomonas  spp. » ¢
1979. LGgbza Lyngbya aerugineo-caerulea Lyngbya aerug;neo—
aerugineo-caerulea . ] - caeru]ea
\Calothrix braunii Anabaena affinis’ ? AGomphoﬁema olivaceum - i
Gomphonema =~ .  Calothrix Brawnii ' ~ Nitzschia palea
‘olivaceum R C o o :
- ~ Gomphonema olivaceum . -~ Cocconeis placentula
g ) — ; -
Synedra ulna . .. .- Epithemia sorex . ., _ . D

. o w o - [
< -  Synedra rumpens . .
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Lyngbya was the dominant Cyanophycean algae in the summer of 1978,

whereas it, along with Anabaena affinis and Calothrix sp., were

codominant in 1979. Two diatoms, Gomphonema olivaceum and Synedra ulna

were also present in 1979, whereas Synedra rumpens had been in 1978.

The autumn peaks comprlsed many diatom species, some of which occurred

both years (Table 27).,However, only in 1978 was St1geoclon1um

Qachzdermum found.

In summary., therefore Cyanophycean a]gae were genera]ly dom1nant

folTowed by diatoms and Chlorephycean algae in the Ells River (Table

”?28) .'. .

- EIEE A

Table 28

Mean and Range of the Total Cel® Numbers (Biatoms, Cyanophyceagl
- and Chlorophycean algae in the El1s River

\ .

“Range |, Mean-(arithmetié7‘
cells 1010 m2 cells 1010 m-
TotalCells  ~ 3.70-197.70 ' 63.80
Cyanophyta 0.9 - 1sé§}z‘n,. 50,70
" Bacillariophyty  0.51- 23.98 ST as0 D

Chlorophyta ° © 0 - 1549 . - 4.60



-

o

S

, . Figure 58. ‘
Seasonal changes in the total cell numbers of
Cyanophvta, Bacillariophyta and -
.Chlorophyta in the Ells River,

. »' - . ‘
/} . - |
S - |
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4.3.3 Temporal Standing Crop Changes

4.3.1 Epilithon

Seasonal fluctuations of the epilithic standing crops in the
Muskeg, Steepbank, Hangingstone, MacKay and Ells Rivers were‘compared
using the singular rock brushino technique and> transect methods +in .
conjunction with pr1mary product1v1ty studigs. The results are
presented in f1gure 62. In the Muskeg Rlver during 1978, chlorophyll a

concentnaiions fiuctuated'more than durihg 1979, with-spring, late
) ’ ' 4 )

Y

summer and early winter peaks evideot. The sprdng peak, like cell
’ o ' ' ' =

counts,{n_1979 was small, with‘the standing crop rising to a maximum in
early December (Figure 59). . e |

A summer/autumn chlorophyll peaz was‘ev1dent 1n the Steepbank River
“while a mass1ve peak (229.8 mg ch]orophyll a m'z)-occurred in ear]y
December 1978. During spring of 1979 a spring, maximum was not detected;
however,la sma]] summer and a distinct autumn maxima occurred (Figure
- 59). Thus? a bimodalvpeah of epi]ithic standing crop was found to occur
in the Steepbank River as well. V | D

‘Standlng crops in the Hangingstone River were very s1m11ar to those

‘in the Steepbank R1ver, the alga] standing crop peaks occurred at the

4 .
[}

~ same time and ach1euod near]y the saoe 51ze_(205.5 mg chlorophyrl a m.c)
and :229.8. mg chlorophyll a m2;- -
Ch]orophy11 a, 11ke ce1] counts in the MacKay R1ver; were 1ower: .
than the. other four r1vers.‘ A]though thls rlver supported a sma]ler
ep111th1c b1omass, a summer peak was evident as we]] as a 1ate winter'
max1mum fo]low1ng ice format1on dur1ng 1978 Stand1ng cr, ops rem&inedf~'

| -1owe;\dur1ng 1979 w1th onf& a small peak dur1ng the - autumn._

Ep111th1c stand1ng crops f]uctuated w1th s1m11ar seasonal patteﬁhs

K K

‘1n the EL]s Rrver, however durlng both 1978 and 1979 the autumn maximum’e:_r

-9

. FRE e
. M
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F1gure 59.

i Seasona] f]uctuat1ans in epilithic a]gal standing crop, a

measured by chlvrophy]] a content in'the Eils,". MacKay,
“ Hangingstotie, Steepbank and Muskeg rivers.

Y
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preceeded that of the other four rivers. The developnent ot late Ssummer
maxima was also followed by declining autumn standing crops despite the
faet that species composition change§ as noted earlier were similfr to
the other rivers. : 3
A comparison of the standrng,)rop means for ‘the five rivers
1nddcated that for the duration of the. study, the Ells River supported
the h1ghest stand1ng crop, followed by the Muskeg, Steepbank

Hang1ngstope and MacKay Table 29)

’

T Table 29
~Mean and Range -of Standing Crop for Epilithon - %
As Measured by Chlorophyll a content, .
Range R #Mean
Ri&erv N Chloroph¥1] a - Ch]oroph%11 a
o mgm ng m~
~ Muskeg | | 1.33 - 202.95 30.46
« o . ‘ ‘
Steepbank . &9 - 229.84 - . 22.99
Mackay * 0.1 - 30.66 . .7.9%
. Hangifgstone . 1.42 - 20546 - 22.35 -
5115- e 8.38 - 11172 43.23 |

4 3.3. 1 Phytob]ankton .

_ M1croscop1t‘exam1nat1on of plankton1c 1ot1£ a]gae col]ected from
the f1vé rivers 1nd1cated ‘that: botﬁ'senesc1ng ep111th1c “and 1ent1c
species were present It was . noted that desm1ds probab]y der1ved from ‘
muskeg runoff were also present, The standing’ p1ankton1c crop
fluctgat1ons were yeryalrregu1ar (F1gure 60). ,«‘ . ;

AL



L4

Fiqure 60

‘ Stand1ng crop, as measured by chlerophyll a content, of the:

» p]ankton1c algae in the Ells, MacKay, Hang1nqstone,.
Steepbank agl Muskeg rivers.

s
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Pespite the irregular nature.of standing crop fluctuations, spring,

~summer and autumn peafs as well as some winter otes (eg. Ells, MacKay,"

Hangiﬁgstone) did occur. Peak pTanktonjc“standing Grops frequen;]y

occurred dufing period§ of‘beak epilithic standing crops and thereafter,

gﬁg§esting4that detached epilithic algae are the majof cémponent of the
P

,'planktonic aTgae in these rather small brown water rivers. Planktonic

standing crops were highest in the'Hané;%gstone and lowest in the Muskeg

River (Table 30).

Taple 30

Range of Standing Crop for Plankton
"~ as Measured by Chlorophyll a content

: : Range - . . Mean
River . ' Chlorophg]] a
mg m- mg m-3
Muskeg .0 - 18.15 2,93
Steepbank . 0 - 57.07 , 5.42
MacKay - 0 - 75.75 - 1.12
~ Hangingstone 0 - 280.00 - 15.11
Els | 0.01 -

26.06 6.44

4.3.4 Temperal-Productivity Changes

4.3.4.1 Epilithon

)

Seasonal primary productivity fluctuations for each of tHe.fiVe

rivefs‘are i]luStrated'in‘Figure 61. Tﬁ;y were more variable ﬁhan those

fér'Stahdiwg crops. Summer maxima 6¢QUrredlin all rivers, but spring
and‘aut;mn maxiha did not'occur consistent]y except)in the Muskeg River.
Winter ﬁeaks occurréd undér*ice and snow cove; during January 1979 in

phe'Hangingstone and MacKay rivers and during March in the Muskeg and



F1gure 61.
Epilithic algal pr1mary productivity in the Ells, MacKa),
Hangingstone, Steepbank and Muskeg rivers. X
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Steepbank rivers, and 1ate,Apr11;in the Ells and MacKay Rivers. The

-

range of productivity values for the five rivers is presented in table

31.
é} Tab‘e 31 » ]
- ) Mean and range of ep111th1c 121C uptake -
' for each of the five rivers
River - ‘ Range ’ Mean s
_ ‘ mgrc m'? hr-1 ~ ‘mg C‘"m‘2 hrﬁl» |
Muskeg,‘i . 1.1 - 107.8 l ©25.3
Steepbank N | 0.6 - 130.6 .‘ 16.3
AHanéingstone | . 0.1 - 41.9 o ::12l4
MacKay o 0.5 - - 26.0° ﬁ »i,8.3 )
~E1ls\ L : 1.1 - szfé 32

P’

Mean productivity among the five rivers.ranged from 8.3 mg C m-2

hr-1 (Mackay) to 25.3 mg, ¢ m~2 hr-1 (Muskeg). A]though epi1ithic

product1v1ty was on average higher in the Muskeg R1ver, the h]ghest '

value was found in the Steepbank River, ‘h\

iy

Multlple linear regress1on of open water per1od primary product1on

(ep111th1c) versus a]ga1 numbers, temperature,»s1]1ca, pH, phosphorus,

ve]oc1ty, d1scharge nitrogen, and tota1 alkalinity revea]ed that diatom

numbers were pr1mar1]y re1ated tg product1v1ty in the Muskeg R1ver

(r=.64) (Appendix 6 and 7). The rema1n1ng var1ables increased the,
;'mu1t1p1e r value to 0.87. In the Steepbank Rlver n1trate-nitrogen*
(r— 75) d1scharge and pH were pr1mar11y re]ated to product1v1ty'

Phosphorus was the: more 1mportant var1ab1e (of those examlned) re1ated .

to product1v1ty in. the Hang1ngstone River (r- 41), and the Ells River

(r=.64). In the MacKay River Chlorophycean numbers (r- 51) were most .

.

-
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highly correlated with epi]%thic productivity.  Multiple linear

S

| regression ana]ysis'df these sample variab]gs,vqrsus proquctivity‘(open

water) for af]lthe rivers combined indicated that; Cyanophycean -algal

numbers are most highly correlated with productivity ( =.28). The

remaining variable yielded a multiple r of 0.54 indicating that other
. ' R . - _ o
factors inf]uehce primary-productivity anjong these brown water alkaline

wr

streams. Mean epilithic chlorophyll a and product1v1tybmere positively

correlated (r=0.869, p< 0.10), sugges'1ng the presence of a possible

-

" biotic factor which influences epilithic primary productivity (Appendix

8). e o ' .
4.3.4.2 Phytoplankton | T ,

Phytoplankton prddhctivity was highly variable among the five

rivers. Table 32 bel]ow presepts the 1979 findings.

Table 32
ﬁéan'ana range for phytoplankton 14C uptake -~
: dur1ng 1979 ~
Location - ) 3 _Range - ® Mean |
J h ~ mg Cm3 hrtl . mg C m~3 hr-1
Muskeg fv T 7.4 - 905 T
Steepbank - , 0.8 - 6.2~ 26.8
: Hangingstone; - 8.2 - 512 38.3
BN - L zea-ms L a9
) anchay‘ u S _ ' B Q;Z -;68.9 o -  -, 34.4;22 '
C | o ;% e

- The h1ghest mean 14C uptake rate of 49.4 mg C -3 hr-1-was found to
occur in the El]s Rlver, wh1ch is 1ocated downstream of the Gard1ner
Lakes,_ Pgak phy;oplankton.produgt1v1ty occurreq in the winter (January).
under icewcqvér in Muskég; during April (ice oui) in'the"Steepbank and

-
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Hangingstone and July in the_MécKay'and Ells. Phytap]ankton

productivity and standing crops were not related statistically.

4.3.4.3 Microhabitat Differences . S .
Since epilithic algal sta‘nding crops varied dependirig"upon the
microha-bitat it followed that productisity would vary too. To confirm
this, pr1mary product1v1ty was compared among the shore m1dstream and
midstream art1f1c1a11y shaded s1tes in the.Muskeg River® durlng 1978
The results are ‘présented in figure 62.
At the onse® of th'i's study on 2§ May, productivity was higher at

the shore"site than midstream. It reached maximum at both sites in

early June (1'33.0.‘and.83.0 mg\ C\m\‘z hr‘l _fespective]y)'.“.Sedond peaks .
.occurred at both sites invAugust, Lut. that .at the shore si.te occurred
earlier than the peak’Ma} the'mi’d)stream site (Figure 62). Higher
ep1]1th1c algal productivity contmued at this. m1dstream site untﬂ the
]ate fa.H. It -declined at both sites as w1nter approached: ‘and ice
‘lformed in early November. .A; these "twp si,tes there was Jihttle
c_:orr%e]atiion between standing crop‘size'.and p'roductivriity (r=0.608 and
' r=0.237, p=0_.,05) whereas there was at the art1f1c1a11y shaded site :
(r'%'Q 961, p=0 05.). Shadmg also appeared to retard -and delay standmg'
crop and product1v1ty peaks (F1gure 62)

Expressmg the product1v1ty as a functwn of standmg crop or as a -
photosynthet1c 1ndex (mg o (mg ch10rophy11 a) 1 p-2 hr‘l) found the,

shore- ep1]1th1c a]gae vnth the h1ghest mean va1ue whﬂe the lowest was.- "

" occurred at, the midstream site (]’ab]e 33).



3

Figure 62. ’
rEpﬂithic ppimgry productivity, standing crops and ljnear
regressions for shore, midstream and shaded midstream
'microxgitats in the Muskeg River during 1978.
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"~ Table 33 /
) [

Production, photosynthetic index and standing crops
for the Muskeg River microhabitats during 1978

_Mierohabitat Mean . Mean Mean
- Primary ~ Photosynthetic 2 Standing
Productivity Index Crop f>
;, mgC m-2 he-l mg C mg chl a) -1 mg chl a m~2
- |
Shore "22.9 | 0.86 26.5
’ /
Midstream o 21.1 0.69 L 31.1
‘Midstream (shaded) - 13.8 . 0.82 | 16.8

At the midstream.shaded site epilithic standing crops were 56%
~smaller and productivity 60% smaller than at the unshaded site.

4.3.4.4 Substratum Comparison

As mentioned earlier-naturally oecurring-bitumen‘in the Steepban%
River supported an algal commun1ty, consisting’ pr1mar11y of Cyanophycean
algae. Therefore stand1ng crops and product1v1ty were a]so compared
bétween the ep1-b1tum1nous algae and the epilithic a1gae (F1gure 63)
Pr1mary product1v1ty “associated w1th both 1imestone rock ‘and b1tumen

.rema1ned s1m11ar June through early September of 1978 bgwever,1t

dramat1ca11y increased on the TOCk substratum dur1ng late October when N

a1ga1 numbers (particu]ar]y d1atoms) were also hlgher Productlvqty,~

,jdec]1ned on both substrata dur1ng ice. format1on in: ear]y November.
o :

~ Primary productivity ranged from 3, 2 to 27.5 mg C ‘-2 hr‘1 for 11mestone‘)

attached ep1thi11c a]gae and 0.18 to 11. 7 mg C m'2 hr'1 for b1tumen

Cyanophycean a1gae were numef1ca1]y domwnant for beth substrata'

g

account1ng for 86 to 99% of the 11mestone ep111thon and 73 to 99% pf the

»oxlsand benthos, -



BITUMEN (oilsand). / \

— — _ ROCK (limestone) -/ '\'

1978

Figure 63 '.(”'a) Epilithic product1v1ty on oﬂsand and
7 rock substratum. -

/

/

 Figure 63 (b) photograph of the substratum found 1n the
' ' Steepbank RWer .

»

N
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A

Microalgae were more abundant on the limestone while macroalgae

particularly Nostoc commune were more abundant upon the-oilsand

substrate. Thi$ investigation\prov@ged ev%%ence that primary
productivity dufing 1978 was 22} higher foreeni1ithic e]gae or limestone
than those.on the bitumen, and fhe difference was statistically
significant for p=0.05. ‘ ) '

4.3.4.5 Diurnal Experiment.

\ : v . ' :
There have been few studies of diurnal productivity for northern

la;itudesngurphy, 1984;111mavite,-1§77); fherefone, oné such
i;eX§Eriment'wés conducted over the period Ju1}-28/29, 1979. The resu]ts'
are presented in f1gure 64. _ |

Epilithic alga] product1v1ty was h1ghest dur1ng the midday period
(1200-1609 hr), and minimal during 020010600 hrs. Moreover, during’theu
mid-day prdductdvity end bdcarbonase a[kalinity‘were inversely related;
-alkalinity ranged from 3.4 to 3.7 meq L‘1 witn the mfnimum extending
until 2000 hrs despite l4¢ uptake decllnes from 42 2 mg C m-2 hr‘l‘
(midday) t0~1.3 mth -2 hr'l at 2000 hrs. pH ranged from 6.6 to a
‘ maXfmum‘of 7.2 by 1400 hours.. . D1urna1 f]uctuat1ons of pH and
b1car40nate attr1buted to phys1ca1 and b1ot1c factors were in fact minor
. compared to those reported for product1ve systems (wetzel 1975)- |

Temperatures in the Muskeg River were 10west at 0400 hrs (18°C)‘,h

Just prlor to sunrlse and maximum dur1ng early even1n 18 000 hrs’

(19°C)
Benthic a]gal standlng crop estimates. were also var1ab]e throughout
the exper1ment The ‘range of stand1ng crep est1mates were h1gher dur1ng

o
the early -evening and morn1ng Sxmg]e llnear regre551on 1nd1cated th&é’

.!_



Ty

Figure 64. ' -
Diurnal primary productivity, and stand1ng
crops for the Muskeg River during 1979.
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14C uptake and chlorophyll a were h1ghly corre]ated during this short
term study ( =.745) (p = \0.05). Photosynthetlc efficiency reached a
maximum of 5.01 mg C M™-2 hr‘l dur1ng 1200 - 1600 hours thé period-6f
peak insolation (Figure 64). However-14C uptake and/1nso1atlon wére in '
part, negatively correlated (r-.397, p = 0.05).

