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CABSTRACT

Invertebrate drift whs sampled in the North Saskatchewan'
/
River upstream and downstream of the City of Edmonton,,A]berta gn

‘severa1 occas1ons between October, 1975 and October, 1976 wastewater

)

d1scharges to the r1ver had a measureab1e effect on the dens1ty and

A

COmpos1t10n of the dr1ft downstream of Edmonton Upstream of the c1ty,

- »

the drlft fauna was dom1nated by “c]ean" water taxa, d1e1 variation.

' 1n ‘total dr1ft dens1t1es with n1ght -time maxima were common and total

drift densities were sipilar between midstream and near-shore locations.

Downstream 6f Edmonton, drift densities were higher and the fauna

dominated by organisms charatteristic of a river environment.affected
- | -

by organic (nutrient) wastewater loading. Diel variations in total

- :
cLs Lo t .
drift densities were not evident. Drift densities were significantly

{

higher (p 0.01) near the south shore compared“to the nor

‘

beCadse of ihcomp]ete lateral mixing of etf]uents at the \downstream

'station F]ume exper1ments showed the drift samp]er met th de51gn
criteria for 1sok1net1c samp]1ng of suspended part1cu1a and thus :
1nsured quant1tat1ve sampling of drift. The samp11ng method was
sujtable for most riwer conditions throughout the year. The'
feasibility of sameling drift for\routine'environmentat monitoring

programs in:rivers such as the North Saskatchewan was demonstrated.

o
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1.0 INTRODUCTION

&

In recent years water ‘pollution has come to be recognized as
bart of the larger problem of-water’hesources management. Th1?‘1s
certain]y'the'Gase in many Qf thé southern prairie watersheds of
western Canada wheré the growth of industry and population is placing
an ever—incheasing demand on this finite resource. The assessment of
wafer pollution is‘essént1a11y a biologicé] problem because its primary
effect is onﬁjiving organisms; but it also requires a knowledge of‘the
physical and chemical characteristics of the receiving water since
standards for Water quality arve u§ua11y based on non-biological |
criteria. |

‘In 1975,‘the Edmonton regional office of fhe Environmental
Protection Service 1n1tiaﬁéd a program‘tO'eva1uate pollution in major’
prairie river basins (Hatfie]d, 1975). The project wasvdesigned ho
Tocate existing or potential water po]]ution problems in each basin,
identify probable point sources of po]lut1on causing the problem and
to define the effects of such po]]ut1on sources on the b101og1ca1
community. This basin-oriented approach had not been attempted;on
‘Mesﬁ%rn'Canadian rivers. The North Saskatchewan River was*se]eéted
as the first_river basin for study: Several sampling stations were
established along the entire river 1éngth,‘usua11y upstream and down-
stream from'knowh po11utioh sources,- At each station it was proposed
tq ch]]ect water samples for chmprehensivé chemical and bacteriological
ana)ysis, sediments for cbhtaminantAéna1ysis, fish and aquafic inverte-
brates. -

'.Eah1y in the program, it was realized that stanéard techniques

for collecting benthic invertebrates (e.g. Ekman and Ponar dredges,



Surber sampler, hand nets. etc.) would not be suitable at all statioas
because of the rocky nature of the river bottom, relatively high cur;ent
velocities and excessive depths. Therefore, a decision was mada to
sample invertebratss drifting in the waterkao]umn, HnoWing that thisb
sampling method could probably be applied at all stations and that the
oréanisms collected would likely be representative of the benthic inVerfe;
braée fauna. The use of invertebrate drift was unique be;ause it had
:not been applied to any previous surveys of this type.
The results of the benthic invertebrate component of the
rivér basin program were important to the overall assessment of the
study results. However, the method’ was new and required evaluation, 50
a detailed 1nvést1gation of invertebrate drift in the North Saskatchewan
River near Edmonton was undertaken in the Fall of 1975. This 1nvest1—
gation is the subject of the study reported in this thesis. ~Thé
.specific objectiyes of the study were ta:
a) investigate the effects of urban wastewater
discharges from the City‘of Edmonton on the
drifting invertebrate fauna of the North
Saskatchewan River; ‘ ; /
b)" determine if sampling drift is 2 suitable -/
method for collecting aquatic invertebrates
in large rivers such as the North Saskatchewan /;
for the purpose of environmental monitoring; and
c)‘ determine if the samp]er désign is acteptab]e
for co]Tecting quantifiab]g samples of inverte-

brate drift.
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2.0 DRIFT AND THE STREAM ENVIRONMENT

2.1 Aquatic Invertebrates and the StreamyECosystem

Fjgore 1 (Hynes, 1970a) is a schematic representatton of a
river ecosystem‘in the rhithron zone. This zone is defined as'thatn
portion of a stream where month]y mean temperatures do not exceed
- 20° Cs the current velocity is high and flow is turbulent; d1sso]v d
oxygen concentratJons are always h1gh; the substrate is }omposed,o(
rocks, stones or gravel withioccastona1 sand or silty patches; the -
fauna 1is more or less cold stenothermic and characteristic_df running _
water; and tnere is 1itt1e or no’true'p]ankton. “The North Saskatchewan
River in'the vicinity of Edmonton more or-]ess fits into this classifi-
cation. | | | |

-

In the rhithron, the main energy‘source is a]locnthonous
material, nith 1ight playing a~setondary'ro1e. \Metabo1ic products
reieasedvto the system tend to move downstream wfth little opportunity
.for local recyc1ings Any cycling. which does\occur\is continually
‘displaced in a downstream direction. -Invertebrate orﬁft,js one of‘the
- components in Hynes' model which'moves downstream.r .

From Figure 1 it can be seen that the.benthic macroinverte_
brates (insects and crustaceans) make up a large proportion of the
biomaSS‘in such an ecosystem. The role of these organ1sms in terms
of the séructure and function of the ecosystem,as summariZed by:
Cumm1ns (1975), "is the conversion of reduced carbon compounds deriveo
primarily from the surrounding land (allochthanous material), supple-
mented by in-stream tarbon fixation (autochthanous materia]), into
‘s temporary storage in their own tissues and tnto carbon dioxide”.n

Cummins (1973) has classified macroinvertebrates into four functional
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Figure 1 ‘Diagrammatic representation of the

trophic relationships of the ecosystem
in the rhithron (from Hynes, 1970a).



categofies based on feeding strategies, namely shredders, eollectors,
grazefs and predators. vMost aquatic 1nseéts do, however, occupy more
~ than one category, a characteristic that eﬁables them to adapt te

varjous lotic habitats.. ' ‘ \, |

il

"Since most of the organisms collected dgring‘this study were
of the Class Insecta, a bhieghdiscusgion on an;;ic insect life
histories is inc[uded hgre. Informetion specific to the North
" Saskatchewan River near‘Edmontpn was not found in the 11terature.

Most aquatic insects spend the majority of3fhe1r life in
water in an immature form. The adult stage is short-lived and geared
only tqwards\reproduction. Mating usually takes p]ace.out-ofrthe water.
- The edults of sdme'species have only ;estigaT mouth parts and/or
 ;digest1ve system§ and do not feed at all. with‘fhe except{on ef one
order (Hemiptera),,aquatic inseets‘undergo somevtype of metamorphosis .
from egg to adult. ) .

Most aquat1c 1nsects in temperate streams have -an un1vo1t1ne
11fe cycle, that is one generat1on per year (Hynes 1970a). Eggs typically
“hatch in. the summer and fall and the 1mmature forms grow and deve]op
-'over the w1nter and spring.. The emergence of "adults may start very
early in the spring and{eontihue through tﬁe summer, depending on the

4

species and envirdnmenta] conditions. }Tﬁere are exceptioné to this
pattern and these include species whiéﬁ fake more than one year to
complete the‘cyc1e (e.g. some b]ecoptera) and species gaving-more than
one’ generat1on per year (e.g. some Simuliidae, throhbmidae and
Baetis sp.). :

Hynes(19706) has d1st1ngu1shed three main types of Tife

cycles. Non-seasona1 cyc]es are ‘those where individuals of all stages



are present at all t1mes because of 1ong Tife histories or over-
lapping generations. Slow seasona] cycles are those in wh1ch the eggs
hatch soon after laying and where growth occurs over a long period to

maturity”near1y a year later. Fast}seasonaW cycles have rapid growth

- after a long peribd of eggq diapause or have one or more intermediate .

. generations. A graphic presentat1on.of seasonal fluctuations in biomass

and numbers of insects in a stream is given in Figure 2 The applic-
ab111ty of this model to a river ecosystem is suggestive at best
Hynes (]970a) has stated that non- seasona1 tyc]es are probably much
more 1mportant in rivers than seasona1 cycles.

| Regardless «of the type of 1ife cycle, it is apparent that,
except for per1ods of emergence only the 1mmature stages of aquat1c
1nsects will be captured in a study of drift.

2.2 The Drift Phenomenon ‘ ' S

S1mp1y defined, dr1ft is the downstream movement of organ1sms
in a running water system. Most commonly, these organisms are aquatic
invertebrates but also included are fish (especially the juvenile stages);

insects of terrestrial origin and algae. In North:America, at least 50

'species be]ong1ng to 40 genera of aquat1c 1nvertebrates have been

cd]]ected in aqdatic drift studies (Adamus and Gaufin, 1976). Inverte-
brate dr1ft has been documented in rivers as large as the M1ss1ss1pp1 ‘
(Berner 1951) and in a Danish springbrook with a flow of one /s
(Iversen and Jessen, 1977). Drift sampling is now cons1dered an L
integral part of any study on the eco]ogy of ®ream invertebrates.
‘Waters (1965)”Subdivided the phenomenon ofvdownstream
invertebrate drift into three components:: "behavioral™ drift, a

result of some béhaviora] characterdsticﬂof the animal; "catastroph1c

. ' L 3 %
A N
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INSECTS false C false : fulsc min.

min. no. max. no. - biomass numbers

variable

biomass

Figure 2 - Diagrammatic representation of

' supposed seasonal fluctuations
in numbers. and biomass of insects

in streams (from Hynes, 1970a).

Note: = Points of false minimum and maximum
numbers and false minimum biomass
illustrate times where coarse-mesh

~sample nets may‘ﬁbt.represent actual
4 ¢ conditions because they fail to collect
the small individuals.
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drift, which occurs as a result of floods or other physical or‘chemicaf
disturbance; and “cénstanp” driftvofvoccasidna1 Tndj?idda]s fhaf for
~ various reasons lose their hold on the bottom and drift in Tow numbers.
Non- catastroph1c dr1ft typ1ca11y exhibits‘a diel pattern,
| first documented-by TanaLa (1960) and also reported by others, 1nc]uding
waters (1961, 1962}\l9%5, 1966), Muller (1963), E]]ioft (19675, b, 1968,
'19775, Bisﬁop and Hynes (1969),‘C1ifford (1972), Cowell and Carew
, (1976), -Armitage (1977), Ivérseﬁ and Jessen (1977)." This circadian
,rhythh is intimately connectéd.td’the‘state'of.acfi?ity of the inverte-
brate fauna. A 16w level of passive .drift is to be eXpected,but the
nocturnal peak observed in drift is largely the resuit of a behaQiora],
activity of the benthic animals. Thfs_thahge 1néreases the propensity
for detachment and transport by the current (Hynes;1970a). Light
‘1ntenéi;y is conﬁide}ed the most'imbortant~factor responsible for the
circadian drift activity (E171i0tt, 1967&"Bishdp and Hynes, 1969).
B Most stream animals exhibit strong pos1t1ve rheotax1s

and th]gmotax1s coup]ed w1th strong negative phototaxis. These
mechanisms. result’in the firm attachment: of most of the fauna to the
underside of stones during the daytime (B1shop and Hynes, 1969 Odum,
V1971); During darkness the activity of most benthic organ1sm9 ’
increases and many moVe to the top of the substrate where~theyﬁare
more susceptib]e to the current forces. These nocturna]fmovements
have been observed both in the field and in the 1§boratory,(E11iott,
1967a;Bishop and Hynes,‘1969; Chapman and Demory, 1963) and are
pfobab]y associated with foraging for food that 1is more abuﬁdant on
the tops of stones or jn.the case of filter feeders‘for,the partiéu]ate 3