4.3.5 Temporal Nitrogén Fixation Changes

4.3.5.1 Epilithon

Temporal nitrogen fixation patterns were similar in all five rivers
(Figure 65). Maxima dccurred during the spring/summer period, but, not

always corresponding to the”largest Cyanophycean populations. The

0

dominant Cyanophyéean species or potential algaé capable of -elemental

nitrogen fixation indicated (Table 34) below were similar in all rivers.

) h)

\ - Table 34 3 \\ Y

The dominant . Cyanophycean algae co1nc1d1ng \\

_with the nitrogen fixation maxima in the five r}veks
, A

oo

h Sgécres .o 3: o _River ‘ \\\ .

nli /'.; Muskeg ‘Steépbank Hangingstone MacKay E]ls

1978 1979 1978 1979 1978 1979 1978 1979 1978\1979
Anabaena affinis S e e s . s
Calothrix bra&nii‘+, + - v + ¥4 R + iﬁ'l '
C. Breviarticu]ata;'*:~+'i - - - - - - - —
Lyngbya aerug1neo- _ .
caerulea R f + + + + + + + + ¥
ﬁgg&gg Spp,i . ; L. ‘A\ + | +‘ - - + o+ *
Oscillatoria.sp.” -. - -\f - . - Ll
» , ,

Phormidium sp: «..+ + +  + - - e e e
e -



Figure 65.
Epilithic nitrogen fixation in the Ells, MacKay,
Hangingstone, Steepbank and Muskeg rivers.



191

S - N\.’“Lf'

Ry
-

IIIII

’

J MMJ S NJ MM

Ells River
MacKay River




192

Nostoc spp. were particularly abundant in the E11s, MacKay,
Steepbank and Hangihgstphe (only during 1978). The timing of peak
nitrogen fixation varied among the rivers; moreover differences between
.the two years, and among the rivers also occurred with respect to both
light and dark fixation rates. Dark nitrogen fixatjon rates although

‘ﬁdisp]aying similar temporal f]uctuﬁtions as light fikation'rates weré

sometimes greater especially during 1978 in the Ells River (Figure 65).

At that time (fall) epilithic algal populations, which were dominated by

' Nostoc commune, had accummulated to\a depth'df 1 cm. The }everse
occurred the“f011owing year when fall d%scharge in the El11ls was
significantly lower thén observed during 1978. Light and dark fixation
maxima alse did not always coincide,-}of example during 1978 and 1979 in

the Muskeg and Steepbank rivers (figure 65).
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Epilithic nitrogen fixation was consistently minimal during the winter -

- {cold water) periods, therefore the five rivers were compared for both
_ the entire study period and the open water period of each year (April -

. November, Table 35)

Table 35 .
- The mean number of epilithic Cyanophycean algae over the entire
study period, and the range of nitrogen fixation »
for the open water periods of 1978 and 1979.

s e

River Cyanophyta Nitrogen Fixation
x cells 101011.1‘2 u moles Nzhrirﬁ‘z
Over Entire Period Opeén Water 1978
Light Dark Light "~ Dark
Muskeg  1.78  0-14.30 0-3.18  0.01-2.83 0.01-3.30
) x = 1.52 X =0.65 x =0.57 x=0.57
Steepbank, 1.45 0-31-94.10 0.01-16.80 0.41-41.50 0.01-16.80
‘ x = 12.26 x =2.26 x =23.83 x =6.68 ™
MacKay 15.40 0.09-64.00 0.86-42.00 0.09-64.00 0.86-42.00
x = 8.72 x =5.99 x=17.48 % s 16.43
Hanging- 46.70 0-84.00 0-17.00 0-84.00 0.10-17.00
stone x = 17.2 X = 2.20 x = 39,40 x = 4.17
Ells 50.7 0.01-110.00 0 39-143.00 0 01 61.00 0.39-143,00
. x = 27.14 X - 23.55 21 60 x = 49.90
Open Water 1979 | o T
Light Dark -
Muskeg 0.02-14.30 0.04-3.18
- x = 3.62 x = 1.33
Steepbank 0.31-94.1C 0.33-8.5
: x = 17,63 x = 3,41
Mackay 1.02-49.00 0.44-2.5
o Co x = 8.68 x = 1.53
Hangingstone 0.59-33.40 0.11-8.8
: ' x = 11.38 x = 2.49
Ells 0.71-110.0 —0.53-21.9
x = 56:19 x = 12.4
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, The E1ls and Muskeg Rivers possessed the ldrgest and smallest

Cyanophycean populations and similarly the highest and Towest rates of

™

nitrogen fixation respectively.

The data acquired through these investigations were Mployed to

determine the/;e]ationship between epilithic nitrogen fixation and

factors prev{ously shown to affect fixation rates for each rdver and for
all rivers combined. With the exception of temperature all other

parameters were log transfprmed in order to yield a normally distributed
data ba;e.

Epilithic algal nitrogen fixation was‘consistent]y negatively
correlated with ambjient nifrate-nitrogen concentrations. Negative

relationships also occurred for Cyanophyta numbers and nitrogen fixation

in the Steepbank, Hangingstone and Ells Rivefs where Nostoc commune
were a]ways'oﬁserved;'temperature,was negativély correlated with
nitrogen ffxation in the Muskeg River. Inteqesting]y,-ﬂgs&gg.spp. were
very tare in the Muskeg River, while fj]amenbbus end colonial
Cyanophytes were abundant.

Muttiple linear regresSion was also performed to determine which of
the parameters already outlined affectéd nitrogen fixation appreciab]y
(Apdendix 9) Among each'of the rivers the primary variable affecting

nitrogen f1xat1on was ambient n1trate nitrite n1trogen concentratlon

For all rivers: comb1ned however, the pr1mary varlable affecting n1trogen:

fixation was ch]orophy]] a fo]lowed closely by temperature and nitrate-"

nitrite nitrogen.

4.3.5.2 Microhabitat Differences S / o

N1trogen f1xat1on by the ep111th1c a]gae was also measured at

shore, m1dstream and art1f1c1a]1y shaded m1dstream s1tes in the Muskeg
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|
River (1978). Species compositionﬁwas similard at the three sites but

the dominant Cyanophycean algae differed (Table 36).

Table 36.

Dominant specie§, numbers and nitrogen fixation ambng .
three Muskeg River microhabitats during 1978

{

Site Dominant X . Nitrogen Fixation
Muskeg cyanophycean cyanophycean Light Dark |
River algae Numbers , ’
Cells 1010 m=2  "u mol Ny m=2 hr-1
Shore . .
“ Lyngbya aerugineo-  1.48 . 0.40 0.1

(15 cm depth) caerula

Phormidium sp (s)

Calothrix braunii
Midstream _ : 1.70 0.63 ,» 0.38

Lyngbya-aerugineo-

caerula .
Phormidium sp (s)

Calothrix braunii

Artificially Aphanothece 127 0.15 . .0.07
Shaded ~nidulans ‘ ‘
. i Calothiix braunii

Microcystis incerta

195
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N

¢ . .
Heterocystous and non-heterocystous filamentous species were
-« similar at the shore and midstream sites. (ie. angbxgy Phormidium,

Calothrix).. Colonial (Aphanothece, Microcystis) and filamentous

Calothrix forms were dominant under the artificial shade. At the shore
and midstream sites Cyanophycean numbers fluctuated similarly but the
Juhe and September peaks were more pronounced at the latter site (figure
66). Under shade, numbers fluctuated far least with the maximum.
occurring'ih October. Mean numbers were highest at midstream and 1east
under shade (Table 36). . The differences in algal numbers were
statistically different far shore vs mfdstream (p=.025), midstream vs
shaded midstream (p=.005), and shore vs midstream (p=0.05).

vNitrogen ffxation (both 1ight and dark) was highest at the
midstream (unshaded) site (Table 36) with pronounced June, July, and
September peaks (Figdre’66). Significant differehces occurred between
the midstream shaded and unshaded sites (p=0.005), and between the shore
and unshaded midsgream (p=0.05). The difference between the shore and
shaded midstream epi1ithic nitrogen fixation was notAstatistica11y
significant

v ' ~

% 4.3.5.3 Substrata Compar1son ' ‘ ' 5\.&4

As 1nd1cated ear11er both 11mestone rocks and natura]]y occurr1ng
‘o1lsand or b1tumen supported an abundance of Cyanophycean a1gae in the
Steepbank R1ver, therefore nitrogen f1xat1on was assayed for these
substrata. Numbers peaked in July on. both Substrata (exc]ud1ng ﬂgstgg
’C6mmune“(Figure 67) : Afterwards numbers decreased rapldly upon the

' b1tumen, and thereafter rema1ned low In contrast upon ‘the 1limestone

»they rema1ned high and even peaked aga1n in October. The temeoral

f]u;tuat1ons_of Nostoc commune‘were identical upon bothfsubstra(a.



‘ Figure 66.
Epilithic nitrogen fixation and Cyanophycean numbers
.in shore (less"than 15 cm depth) midstream and
artificially shaded midstream commumrities
of the Muskeg Riwver during 1978.

\
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Fiaure 67.
Mitrogen fixation and Cyanophycean algal numbers for
epilithic algao attached to Timestone rock and
o0ilsand substratum in the Steepbank River.
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However, Nostoc numbers were greatest upon the bitumen during the period

Y

of peak standing.crop (Figure 67). The differences did not prove to be
Statfstically significant. Statisticall

significant differences were
however found for total Cyanophycean numbers (p = 0.05) between the two
substrata. The following Table 37 indicates mean algal numbers and mean
nitrbgen ftxation rates for the Steebbank River open wateﬁ period of~
1978 are Eiesented in Table 35. Identical sampling dates -and assay

times were compared,

Table 37
Mean algal numbers and nitrogen fixation for oilsand and rock
substrata in the Steepbank River during 1978 ] s
: Total > A . :
Nostoc Commune Cyanophycean No. Nitrogen Fixation
CoTonies 10%m-2 cells 108m-2 umo] sz‘zhr‘
. &
Substrata i co Light Dark
Rock  13.6 156.1 . 13.4 3.3
Oilsand 32.0 . 60.0 20,1 .- 5.1

Nitrogen fixation although higher on average for epilithon attached

to oilsand underwent similar temporal trends in the Steepbank River

characterized by sdﬁmer*(duly;bAugust) peaks (Figure 67).

Y

. 4. 3 5.4 D1urna1 Exper1ment
‘Diurnal ep111th1c nitrogen f1xat1on was a]so assayed dur1ng Ju]y.

28, 29, 1979, in the Muskeg River. On that date Lyngbya a erug1neo-'

- caerula, Phorm1d1um sp., Chaemos1gbon 1ncrustans and Ca]othr1x braun11.

dom1nated almost exc1u51ve1y

3

water temperature when the exper1ment began at 08: 00 hours was’ 18°C

1ncreas1ng between 10:00 and 12 00 hours (F1gure 68) to a max1mum of

-~

19°C between 18 OO and 20 .00 hours, whereupon 1t declIned to 10°C by

\



Figure 68. _
The diurnal pattern of epilithic algal nitrogen
fixation, pH, alkalinity and temperature
for the Muskeg River’during. 1979.
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04:00 hours during predawn of July 29. Bicarbenate alkalinity varied
lTittle while pH increased from 6.8 at 08:00 hours to a maximum of 7.2 at
14:00 hours before decr“easing to., and remaining at 6.9 (except for a
decline at OZ:QO hours (Figure 68). Incident irradiance was greatest
between 10:00 and 11:00 hours:bp both July 28 and 29, _

During the first incubation period (08:00 to 13:00 hrs.) light
fixation was high (’2.85 umol of N» m-2hr-1) (Figure 68). It decreased
slightly between 13:00 and 18:00 hours and more sharply between 18:00
and 23:00 hours to 1.15 umol Nj m-2hr-1, This followed by an abrupt
increase corresponding to an increase in irradiance levels as dawn‘drew
into early morning. In fact the highest fixation rate of 3.15 umol. No
m-2hs-1 occurred during the morning period. Afterwards rates‘decréased
even though irradiance levels confinaed increasing. Less var:iabi]ity
was observed for dark fixation rates (Figu‘re 68).

Nitrogen fixation effi‘ciency (umol N» mg'1 Chl a m"zhr'l) in clear
giass bottles was maximum between 18-00 and 23:00 hours whereas dark

' bott]e efficiency was highest between 23:00 and 04:00 hours (Fjéuré 68).

4. 1-,6 Cluster and Principal Components Analysis .

Cluyster and principal components ana1yses was applied to a set of
fourteen physica],‘ chemical and bi’o]ogical att:r‘ibutes of the five rivers
under fl,hvéstigation.‘ A total of 92 cases were .’included in the program
.aﬁnalysis for the Muskeg, Steepbank, Hangingstone, El1s and _"’Ma_c;Kay, 1978
‘and. 1979 data poo] The first three component eigenval‘ues gréater than
1.5 were utilized for ecological interpretation of the s1m11ar1t1es and
d1fferences among the rivers. Ibaney (1383) and Lengendre and Legendre

“(1979). recommended the use~of eigenvalues. gréater than 1. Since they

usuaHy explain the maJor1ty of the data variance w1th1n the ﬁrst two
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or three vectors (de Emiliani and Depestris, 1982, Charlton, Hami]ton,'
Cross, 1985). )
Table 38

; Eigenvector coefficients, eigenvalues, total variance and
i cummulative variance accounted for by the first five components

Eigenvector . I S 1r Iv v

Coefficiénts

Prod. (14C uptake)  .104 0.169., . -0.164  -0.490 -0.102
Std. Crp (Chl a) .023 -0.241 -0.211 -0.129  .620
Temperature .332 -0.173 .426 -0.035 -0.082
Discharge ' .232 .528 -0.138 -0.025  .132
Velocity .273 .513 -0.160 .007 .161
Nitrogen -0.136  .260 .297 .402 .164
Phosphorus 01188  -0.097 -0.257 583 . -0.078
Silica " -0.463  .008 -0.011  -0.006  .244
pH - - "i.292 T -0.209 - .426 .252 .070
T. Alkalinity ~ -0.454  -0.188 .052 0,077 -0.087
N-Fixation 288 - -0.201  .087  .183 212
Nmbs (cn1orophyt;7 S.191 o -0.231. -0.216 -0.022 .39

~ Nmbs_(Cyanophyta) 210 “ L0135 . -0.306 - .062 -0.502
‘Nmbs ? T . =

‘(Bacillariophyta)  .167 -0.173 ' -0.466 .364 -0.02

Eigenvalue, = 3.21 2.32 .74 128 101
-Tota Variante L B ' -
A3 . 1 22.93  16.58 12.39 _9.16 7.96

| fota1_Vériance ' E | ‘ L | o

(cummulative %) 22.93 39.51 - 51.90 61.06  69.02

@ .
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The first three principal components accounted for nearly 52% of

A~ ‘the total data pool variance (Table 38) and can be interpreted as

Y

representing the lotic seasonal influence. The first component with
22.93% of the variance can be interpreted as repfresenting the ’s-pate
(spring/fall) influence. This finding emerges from the highly positive
weight exefted by the contributions of river temperature, pH, nitrogen
fixation, velocity and discharge. During 'the spring and fall periods,
North Eastern Alberté river temperatures and nitrogen fixation are ‘1ow
while velocity, discharge and pH are high, indicating that high
discharge, velocity and low temperature may stimulate biological re]at‘;ed
pH increases by non-nitrogen fixers such as diatoms. Moreover, high
negativg scores fO// vector I were attributed to the variable Si]i_ca,
alka]i.nit_y, nitrp/gén and phosphorous. . |
The second component with 16.58% of the variance can be dnterpreted

as representing the lotic influence. - This finding emerges from the -

: hiéh]y positive weight exerted by the contributions of lotic discharge, -

velocity, nitrogen and the negative scores ('[ébl_e 38) for nitrogen
f'ixation, algal standing Crop and numbers of Chlorophyta. The

climatological factors which increase discharge and velocity also

‘increase lotic nitrogen and silica concentrations. Conversely high

discharge and leocity dispupt the benthic algal Cdmmunities'f‘eduéing
n‘it'r’ogen' "fixation,‘ chlbor_ophyu.a and pa'r“ti.cularﬂy‘the :nlumbers of
Chlordphycean algae. | “ -

The.'third.'c‘ompbnéht explained 12.39% of the variance and can be -
inte'rprete,d a\‘gai‘n,avs_ thg' nutr.ientk infTuenCe.v Temhérature, ‘pH, ahd
niﬁrog,eln va%ia’b]es prd"vided. a signiffcant cont_ributi'ofn to the

éigenv_e(:tdr“ Diatoms, blue green algal numbers and phosphorus provided :
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negative scores (Table 43). .
Four major clusters were defined using the same’data subjected to
principal compernts analysis. Cluster analysis placed the data from'
all the rivers (1978/79) into grdups (clusters) based upon simiTarié%es
among the fourteen physical, chemical and biological values included in
the program. This teéﬁpique consisted of calculating a simi];rily
matrix between samples using the squared Euclidean Distance Method
(Sneath and Sofa], 1973). Clustering was then performed by using Ward's
éierarchica] Fusion Method (Ward 1963).
. The nature of the three vectors is illustrated in Figure 69 and the
‘ distribuf?on 6?—tlusters q]ong vectors I, Il and III is presented in
figﬁre 70. | -«
Cluster 3 consisted of 15‘cases.where the Muskeg, Steepbank, MacKay
and 1979 Hangingstone winter data (16 Nov. - 16:Aprf1) grouped together.
Silica, total alkalinity, phosphorous and n1trogen were the pr1nc1pa1
components explaining thlecluster Within this c]uster the mean va]ues
for the principal‘components were,8.1 mg L-1, 4.3 meq L- 1, .08 mg L~ 1
and 0.21 mg L-1 respect1ve1y ‘ . ‘
C]uster 2 consisted of 19 cases whlch were skewed to the pos1t1ve
side of vector II. D1scharge, ve1OC}Ly, nitrogen and s111ca were the
mosfbimporpgﬁt components defining this cluster.. The mean va]uevaere
22,67 m=3s-1, 0,98 cms~l, .30 mg’ L-1, and 4. S‘mg L-1 respectively.
Cluster- 2 cons1sted of spring (17 Apr11 - 30 June) and fall (%9 Aug.
15 Nov) data (F1gure 69 and 70) from the Muskeg, Steepbi%} fa11/78
Hang1ngst0ne MacKay and spring/79 El1s, Hence c1uster 2 emphas1zes the

. L\ -
s1m11ar1ty among the Muskeg, Steepbank, and MacKay R1vers dur1ng the

I4

spring and fall when spates oceur.
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Cluster 4 was widely divided among the negative sides of all except
vector I. Cdnsﬁsting of 17 cases (Figure 70) c]usték 4 confained Ells
and Hang1ngstone data from all seasons and MacKay R1ver (fall/winter).
Four of the 17 cases represented summer data. C]uster 4 prov1des
evidence that a1though the Ells, Hangingstoné and MacKay (fall/winter)
Rivers are dissimilar with respec; to biotjc communit%és, temperature,
pH and nitrogen as wetl as nitrogen fixation are similar. Cluster four
contains data having the greategt numbers of benthic a]gﬁe an average
‘temperature of 7.59C; pH of 7.4 and»nitrogen .18 mg L-1. ..Indeed this‘
c]uster provldes ev1dence of the physico-chemical factors which are
particularly benef1c1a] to benth1c alga] community development.