material in the main current flow (Ulfstrand, 1967). Jostling fdr‘



position and available food in this location resu]ts in the dié]odging
of some individuals and their récruitment to the drift. Movement to
the upper substrate surtace dt night a1sd reflects an important .
behavioral mechanism in reducing susceptibility to predation.
The night-time drift pattern typically peaks sodn after sunset
:and again in the middle of the night or close to dawn. The pattern with
the highest'peék 0cCurring early in the eventng'is térmed bigeminous;
that with the h1ghest peak later in the night is. called alternans
(Aschoff, 1966) . Typical patterns are #TTustrated in F]gure 3.
| The 1arvae of some Ch1ronom1dae, S1mu111dae and Tr1choptera
are known to ‘be pOSjttve1y phototact1c and do not exhibit nocturna]
dr1ft peaks (Elliott, 1967a; Bishdp and Hynes, 1969). B |
: "‘Nocturnal dr1ft activity in the field and laboratory has
been- gdppressed by the use of artifical light (B1shop, 1969; E111ott
1967a, Holt, 1967). Anderson (1966) found that drlft d1d not increase
~at all in‘a stream on the n1ght of the fu]] moon. §1shop~and Hynes
(1969) noted partial depression of the nocturna] drift maxima by
moonlight. _Critica] levels of illumination for vagidus‘mayfky‘snecies
varied from one to 60 lux (Hynes, 1970a). In contrast Ulfstrand (1968) -
found the midntght sun in the Arctic does ndt comp]dté1y suppress the
diurnal rhythm. Hynes (1970b)vsummarized’the importance of light on
c1rcad1an drift rhythms by stating: '
"The rhythm is. set by 11ght and that in some
species it persists and is enhanced when the
1nh1b1tory effect of 1ight is removed, but that
in others the recurring stimulus of the ahange
from 1ight to dark is needed for the pattern
to pers1st !

"Catastrophic” drift induced by'héa?y'rbinfa]]s has been

described by Waters (1962); Elliott (1967a);and Anderson and Lehmkuhl .
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(1968). In the last study a four to sixfold increase in stream dis-

- charge resu1ted in a fourfold increase in dr1ft c011ectlons Waters
(1962) found the drift rate of Dixa sp. in Va]]ey Creek M1nnesota
increased’ 50 fold after a ra1nstorm The term "catastroph1c may s
however, be 1nappropr1ate in these cases s1nce dr1ft densities d1d
not change s1gn1f1cant1y from pre -rainfall conditions." A]§%‘ Anderson
and Lehmkuhl noted that many of the dr1ft1ng 1nvertebrates reta1ned
the1r character1st1c nocturna] patterns even during per1ods of h1gh

discharge. - The most classic cases of cafastroph1c drift are those

resulting from direct or indirect app]ications of pesttcides'(Ide '1957,

"1967; Hatfield, 1969 and wa11ace and Hynes, 1975) Treatment w1th

methoxych]or of two sma11 streams in Quebec caused a nearly 2000- fo]d

increase in the numbers of drifting insects over a 24-hour period

*

following application (Wallace and Hynes;.1975).

w

2.3 Significance of Drift to the Stream Environment . .

Four ‘aspects of 1nvertebrate dr1ft which can be cons1dered
benef1c1a] to the stream commun1ty 1nc1ude the rapid repopu]at1on of
denuded areas, the ma1ntenance of a food’ supp]y of certain fish spec1es,
the removal of excess benthic product1on and escape from nnhosp1tab1e

hab1tats

Co]on1zat1on of. newly constructed stream channe]s was observed‘,

“within four months by Leonard (1942) and Patrick (1959). Muller (1954). -

found that Ch1ronom1dae, S1mu111dae Ephemeroptera Trichoptera and.
‘Plecoptera habémoved 1nto an area of a stream comp]ete}y denuded by a
bu]]dozer after on]y 11 days. waters (1964) art1f1ca11y c]eared sma]]

areas: of a stream and found two spec1es# Baet1s vagans and Gammarus

11mnaeus returned to the1r former abundance within four and one days

1



respect1ve1y,dur1ng the fall. Coutant (1962) observed w1nter reco10n1-
zation by stream 1nvertebrates in sections. of the Delawd?e R1ver where
summer ‘water temperatures were 1ncreased beyond to]erance limits by a
power generat1ng station. Reco]on1zat1on attr1buted to drift 1n streams
affected by insecticide app11cat1ons has been noted by D1mond (1967)

a Many species of fish (moSt notab]y sa1mon1ds) are known to
feed on dr1ft1ng organ1sms. In four Idaho streams, Griffith (1974)
[tound that memberscof-five insect orders (Ephemeroptera, ?01eoptera,
Diptera, Plecoptera and Trichoptera) wh1ch compr1sed the bulk of"

dr1ft made up. an average of 92 percent of the diet of brook trout -

(Sa]ve]nnus fontinalis) and cutthroat trout (Salmo clark1) of all age

groups Dr1ft1ng Ch1ronom1dae (both 1arvae and emerging adu]ts) com-

pr1sed 70 percent ‘of the d1et of coho sa1mon fry (Oncorhynchus

k1sutch) in ‘an art1f1c1a1 stream in Br1t1sh Co1um1ba (Mund1e 19f1).
Insects of terrestr1a1 origin wh1ch dr1ft on the surface made up

nearly 50 percent of the d1et of brook trout in a Co]orado stream

- (Reed and Bear, 1966). The exp1o1tat1on of dr1ft for 1ncrea51ng
production of salmon in nursery streams has been proposed by Mund1e
(1974) Possibi]ities inciude the co]lection of nocturna]ldrift and
subsequent release during the dayt1m rcolation of an air-water
mixture through the gravel of riffle are s to d1s1odge the benthos = °
and attractton of terrestrna] 1nsects the water surface by;suspended‘
' 1ights ‘Mundie (1973) a]so'demonstrated the.potentia1 tor field
“culturing fish food organ1sms by add1ng cereal" gra1n to: promote higher
benth1c 1nvertebrate product1on. These organ1sms could then be made |
Afvaiiabte to fish via‘the‘drift.

' Naters’(]961'and i966)_has argued that dr?ft represents
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' (Baetis vagans) suggested'drift was a function of production rate at

“excess production from the benthic habitat: His studies of the mayfly

{

or above the point at which ®he carrying capacity is reached. Dimond
(1967) also found that invertebrate drift was not significént in streams
in Maine previously affected by aerial DDT spraying until the carrying
capacity of the benthos‘was achieved. Here the drift'component
recovered two to three years after the bottom fauna. The dependence

of drift on benthic density was also shown by Pearson énd Franklin

(1968). Waters'(1966) estimated the production rate‘of Baetis vagans

using two methods; drift and instantaneous growth rate, and population
densities of the benthos but found more confiaencé could be“p1aced in
the ]étter. | |

This relationship between drift and density of the benthos
was not foﬁnd by E11iott(1967a) or BishOp and Hynes (1969). In both

studies the proportion of benthos in the drift‘never exceeded 0.0086

. and 0.0004 percent respectively. In addition, the benthos probably

never reached carrying capacity due to seasonal spates and cultural -

interferences. Such small percentages make it impossible to estimate

"benthic production rates using drift,a]oh%‘fﬁﬁmﬁtage (1977) found,the

proportion of benthos in the drift varied frbm 0.02 to 4.73 percent

in two English streams with the highest proportions occurring in

- July and the lowest in January.

The final consideration is that of escape. This is espeéia]]y
important in streams with fluctuating shore]ines caused by hydroelectric
power generation. Brusven and MacPhee (1976) found that drift served
as one of the prime ways by which aquatic insects can avéid stranding

and possible demise when colonizing habitats were subjected to stage

13
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fluctuations. Certain groups such as ephemeropterans, plecopterans,
and trichopterans would tehd to drift rather than seek‘out cover deeper
in the substrate.

2.4 Invertebrate Drift as a Measurement of Environmental Change

2.4.1 The Use of Aquatic Invertebrates for Water Quality
Assessment
Biological monitoring plays an important role 1Q‘a
pollution monitoring program by~pfovid1ng information not avai]ab]e.
from physical and chemical tests a1oﬁé. In rivers, benthicoinverte—
brates havé‘]ong been recognized as organisms particularly suited
. to pollution surveys (e.g. Richardson, 1928; Patrick, 1950;
6aufin and Tarzwell, 1952; Beck, 1955; Wartz, 1955; Hynes, 1960;
Dean and Burlington, 1963; and Klein, 1962). The assemblage of
- bottom o}ganisms ina river is a refﬁ%ction of the quantity énd
qQa]ity of wastes entering the waterway. \Chemical analyses alone
only describe water quality at the time of sampling and may not
coincide with the perijod of most critﬁca] conditions td the
ordaniSms. In contrast, the compositioh of the bottom fauna is
determined by single or recurring critical condifions anq reflects
‘the environmental conditions which‘preva11ed during its develobment.
Evén'a short—térm exposure to a particular pollutant will result
in the loss of those organisms intolerant of the stress.
, There are several reasons why benthic invertebrates
are selected for study. First, théy are usué]]y abundant in rivers
and stream§ during all seasons. Second, théy are differentia]iy
sensitive to pollutants of various types and‘Yespond quickly

(Cook, 1976). Third, they typically have a life cycle of a year



or 1ongef and if at any time during theif 1ife cycle environmental
conditiohs aré outside the tolerance limits, they die (Cairns and
Dickson, 1971). Fourth, they are relatively 1nmobi]e and cannot
easily escape unfavourable environmental conditions. Finally,:
they“are easy to collect and {dentffy.

i

The response of the benthic invertebrate community to
pollution varies with the nature of the waste. Typical responses
) qto two tyﬁes of wastes, organic and toxic, are described here.

In the case of organic wastes such as a sewage treatment plant
effluent, important éuccessiona1 changes occur in the downstream
direction. Immediately- below the outfall, there may be a zone
where ﬁhe dissolved oxygen concentration is reduced due to oxygen
demanding subStanées in the‘waste and the substrate blanketed with
orgénic'so1ids,vsewage fungus or algae. Here only those organisms
which can tolerate Tow dissolved oxygen concentfations and

utilize the aiteréd habitat will be foﬁﬂd. Tubificid worms and
certain midge larvae fypica]]y are very abundant. in this zone
because of the abundant food supply and lack of interspecific
competition. This gfoup of organisms aétUa]]y_assists ih pro-
cessing complex organic wastes through their feeding and burrowing
activities which help return the waters to their natural state.
Secondary'wéste treafment processes such as aqt{vated sludge,
trickling filters and rotatﬁng biological contactors also utilize
charaéteristic communities of organisms to process wastes (Hawkes,

1963). As conditions improve downstream, the more tolerant forms

decline in number and the more sensitive groups gradually re-appear -

until the benthic community returns to something like that which'

15
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existed upstream of;the'discharge.

Unlike sewage, toxic wastes such as pesticides; heavy
metals, acids, etc. genera1gy affect nearly all kinds of benthic
invertebrates; As the concéht?ation of the waste is reduced‘down-
stream, different.species successively begin to reappear, depénding
on their tolerance. Toxic substaﬁces are of minor direct benefit
'to only a few organisms so large increases in the numbers of sugh
species‘are not usua]iy foﬁnd. | |

There are twb common apbroachéﬁ‘to measuring the respohse
of benthic‘orgénismg to wasteginput, be it chtinuous or 1nter-
mittent.._The first involves the use of benthic invertebrates as
indicator organisms whereby certain taxonomic groups are c]assifiéd
according to whether -they occur in c1eén water; polluted Qater‘or
some intermediate range bétween‘these extremes (Gaufin and»Tarzwe]1,
1952; Beck, 1955; Sladacek, 1973). Numerical indices basgd on
‘these classifications héve been developed by many résearchers.but
they generally apply to'specific types of Waterbodiegior typeS\of.
pollution (Beck, 1955; Woodiwiss, 1964; Chandler, 1970; Beak, 1972;
Chutter, 1972). The breakdown of taxonomic groups invfhjs manner -
is somewhat subjective, since the tO]erance'ofbthe same organism
may vary under a different set of environmental conditions (Cairns"
et al., 1973). Also, it is very important to identify organisms
to the species level because different species Héve different
ranges Qf tolerance to the same stress (Resh and Unzickér, 1975).

The second approach involves the examination of’the
structure and organiéation of the benthic invertebrate community

(i.el;community diversity). The communify response to pollution
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-is usually a reduction in the number of species present and either a

reduction orkincrease in the numbers of those spécies remaining.
This change in diversity can be measured by means of a mathematical
éxpréssion called a diversity'index which describes the distribution
of individuals among'speciés at a pafticu1ar location. Many kinds
of diversity indicies héve been developed (e;g. Simpson, 1949;
Burlington, 1962; Brillouin, 1960; Pielou, 1966; Wi]hm and Dorris,
19685 0dum, 19713 Cairns and Dickson, 1971; Hurlbert, 1971;
HarKkins and Austin, 1973)1’“A1]1are based on the.assumption that
clean water communities havé high diversity, staBi]ityrgnd pre-
dictability and any pollutional stress will decrease diversity.
In most cases, maximuﬁ diversity occurs when each individual belongs
to a différent‘species and minimum diversity bccursiwhen‘a]]
individuals belong to one species. o

Both,approaches have been followed in assessing the
effects of waste discharges on the benthic invertebrate fauna of
the North Saskatchewan Rivér near Edmonton. Thése<are-disCUSsed
more fully in;Section 4.1.3. |