Cluster 1 consisted of 41 cases (Fjgure 69, 70) which were skewed
from ﬁedian position to positive along vectors I and III. This grquhing
includes data from all rivers particularily for the‘spring/summer'
seasons. Cluster 1 containsrdata*havihg,tﬁe highest average téﬁ%erafure
(15.19C), the highest pH (7.9), an average discharge of 47 m3s-1, and
ve10c1ty of 37 cms‘f1 Cluster one provides evidente'that the five -
rivers exam1ned dur1ng th1s study are similar with respect to a few
physical and chemical characteristics during the summer, gnd theSe
factors afe fhe primary components,exp]aining thefr pafticu1ér

»

A 1imnology;



Figure 69.
The relative location of clusters I, II, and III
and their principal components.
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" The relative location of the first four clusters

211

Figure 70.

derived for the Ells, MacKay, Hangingstone,
Steepbank and Muskeg rivers,
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5. Discussion

5.1 Longitudinal Characteristics

Rivers occurring in the oil sands region of northeastern Alberta
are atypical at their origin compared to the’'numerous descriptioﬁé
quoted ip Whitton (1975). The five rivers are npt.characterized by
swift currents, steep_gradients and pronounced erosion at thei% source.
They originate in Muskeg, except for the Ells River which emerges from
the Gardiner Lakesfl The Muskeg,VSteepbank, Hangingstone, and MacKay are
slow flowing, mean@ering creeks with predominantly an organic substratum
at their-origin. Evideﬁ?@‘of any erosion did not appear until the middle
to 10Qer reaches of all rivers. Haaslam, (1978) reported that channel
siie, width and depth generélly»increase in a downstream direction, in

this reSpect these rivers are typical except for the Ells which was

considerably wider in the upper reach.

A

~o

Calcium was the major cation in all but the«MacKa}Rtyé?ﬁyhere
sodjum was -the most abundant. A consistent pattern emgrged'with respect
- to major énibns whether the resu]ts‘weﬁe'expressed as mg or meq 1-1 wfth
HCO3™ > SO4= >C1=. in all but the Muskeg R%ﬂ@r. nge ch1oride replaced
gulphate mainly due to the high concentrations originating from the
..catchment area sedimenté or ground waters. Schwartz (1979) reported

‘tha; 12 to 40% of the‘Muskeg'Rivér~$tream flow during_Tate spring,

N

<

summer and autumn comprises ground waters derived from a watertable

situated at a depth of 0.5 to 3.5 méters. This factor3con;kibutes to

P

—

increasing ionic concentration in a.downstream direction, particularly = -
‘ ch10}ide. No;hing'is-known about the grpund‘water regimes of the other
four rivers. However, least -effect wod]Q undoubtedly be’ found in the

Ells River. | S
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Several algae were cosmopolitan, being found in all rivers (e.q.

Q
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Lyngbya aerugieo-caerulea,'Chamzdomonas Sp., Cthbe]]a vulgaris,

Achnanthes lanceolata, Cocconeis pediculus, Cocconeis placentula,

Cyclotella meneghiniana, Cymbella ventricosa, Epithemia argus,

Fragilaria capucina, Gomphonema lanceolatum, Gomphenema olivaceum,

Navicuia cryptocephala, Nitzschia palea, and Synedra ulna). All the
_— ¥
cosmopolitan algae formed a dominant population at, at least one site in

each river, extept Epithemia argus. Only Lyngbya aerugineo-caéru]a and

Cocconeis placentula did so in all rivers. The former species is

tolerant of both hard water and dystrophic conditions, (Prescott, 1962);

the laftér prefers moderately alkaline waters (pH 7-9), unpoliuted

o

waters, (Schoeman,1973). Some species had very restricted distributibns

being found in only one river. For example, Gomphosphaeria,lacustris v.

compacta, Crucigenia quadrata, Cryptomonas erosa, Achnanthe; SP.,

Cymbella turgida, Eunotia lunaris, Fragi]aria leptostauron, Gomphonema

acuminatum v. coronata, Gomphonema ventr1cosum, Nav1cu]a grac111s,

- Pinnularia meso]epta, and Tabellaria fenestrata were found on]y in the

Muskeg R1ver xa]otheca sp s Ped1astrum biradiatum, Gomphonema grac11e,

_and N1tzsch1a hantzsch1ana were conf1ned to the Steepbank R1ver,f

Microspora pachyderma, Aster1one11a formosa, Cyclote]]a comta,

~Cyc1ote11a kut21ng1anum, D1atoma e]ongatum, Diatoma vu]gare V. ova11s,,

Fragilaria construens,.Fragi1aria construens v. b1nod1s, Navicula minima

B

V. atomoidés,-and'Stephanodjscus astraea were confined to the Ells

River; Pediaétrum"boryanum was confihed to the Hangingstone River; and

to the MacKay R1ver were conflned Chroococcus limneticus, Gomphosphaer1a

apon1na Osc111ator1a amph1b1a Chlore]]a e]]ipso1dea, Gloecyst1s gigas,

0edogon1um sp., Ped1astrum b1rad1atum v. emarg1natum f. convexum,
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Scenedesmus acutiformis, Scenedesmus quadricauda, .Sphaerocystis

»

~ schroeteri, Sphaeroplea annulina, Ulothrix sp., Dinobfxon sertularia,

Mallomonas sp., Cymbella lanceolata, Eunotia pectinalis v. minor,

-Eunotia valida, Hantzschia amphioxys, Neidium affine, Neidium affine v.

amphikhynchus, Stauroneis anceps, and Surirella ovalis.

In general, these rivers were dominated by Cyanophycean algae
except for the MacKay River. In fact, this group.accounted for 97.3% of
the total epilithic community in the Steepbank River. The dominant

species were Lyngbya aerugined-caeru]a,fAnabaena aff%nis, Calothrix

- L N
braunii, and Nostoc spp. In the Muskeg River blue green algae accounted

for 87.4% with Lyngbya aerugineo-caerulea most important compared to

~ Anabaena affinis and Calothrix braunii. On average, Chlorophycean algae

only accounted for 8.1% although at some sites some accounted for as

much as 41.1% (e.g. site.4 - Cladophora glomerata). Diatoms accounted
8 ' . .
for only 4.3%. Cyanophycean a]gaeAwere,less important in the Ells River

o

(75.4%). Here diatoms were important (21.7%). Again Lyngbya aerugineo- -

caerulea was the 1mportant Cyanophyte A var1ety of d{atoms were

1mportant depending upon the s1te but 1nc1uded Achnanthes 1anceo1ata,~

3

Cymbe11a s1nuata, gxmbella ventr1cosa, D1atoma vu]gare, Diatoma vulqare

V. grand1s, Gomphonema o11vaceum, Coccone1s_glacentu1a, Cyclote]]a

kutz1nglanum, Fragilaria p1nnata, N1tzsch1a palea, N1tzschia recta,'

Nav1cu1a m1n1ma v. atomo1des, and Cyclotella menegh1n1ana. D1atoms were

even more 1mportant compared to: b]ue green algae in the Hang1ngstone,"

"R1ver (37 0 and 47, 04 respect1ve]y) Lyngbya 1erug1neo caeru1ea

' Anabaena aff1nis and Osc1llator1a sp were the 1mportant blue green

algae and Navicula grac1lo1des, Achnanthes 1anceolata, Epwthem1a sorexi

' Cocconeis placentula and Synedra iilna comprised the important diatoms.
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Overall Chlorophycean "and thdophycean algae were min8r components

(11. 9 and 3 3% respect1ve1y) even though, for example Batrachospermum

216.

v agum accounted for 23.4% at site 3 of the Hangingstone River. The

T MacKay River was the most diverse and on average all algae groups

contributed at least 2.0%. Chlorophycean algae were the most important
(58.1%). Several species contributed with none being absolutely

dominant (e.g. Chlorella vulgaris, Ch]a@ydomonas spp.), Cryptophycean

algae (Cryptomonas ovata and Rhodomonas minutum) comprised 10. 2%

‘C{anophycean algae (mainly Lyngbya aerugineo-caerulea, Osc1]1ator1a SPp.,

and Anaﬁaena affinis), 8.3%; diatoms (Pinnularia gibba, Navicula

- cryptocephala, Fragilarig Qaucheriae, Cocconeis pedicu]us,'gpithemia

sorex) 6.3%; Chrysophyta'and Euglenophyta both 5.1%; and Pyrrophyta and,

Rhodbphyta 2.5% and 2.0% respectively. "oy

Chlorophyll a analyses provided evidence that the fiVé‘r1VérS°

supported higher standing crobs in the upper and midd]t-reaches

'Crowther, (1980) reported similar findings for benth1c 1nvertq§?§tes

. Hence the r1vers investigated dur1ng this study are more productlve in

the upper and/or middle reaches where the relative contribution of
detritus is also highest. High middle reach algal standing crops were

assoc1ated with an open1ng of the forest canopy (wh1ch a]]owed more
f

light to reach the substratum) and a predom1nance of rock substratum

o

R1versx1n North Eastern A]berta therefore exhibit a&h1gh degree’ of

1, chemical and biotic Iong1tud1na] var1at1on wh1ch probably
‘f

physj

functjdns to maintain lotic system stability.

S e
-35*,5..@»., e
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5.1.1 Epilithic Algal Sampllng Technique Comparison

An investigation of three different samp11ng techn1ques applied to
four microhabitats throgghout this study of the Muskeg River provided
further evidence of the extremely hetérogeheous nature of epilighic
algal communities. Well defined differences“among standing crop
estimates were found as shore, midstream, riffle and artificially shaded
microhabitats were compared. The differences were more e&ident on a
daily or weekly bas1s than for long term studies. The various sampling
techn1ques prov1ded evidence of the complex variability wh1ch occurs in
rivers both,tempofally and spatially. No particular technique was
significantly 6ifferent as a method for est1mat1ng epilithic algal
standlng crops;. . however,»the differences with respect to time and
equ1pment were profound The quadrat technique was extremely monotonous
and very time-consumjng; The single rock brush technique was less
demanding than the guadfat; however, thelneed to.transport rocks from
remote areas for afeé dbtermihét1on js ‘pardly economical. The scrape -
technique on the other hahd wés efffcient,'rapidiand réquired a miﬁimuﬁ
of sampling equipment. It is particuTar]y useful fof:remote areas and

pec1f1ca]1y when a limited space is ava11ab1e in which to transport
supplles (i.e. a hellcopter) A1T of. the sampllng techniques are
potentially b1ased by the collector dur1ng substrate collection and °
selection of the scraping site .on the rock surface. Moreover, the
presence of macro-algae i.e.'Cladthbra spp. and Nostoc spp. clog
pipettes during the subsampling further i;t;oducihg potential error.
Thus it would appeﬁt that any ot these techniques is useful for long
term studies. ;Care, must'howevér be taken to survey all microhabitats
and pérticu]ar]y during the periods of abuqd{nt epilithic commqnity

development.



5.2 Seasonal Patterns or Temporal Changes .

5.2.1 Physical and Chemical Changes

5.2.1.1 Temperature

“Throughout the five rivers water temperatures were lowest during
the period of ice cover (generally November through April) and the
highest during late July or early August. Boon and Shires (1976)
indicated that flow rate, however smail, maintains river temperatures ir
northeast Eng]and, and also teeporary flow pools may contribute to
increased river water temperature. Temporary pools were more abundant

throughout the upper reaches of both the Muskeg and MacKay Rivers

-1

(Charlton, chkman, Jenkerson 1981) and may account for the greater mean
temperatures in these rivers. Water tempecqtures annually declined with
increasing September(discharge and increased at the onset of spring
breakup and increased discharge, illustre*ing the role of runoff and

radiation in, the maintenance of water temperatures. There was no

evidence'suggesting that “increasing discharge during late winter.

resulted in merked temperature inrreases prior to tHe breakup; which
agrFees with the findings of Langford (1970) Thus, d1rect rad1at1on and
re- rad1at10n from the streambed are the.two prlnc1p1e factors
contr1but1ng to the observed temperatures

5.2.1.2 Discharge

Discharge (current speed) exerts a profound mechanical force in.

Jotic systems which is both destructive (McIntire, 1966) and beneficial
(Ruttner 1960) t0‘orgahisms It affects both speties composition and
morphology (McIntire 1966) as well as b1omass accumu]at1on (Reisen et
al (1970). In add1t10n to the phxs1ca1 forces exerted by d1scharge, its
increese causes d11ut1pn of ions and nutrients thus the nutrient status

of water.

)
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Discharge peaks occorred bi-annually fn April/May and September/
October in all five rivers. High spring discharge is attributed to
runoff and gnowme]t while high fall discharge is attributed to runoff
increaee resuiting from a reduction of the deciduous plant water optoke
throughout each basin. ’The fall and spring spates in the Hangingstone

and Muskeg Rivers in fact wewe of comparable size. Spring spates, were
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larger than fall ones in the remaining rivers. The MacKay which drains

the largest area also possessed on average the greatest discharge rates.

5.2.1.3 Specific Conductance

High w{nter specific conductance was characteristic of all riners,
except the lake-fed Ells River. Schwartz (1979) attributed high winter
conductivity to the increasing,role,played by groundwater inputs in
relatiom tofniyeridischarge. Conversely ouring peniods of ascending
discharge, conouctance decreased due to dilution effects. Specific

conductance1was negat1ve1y corre]ated in a logarithmic manner w1th

~discharge rates in all but the Ells River (F1gure 71, Appendlx 10). The

headwater lakes of the E1ls had a bufferlng effect upon d1scharge ‘rates

\ 1]

which-maintained spec1f1c conductance within a very narrow range and

wh11e conductance among all the rivers 1ncreased in a downstream .

d1rect1on the amp11tude and values rema1ned 1ower throughout the E11s.

" Thus the orlg1n of a r?ven p1ays a maJor role with respect to spec1f1c
conductance. ‘ A \ |

\

5.2.1.4 Calcium ,\ ,_

Calcium concenthations\gn all of the rivers investigated were

'h1ghesf*dur1ng the winter per1od Schwartz (1979) indicated that

-

a1c1um is one of the dom1nan¥ cations found in groundwater exam1ned

‘throughout the Muskeg River catchment area. Ca]cium, 1ike‘conductance

»n



Figure 71.
- Relationships between conductance

- “ 44
%ﬁ and discharge. ~\~,/)7
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was negatively correlated in a logarithmic manner witﬁ'discharge rates
in all but the El1s River (Appendi'x‘.l'O). Thus ‘it would appear tt\at
grdundwater again plays a major role with respect to maintaining winter
discharge among the Muskeg, Stéeplebank, Hanginéstone kand MacKay Rivers.
Calcium among all the rivers averaged 18.9 mg L-1.  This represents a

value less than that reported for European rivers /(bi.e. 31 mg L-1) as
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well as North American rivers (i.e: 21 mg L-1) (Whitton, 1975). Calcium -

cancentrations excluding the ‘E11s River were however similar to those
reported for.North America (i.e. 20.5 mg L-1).