Most'commonly benthic inverfebrates are collected from
their normal hgbitat (1.e.‘thg riveflsubstrate) by either'removing
a known:area of bottom withaé dredge or coring devicé>and sortjng | .

the organisms from other debris or by stirﬁing a known area of

bottom and collecting the dislodged organisms in a downstream net.-

The organisms collected are then analyzed and comparisons made
between each sampling site using one or both of the approaches
discussed_above. A well recognized problem associated with bottom

sampling is that of collecting a representative samp1e-at'a
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particular location. Benthic invertebrates are.typica11y distributed

’1n a clumped or contagious pattern on the sfréam bottom and regard-
"~ less qfﬁthe sémp]ing method used, the variances‘of‘the samp1es |
. cé]]ected.are very ﬁdrge (Hynes, 1970a). This prob]eﬁ'is compounded
wHen several stations at different points on a stream are sampled.
If drifting benfhic organisms are distribgted more df less rahdom]y
in the water co]umn,»then the problem of large sample variance may

pe partly overcome by sampling drift.

2.4.2 -The Use of Invertebrate Drift for Water Qua]iiy

Assessment'(

Benthic invertebrate drift has seldom;been used:routine1y
in the study of water pollution. Impo}tant exceptiohs are studies
related to thé aerial app]icatioh of pesticides (see Section 2.2)
and the works of Larimbre (1974); Bé]]} ét al., (1973); Rosenberg
and Snow: (1975); and Zimmer and Bachhann (1978)} Larimore'c?11ectéd :
drift and benthos samples frbm a'stream'receivihd domestic and |
industrial wastes in Niinois and found botﬁ methods Qsefu] in
delineating po]iuted zones. He also discussed thé pros:and cons

of collecting drift for water quaWity'ésséésment. The advantagesb
“of collecting drift instead of benthos were:
é) the drift collection represents a wide
spectruh of habitats and a singTe drift
sample may éuffibe in place of several
benthic samples. |
5) drift collection requires much less effort.
c) drift nets are inexpénsive.
\ d) drift collection may include eme;ging

forms.



Thé.disadvantages'wergz
a) certéin organishs sﬁth as molluscs, deCabods
and fish occur only sporadica]fy in the drift.
b) collections should Be made at night.
c) floating debfis, ice, eté. can interfere with
nets.
o d) abﬁndance and composition ondrift‘Varies
seasonally. ;
e) drift collection may not reflect very localizéd
\. habitat. disruption. - |
f) the origin of the dr%fting‘organism‘is not
known precisely. |
"Ball, et al., (1973) studied drift in thrée Michigan
riveré_and'found the ﬁumbers df‘driftiné invertebrétes increased
as tﬁe level of human disturbahce (forest c]éarjﬁg, mun%cipa]'
dischafges, etc.) increaséd. ‘DiurnaW variaf?ons in the drift were
also more pronounced in the more disturbed str;ams. They suggeSted
that drift may be useful as a Sensitﬁve fndicator of deteriorat~
ing s;ream condifions, and may signal the future‘oécurrence of more
severe-changes. | |
Rosenberg and Snow (1975) examined the effects of
controlled sediment additions on macroinvertebrate drift 1nvthe
Harris River, N.W.T. These experiments were conducted/to assist
in the brédiction of imbacts of northern highwaykand pipeline
constructioﬁ on freshwater biofé. Positive increases in Jriff

were shown at all concentrations (10 mg/1 to 500 mg/1) for macro-

benthic. organisms but not zooplankton, verifying the usefulness of

19
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the macroinvertebrate community as an indicator of sediment
pollution. The maximam percentage of the resident macrobenthic
p0pu1atfon caused to drift by a 15-minute period of sediment
addition was estimated to be-2.6. The minimum was 0.04.

Zimmer and Bachmann (1978) compared drift densities

in natural and channelized streams in.Jowa and found densities

" were higher in the former. They showed mean drift wéights'and ’

counts were significantly (P = ;05) correlated with stream‘sinuo—

i

sity, suggesting channelization reduced habitat diversity.

L4
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3.0 DESCRIPTION OF THE STUDY AREA

3.1 The North Saskatchewan River at Edmonton

The North Saskatchewan River orginates—in the Rocky Mountains
of Banff National Park, 530 km west of Edmonton, Alberta. It flows a
total of 850 km in an easterly direction across Alberta and into
Saskatchewan where it‘joins with the South Saskatchewan River to form
the SaskatchewancRiver. The waters of the Saskatqhewan drain into
Hudson Bay g{a Lake Ninnipeg and the Nelson River. The North
Saskatchewan River basin area at‘Edmonton‘is.apphoximately 27,200 kmz,
about 29 ‘percent of the total basin area (Nwachukwa, 1972).

In the v1c1n1ty of Edmonton, the North Saskatchewan River
ye]Tey is genera]ly 1 to 3 km wide and from 30 to 90 m deep. The val]ey
is believed to have been cut entirely in postglacial time and cbntains
several alluvial terrace 1eve1s (Westgate, 1969).‘ The river channe]
is partly confined and meanders 1rregu1ar1y The chanhe1 location is
fairly stab]e and bank erosion is very localized in nature and proceeds
at a slow rate. | |

The riveh bed is tomposed phimd?ily of gréve]["Anlanalysis‘
of bed materia1 at the High Level Bridge and Clover Bar is given in
Table 1. The former location 15 immediately downstream frbm the
University of Alberta cdo1ing'water discharge and the latter i;
1mmed1ate1y upstream of the Ce]énese Canada L1m1ted d1scharge (see

Flgure 4) The bed in these areas 1s underiain by approx1mate1y

_1.5 m of grave] fo]]owed by shale. The bank material is generally

silty sand.
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TABLE 1
(from Halferdahl, 1969) ;

Analysis of Bed Material Samples

Total Sample Portion of Sample Upper Range of

- (mm) >8 mm . Largé?t Size
. o mm )
location- P50 Poo Do Po
High Level - o
Bridge 23 95 35 .97 128
Clover Bar 16 9% 31 o7 128
f

Discharge has been measured on‘the North Saskéxchewan River
at Edmonton since 1911. Figure 5 shows the flow in‘%he river during
the study period,f The ﬁean flow in 1975 was 140 m’/sec and:in 1976
}it was 167 m3/seé’(Water Survey of Canada data).’ Thé river stage
typically f]ﬁCtUates over a é4-hour per?od,'due>to upStream:inf1uénces
| such as thelhydroelecfrﬁc‘p0wer dam on the Brazeau River, a major
tributarykof thevNorth Saékatéhewan River. Exémp]es of these f]UctQa-
tions during some of the éamp]ing periods of this study are illustrated
in Figure 6. o o

The river is generally ice-covered for five,months of the.