5.2.1.5 Sodium

Sodium was also significantly correlated with discharge among all .

five rivers., Temporal fluctuations were however irreguiar in all but

LY

the El1s River. Neﬂ]'and Evans (1979) indicated that sodium increases

associated with sprmg thaw are derived from surf1c1a1 runoff and lake

contributions. High w1nter va]ues are undoubted]y derwed from
_groundwater sources. Wetzel (197_5), indicated that sodium concentratmns
vary Httl.e seasonaHy in 1ake's due to the "conservative nature. of this
ion, hence sodwm concentratlons fluctuate 11tt1e in the Ells River

,wh}ch orlgmates as a lake.
e
C Y

On a worldwide bas1s lotic sodlum is hlgh1y var1ab1e. EUropea'n

:f’?\‘_s,.,'r‘ivers‘ayerage 5.4 mg L~ 1, North Amer1can rivers average 9 mg L-1

Whitton (1975) w1th the exception of the EHs Rwer the average sod1um ‘

) concentratwn among, these lot1c systems is 24.6 mg L- 1 H1gh values for

.‘_ o

'th1s re,g1on are’ poss1b1y related to cons1derab1e subsurface groundwater‘

: f1ow (Neﬂ] and Evans, 1979) wh1ch is extremely h1gh 1n ch]or1de (i.e.
110,000 mg L-l) and tota1 d1sso]ved sohds (19 000 mg L 1) (Smith, 1979).
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5.2.1.6. Potassium

With the exception of the Hangingstone River potaseium
concentrations were unrelated to discharge. In the Hangingstone River
the relationship was linear (Appendix 10). Potassium undoubtedly enters
these rivers in surface runoff being mobilized in particulate form or

leached from the soils during the'me1ting of the snow as well as periods
. i . /'
of high rainfall. This cdn easily occur during the summer months

because 50 to 75% of the ﬂnnua] rainfall occurs during this period,

(Smith, 1979). Potassium honcentrations also fluctuated most widely

\

during 1978 (spring) coinciaent with above aveérage rainfall further

evidencing susiagedrgﬂgffzmoﬁﬁl1zat1on.
Potassium concentrations among the five rivers averaged 1.2 mg L-1

with the highest oCCUring 1n the Steepbank. The average among the North

Eastern Alberta rivers wés 1ower than average values 1nd1cated by

(wh1tton, 1975) for European rivers (1.7 mg L-1) and North American

rivers (1.4 mg L-1). , 3

5.2.1. 7 Magnesium

Ca1c1um magnesxum and sod1um were the dominant cat1ons found in-

Muskeg R1ver basin groundwater respectively (Schwartz, 1979) Magnes1um

concentrat1ons in particular were h1gh1y corre]ated with d1scharge for

all the rivers. "Lot1C‘concentratlons were a150»part1cu1ar1y h1gh durlng'

‘the w1nter months 1n a]l rivers except the Ells. Values fluctuated

least in th1s r1ver, averag1ng 3. 6 mg L-1, In the nema1n1ng r1vers the'

concentrat1on of magnes1um averaged 8.0 mg L‘I, hence exceed1ng the mean

values reported for European rivers (i.e. 5.6 mg L~ 1) and North American

“rivers (1 e. 5.0 mg L'.) (Wh1tton, 1975) - Magnesium compounds are more '

| solub]e than the1r ca]c1um counterparts and prec1p1tate only at pH

values greater than 10.
o N
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Since pH values were never this high in any of the rivers, summer
fluctuations can only be attributed to algal uptake and allochthonous
inputs. Moreover, magnesium adsorbs silicate at Tow Si0p concentrations
(3.0 mg L‘l)'thus affecting its availability to dfatoms. Si0p va]ues
less than 3.0 mg L-1 were detected in all of the rivers studied.

5.2.1.8. Iron

[ty

Iron was not ]iﬁiting in any of the rivers. Mean concentrations
among‘the‘five rivers ranged from 0.08 mg L~ (E11s) to .18 mg L-]
(Muskeg). The highest values were detected during the winter except in
the Ells River. Due to the' presence 6f high dissolved organic matter
content origfnating in the bogs which constitute a greater portion of .
each river basin, biologically available iron is abundant. Sapiro
(1957) in Wetzel (1975) indicated that high jrdn conceptrationslare
associated with high levels of humic acids, tannic\acids,ﬁﬁgg\(lQGO) in
‘Wetzel (1975) and other lignin derivatives. Thg/$f;;/;0mplex;;“jn fagt‘
impart an intense ye]low-bran co]pr'off;dch fﬁvek. Moreover,iwetze]
(1975) jnditateJ that‘the typical range of total iron found ih

:, oxygenated surface waters is abbut.0.0S‘to 0.2 mg L-1, A1l of the
rivers exceed this rangé due to the presence of bdg waters‘withih the

river basins. * ‘/f,

'5.2.1.9. Manganese

Hutchinson (1957) indicated that manganese concentrations .in

aquaiic éystems.aée variable in relation to lithology and drainage 

“f}:papferns. wetzel'(1975) reporfed that va]ueéigenera11y range between
0.1 and 0.85 mg L-! and average 0.035 mg L-1. lCompaEed to these values
"manganese COncentrétion in North Eastern Aibekta rivers is higher than
average (i.é,»0.14 mg L'l).'Sourcés of'manganesg accdunting foriéleQated

ya]des include 1dca1‘aIkaline'soils'wetzel‘(1975),'grqundwater'séurces
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(!
(Schwartz, 1979) and drainage from ;he coniferous forests which occur
within every drainage basin in the area (Wetzel, 1975).
Although manganese concentrations were high on average, values as

low as 0.002 mg.L'1 were detected in both the MacKay and Steepbank
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Rivers. Wetzel (1975) indicated that concentrations less than 0.05 mg

L-1 are inhibitory to the development of green and blue-green algae iﬁi

streams while strongly favoring diatom growth. Minimum concehtrations
were found in these lotic systems during the spring spate coincidentally
.4 .

with high relative percent contribution by diatoms in all rivers.

Although values less than 0.05 mg L-1 were detected in,all rivers during

the study it did,notlgntirely inhibit the blue-green algae perhaps due

to the short duration of times in which concentrations were inhibitory.

5.2.1.10 Sulphate

The sources of sulphate ions in relation to lotic ecosystems
include weathering of local rocks, soils, decomposftion of organic

matter, atmospheric precipitation and fall out from local industries.

Whitton (1975) reported that North American Rivers average 20 mg L-1 and

European Rivers 24 mg L-1 sulphate!’ In fhe MacKay River yalues were

higher than the North American or Guropean average. (ie 27.3 mg'L-1).

Moreover sulphate was negatively corre]ated’witﬁ discharge (r = -0.806,

p <0.005). Values were‘]ower in the'remaining rivers and similarly the

re]at1opsh1p between d1scharge and sulphate was negatlve 1n the

Steepbank (r = -0. 780 p<0 005) and Hang1ngstone (r = -0, 919 p<0. 005)

Sulphate and dlscharge Were not re1ated stat1st1ca11y in the Muskeg and

El]s R1vers. Sulphate concentrat1ons genera]]y increased during the

w1nter period in all r1vers wetzel (1975) attr1buted this pattern to

bacter1al metabolism. It is 11ke1y however that groundwater 1nputs also



influence winter concentrations. Spring.and fall inputs attributed to
runoff and precipitation are masked by the dilution effects of elevated

discharge. _

5.2.1.11 Chloride

(¢}

While chloride influences general osmotic sa]inity balance and .ion

exchange, aquatlc blota do not result in 1t§nav1ng 51gn1f1cant spat1a1

4 "“’

or temporal variation in systems Wetzel (1975) Chloride originates

from the weathering and 1¢aching of ca]c;reous deposits as well as
atmospheric precipitation. In the AOSERP study area,“Tafge winter
chloride maximums were detected for the Steepbank;'Hangingsﬁonerand
MacKay R1vers thereby 1nd1cat1ng potential iqf]uences gttributeq to

~_4:..»:i~ ’
'._xher than weathering of local calcareous deposits.

_ ground water 1nputs

Although chloride increased during the winter in the Muskeg River,
"summer concentrations were greater than winter ones,. indicating the
effects of weathering and leaching of local calcareous deposits in this

basin. A]l potential sources of chloride had Titt1e'jnf]uencé on the
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Ells- River as chloride was undetectable. Since a great range of mean

Values -ie. 0 to 11. 5 mg L‘l were found for this area it -would éppear
¢

.that an add1t1ona1 factor 1nf1uences lotic ch]or1de concentratlon

e

Sm1th (1979) 1nd1cated that marine rock formations occur w1de1y and"

contribute ch]or1de via g'lhndwater, the effect of which is most
pronounced~dur1ng the w1ntef.» Va]ues,howeyer rema1n close tofthose

répofted.by Wetzel (1975)<ie 8.3 mg L-1 for fresh water SyStems.'

5.2.1.12 Nitrate Nltrogen R -

One of the most common sources of nltrogen used for growth by algae‘

is nitrate'(Stewart,,1974).-,The sOurces of nitratedﬁitrogen to aquatic

<

systems inc]ude-prec{pitation,°njtroggn fixation and runoff. Nitrate
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'nitrogen is readily leached from soils (Whitton, 1975) hence at the
"~ source of the-Ells River (the Birch Mountains) limited precipitation on
the eastern slopes may account for the lack of distinct seasona]
petterns (Neil and Ewans, 1979). In the remaining rivers distinct fall
peaks were evident coincidentally with the period of increased rain and

runoff as well as leaf drop .throughout the basins. [In the Muskeg River

nitrate-nitrogen fluctuated most dramatically during the 1978 fall.

spate. Moreover nitrate-nftrogen was significantly correlated with
discharge in the Steepbank River, and in a positive manner. Similar
trends were also evident in the Muskeg, Hangingstone and MacKay rivers
but‘on1y at the p 0.25 level. Such trends provide further evidence that

" the majar nitrogen source stems from allochthonous material reaching the

rivers in surface runoff. Further sources of nitrogen originate within .

the rivers themselves from the nitrogen-fixing b]ueeoreen.a1gae and
r _- - -
associated bacteria. The former represent the major algal group of

these rivers.

5,2.1.13 Phosphate phosphorus -

The five northeastern Alberta Rivers d1scussed herein represent

lTotic systems unaffected by phosphorus additions or1g1nat1ng from human'»

activity. The r1vers do however or191nate in areas rmch in organic
N

matter and can therefore be expected to exhibit higher than average

. total phosphorus concentrat1ons (wetzel 1975) The fange of va]ues for

most uncontam1nated surface- waters is between 0. 10 and 0.50. mg L -1

phosphate phosphorus Th1s value however /{rnot directly comparab1e to-

Wetzels (1975} total phosphorus ranges,'as it exc1udes phosphorus

associated with co]101da1 partwcu]ate.materla1 removed by filtration.
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\\reportgd that total phosphorus ranges from 0.005 mg
\

1

t-1 to 0.56 mg L-

Akena (1979)
in the Muskeg River. Hence dissolved phosphorus in
uthe Muskeg River (max va]ue;0f352 mg L-1 Appendix 10a) represents 63% of

the total phosphorus reported\by Akena (1979). By addition, odr values

fall within those reported by Wetzel (1975) for uncontaminated surface

waters.
The sources of phosphate phosphorus to lotic systems include
decomposition of organic matter, sediment release, runoff and

~groundWater inputs These factors with the exception of surface runoff

contributed ;significantly to winter® maxlmum concentrations among atl
I \ kY

rivers. Low Summer values are related to adsorption of phosphate ions

on sediments (Akena, 1979) and b1o1og1ch1 uptake by algae as well as
: o

other aquatic vegetation. Va]ues were part1cu1ar1y high 1n the
\ AN

H§%gingstone River (1e 0. 60 mg L-1) during the\w1nter per1od and as low

’
il

as the Muskeg R1ver ‘during the summer per1od\(0 006 mg L- 1) This
f1nd1ng may suggest a human 1nf1uence 1n the Hamgﬁggstone River basin
over the winter per1od an impact poss1b1y re]ated to the. t0wn of Fort
McMurray. In the ‘Muskeg. and. Steepbank Rivers phosphate phosphhrus was'
negatively related to dxscharge‘(r.- -0.295," p<~0.05, r.=_-0§625, p
< 005'respective1y)' Simijar effects of dildtion on phosphate—phosphords
by 1ncreased water d1scharge have a]so been reported by Wang and Evans%u

(1970) for the Il]1no1s River, USA and CQ@rlton et a] (1985) for ‘the Bow
. . . A
vaer located in Southern A]berta. ) ’

5 2 1. 14 D1sso1ved Silica-

D1sso1ved s111ca, the major e]ement essential for the format1on of :
d1atom frustules, or1g1nates from the degradat1on of a]um1no s111catei

§7 m1nera1s. The amount of s111ca in so1ut1on is chemically mod1f1ed by '

[y

Gs:
s
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surface'adsorption ton inorganic part1cu1a€e§Q of silicic acid which
reduces.so]ubi]ity (Akena, 1979), a]ga] uptake and d11ut1on from sprlng
runoff. Dissolved silica and discharge were negatively correlated (p
.005) in all bdt the MacKay and E11s Rivers (Appendix 10), hence
disputing Akena‘(l979) where he indicated that silica is only e]ightly
affected by streamflow‘and primarily affected'by algal uptake .in the

spring. MWinter high values are primariiy derived from shallow

groundwater entering streamflow during leaseflow periods. -

5.2.1.15 pH and Total Alkalinity
A11 of the rivers considered during the study were yellowish brown

. ‘ ) -
to dark brown in color. Except for the El1s the uppermost reg1ons which

\o

meander through muskeg were darker in color. Despite the acid nature of
their origins; the water at the routine-samp]fng sites was basic due to
the presence of limestone ‘substratum and local gealogy. The pH whichﬁ
ranged from w1nter lows of 6.0 in the E]ls also increased to 9.0 durlng
the summer months. Similar seasonal patternscwere,detected in the other
;rivers. Tota] a]ka11n1ty on the other hand peaked during’ the w1nter
'months when b1olog1ca1 act1v1ty was\reduced and decreased dur1ng the
spring and fall seasons as_b1otog1ca1 act1v1ty accelerated pH and

- total aTkaTinity thérefore-mirror<each*otheri i e.,'the‘primaryz“
| ; producers reduce amb1ent free COZ and\ca1c1um b1carbonate (through the;'
precip1tat1on of CaCOg) wh1]e 1ncreas1ng the PH. Moreover the cont1nua1

add1t10n of free carbon dioxide from the atmosphere a]]ows aquat1c:

mosses.(Font1na11s)\and the red»alga BatrachoSpermum to surv1ve.
F'Ruttner; (1960) 1nd1cated that these spec1es spec1f1ca11y requ1re free'_

;COg in order to: photosynthes1ze
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-5,2.2 Temporal Epilithic Algal Changes

5.2.2.1 Species Composition and Cell Numbers

5.2.2.1.1 Species Composition
®

Numerically, Cyanopnycean algae were the most important epilithic

algae. <iyngbya aerugineo-caerula, Phormidium sp., Calothrix braunii and

“Anabaena affinis and Nostoc sbp., frequently dominated. The epilithic

T.

. . \
communities were often several millimeters thick. Diatoms followed the
{

blue-greens namely, Synedra ulna, Synedra rumpens, Gomphonema olinaceum,

G. acuminatum, G. longiceps v. subc]avata, Nitzschia fonticola, N.

’
© .. palea, Achnanthes 1anceolata, Ep1them1a sorex, E. turgida, Cocconeis

p]acentula and C ged1cu1us Fjerdingstad (1950) found that Phormidium

spp. and N1tzsch1a palea are particularly tolerant of organ1c

4

_enrichment Marker, (1976a) noted that Phorm1d1um grew best in the

2

* shade of r1par1an vegetat1on, and deep poo]s where the substrata was

-re]at1ve1yvstable. Hence it~ wou]d appear that Phorm1d1um is
pagEiE;Iarly-we1l adapted to deve]opment in these river§ which are not
dn]y'%icn in orgﬁnic mafter but also have redueéd light penetration due
B to'epéir,ye1]owish-drowntto‘dark brown color."Scnoeman (1973) noted

)

—"that N1tzsch1a pa1ea and Nltzsch1a font1cola both inhabit oxygen-rich,

: a]ka]ine freshwaters and are good 1ndypators of eutrophic cond1t1ons

“Both Synedra ulna and §3 rumgens favour weakly alkaline water and s,

ulna a% well as Achnantes lanceolata and Cocconeis pediculus are

pdrticu]ar}y intolerant of stfong'oxygen deficiencies (Schoeman, 1973).
The. reméining‘diétom species range from pH-indifferent to weakly
alkaline, indicators. -

In the Hangingétone Rdver Chlorophycean algae rather than diatoms

ere the second most abundant. -Stigeoclonium pachydermum and

[N
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Cladophora glomerata were dominant. These species are morphologically .

similar i.e. branched, firmly attached thalli (Prescott, 1961), which
were tolerant of the rapid abrasive nature of the Hangingstone River.

Rhodophycean algae were found throughout ald rwiyers" except at the Ells.

Batrachospermum vagum found in the Muskeg and Steepbank Rivers has been

shown to prefer shaded cool (less than 20°9C) flowing waters (Parker et

3

al, 1973). Since this species was also found at unshaded sites it would ‘

appear that t@e _characteristicaHy brown water again favours the '

deve]opmenE of epilithic communities adapted to lower 1light intensities.

Billard (1966) found that both the red alga Batrachospermum and

Audouiwella require low 1ighvt. The critical factor-however which

influenced either genus ‘was temperature. Light and temperature also
play critical roles with respect to diatom populations However it is

difficult to separate these variables due to their interrelations in

t

photosynthesis (Whitton, 1975). ) ) CQ
5.2.2.1.2 Cell Numbers -

;- Moore (1974), aft:.er examining nin_evrivers .of sou'thern Baffin Istand
found that benthic algal numbers exh{’ibit a bimodal p‘eaI:, one in June-
Ju"1y the other in September. A simﬂar. péttérn was .fo.und for the rivers

.in\)‘estigated dur'irig/t/bis project. * Cell numbers_’ however found for north

eastern Alberta Rivers were higher than those reported by Moore (1974).

Mean cellanumbers ranged from 2.36 1010 -2 in the Steepbank to 63.80

,- 1010 m-2 in the Ells, §;3‘ecfacu1ar development o%-diatom.popuhtions-’

wére‘observed during the fall season ‘in most rivers and during the

summer-as well in fhe Muskég and Ells vRivers. ‘Marker. (1976a) simﬂar]y'

reported summer peaks in Bere Stream, England. Duri‘ng the summef months
however, it appeared that diatoms were more abundant in the swiftly

’
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flowing shallow river regions. Marker (1976a) attributed thi% pattern
to diffusion of gases, nutrients and light attenuation. _Reisen and
Spencer (1970), ascribed the seasonal patterns to higﬁ.f]ow. McIntire
(1968) showed that biomass increased in artificial stfeams’as a result
of increasing irradiaqce and current velocity. Gruehd]ing (1971) found
that a myrfad of factors, chémical and physical, as well as biotic cause
cell numbers to fluctuate. Among the five rivers no one over-riding
nutrient or physical factor was reépohsible for conﬁro]ling f]uctudéions
and populat{on sjzes of the major algal groupé., Dissolved silica
appeared to bé potentially limiting to diatomrgrowth in two rivers, the -
Hangingstone (g.g,, entire study period r = 0.359, p<0.10; open water
period 1978 r = -0.614, p <0.10) and the MacKay (e.g., open water period
1978 r = -0.558, p< 0.10) rivers. 'Therefore, even this relationship was
‘inconsistent from yean to year in thése two rivers. Wang and Evans
(1969), and Edwards<(1974) é]so fqund similar relationships in their
studies, whereas Marker (1976) did not in sha110w'¢ha]k stfeams iq ‘
_'southern England./ No other nutrieﬁt correlated With diatom grbwth fn
any river investfgated here. Irradiance was correlated wifh diatom

Qrowth in the MacKay and Ells rivers {e.g., MacKay River (a) entire

'study period r = -0.305, p<;0.25;'open water period 1978 r = -0.558, p
P 0.10 and E1ls River (a)'open waterbperiod 1978 r = -0.472, p<0.10, (b)

open water'periqd 1978 r = -0.870, p<0f05). «Temperature>was’also

corre]ated wfth diatom growth in the Ells River (obenlwater period 1978:

r = -0. 836 p< 0.05). Current veloc1ty was corre]ated with diatom

———

\

groﬁfh\in\only the Muskeg (open water perlod 1978 r =_0.256, p<0.25),

\ ) .
'MacKay (open water od~1978 r = 50.@45, p<0.10)_and Ells (a) open
water_pehiod 1978 r = 0. 626, p< 5\25 ;(p) open ‘

SR



water ‘period 1979 r = -0.417, p< 0.25) rivers and discharge only in the

, -

latter ‘two rivers (e.g., MacKay River open water period 1978 r = 0.739,

\

p< 0.05, and E11s River (a) open water period 1978 r =-0.599, p “0.25
and (b) open water period 1979 r = —"0.472,. p <0.25). Therefore,
physical factors appeared more important than nutrients, a phenomenon

not uncommon with diatoms in flowing systems (c.f. Moore 1977).

Nutrient correlations were less clear with the Chlorophyta.

Calcium was implicated_in the Muskeg River (open water period 1978 r =
-0.523, p<0.10), silica in the Steepbank River ‘(entire study period
1979 r = -0.264, p<0.25, open walter period 1978 r = -0.753, p=< 0.05;

open water period 1979 r = 0.541, p< 0.25) "and iron in the MacKay River
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{open water period 1978 r = -0.609, p <0.10); none was. limiting in

either the Hangingstone or El1ls rivers. Neither irradiance nor
tempe‘rature was correlated with Chloronhycean'growth‘or'detniée.
Ho_wever, current‘ velocity and tﬁscharge were negatively corr‘e]éted with
Chlo'r.ophyce‘an growth in the S'teepbank river (open wa.ter period 1978;
| d‘i’scharge r = -0 664, p< 0.10, current ve10c1ty r = -0.786, p_<0._0.5)‘,

.

Hangingstone (open water period 1978- dIScharge r = -0. 452, p<0 25,

current ve]oc1ty r = -0.454, p <0.25; open. water perlod 1979- dlscharge r.

= -0. 976, p< 0. 005, current ve10c1ty r- 0. 938, p = 0. 005), MacKay

(entlre study per1od dlscharge r.= -O 259 p <0.10, current ve10c1ty r =

-=0. 466, p <0. 05, open water period 1978- dlscharge r= -0. 557 p <0. 10

: current ve]oc1ty r= -0. 722 p <0 05; open water permd 1979 d1scharge r
= 20, 440 p <0. 25, current ve10c1ty r= -0, 764 p <0. 05) énd E11s {(open
.wavter per1od 1978-discharge r = -0.521 p <0.25, current 've1oc1'ty r =
-0.514, 'p <0 25) rivers. Thus in. sp1te of the. var1ab1hty, phys1ca11y

d1$rupt1ve forces were most- 1mportant in potentially affect1ng

é .



Chlorophycean algal populations particularly during the open water
period of 1978. I
Only hitrate—nitrogen correlated with the Cyanophyta and that was
in the Hangingstone River (entire study 6er%od r = -0.222, p< 0.25; open
water periqd 1978 r = - 0.581, p< 0.10). Of the physical factors only
current velocify and discharge were important particularly in the
Hangingstone (entire study period-discharge r = -0.325, p< 0.25, current
velocity r = -0.301, p <0.25; open water period 1978-dischargé r =
-0.627; p<0.10, current velocity r = -0.639, p< 0.10; open water period
. 1979-discharge r = ;0.696, b< 0.10, currenf Qe]ocity r = -0.647, p
<0.10) and MacKay (open water periqd 1978-discharge r = -0.371, p< 0.25,

current velocity-no significant relationship). Again physical forces

appeared most important. Members of .the Rhodophyta‘correlated with

irradiance in the Muskeg (open water period 1978 -.r = -0.421, p< 0.10)

4

and Steepbank (entire stﬁdy period r = 0.412, p <0.05; open water period

234

19]9 - r = 0.494, p< 0.25) rivers as well as a number of other

parameters in. the Steepbank Riyer (é.g., nitfate-qitrogen, currentl

" velocity and discharge). -

'5.2.3 Temporal Standing Crop Changes

5.2.3.1 Epilithon !

*. _ Chlorophyll a, the primary photosynthetic pigment in all oxygen
re ’ , 0 ‘ ) . ) ’ .
evolving photosynthetic organisms has been used extensively as a measure
of algal standing crop. (Marker and Gunn (1977), Waters (1961), Moss

(1976b), Round (1981)).

Marker. and Gunn (1977) found that due to the presence of various

intermediate degradationvproducts ch]orophy]l g does not necessarily

'corrEspond to live-cell counts. A 'similar lack of continuity was noted
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during this study. Standing crop estimates were highest during the fall
sedson of 1978 in all rivers except the Muskeg and El1s which had higher
standing crop estimates during 1979. Interestingly peak @tanding crops
Aoccurred earlier in the fall of both years at the Ells River site.
Mean epilithic chlorophyll a values for the five rivers (Table 30?
“ranged from 7.94 to 43.2 mg chlorophyll g_m‘z. The E11s river which
supported the highest mean chlorophyll a is similar to the ca]careous
lowland streams of Eng]and during the summer (40 - 100 mg m-2) (Marker,
1976a). Peak fall'va]ues in Northeastern Alberta are simi]ar to spring
oeak chlorophyll a values reported by Marker (1976a) i.e:. 200 - 300 ‘mg
chlorophyll a m-1. The range of values reported.for other epi]ithic'
communities i.e. hot springs andﬂcal areous mountain rivers however
exceed stand1ng crop est1mates for the/rivers 1nvestigated dur1ng this
study (Round, 1981). Due to the extreme var1ab111ty among lotic systems
not only tempdra]iy but‘a1so'annua1]y, it would appear that changes in
, chlorophyll a are'connected to the changes,in population structure:
Speciftc dominance'by diatoms i.e. spring or fall may yie1d particu1ar1y
large stand1ng crop est1mates uS1ng chlorophyl] a das an 1nd1cator * The
presence of lerge/nu;ters of b]ue green a]gae on the other hand may
yie]d an underestimate of chlorophy]] a due to assessory plgments which
remain undetected when only chlorophy]l a corrected for phaeophyt1n 1s_“
used to measure ep111th1c a]ga] stand1ng crop .
| Corre]at1ons between stand1ng crop and various other phys1ca1 and
chem1ca1 factors over the entire study period and the open water periods
:of 1978 and 1979 were examlned to prov1de p0551b1e 1nformat1on about any;
potent1a1»contro]]1ng factors. The results are present in Appendix 11..v

Over the entire study period, no one nutrient was limiting to standing.

v ¥
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crop size. This was undoubtedly due to physical limitations during the
winter months coupled with nutrient increases uneer ice-cover through
decreased flow. No nutrient corre]aeed in- the Muskeg and MacKay Rivers
(Appendix 11) while those that eid in the Steepbank River were
positively correlated. Only in the E1ls River did significant negative
correlations occur (e.g. with Si0p and P04'1). Thus, in general
nutrient levels are more than adequate to support algal pppdlations. of
the physical factors, current Qe]ocity~anq discharge were consistently
the most important except in the Ells Qhere irradiance was the major

limiting factor. Thus, physically disruptive forces appear to be more
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important during the entire study period than nutrient levels in all but

the E11s River.

Physical factors in particular can change substantially and
4 .

rapidly, sweeping away ndt'only the algae but also the rocks to which

they‘attach; Moreover, accumulation of epilithon increases resistance

to flow particularly if the organic matrix becomes impregnated with

sediment and detritus. Both‘HynQE (1970) and Whitton (1975) emﬁhasized .

‘the effects of current. McIntire (1966) demonstrated fts.devastating‘

impact in laboratory streams. Blum (1963) coneluded that it is a
' primpry'factor'WhichAgoverns'not only organic aégumuTation“but also the
distribution.of spec{es.

5.2.3. 2 Phytop]ankton.‘

The tempora] patterns of northern lotic phytop]ankton wax and wgne‘

ey

“have been re1ated to factors such as temperature and nutr1ent'

S,

_ava1lab111ty (Moore 1979) Egborge (1973 1974) 1nd1cated thathShun'

;River phytoplankton were predom1nant1y benthlc detached and ep111th1c

speglegv'-wh1tton_ (1975) however stated that true phytop]anktod

popu]ations'develop in large slow fTowihg'rivers,'and Hynes (1970) noted
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that backwater phytoplanktonic communities develop in lotic systems.
Although planktonic thlorophyli a appeared to be related to benthit
ch]onophyll a the correlation was not statistically significant for p =
<0.05. Planktonic chlorophyll a fluctuated wide]y'and highest va1ues
otten coincided with or followed periods of high benthic chlorophyll a:
Diatdms were the dominant algal division found in the plankton, mainly
senescent ep1]1th1c spec1es Hooper (1947) simi]arly.repokted that
dlatoms were more abundant 1n the p]ankton of five rivers 1ocated in the
Yukon and Mackenzie River- systems and he related the1r origin to local
lakes and ponds. Antoine (1983) reported finding direct correlations
betheen water temperature and tnansparency with the phytdplankton
.whereas water level and currents manifested inverse correlations fot the
Tigris River, Iraq. Unfortunately however he disregarded the epi]ithic‘
community which may in fact be stmi]ar]y responding - to physfca} factors.
Moreoven most ot the species which .he identified were also detected in

the epilithic communities of Northeastern Alberta Rivers.

5.2.4° Temporal Productivity Changes

5.2.4.1. Epilithon

The difficulties associated with the hi§h1y dynamic and
heterogenous nature of lotlc systems has g1ven rise to severa1
1ncomparab1e a1ternat1ve approaches to assaying pr1mary productlon (0dum
1956, Nr1ght and Milles 1967 Duffer and Dorris 1966). Their methodsr

ranged from measurement of dlurnal dissolved. oxygen most commonly to the -

use of pH andacarbon d1oxide fluctuations. ,Hh1tton (1975) however
pointed ‘out that onLy:apprOximate eStiMétes of gross photosynthesis.

could be gained through these methods.

2

)
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Al though the closed circulating chambers developed during this
study were smaller and less regu]a}ed with respect to internal
circu]ation of water than those employed by Marker (1976c) they were
dependable and portable. Moreover, thé use of the same technique
yielded compérisons among five riverg. ‘SQ

The temﬁora] variation of primary produétivity f]uctuated more than
standing crop estimates. Both standing crop and primary production were
on average highest in the E11s River followed by the Muskeg River and

Steepbank respectively. The Steepbank-and Hangihgstone supported

closely similar epilithic standing crops and were similarly productive.

The MacKay River which had a particularly diverse eplithon hid the
Towest standing crop and productioh. The same assay techniques were
applied to larger rivers 1océted in Southern Alberta (Chér]tqn,
HamiTton, Cross, unpublished). They reported‘mu%h higher mean standing

crop values as well as higher rates of 14¢-yptake. Southern Alberta

Rivers
howeve? in addifion'to having a more temperate climate are dramatically
'  inf]uenced by manAinduéeH,eutrophicatioh, The Bow River for example

_during a two year periodVéveraged 14l;m§‘ch]orophy1] am2 and 77 mg C
m-2 hf'1~-(Char1ton, Cross: Hamilton dnpub]ished); Northeastern Alberta g
~ Rivers averaged 25 mg phlorophyf] g_m42, and‘17 mg ¢’ m2 hr;l.
' EbilithiC-;1ga1 standing crobs were correlated with primary
"prpductivity in all but the Ma;Kéy River during the open water period of
‘1979_(Appendix &), Thewfatfors which éontro]]éd'epilithic primary
‘prdductivity were more VaF1$b1e. A;tﬁa]ly, no factor éxamined
\éorfelated with epi]ithic primary prod0ctiyity during £he opeﬁ water
peridd of 1978 Other'than standing crops jq"the MuskeETrMacKayiand'
HangingstonebRivers. ‘In.the él]s4and'MacKay Rivefs howeVen‘many factors.

)



corre1ated with productivity. A Summar} of these factors is given in
Appendix 8.

_The mean specﬁfic rates of photosynthesis were also compared among
;hemfive rivers. The highest rate was calculated for the Muskeg River
'(8.64 mg C (mg Chlorophyll a)-1.hr-1) followed by the Ells (3.6 mg C (mg
Ch]oroph}]l _g)‘l.hr‘l), the Steepbank (3.01 mg C {mg Chlorophyll
a)-l.hr-1), Mackay (1.16 mg C (mg chlorophyll a)-l.nr=1) and the
Hangingstone (0.82 mg C (mg Ch}orophy]] a)-l.hr-1). These values are
greater than found by McConnell and Sigler (1959), Bowbowna (1972), and

Marker (1976b) for benthic algae in rivers. The mean value in the

MacKay River was similar to that reported by Hickman (1971a) for

epiphytic algae in a small pond. Values for the other rivers were

——
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similar to values found by Hickman and Klarer (1975) for epiphytes in

Lake Wabamum, Alberta (range 5%¥ to 20.8 mg C (mg chlorophyll a)-l.n-1),
| | g el 4

5.2.4.2 Phytoplankton

Although phytoplankton standing crops were on average higher in the

Hangingstone River the highest mean rate of 14¢ yptake was found in the

E11s River. Higher product1on values could be expected in the Ells due

to the samp11ng s1tes proximity to a series of lakes which give rise to

the Elis. Slm11ar values found in the Muskeg probably reflect the

presence‘of actively groWing cells originating from‘the upstream pools

'and backwaters. - Values found for these rivers exceed thosé found for. .

southern A]berta Rivers (Charlton et al 1985) poss1b1y due to the siow
f1ow1ng nature at their origin as we11 as frequent backwaters arising

from poo]s formed by beaver dams and organic obstruct1on of the f1ow
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5.2.4.3 Microhabitat Differences

Lotic primary productivity has been shown to vary not only

seasonally but spatially. Differences in microcolonization patterns

(

pa‘rticularly in relation to current ve\o\city have been reported by
) .

Round (1981) Gessner (1955) and Gumtow (1955), Korte and Blinn (1983).
Patrick (1970) d'éscribed a strean ‘ecosrystem as consisti’ng of mapy small, .,
compact communities,ﬂ in which the algae vary 1in habitat: and
distribution. Gumtow{(l%é) showed thdt even within local habfitats,
micro-distributional ve‘;Yiations aré evier‘phabitat di'fferences
have been attributed to a variety of factors including current ve]‘ocfivty
(Jones 1978, Gumtow 1955), grazing (Hynes, 1970), de/tr_ité1 microcosms
(McIntire and Phinney, 1965), light or lack'thereof (shading) (Whitton,
1975), (Hynes, 1970), and the availability of ‘subst‘ra,te‘SuitaMe for
colonization (Round, 1981). ' None of these studies howevér has emp-loyed _
the light/dark bottle technique to _assay epilithic primary produc’tibn in M-
various microhabitats simultaneously. v

When shore ( 15 cm depth) midstream (50-60 <;m de_._;f(;h) and shaded
midstream epilithic productivity we}‘e compared, shédiﬁg ri‘educed the mean
raté of producti‘o‘n as fweH as the photosynthetic index o“r e_fficie.n;:)‘l‘. |
Interestingly however the quantity .o"f chlorophy’H _a_- increased. fhis
f‘irjding suggests a chromatic 'adaptation‘i-.\g. t&iue green dominant
epilithic a}lgée may increase yth‘ei_r c_h]orop»hyll a content. Evidence .
‘current'ly exists fdr this phenomenon‘ among ﬁarine algaé (Rohnd', 1981), .
hence we could expect freshwater species bafticu]arly? those adapted to
survival in stre,amus- containing co]oféd Lwa-te‘r v(whi-éh changhes seasonally)
to .maxfmizé_ their utilization of; incoming tight. | Towns (1981) shéd.ed. a .

lotic system sufficiently to allow qfﬂy’ 6% of the outSide 1ight beneath

2
Y
A



(
3

5

a canopy. He found that this degree of shading resulted in the
disappearance.of periphytoh. This conclusion, however, specifically
demands'careful examihation of the substrata to ensure that species not
visible to the naked eye are not present. .