~ year. \Qg:jjg/{ézs study thé river froze over on November 9, 1975 and

broke up on April 11, 1976.

3.2 Drift Sampling Locations

Two samp1ing statiohs were established for this,study;

one upstream of the City of Edmonton (Lat._530 27', Long. 113° 37';

i 10 km Upstream of the city 1imits) and one ddwnstream (Lat. 53° 37,

Long. 113° 18'; 10 km downStream'of the city limits). These are

23
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“shown on Figure 4. The’ upstream station (hereinafter caT]ed
station 1) was chosen to represent a port1on of the river |
reTat1ve1y unaffected in terms of wastewater loadings. _“The
nearest continuous eff]uent dtscharge came from the unfcipaT
sewage treatmentmplant at Devon, 23 km upstream of . tat1on T
This effTuent is subjected to secondary treatment and chTor1nat10n
prior t0‘discharge to the river. The rat1o of th1s discharge to‘
the mean'discharge of~the North Saskatchewan River (T975 and 1975)
was approx1mate1y 1:86400. o | |
- The downstream stat1on (here1nafter caTTed stat1on 2) uas
'seTected to represent a portion of the river strong]y affected by |
a wide variety of wastewater Toadings.' D1rect dnscharges to the’
river betweentstations 1 and'Z'TnCTude'urban storm runoff, coo]ing
water from two power generating stations and the Un1vers1ty of i
f. ATberta, aTum and 1ime sludge from the Edmonton water treatment
pTant 'treated'sewage from'the Edmonton Gold Bar Nastewater
Treatment Plant and effTuents from a number of industries 1nc1ud1ng
0il ref1ner1es and” chem1ca1 pTants A br1ef descr1pt1on ofvthese
: dtscharges is given 1n Table 2. Most are located on the south s1de ,
“of the r1ver except the RossdaTe generat1ng stat1on and water |
treatment pTant ‘_, - ‘ S
The maJor cont1nuous wastewater d1scharge was that of the
'Edmonton Gon Bar wastewater Treatment PTant located on the south
shore at 50 Street, 18 km upstream.of station 2. The average N
' daiTy discharge from the pTant(was approximate1y41.42 X 106 m3/day.
The ratio of this discharge to the mean discharg (1975 and 1976)

of the North Saskatchewan River was approximateTy”T:58: Average
' (\ R . . )

e S
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TABLE 2

{

Summary of Effluent Discharges to the

~North Saskatchewan River Upstream of Station 2
(source: Alberta Environment, 1976)

Source Numbér on Fig. 4

¢

Town of Rocky
Mountain House

Town of Drayton
Valley

Town of Devon 1
Imperial 0il, Devon
University of A1berta ©2

Edmonton Power Rossdale ) 3
Generating Station

»Edmonton Water Treatment 'i 4
Plant
Edmonton Gold Bar Waste- 5
water Treatment Plant
Imperial 011 Enterprises 6
(Edmonton) '
Texyco Canada Limited 7

) Gulf 01l Limited 8
Celanese Canada Limited 9
Edmonton Power Cioverbar 10

Generating Station - ¢

-'(aefé§ed Tagoon)

Type of Discharge
and Treatment

Domestic sewage
(1agoon)

Domestic sewage
(1agoon)

Domestic sewage
(secondary treatment
and chlorination)

Surface run-off
(1agoon)

Cooling water

Coo]ing water

Lime and alum
sludge -

Domestic sewage
(secondary treatment)

Refinery wastewater

Refinéry‘wastewater
(API separator)

Refinery wastewater
(1agoon) '

Industrial waste-
water (lagoon)

Cooling water

%
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daily mass loading of major pollutants from this plant to the

North Saskatchewan River in 1975 are given in Table 3 (Coutts,

1976) .
TABLE 3 ‘
1975 Average Daily Loadings from the Edmonton
Gold Bar Wastewater Treatment Plant to the
North Saskatchewan River (from Coutfs, 1976)
5 3
Flow 2 x 107 m”/day
~ Suspended Solids 7881 kg/day
Biochemical Oxygen Demand 5740 kg/day
Grease 2864 kg/day
Total Coliforms 3 x 10%/100 m1
- Phenols 1 x 107 mg/

The Edmonton Power Company Limited generating
stations at {05 Streetxand Clover Bar continually discharge once-
throu;h/zooTing'water toy the North Saskatchewan River. The
wasﬁé heat contained %n these énd other discharges was sufficient
to maintain an open water channe1'in the river between 105 Street
and Fort Saskatchewan during the winter 1975-76. At station 2,
the river was ice free from shore to shore. Snow from street
clearing opgratfons in the City of gdmonton was dumped on the
banks of the river at several locations within the city 11mits
during the winter of 1975—76;

| River habitatrsimi]arity was'the major criteria
in selecting the exact station locations. Ease of aécess by
‘vehicle during é]] seasons was also ah important considerat{on.

Both stations were similar in terms of river width, depth and
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slope. Cross-sectional pfofi]es of each station are

illustrated in Figure 7. Bed material at both stations consisted
of gravé]. Exposed gravel bars were more numerous at station 1. -
Aquatic mocrophyte growth was Veryb1imited at both stations;

being generally restricted to back eddies along the shoreline.
Current velocities measured at both stations during this study
ranged from 0.5 to 1.1 m/s.

3.3 Previous Environmental Stodies

The deterioration of water qué]ity in the North
Saskatchewan River downstream of Edmonton has been recognized
since at least the early 1950's. Prior to the construction of
upstream reservoirs and the establishment of suitable controls on
' wasteWater dischargés, dissolved oxygen concentrations in the
riven during‘perjods of ice cover typically dropoed to levels
considered oritical for fish surviva].u Atton (1954) reported
riyen dissolved oxygen concentrations of less than 1.0 ng/1
between Two Hills (160 km downstream of Edmonton) and the South
Saskatchewan Riven confluence during the winter of ]953-54.
At Prince A]bért, Saskatchewan (780 km downstream of Edmonton)
1{ve %ish p]aceo in cages under the fco died after only five
hours of exposure (Atton, 1954). In‘Maron, 1957, dissolved
oxygen concentrations at Borden (430 km downstream of Edmonton)
and Prince Albert were 1.2 and 1.4 mg/1 respectively (Reed, 1962).
Since the construction of the Brazeau Dam and
Réservoir in 1962, the Alberta Departmént of Health and subsequently
Department~of Environment have monitored tne chemical and bacterio-