The microhabitat study provided evidence that epilithic algal

 standing crops develop earlier and achieve higher values initially in

;.

the shallow river reg1ons and although chlorophyll a never reaches the
1evels of those found for midstream s1tes, the ep111thon are very
productive. Midstream communities'whieh receive less 1ight due to
absorbange and reflection from the overlying water, on the other hand,
have a lower ﬁ?otdsynthetic index. Shaded habitats respond less rap1d1y
but their efficiency closely resembles that found in the shore region.
Thus it would appear that the epilithon of the brown water a]ka11ne
streams of northeastern Alberta are part1cu1ar]y well adapted to

variable,incoming light. The-heterogeneity of lotic epilithic
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cbmmunities therefore demands particular caution with respect to

defining epilithic standing crops .and prdductivity. A1l microhabitats
must be examined during any attempt to discern duantitative]y Totic
epilithic algaT standing crops and productivity.

5.2.4.4 Substrata Comparison

Ev1dence current]y ex1sts to suggest that s1ze, texture and

chemistry may all, at tlmes, 1nf1uence the dlstr1but1on of benth1c a]gae

those collected from.glass(substrgtes. wetze1 (1975) be11eved that the

4

C»1nfstreams (wh1tton, 1975) | Nielsen (et al, '1984) found that rock

;substrate showed higher abso]ute va]ues of ch]orophyll a (56%) than

_ number of discrepancies found between'alga1 bopu1at1ons‘on natural and

art1f1c1a1 substrates were suff1c1ently 1arge to necessitate a thorough

evatuatlon for each study



Although artificial substrata were not employed to routinely
monitor‘epilithic primary production, visual observations ‘did suggest
that ‘discrepancies existed between naturally eccurring bitumen and rock
substrata. Moreover synthetic.crude 0il derived trom bitumen was shown
to have a stimulatory action upon bacterial, algal and macroinvertebrate

organisms in the Muskeg River (Lock et al, 1981a, 1981b).
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In the Steepbank River, microalgae were more abundant upon rock

(1imestone) substrate while macroalgae, particularly Nostoc eommune, was

more abundant upon bitumen substrate. However, epi1ithic primary
productivity was 22% higher on the rock substrata than on the bitumen
substrata. Hellebust et al (1975) found that crude oil exposed to

benthic algae initially caused b1each1ng of blue-green algae at super-

optimal light intensities, however in long term experiments it was .

stimu]atory to some blue green a]gae. In the.Steepbank'River the
potential for b1each1ng is reduced by the brown co]oration of the
‘over1y1ng water, moreover the benthic commun1t1es are cont1nual1y
exposed to weathered oils der1ved from local runoff as well as

bituminous -substrate erosion: ~Thus it would appear that rock substrata

are better suited to epilithic. community déve]opment Bitumen substrata :

do however prov1de a selective advantage for the development of spec1es

such as Nostoc spp where the 1nd1v1dua1 f11aments are protected from

“high concentrat1ons of new]y released 0il products. DurTng per1ods of

high water temperatures, b1tumen substrata were 1n fact found to be very

_soft, weak and brittle and cont1nua11y contam1nated equ1pment w1th tar

The soft- eas11y eroded nature of the b1tumen substrate may also be less

su1tab1e for colon12at10n by micro- blue green algae fllaments.'

htonverse]y_Nostoc‘commune may utilize the bitumen substrate as a source
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of nutrients and hence outcompete other epilithic species. Further
investigation is required to discern the specific reasons for higher

numbers of Nostoc commune on bitumen substrate; it may in fact be5§imp]y

related to bitumen providing a substrate more suitable for colonization

by Nostoc commune reproductive structures.

5.2.4.5 Diurnal Experiment . .

There is an obvious variation in photosynthetic act§vtty betneen“

'day‘and night, 'but less obvious is a disparity in the amount of carbon
fixed during succeeding interyals jn‘thenltght period (Round, 198f).
Genera]iy 2-4 hr experiments are performed in situ %o discern
phytoplankton carbon uptake and the data,extrapolated to the whole light -
- period. Round (1981) indicated that sqch extrapplation often yields
misleading values "hence daily rates shou1d be'computed only from a
sequential series of short exposures. |

Routinefstudies to estimate epilithi% primary productdvity were’
condUcted»from 1000 through 1400 hrs. Values averaged 26.2 mg C m=2-hr-1
for this perlod dur1ng the d1urna1 exper1ment The average rate for the
entire 24 hour period was 13.9 mg c m-2 hetl, The average rate however
" for the day'hght period (0800- 2000 hrs) was' 274 mg ¢ m-2 hr-1. Thus .
" the routine experlments conducted from 1000. hrs . through 1400 hrs. closely
‘ est1mated mean ep1]1th1c primary productlilgy for the day11ght per1cuk
| '(osoo 2000 hrs). ‘

Each succe551ve ser1es of over]app1ng 1ncubat1ons ut111zed whole,
rock- samp]es tota111ng 106 individual- ‘estimates of ep111th1c a]gal
vstand1ng crop Mean stand1ng crop est1mates per 1ncubat1on set ranged
| from 5. 4 mg cmorophyn am2 to 13.9 mg chlorophyl1 a m-2 _' The grand'

:a:‘mean stand1ng crop estlmate was 7.1 mg chlorophy]l a m‘2 having a
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standard de\'/iation of 5.13. Hence lotic epilithic algal standing crops

are extremely heterogeneous.

The high degree of variability among samples can be attributed to

-~

no‘t only physical an chemic_al’ regimes but also the species composition
and physm]ogwcal\?tfa,te of the epﬂithon. Evide‘nce’currently exists to
1nd1cate that ch1orophy]l a content of cells also- exhibits a circadian
_:‘hythm (Round, 1981) The high degree of heterogene1ty among epilithon,
‘;vowever render ft-yirtua”y impossible to define whether or not this

" factor ‘contributed.to the het'en‘eityv observed during the diurnal
study. : ‘ o "i, '

In genera1 the Muskeg River exhibits a peak of  carbon fixation as

Pl ~7

well as photosynthet1c efficiency wh1ch occurs between mid- mormng and
the early afternoon. Measurement of carbon uptake during this per1od
provided a representatwe measure of ep111th1c pr1mary productmn
‘Cautionq;)howe.ver. is warranted with respect to defining ep1hth1c a]ga]
standing crops espec1a1ly if smaH sample techmques are employed

\,QZ 5 Tempora] N1trogen F1xat1on Changes _o°,

4

5.2.5.1 Epilithon - : ‘ ”
Seasona] studies of ep111th1c a]gal mt;ogen f1xat1on in ﬁve brown
water r1vers revea'led distinct peaks of f1xat1on during the syfimer as
‘ZL

rweH as much smaHer rates when the water temperature fe]L bel.ow nd

":_‘under' ice-cover of winter. However, nitrogen fixation »uas detectable
over the entire temperature range encountered j’n these rivers (Fogg and
Stewart -1968, Horne 1972, Stewart 1970). Cyanophycean algae were
numer‘i‘ca‘l]y dpminant' throughpu't the year (Hick'map‘et a~1 1978, 1980) with
greatest ‘development dur1ng the summer, thus n1trogen fixation

paralle]ed their wax and wane in their biomass. Moreover, a direct

cp’rrelation existed_»between mean g:yanophycean population size for each.
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river and both 1ight and dark incubation. Light fixa#on rates were
greater than those in dark confirming the hght dependent nature of
nitrogen fixation (Dugdale and Dugdale, 1962 Goering and Ness 1964,
Horn and Fogg 1970). The high dark fixation rates foungpduring the
study were probably due to epiﬁ'thic community exposure to light prior
to the experiement which began at 1000 hours (Dugdal'e and Dugdale, 1962,
and Fay, 1976). | | B _
Light nitrogen fixation among the five rivers ranged from 1.52 to

27.14 u moles Np hr-1 m=2, Thesé values are similar to those found by
Horne and Carﬁn’gge]t (1975) and Horne (1975) for .CaHfornian streams.
‘Both the Ca]iforni‘an‘streams and the rivees (except the Mus’keg) of
northeastern A]berta supported extensive development of heterocystous
Nostoc spp wh1ch formed varmus]y sized gelatinous clumps on the stable
‘rock substrata. In the Muskeg R1ver both heterocystous and non-
°heterocystpus blue-green algae which dominated the epilithon, fixed less
nifrogen than in the dther rivers. This routine study site however was
exceptional. Only very large®stable boulders suppdrted Nostoc and
samples could hpt be obtained for assay which included ﬁggggg_spp.

| ‘Horn and Fogg (1970) found that rates of nftrogen fixation in
aquat1c systems are highest when nitrate concentrat1ons are less than
| 0.3 mg L~ 1, wWith the except1on of the MacKay River n1trate nitrogen
cOncéntratfops averaged less than this value in all rivers. ‘Hence blue-
?green a]gae;?% well as other nitrogen-fixing components pf the epilithic
community are probably important contributors to the overall nitrate-

nitrogen bpdgets of these northeastern Alberta rivers.



5.2.5.2 Microhabitat Differences

As. indicated earlier, blue-green algal species were dominant among
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all of the microhabitats investigated in the Muskeg River. Both

heterocystous and non-heterocystous species were present however

colonial species were dominant in the shaded midstream while filamentous

species,éere dominant in the unshaded areas. Pronounced fluctuations of

1

numbers were detected during the summer in the unshaded habitats
however, only a fall peak was detected in the shaded habitat. -
Art1f1c1a1 shading depressed the rate of nitrogen f1xat10n as well
‘ as the amplitude of nitrogen fixation rates. Potts and whitton (1977)
also noted the marked influence of light on nitrogen fixation and

reported that both heterocystous and'%éh heterocystous blue- -green a]gae

are capab]e of fixing elemental n1trogen Rudd and Hamilton (1975)

emphasized the need to include assays of low 11ght reg1ons when
estimatlng aquatlc nitrogen fixation.

This study prov1des further ev1dence of - the impact of not only

shading but a]so ‘the need to assay both 1lght and dark samp]es when

defining lotic nitrogen fixation. Moreover the rates of n1trogen
fixation varied spatially and were greatest in the midstream epilithic
community. The marked sﬁatia1 variability of nitrogen fikation
'therefore demands carefu\ assessment of lot1c characterlst1cs prior to
estimating daily or annual nitrogen inputs from blo1og1ca1 sources. |
The midstream unshaded community of the Muskeg river represents the
lotic habitat which is the most metabolically active., Both
heterotrdphic and autorophfc organisms dperate simu]taneously to

maintain community stability. Co .
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5.2.5.3 Substrata Comparisor -

Blinn (et al, 1980) suggested that microtopographic differences
among lotic substrates and possibly the rate of substrate solubilization
may affect co]onizatmon. A definitive example of the chemical
interaction between substratum and colonizers was presented by Parker

(g& al 1973). They found that particular elements and substrate tyé%s

were species-specifite In the Steepbank River Nostoc commune, a known
nitrogen fixer, (Stewart, 197fg was part1cu1ar1y abundant on bitumen
substrata. Horne (1975) and ﬁorne and Carmiggelt (1975) showed that
Nostoc species grows on stonesemainly jp ear]y-sdmmer and fixes nitrogen
at a maximum rate durimg the day, -is lowest in the evening but picks up
during the night. ‘

fn the Steepbank River total blue green a]ga1onumd@rs were higher’

"‘on rock substrates but nitrogen fixation was highest on the bitumen

substrate where Nostoc commune was most abundant. Both light and dark

assays indicated the significant contiibution of Nostoc colonies toward
the total rate of nitrogen fixation. During early September however
nitrogen flxat1on and Nostoc co]on1es“sudden1y decreased exh1b1t1ng a
tempora] pattern s1m11ar to that reported by Horne and Cérm1gge1t
(1975) They attr1buted this phenomenon to scour re5u1t1ng from
turbutent water flow which prevented autumn establishment of ﬁgggggr
colon1es. Th1s phenomenon also occurred in the Steepbank Rfver

" Therefore physical forces also exert an influence on potent1a1 lotic
nitrogen‘fixation;_the effect of which is more profound for'bitumem

ol

substrata than rock substrata.
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5.2.5.4 Diurnal Experiment

IThe diurnal variation of nitrogen fixation and the effects of 1ight
- upon this process are indeed'complex but related. A]theugh it is a
light dependent .process (Stewart, 1974); some authors have also shown
that b]ueegreen algae continue ‘to fix nftrogen during ehe dark period
(Hay, 1965 , Horne and Fogg, 1970 , Duong 1972). The highest rate of
nitrogen fixation-(3.15 u moles N m-2 hr-1) was detected during the
morning (after 0800 hrs). Horne (1979) similarly reported this
phenomenon for Clear Lake, Ca]iforn{a and in both cases the ratee
,decreased after the morning-peak despite increasing irradiance.
Nitrogen fixation efficiency (u moles Np mg~1 ch]orophyﬂrg_m‘2 he=1) in
. clear glass bottles was maximum between 1800 and 2300 hr, whereas dark
bottie efficiency was highesf between 2300 and 0400 hr;“thus it would
apbearétJZt.recent l1ght exposure is critical for the productlon of

enzymes and other products required for the process of nitrogen f1xat1on

after wh1ch the efficiency of n1trogen £Jxat1on is at a -maximum. It

~

‘would seem however that ep111thon has a 11m1ted capacity to continue

this process as nitrogen fixation rates dec11ned to a minimum by early

morning just prior to daybreak (0400 hrs). The occurrence of continual

dark fixation dur1ng both the 1lght and the dark peried 1ncubat1ons"

Suggests that nitrogen f17¢t1on'1s a character1st1c act1v1ty assoc1ated

with facu]tat17€fﬁtf§?5;rophes wh1ch operate whether or not 11ght is

ava}1dble. The spec1f1c contribution by algae apart ﬁaom the role of
bacter1a1 n1trogen fixers however were not deflned dur1ng th1s study.
Teal and Berlo (1970) reported that bacterial n1trogen f1xat1on in salt
marsh sediment was‘more than ten t1mes\1arger than algal fixation.
Therefore further inVestigation is‘essenf{al for a better understanding

~ of the role of eplithic‘a]gae in relation to lotic nitrogen fixation.



5.2.6 Cluster and Principal Components Analysis

Although cluster analysis had several important disadvantages it
proved to be a useful tool for eua1uating suc;\_h' a 1ar§e data hase.
‘C‘luster analysis produced hierarchic clusters regardless of the

o
structure of the original matrix. Hence data which may. have been
uniformly distributed in ecological hjperspace were clustered into a
4h1’erarc'hy even if no such structure existed in nature. This technique
a]so g1ves equal weight to each variable included in the study. Despite

these aSSumptwns some re]atmnsmps were d1scerned it showed that the

lotic systems located in northeastern Alberta are primarily affected by

249

fluctuations in river discharge, velocity, temperature and,‘>3nutrients

which profpund]y influence the epilithic communities. Annual spates
explain 22.93% of the data variance and s‘easor_;-re1ated‘ patterns of
discharge, velocity and ni'trate-nitrogeh (lotic influence) ’a'ct as major
‘factors’exphining an additional 16.58% of the data vériabﬂity. 12’.39%
of fhe data variance remaining i's primarﬂy explained by the influence
of nutr1ents spec1f1ca1]y mtrate mtrogen and phosphorus. Temperature

is also important part1cu1ar1y in relation to d1atom and Ch]orophycean

eplithic a1gae. Other authors have underhned the importance of the -

hydro]og1c reg1me for large. troplcal rivers (Si‘oh, 1975). Garcia de

Emiliani and bepetrls (1982) “and on southern A]berta Rivers (Char]ton' et

al 1985). Due’ hgwever to a 1ack of stud1es quant1fy1ng the- factors that _

control the functioning pecuhar to these systems, much-needed

compar1sons are not yet avaﬂab]e “Blum (1956) pointed out the
J

frequept]y abrupt changes wh1ch occur monthly as well as week]y in lot1c

systems\ H-ence many, d1ff1cu1t1es surround attempts_to correlate .

b1ologlca1 resu]ts with env1ronmenta1 causes. R L

Sy



6.. Conclusions

This study has described the major epilithic algal groups, species
composition, succession of dominants, standing crops (chlorophyil a and
cell numbers), primary productivity and n\trogen fixation fluctuations
in relation to the physica]eehemical regimeé of five brown water rivers.
The factors influencing epi]iythic algae, tpeir population ‘wax and wane,
standing crops, primary ‘productivity and nitrogen fixation have been
indicated. No one factpr is responeible;lrather, interacting factors
b‘oth disruptive an‘d non-disruptive and o)f these, current velocity and
dlscharge are most 1mportant The latter ie also related to the
chem1ca1 makeup of the water itself. Thus, discharge and to a lesser
extent the biota, modify the nutrient status of the water. Curren't,
velocity, a physically disruptive force, is important -in affecting and‘
contro]l.ing population size, standing crops and primary productivity,‘.
the latter through controlling standing .crop size. Naturally, some of
‘ the.epﬂ-ithic a'Igee grow better i.n ‘faster flbwihg water since they are,
better adapted. than o.th-e.rs. Their ‘gro‘wfh is enhan-ced byb ‘in'creases in
current ve]ocity e. g , Cyanophyta compared to fﬂamentous Ch1orophyta. ‘

Ep111th1c a]gae exhibit an extremely heterogenous spat1a1
variability thh respect to standmg crop, primary product1v1ty and
. nitrogen fixation. The m1dstream ep1]1th1c commu:ntuas are the most
stable followed by 'shore and‘ shaded commun1t1es respectwe]y. Even in
: ‘the presence of 80% shading, ephtmc algae are successful suggesting a
specific adaptatwn to Tow 11ght utﬂ1zat1on. In add1t1on, the
epﬂlthon of the five brown water r1vers exh1b1ted a preference for rock

substrata w1th the exception of Nostoc commune. which preferred :

_ bivtumlnous substrata. There appears to be some re]_at1onsh1p between
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epilithic colonization, ahd substrate type. Cyanophycean algae are thé
. dominant eplithic forms in northeaste/r‘Nerta Rivers followed by
diatoms. The epi]ithon are important sources of new nitrogen to the
overall nutrient regimes of the Muskeg, Steepbank, Hangingstone, MacKay
and EHSf Rivers, |

Fina~Hy, this thesis has provided an extenmsive data base which
documents the temporg] p‘atter‘ns of Physica], chemical and biotic

variables contributing to the structure and function of lotic systems.
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It prowided evidence of the great dissimilarity which ékists between |

lotic and lentic systems.
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Appendix 1. The'algae found at each site in the Musk

- absent).