logical quality of the;riVer during the winter months (Ferguson
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Cross-Sectional Profiles of the North Saskatchewan
River at Station 1 and 2
(from Alberta Environment, 1972)
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1965; Krishnaswami, 1966-, 'K'u‘pch.anko, 1967, 1968, 1969, 1970;

and Masuda, 1971, 1972). Dissolved oxygen concent}ations in

the river since 1962 have 1mprdved substantia]]y‘although sags

are still evident at thevAlberté-Saékatchewan border. Other
chemical parameters which increased in concentration downstream

of Edmonton in?]uded émmonia nitrogen, total phosphorus, nitrate
nitrogen, 0il and grease, phenols, chlorides -and cérbon ch]oroform
extracts. Bacteria] densities in_the river (including total coli- ’
' forms, fecal coliforms and standard‘plate cqunts) also increased
downstream of Edmonton and tended to remain e]evéted at the
ATbertafSaskatchewah border. '

Coleman, et al. (1974)found bacterial densities in
‘the North Saskatchewan River increased due to the dischérée from
the Edmonton Gold Bar Wastewater Treatment Plant fdr a distance
of 480 km downstream. Densities of fecal coliforms in the river
inqreased by two orders of magnitude below the sewage p}ant’
discharge.

More recently, an intensive bacteriological and
chemical water quality survey of the river was conducted by the
Environmental Prqfection-Service in 1975 and 1976 (Zaal et al.,
1979 and Be]],-1977). The study area extended from station 1
upstream of Edmonton to a pdint 225 km downstream. The results
showed’that below the Edmonton Gold Bar wastewater»Treatment
Piant, chemical and bacferia] levels .in the river exceeded re-
commended standards for potable water\supp]ies and recreational
use.for a distance of 121 km.dowﬁstream. Large numbers of
salmonella serotypes were also isolated from water samp1e§

Co]]ected‘kn the same stretch of river.



In order to characterize the chemicg] and bacterio—k

1ogicaj'qué]ity of the'North Saskétchewan River at stations 1-and
2 during the present study, some of the data from Zaaf et al.
(1979) have been summarized in Tables 4 and 5. The data}reported
for station 2 were actua1]y co]lecfed approximately two km upstream
but is Conside}ed représentative since ther; were no wastewater
_disthargeg in the intervening length of ri&er and latera]l mixing
was thbught to be minimal. Recént stuﬁies by the Alberta Research
Council have shown that the miking capacity of the river below
Edmonton is indeed weak (Beltaos and,Anderson, 1979). Of'particular
interest are the lateral differences in watek‘qua11ty,at stafion 2.
Fecal co]iform, fecal streptococci and heterotrophic bacteria
: densifies were an ofder 6f magnitude'higher in the south Shoré_
'éamples in compafison to the'nort;\shofe. ‘Similarly, the coﬁcentra—
tions of toté] Kjeldahl nitrogen, ammohia hitrégen, nitréte
nitrogeq,_tota] phosphbrus, sodium, potassium';nd‘chloride.Were
- much-higher in the south shore samples.

Begihning in 1960, there have bgen several biological
investigations carried out on the North Saskatchewan River to
assess the impact»of wastewater inputs!on the benthic invertebrate
fauna. Beak‘(1960)'characterized the river downstreamfdf Edmonton
as being or§énica11y polluted for a distance of at Teast 60 km
based on ]arge:numbers of dligochaetes and éhiﬂonomid Tarvae
fbundiat the downstream stations in comparison to a station near
the present Quééne] bridge (6 km downstream from statiqn ). .
~He collected the samples with a Petersen drgdge from both gravel
- and mud substrates near the shore. Paterson (1966) and Paterson

<,

and Nursall (1975) found a similar situatﬁgn existimg in the

N
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TABLE 4.

Water Chemistry. of the North Saskatchewan
River at Stations 1 and 2 in 1976

(from Zaal et al., 1979)

Station 2

P&rametér \ Station 1

(mg/1) ' . North ~ Midstream - South
Total Carbon 35 35 . 35‘ 38
Inorganic Carbon 30 31 31.5 32
Organic Carbon 5 4 3.5 6
Total Kjeldahl Nitrogen 0.15 0.3 0.23  2.60
ammonia Nitrogen | 0.01 0.02 0.01  1.95
Nitrate-Nitrite Nitrogen 0.01 0.01 0.01 0.04
Total Phosphorus 0.01 0.01 0.03 0.19
Sodium ' . 4.6 4.8 9.8
Potassium 0.8 0.8 0.8 1.5
Calcium 58 . 58 59 55
Chloride 0.4 0.4 0.3 4.0
Magnes fum 1.9 135 132 137
Zinc 0.015  0.03  0.06 0033

Note:

Values are avéragés of three sampTes

1976.

collected in May, June and September,



TABLE 5

Bacteriological Quality of the

North

Saskatchewan River

~at Stations 1 and 2 in 1976

(from Bell et al., 1977)

\
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Station 1 ; Station 2

of three samples collected
in May, June and September,

1976

" Parapeter | .
North { Midstream South
\\

Coliform
MF per 100 ml - 100 1700 3800 . 46000
Fecal Coliform v .
MF per 100 ml - .6 150 : 260 6300
Fecal Streptococci i

* MF per 100 m]i -3 52 310 3700
Heterotrophs 4100 6000 7400 + 54000

Note: Values are geometric'means
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benthic fauna of the river during a limnological investigation
conducted between 1961 and 1965. The clean water fauna found
upséream of the}city weré7eithervabsent or found in very low
numbers downstream of the Edmonton Gold Bar Wastewater Treatment
Plant. %évera] gene?a ofemayf1ies,:stonef11es and caddis flies
were completely absent from stétions»a1ong_the south shore neaf
eff]uént outfalls. Paterson attributed this’absencejOf clean water
fauna chiefly to habitat disruptionvand ndt to toxic substances.
‘The organic nature of the sewage di;charge would enhance algal and
bacterial growth on the fiver substrate and c]qg the intérétices
between rocks - a situatioﬁ intolerable to many sbecies of stone-
flies, mayflies ahd caddis flies. Samples were taken from the
| near-shore areas only with an Ekmén.dredge and Surber sampler.
‘Paterson also studied the fish fauna of the river -