Site

~Algae,

CYANOPHYTA )
Anabaena affinis Lemm. -
Calothrix braunii Bornet &
- Flahault
Gompﬁgﬁema lacustris v. compacta

Lemm.
-Lyngpnxg,aerugineo-caéru]ea
(Kutz.) Gomont
Merismopedia glauca (Ehr.)

'Naegeli
Nostoc spp.

Oscillatoria sp.n’

E
..

CHLOROPHYTA -
Ankistrodesmus falcatus (Corda)

- Ralfs,

_Chlamydomonas 'gp;

‘C]adophora g]omerata (L. Kutz;v

‘Closterium sp.

if_Coelastrum scabrum Reinsch

‘Cruc1gen1a quqﬂ?ata Morren

' Scenedesmus bijuga (Turp. ) Lager

:'§ Eirogz ra Sp.

{S}1geoc]on1um sp.

i‘é . “, .~

é’vPTORHYTA

_Cryptomonas erosa Ehr.

' -ovata Ehr. .
,"u-omonas minutum Sku3a

_,é”« e Yy s e

P

‘.+ 

River (= present;
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Appendix 1. Continued.
‘ ,
. . Site
Algae ‘ 1~ 2 3 4 5 6 1 8
PYROPHYTA | e e e e
CHRYSOPHYTA _
Chromulina spp. ‘ | - - y - - - - -
EUGLENOPHYTA . - . S
Euglena sp. B « - - «-T‘}*“; (“
Phacus sp. g = +. o+ - - - - -
Trachelomonas sp. ‘ RN ~4. oo - _
: S T
RHODOPHYTA ; S . o
Batrachospermum vagum (Rpth;) - - - - o+ .- - _
" C.A. Agardh. . . _ ’ s
BACILLARIOPHYTA - e . '
Achnanthes W O ?
A;;Janceoléta Breb.- - © . '
‘A. minutissima Kuti. e T T
Ambhipleura pe]]ucida Kutz. - - T - - ¢ - + ‘
Cocconeis pediculus Ehr, + m‘;;_'_ e l\__:_ ¢
. placentula Ehr. " R T R
Cyclote]la meneghiniana Kutz - - - - - e - :
Cymatopleura solea (Breb.) S e ST S e
S s - " " S
- . “ r ‘ e St o .
BACILLARIOPHYTA P IRt
Cymbe11a prQstrata (Berk.) Ci.' - _', ;;' R - - ' v 3
C. sinuata Greg. - - . I T . - ' ‘
QQ_Vehtfﬁtbsa_ +H T T T I S
Epithemia arqu#®Kutz.. + - - N - -
, E;'égﬁgé;Khtz; L+ ;f'} ,'; EETEE A .-7 + ¥ TN
P ; ) ‘ ' :;:g-:.i
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“Al gae

Eunotia lunaris (Ehr.) Grun

Fragilaria capucina Desm.

F. crotonensis Kitton
g1nnata Ehr.

F. vaucheriae (Kutz. ) Peters

" Gomphopema abbreviatum
(Agardh. } Kutz. .

G. acuminatum Ehr

G. ~acuminatum V. coronata
(Ehr ) W. Sm.

G. lanceolatum Ehr. -

G. qlivaceum (Lyngb.) Kutz.

G. parvulum Kutz.
Melosira isTandica D, Mull.

Meridion circulare Agardh.

Navicula cryptocephala Kutz.

N. cuspidata Kutz:

BACILLARIOPHYTA

N. gracilis Ehr.’

N. graciloides A. Mayer -
~N. radiosa- Kutz. N
AN1tzsch1a acuta Hantzsﬁh.

N d1ssigata (Kutz.) Grun

j'iN fonticola ~Gran,
N graqih@‘ Hantzsch

A ;N galea (Kutz ) W. Sm.
- N recta ugntzsch
' Ni sub]ine r1s Hust,

Pinnularid gibba Ehr. °. / 5

L P. mo]ar1§ /érun..

+ + o+

+

+

+ o+ 4+
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Appendix 1. Concluded.

Algae - ‘ 1 2 3 4 5 6 7 g .

'
N

Rhoicosphenia curvata (Kutz.) - - - + - - - -

Grun .

Stauroneis phoenicenteron Ehr. - - N - .

i
'
]
[
]
+
)
¢
>

Surirella angustata Kutz.
Synedra ulna (Nitzsch.) Ehr. + + & + + + - -

+
+
1
1
1
'
)
)

Tabél]aria-fenestrita (Lyngb.)
S 3
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Appendix 2. The algae found-at each site in the Stéepbank River

(+ present; - abseni):

Site
Algae T2 3 4 s
7
TYANOPHYTA .
AnaBaena affinis + - + + .
Calothrix braynii - ‘ e e
Lyngbya aerugineoscaerulea . - + + + +
Nostoc sp .ev L ot + + + _
Oscillatoria sp - + - + - "
. . &
CHLOROPHYTA
Ankistorodesmus falcatus + - Lo R
Chlamydomonas . | o+ .- + f + -
Chiorella vulgaris = - - s+
- Cladophora glomerata ' . - + + o+ -
Cosmarium sp . ) - + -+
Hyalotheca sp L v s L.
Microspora.Loefgrenii o RS SO
Microsg9r9 sp | ’ éf? ; - -;f.«?, . T%<-ﬂ +
‘Pediastrum biradiatum : ST s S e e
« - 3 S ,
- PHYRROPHYTA ‘ B B .
CHRYSOPHYTA o0
_ Chromalina sp = o SR ‘-' -
. R b | S ‘ o , - D
EUGLENOPHYTA - ” T - &
Euglena - sp - L S AT R o ;;4.A;-
. L . . “
'RHODOPHYTA Te T ’ |
Batrachospermum vagum;IRo;h””"!“" S ,3
) -
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Appendix 2. Concluded.

Site
Algae 1 \2 3 4‘ 5 e
—= !
BACILLARIOPHYTA | .
Achnanthes sp. . o .- - - . +
A. lanceolata Breb. L e s
A. minutissima Kutz. .- - | N o o0
Cocconeis pediculus Ehr. ' . oor v
C. plagcentula Ehr. - o ‘ - + 4 + +
Cyclotella meneghiniana Kutz. . - + + + + -
' Cymbélla‘cistha (Hemp.)'GfunA' - Lo N
C. ventricosa Kutz, . : - - + o+ +
Diatoma vu]Qafé Bory. ’ R + - .y
D. yulgare v. grandis (Sm.} Grun - £ .+ R -
" Epithemia argus Kutz. - ' -+ - +
E. sorex Kuti;- - ‘ ' , .- + + +
- E. turgida Kutz. " . ' - + - - ¥
Ffb§%1aria capucina Desm, - . 'i - - + + -
F. pinnata Ehr. o : S - £ - -
Fustrulia fhomboides v. -amphileuroides Grun. -} = v L .
'Gomphohéé; dcuminatﬁm<‘Ehr. ‘ o, . . + - Ei“ -
G. gracil€ Ehr. - . 0 e oL
N. graciloides . A. Mayer - . Sl e o e
N. radiosa Kutz. - B N s
Nitzschia gracilis Hantzsch, B A S - +
N. hantzschiana Rabh. = [ SR
N. palea (Kutz.) W. sm." s T S
| Rhoiegsphénia’;urvata (Kyfz.) Grun, S - 4 . -:' -
~Rhopalodia gibba = (Ehrz) 0. Mull.. I S S
Surirella angustata Kutz. ' - '_\"-. o :-’  + T
Eyhédra u1na;«(thzscH.)f Ehr, . =~ o “: -+ + 0+ R
" Tabs]iéria_f]occu]osa'A(Roihl)__Kutz. T T
' ]

LY
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the Hangingstone River

\

‘

- Amphipleura pellucida 'Kutz.
CdcconeiSfpedicu]ﬁsifEhr; ' .
C. Placentula-‘Ehr, .

. ‘ Site
Algae 1 2 3 4 5 6
CYANOPHYTA. - .
Anabaena affinis Lemm. t + + - + - -
Calothrix braunii Bornet & F]ahaQ}t - - + - - +
Lyngbya aerugineo-caerulea (Kutz.) + + + ¥ - +
Oscillatoria - - + + + -
; >
‘CHLOROPHYTA . < \
Chlamydomonas -sp.” , 4+ - - L ~
Lhlorella vulgaris Bg}ér o ! oo - -
Closterium sp. R - - - + + 4
Pediastrum boryanum (Turp.) Meneghini - - z + - -
Pleurotaeniumn spp. - - - - -
Spirogyra -sp. - - - I
CRYPTOPHYTA
-Cryptomonas ovata Ehr. . _ . + - - - - -
-Rhodomonas minutum - Skuja . - ¥ o - - - -
EUGLENOPHYTA | "
Euglena sp. : v - ..
RHODOPHY¥TA K - ]
- . . N “ . , o . " 1 ﬁ .
Batrachospermum vagum (Roth.) C.A. Ag. - - - -+ +
L T S
- BACILLARIOPHYTA . .~ o . PN
'Achnﬁnthes lanceolata Breb. (a) + + L+ + 0+
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Append,ix ? Continued. .
‘,@T ' . | , Site
Algae 1 2 3 .4 5 6
CLcloteMa menegh1mana Kutz. (a) + + + -
Cymatopleurd solea ( (Breb.) W. Sm. : - L e
t,ymbiprostrata (Berk.).C1. ot + + -
L. slnuatq']sreg. - ' - - - +T 0o
. C. vedtricosa Kutz. : S +t + -
Diatomd vulgére Bory - A B .- +
’Epithemia argus Kutz: - ‘ . B - + -
E. sorex_ Kutz. B - .4+ s
turg1da Kutz. ‘ - A 3 & +
t ﬁrggﬂama chpucina Desm. - - e -+ -
F “Vaucheriie (Kutz.) Peters | + + + + v °®
Gomphonema abbr:‘eviatu'rft" (Ag.) Kutz;' o+ + - - .y
G. larfcegplatum Ehr. # N ..
G__ olivaceum (Lyngb.) Kytz. - - y - e
Earvulum Kutz. -~ e + - - J + -
Gyros1gma acumma«,um (Kutz.) Rabh. - - + - -~
Melosira islandica 0. Mul1l -~ S
i M. varians C.A. Ag.ﬂh‘ . a B -
Navicula‘ cryptocephala Kutz. - . o+ - . s +
N ‘graciloides ~A: Mayer .o o P44 +/ 4 ) ]
¥ Nltzscma acuta Hantzsch. - + - B
d1ss1gata (KUtz g Grun . it - 4 - PO ‘
Q_a_lﬂ (Kutz w Sm N ) , ’+/ e 4 - . o
__ N ‘récta Hantzsch' S PR S |
Pmnulama g1b‘ba Ehr.. S e - \ - " - L
Rnopalodm&*gibba (Ehr ). 0. MuH S <
© R. gibberula (Ehr.) 0. Mall. . - e e
* Syhedra ulna. (Ni\tgzsch.).Ehr. "_" - + t + +
T Ty o L oy . '
Ya) 'D_iatqm's_a_mp]'-é 1os,f in _t.r'avnsii':’(.” _ _ “ o
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Appendix 4. The algae found at each site in the MacKay River (+ present

- absent).
_ Site
Algae o 1> 2 3 4 5 6 7 8
y

CYANOPHYTA ' ' . .
Anabaena affinis Lemm. _ + 7+ T+ t -+ o+ $
Chropcoccus limneticus Lemm. - - R I
Ggmghosphaefia aponina Kutz. R

" Lyngbya aerugineo-caerulea (Kutz.} + S h v+ e s
‘Gomont - o o S
Merismopedia glauca (Ehr.) Naegeli. - -~ - ¥ .- - . -

" Nostoc " spp - T . ‘+< F - - .
0§ci]1ator1a amph1b1a Ao Agafgh. LS G

. “CHLOROPHYTA | : _ e
Ankistrodesmus falcatus (Corda) _ ST S T I A

~ Ralfs,

' ChlamydoMonas gjobosa Snow ° Fob - e - oL
Ch]amydomonas sps . +';‘+ S N 4
‘Chlorella ellipsbidea Gerneck o+ IR T ’

- C. u]gari Beyer Y oov -+ o+ - +
Claophora *!cmerata (L) Kutzl - T+ s o+

- Closterijum - sp. . ‘ S + . -
sCoe1astrum scabrum Reinsch - L T f::‘ < .- "

.*lCosmarfum sppg S o g § b+ o+ R -

' Gloeoczsti glgg_ (Kutz ) Lager - T
Microspora Loefgren11 (qust.) Lager - - booe e e - . f
0 edogonium sp. o R Foob =+ - o
Pediastrum biradiatum'v. emar91natum I U ~
F. convexum Prescott. - 5 - -+ - - \ + 3

'~”Scenedesmus acut1form15 Schroeder IR P U :+

, 1nga (Turp ). Lager B - B ;-;.+ + ¥ ;+

',;S guadr1c5uda (Turp ) de Breb o - - “:;+ L. 1+(
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Appehdix 4. Con_tinu%d.
X . Site .
Algae . Ltz w3 4 56 7 8
' e o
— &
" Spaerocystis schroeteri Chodat O
oSphaeroplea annulina_ (Roth.) B
Ba-  C.A. Agardh. ) . .
Stigeoclonium sp. P S
Ulothrix. sp. . o ™ -
CRYPTOPHYTA .
Cryptomonas ovata - Ehr. B T - - -
Rhodomonas minutum Skuja y ¥ - L L e 3’“
- PYRROPHYTA P .o
o " . ; N . r
.+ CHRYSOPHYTA _ .
Chiomulina  spp. S T '
Dinobryon sertularia Ehr, S '
Mallomonas spp.. o SR SR .- )
EUGLENOPHYTA _ S ,
Euglena sp.” B P e E o -
_Phacus sp. 4. - B
"."Trachelomonas " sp. P IR
| v';‘t'i T ) - ) Y, ) SRR
RHODOPHYTA - - : SR
Batrachospermum vagum ('Rotrﬁ'.) e _. +o- - B |
G Agardh I B
BACILLARIQPHYTA | R b o
Achnanthes . 1anceolata Breb  + S e P ko o
Amph1p1eur‘a hndhe'lmer‘r Grun. - - 4 R PR, \-”-\ _
A p_el]umda -Kutz, » P P



Appendix 4. Continued.

Al gae

Coctoneis pediculus  Ehr.

C. placentula “Ehr.

Cyclotella meneghiniana (Ehr.)
Kutz. ' :

Cymbella cistula (Hemp.) Grun,

'C. lanceolata (Ehr.) V.H.

C. prostrata (Berk.) Cl.

C. ventricosa Kutz.

‘Epithemia argus Kutz.

E. Sorex Kutz.

E. turgida Kutz.

" Eunoitia pecinalfis v. minor (Kutz.)

Rabh.
E. valida Hust.

Fragilaria capucina 6esm.

~ F. pindata Ehr,

F. vaucheriae (Kutz.) Peters.

‘Gomphonema lanceolatum Ehr.

G. olivaceum (Lyngb.) Kutz.
G. parvulum (Kutz.) Grun.

Gyrosigma acuminatum (Kutz.) Rabh.

_Hantzschia amphioxys (Ehr.); Grun.

“Meridion circulare Agardh.

‘ Navicdla'cryptgéepha1a Kutz.
N. cuspidata Kutz.

N. pupula Kutz.

N. radiosa Kutz. .

—

Neidium affine (Ehr.) Cl.

N. aff;né Ve amphinnynchwsl'(Eh&.)“

e,

272
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r

Algae -

Nitzschia acuta Hantzsch’
N. dissipata (Kutz.) Gnun.'
N. fonticola Grun. .
N, palea ’(Kutz.) W. Sm.

N. recta Hantzsch.

(ﬁ; sublincaris Hust.

Pinnularia gibba Ehr.

P. molaris  Grun.
P. viridis v. sudetica (Hilse)
Hust.

Rhopalodia gibba (Ehr.) 0. Mull.

Stauroneis anceps Ehr.

S. phoenicentron Ehr

Surirella angustata Kutz.

S. ovalis Breb. . ﬁ

Synedra ulna (Nitzsch.) Ehr,

Tabellaria flocculosa (Roth.)
_Kutz.
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Appendix 5. The algae found at each site in the E11s River ( + present; -
- absent).
N
‘ | | Site ;’
Algae ' | I 2 3 . 4 s 6
T
CYANOPHYTA | | /,/
Calothrix braunii + - .- f/ - -
© Lyngbya aerugineo-caerula (Kutz.) 4 + - - -
Gomont o T
Nostoc spp. R 4 - - - P
CuLOROPHYTA
Chlamydomonas sp. + o+ - - - +
Chiorella vulgaris Beyer. ‘ 4 + - - - -
Cladqghora‘glomerata (L.) Kutz. + + - - - -
Cosmarium spp. -~ - + - o .. -
‘Microspora pachyderma (Wille) Lager. + - - - - -
Microspora sp. - 7 B - - - .
Stigeoclonium sp. : B -\f + - - - - -
CRYPTOPHYTA o ) .
Cryptomonés ovéta Ehr. 'v - + + e - -
) N\
CHRYSOPHYTA "
Chrémulina spp. . ' L - - -i' - -
EUGLENOPHYTA - - . | - )
Phacus. sp. . -+ - - - - -
~ Trachelomanos sp. . ‘~ + - - . - - -
'BACILLARIOPHYTA B o Ny
Achnanthes lanceolata Breb. _ # - - - 4 -
A. minutissimd Kutz. - - - - - - -
AmphipTeura 1indheimeri Grun. - - -+ - -

~ _Asterionella formosa Hass. s - N - - -
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Appendix 5. Continued.

<

Site

Algae 1, 2 3 - 4 5 - 6
Cocconeis pediculus Ehr. : + - + + - 2
C, Elatentu]a Ehr. + + + - + o+
Cyclotella comuta (Ehr.) Kutz. T4 + + + - -
C. kutzingiana Thwaites - - - + - - -
Q; meRéghiniana‘ Kutz. + + + - -
Cymatopletra solea (Breb.) W. Sm.  + - - -
Cymbella prostrata (Berk.)-A. - + - - + - )
G. sinuata Greg. : X ' + + + o+ + -
C. ventricosa Kutz. : + + L -
Diatdma elongatum Agardh. -~ - o -
D. vulgare Bory “ S - - - - -
D. vulgare v. grandis (sml): Grun. T o + 4+ + +
'gpithemia argus Kutz, + - - - - .
E. sorex Kutz. | - - P -
"Fragildria capucina Desm. - + - - - -
E. construens (Ehr.) Grua. ' o+ - -
f; construens v, binodis (Ehr.) Grun. + = -~ - - - .-
f;*crdtonensié"Kitton. ' - ; - .. + - r_”
F. pinnata Ehr. - : t. +v + .+ .
V. vaucheriae (Kutz.) Peters. - . =~ - '+ - -4 N +
Frustulia rhomboides v. amphilpleuroides +° - - - s
CGrum.  , ] B
Gomphonema abbreviatum (Ag.) Kutz. + - - - - -
6. lancéolatum Ehr.. . - o 4+ L+ 4 - -
G. olivacium (Lyngb.) Kutz.” -~ + + o+ & o . ¢
~ Gryrosigma acuminatum (Kutz,Y'Rabh;‘ o - . R
Melosira varians C.A. Ag. e - - -
‘Navicula'g[ypgocephal Kutz. - -+t + P+
+ .+ +

N. graciloides A. Mayer - -
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-*Algae : -

r

K ﬁ; minima v. atomoides (Grun.) C1.

Nitzschija.dissipata (thz.) Grun.
—'N: fonticola Grun. . B

N. palea (Kutz.) W.Smo - . °

N. recta Hantzach. ‘

Pinnularia melaris - Grun..

Rhoicosphemia curvata (Kutz.) Grun.
Rhopalodia gibberula (Ehr.) 0. Mull.
Stephanodiscus-astraea (Ehr.) Grun.

Surirella angustata Kutz.
Synedra ulna (Nitzsch.) Ehr.

+

+ 4+ 7+

+

a
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Appendix 6. Summary of factors.potentially influencing the growth of

P i

the major a[ga[;groups;

Algal Groups

Factors :

DIATOMS

Muskeg River
.fntire périod;
Open water 1978

. Open wiier 1979

Steepbank River
Entiré period

Open water 1978
_Open water 1979

. Irradiance.

-

" Temperaturg; Current velocity; Discharge; NO3-N.

Hangingstone River

.Entire period
“Open watér‘lgfa
.Opén~w$ter 1979
VMacKaz River h
Entire'period

Open water 1978

Open water 1079

Ells River
Entire period
Open water 19?8“

Open water 1979

i

By

Current velocity.

Irradiance; NO3-N; Temperature.

Y.

Irradiance; Temperature; Current velocity.

£

~

-

Si0g; Oischarge; Current velocity.
. . ) X : &
Si02 s :

- Temperature; Current velocity; Discharge; Ca; Na.

© Na; Ca; Irradiance;-P04FP. ' :r

»

]

Irradiance; NO3-N.
1

igischarge;'CUrrent ve]ocity;'Sibg;.lrrédiance.

Irradiance; PO4~P; Si0p. -

M

LS

M,Tempe%atufe;'Irradianée; Qurreht velocity; Discharge,

) N03-Nn

Ca; Temperature; Pog-P; Discharge; Current velocity;

L0+
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Continyed.

Algal Groups

Factors

CHOROPHYTA
Muskeg River
Entire period
Open water 1978

A )

Open water i979

Steepbank River

éntjre period.

Open water 1978

‘ Openiwater 1979

Hangingstone River

Entire period

«

Open water 1978

' Open water 1979

MacKay R1ver

Entire period

J Open water 1978 -

~ Open water‘1979'

Ells River

Entire periqd

Open water 1978
Open water 1979

"Temperaiure;,P04¥E;

Temperature. - VN

Calcium,
Irradiance;'N03-N; Temperature; Discharge; Si0z.

A

N03 N; Temperature, S102 ‘ .

Si02; Current ve\oc1ty, D1scharge

Temperature;fN03- ; POg-P; Si0y.

i
d
t'f

14
AN

Temperature; Fe Si02; -Irradiance; Current veloc1ty,
D1scharge .
€urrent ve]oc1ty, Dnscharge

7, Na, NO3-N; P04 -P; Current ve1oc1ty, D1scharge

.

Irrpdiance; Current velocity; Discharge; Temperature;

“$i0p; NO3-N.

Current ve]oc1ty, D1scharge, Fe.

-

E Current velocwty, D1seharge, Temperature, PO3- P Na.

PO4-P; Na.

Discharge;‘Current velocity.

Irradiance; Na; Ca.
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Algal Groups

: Factors

CYANOPHYTA

Muske jver

Entire period

‘Open water‘1978

" Open water 1979

-

Steepbank River

Entire beriod
.Open water 1978
>70pen water 1979

S

E Hang;ngstone R1ver o

~Entire per1od

Open watér 1978

;;fOpem uater'1979
L;;nacgaz,nfvga_

T*En;ire’period .
Obeu;Watgr 1978f
~ Open water i979i .

Ells River -

Entire'ggriodA

Open water 1978.
| Open water 1979’

© NO3-N;

Si02; Discharﬁe.

Current velocity; Discharge. - .

N03%N

*Irrad1ance

EV I

i
°-.

Current ve]oc1ty, D1scharge.

,;,D1scharge..

7

Irradiance.

S102, K D1scharg

. Current ve]oc1ty,

Oz, P04 P N03 -N.

<;;

~?S102, P04 P Na, D1scharge Current veloc1ty

a <
o

..

scharge, N03 -N:

.firrad1ance S102, Temperature P04 P.

,'

Irradiance; P04-P,

Ca; Temperaturé;’Ne. L

Irrad1ance Temperature, S102, D1scharge

Current ve10c1ty, N03 N

Y

Current. ve10c1ty, D1scharge, Temperature, Na Ca,
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‘Appendix 6. Concluded.

Algal Groups
o

Factors:

A
RHODOPHYTA

Muskég,Rive? )
Entﬁré period
Open water 1978
Open water 1979

Steepbank River

L2

.Entiré period
Open water'1978

Open water 1979 .

4

SiOé; Temperature; Ca; Mg; Current velocity; Mn,

I

“Irradiance.

Irradiance; NO3-N; POg-P.  r

_Irradiance; Temperature; Si0;.

NO3-N; Current velocity; Discharge.
lrradiance; NO3-N.

F

5

e
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Append1x 6b. Summary of factors potent1a11y influencing ep1T1th¢£ ‘
algal stand1ng crops.

Study Period

'Fattors | n:> i

Muskeg River
fntire period
Open ueter 1978
Open water 1§Z9—

a

* ' Steepbank River

Entire period

Open water 1978
Open water 1979

" Hangingstone River

Entire period

Open water 1978

Open water 1979

. MacKay River -
Entire period

Open water 1978

'<0pep water 1979
Ells River

“Entire period

~ Open water{19T8

I

* Open water 1979

| Si05 NO3-N;-Ca; Naj -Irradiance,

Temperature[
Current Je]ocity.

Temperature.

Current velocity; D1scharge

S102, N03 N; Irrad1ance,.Currént veToc1ty;

- Discharge.

Current velocity; Discharge; Temperature

\Irradlance, Na; Ca; 5102, NO3-N;-P0Og-P.

~ t

Current velo;1ty, D1scharge Temperature

~ NO3- N Irradiance; Si0z; Fe; Current velocity;
D1scharge.l o '

Turrent velocity; Discharge; Temperature;

Irradiance; Ca; Na; Si02; NO3-N; POg-P.

Current velocity; Discharge.

Irradlance, PO4-P; ‘N03 -N; Discharge; Temperature,
Fe; 3102, Mn; Current veloc1ty

Current velocity; Fe; Discharge; NO3-N; Ka.

Temperature, Irrad1ance Mn, Current velocity;
r'D1scharge.‘ '

L

Current veTocity;'Dischargé;'Sioz; Mn:
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Apbendix 7. Summary o? factors potentially. {nf1uénc1ng ep1d1th1c
. algal primary product1v1ty N

A

‘qukengiver

- Entire périod L Standinglcrop; Ca; Si0p; Mg.
. . 3
Open water 1978 Stand1ng crOp 5
Open water 1979 . Mn; Ky S102, Mg, Stand1ng crop, Temperature;
. POg-P; Na, C1.

”

“ Steepbank River

- Entire period Cl; Mg; K; N03-N; I}radiance.
Open water 1978 | - ’
Opén water 1979 ﬁ;StandingtcrOp; Irradiance; Temperature; NO3-N.

\ N Tl e

Hangingstone River - . , - _ -

~Entire period | . NO3-N; Ca; Mg; Cl; K; Temperature.
“Open water 1978-ﬁ . Standing-crop.
Open water 1979 S Standihg»crop.

MacKay R1ver

- Entire per1od } N03 N; Irrad1ance Stand1ng crop, 5102, Mg
Open water 1978 - Irradiance; PO4-P NO3- N; Stand1ng crop, Fé Mg;
// , - Ca; Temperature; 5102, Mn. > .
Open water 1979 o Temperature; Irrad1ancg. '
E]ﬂs Rlver - '
Ent1re per1od , ; 'P04 Ps Stand1ng crop, Ca, Tempe ature.‘
Open water.1978_ ;Fe S102, Mn. ’ S
Open water.1§79 Temperatqré, ih;adiancei'séénding Frop;'._j- e
_ e
/ b?\' |
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Appendix 8. Correlations between epilithic algal standing crop and
o primary productivity for the entire ‘study period and for
) the open water periods of 1978 and 1979. \
River  ° " - , - _Open Water Period _
Entire Study Period 1978 v 1978
* Muskeg r =-0.356 T = 0.536 r = 0.678
p «0.05 Y P 0.0 o p 0.10
Steepbank N.S. N.S. o r = 0.989
‘ .o ' ' p 0.005
_ Hangingstone N.S. r = 0.668 © Y ro=0.921
o« : : p 0.10 p 0.10
MacKay r = 0.310 r =0.776 : N.S. .
p 0.25 p 0.05

-
]
o

L[]

D
(=]
(38

E1ls - r = 0.519 NS .
T p -0.10 . p  0.25




Appendix 9. Correlations between epilithic ‘algal nitrogen fixation and
nitrate nitrogen, chlorophyll a, numbers of Cyanophyceae -
and temperature !

River o vNitrate ‘Cyanobhycean Temperature Chlofophyfl
o Nitrogen Numbers , _ a
' Muskeg : . ' 4
ro -0.304 0.274 ©-0.202 -0.410
i p .05 .p .08 p .18 - p .01.
multiple r  0.518 0.522 - 0.411 0.410
.Steepbank S '
r -0.258 .0.116 . 0.865 0.460.
p .18 p .34 p .01 p .05
multiple r 0. 872 -0 879 0. 855 .0.879
Hangingstone _ . “ .
Yor -0.397 . -0.279 0. 890 .. 0.302
p .08 p .20, -p 01 ‘p .15
multiple r 0. 905 L .- 0.873 - 933
MacKay E K
: r -0.161 - 0,273 0.438 0. 089
p .27 p-,.l16 p. .05 " p* .38
multiple r 0.373 - 0. 369 B - :9.250 .
ENs T - .
e -0.064 -D 496 - 0.796 0:.429
, ' p .41 ‘? .04 p .0V p. .07 -
mulitiple r  0:815 R . 0. 747 . .0.813
All.Rivers ~ -0.282 . 0.240 © . '0.398 . - 0.036
‘Date Combined *p .01 . p .01 =~ . 'p .01 p- .37

‘multiple rg.s0.418  0.352 0.464  0.471

P
' .t
l :
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Appendix 11. Correlations between epilithic algal standing crop and
potentia]]y']imiting nutrients for the entire study
period and for the open water periods of 1978 and 1979.
=
Nutrient - Entire Study Period
t
Muskeg  Steepbank Hangingstone - MacKay E1ls
Si0p  N.S.2  r =0.38  N.S. N.S. r = -0.420
: ’ p0.10 p 0.0
NO3-N  N.S N.S. N.S N.S. N.S
PO4-P  N.S N.S. N.S N.S. r = -0.365
p 0.10
Mn N.S. r=0.747  r ='0.687 N.S. r o= 0.447
p . 0.005 p 0.005 p 0.05
Ca N.S. r=0.371 r = 0.412 N.S. r o= -0.442
p 0.10 p 0.05 p 0.05
Na N.S N.S. N.S N.S. r= -0.357
p 0.10
‘Open Water Period (1978) i
. ) . P
Si0  N.S r=-0.726 r = -0.590 r = -0.854 N.S.
L p 0.10 p 0.10 p  0.01
NO3-N  N.S.  -r =-0.675 r = -0.679  r = 0.918 .N.S.
o p 010 p  0.05 p 0.0 |
POg-P"  N.S N.S. N.S. r=-0.932 N.S.
p- 0.01
Fe N.S. N.S. r = -0.591 r = -0.875 N.S
p  0.10 p 0,01
Mn N.S. N.S. N.S r=-0.774 r = -0.610
P 0.05.p 0.10
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-

Nutrient Qpen‘water Period (1979) -
Muskeg  Steepbank Hangingsgone MacKay Ells
$i0p  N.S. r=7.17 r = 0.621 N.S. r = 0.59
P 0.10 p 0.10 P 0.25
NO3-N  r= -.404 N.S. r = 0.479 r = -0.605 N.S.
p -0.25 p 0.25 p 0.25
POg-P  N.S. r = 0.385 r = 0.464 N.S. N.S.
p 0.25 p 0.25
Fe r=-0.427 r = 0.406 N.S r=-0.679 N.S.
p 0.25 p 0.25 p 0.10
Ca N.S. N.S. r = 0.828 N.S. N.S.
’ &
p  0.05. °
Na N.S. N.S. r = 0:538 r = 0.862 N.S.
. p 0.25 p ;0‘05
Mn N.S.  N.S. N.S. N.S. r= 0.627
' p  0.25
H 0 .

a4 N.S. = Not significant.
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Correlations between‘epi]ithic algal Standing crop and

;Appéhdix 11b.
physical factors for the entlre study per1od and for the
open water periods of 1978 and 1979.
:
. PhySical _ ,
Factors Entire Study Period
Muskeg = Steépbank Hang?ngstoné MacKay Ells
Temperature r=-0.265 N.S. ro=-0.191 N.S. T NLS.
p 0.10 p 0.25
Irradiance N.S. N.S. N.S N.S. ' r o= -0.231
‘ opt o 0.25
Current =-0.146 r=-0.236 - r = -0.231  r = -0.287 N.S
Yelocity p 0.25 p 0.25 p 0.25 . p  0.25
Discharge =-0.168 r=-0.202 r=-0.217 r=-306 N.S. ~
/' p @25 p 0.25 p 0.25 K p 0.10
-- ) Open Water Period (1978)
Temperature N.S. N.S. N.S. r=0.893 r = -0.746
‘ p 0.01 p 0.05
Irradiance N.S. T=0.637 r = 0.637 r = 0.958 r = ;0.695
p 0.10 p 0.05 p 0.01 p 0.10
Current =-0.385 r=-0.629 - r = -0.447  r = -0.720 r = 0.416
‘Velocity p 0.10 p "0.10 p  0.25 p .0.05 'p 0.25
Discharge  N.S. r=-0.596 r = -0.413  r = -0.909 r = -.354 .
- ~ p 0.25 p 025 - p 0.01 p 0.25
Open Water Period (1979) /
Temperature r=-0.625 N.S. r = -0.421 r = -0.592 N.,S.
p 0.10 p 0.25 p 0.25 .
‘Irradiance r;-o.515 NS, r o= -0.448 N.S. N.S.
p 0.25 p - 0 25 :
Current  'N.S. r=-0.651 r=-0.664 r=-0.764 r = 0.671
Velocity p . 0.10 p 0.10 P 0.10. p ~ 0.25
Discharge . N.S. . r=-0,628 r = -0.517 r =-0.635 r = 0.639
L 025 p. 025 p

P 0.10 p 10.25
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