Osihg'gfli andvseine nets. Catches along the nortH side of the
rivér were similar throughout the,study area; however, no fish
were taken at south éhore stations two and ten kilometers dowh- :
stream of the Edmonton‘§o1d Bar Wastewater Treatment P]ant.y

| Paetkau (1570 and 1971) initiated a regular biological
monftoring program on the North,SaskatChewan River in 1969 by
co]]ecting’handnet samp]es}of benfhos at five stations in the fall
and spring of that year. During 1969-70 and 1970-71 he found the
benthic community‘downsfream of Edmonton did not recover to Qp-
stream conditions for a distance of at least 160 km. This progfam
Has been cqntinued by the A]berta Department of fhe Environment,
- with some modification in sampling fechhiques, station locations,

and data analysis. The 1973-74 monitoring results reported by
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Reynoldson (1974)\showed the benthic community had not recovered
to upstream conditions at a pbint4250 km downstream of Edmonton.
Diversity indi;ies combuted for a station upstream of'Edmonton (one
kilometer upstream of station 1) and stations 18, 65, 200, and 250
km downstream were 2.681, 0.251, 1.810, 2.129 and ].990,respectjve1y.
Samples were c§11ected near the shore uﬁing a modified Heés sampler.
Table 6 lists the ‘benthic 1nvértebrates collected from the North .
Saskatchewan River duringytheil973 study.

Two additional bio]ogica] studies havé been cdhducted
in the river in the'vicinity of the present study area but are
more site- spec1f1c in nature. During the winter of 1973-74, they}
impact of snow dumping on river quality wés investigated (Renewable
Resourcés Con5u1ting'5efvicesALtd. 1974).' No‘adverse éffects were
found in- the benth1c commun1ty downstream of ‘a snow dump located on
the north shore of the river near the Low Level bridge. The effects
of the once-through condenser coo]ing‘water discharge from the |
Edmonton Power C]ovér Bar Generatiﬁg Sfatfpn on fiver¢biota was *
" studied in 1972 and 1974 (We§tern Research and Developgent Ltd.,
1974) but no obvious impact was found. The study did, however,
indicéte a difference iﬁ bénthic c0mmuhities between the north and
south shores similar to that feported by Paterson in 1966.

No studies reporting on invertebrafe drift'in the

North Saskatchewan River have been 1ocated‘1n'the literature,

)
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TABLE 6

Benthic Invertebrates Collected from
the North Saskatchewan River in 1973

(from Reynoldson, 1974)

; - Statjon
12 3 4 s
Taxon ~ (Big (Beverly ‘(Vinca_. (Duvernay (Elk Point
o . Island) Bridge) Bridge) . Bridge)' Bridge)
Ephemeroptera S ' ) o '
Ephemerella sp. . - 2 .3 o]
Heptagenia. sp. 2 T 19 ' 2 10
Baetis sp., 15 3 10 348 10
Ameletus sp. - 3 . , 2
Leptophlebia sp.. ; . ] ‘ o 2.
Plecoptera T -
Nemoura spé : ’ ' - 4
Isogenus $8. 6 : ] 21
Al oger]aﬁsp;» o , 1 -
Trichopfera : ) o .
Hydropsyche sp. 3 15 1170 11 3
Hemiptera ‘ : ‘ ‘
Corixidae = 16 36 323 _ ' ' 24
Lepidoptera S
. Diptera | '

‘ Tanypodinae 6 191 - 60 40
Orthocladiinae 3 -3 205 282 . 260
Rhagionidae . 2 :

Pupae - 3 2 3. o mnez2 . 5
Oligochaeta - .2 2141 15 426 M
g _ s . * o
Gastropoda ‘ ‘ ' ] . 32
PeTecypodq o ' . ' . 1
Nematomorpha 1 | , o
Total No. Organisms 54 2207 1943 . gg5 405

 Diversity Index ~2.681 0.25] 1.810 . 2.129 1.990



eview of Drift Sampling Techniques

;fty‘of techniques have been deve]oped‘tor_sampling' .
;Jn Totic systems. “Many are described in a review .
paper: ;} ; Vj‘k1970) The most common approach has been the p]ace—
etsd {.var1ous d1mens1ons and mesh sizes d1rect1y into a

stream "er approach is to pass a portion of the stream d1schargev

throughﬁl gbe wh1ch empt1es into a f11ter1ng net above the water
surface.i 1th can be equ1pped w1th flow meters to record the volume of
water ft15\¥?d.' Pearson and Kramer (1969) used a waterwheel to sample - -
drtft 'Smé Jsbuckets were attached to the perimeter of the wheel and as

1t rotated th buckets would f111 underwater and empty into a trough :

s

which in turn empt1ed into a net. -More recent]y, Armitage (1977) has

P

- sampled dr1f}i'l‘pump1n9 r1ver water through a f11ter The majority
‘;'iydr1ft studies have been conducted on streams w1th a |
relatively small flow. Some examp]es 1nc1ude Rold K11de Spring,
‘_Denmark,0'027 m3/s (Iversen and Jensen, 1977) Val]ey Creek Minnesota,
0.14 m3/s (Waters, 1966) R1ver Tees, Eng]and 3.98 m /s (Armitage, 1977);
'B1ackwater Creek, F10r1da, 2.86 m /s Anderson and Ledmkuhl, 1968);

. Stream M.26, Quebec, 2.36 m /s (Wallace and Hynes, 1975); Biogray River,.
Alberta, 2 m3/s (Clifford, 1972); Red Cedar River, Michigan, 5.4 m3/s

~ (Ball et al., 1973). Some’workers have even been able to b]dck"the
entire cross-section of a stream and collect. a]] the drifting fauna

| at .that location (Minsha]l and Winger, 968; Anderson and Lehmkuhl,

t968). In all the above examples, the streams were shallow (usua]]y )

less than 0.5 m) and could be easily traversed by foot.

In contrast Burton and Flannagan (]976) and Nbrthcote et al.
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(1976) studied drift in two large Canadian Rivers. - the Athabasca

(mean discharge 430 m3/s) and the 1ower Fraser (mean d1scharge 3650 m /s
In the former study, nets were suspended from surface buoys. Nets

in the latter -study were towed upstream behind a boat parallel to ‘the
shore. Both rivers were.relat1ye1yvdeep (1.e.:>5 m).

4.2 Criteria'for Drift Sampler Design

None of the techniques reviewed-in the literature prior to

undertaking the present study were considered -entirely suitable for

year-round drift sampling in the North Saskatchewan River based on the
fo..ow1ng cr1ter1a |
o (a) The nets cou]d be p]aced at any ]ocat1on and depth
along a river cross- sect1on |
(b) The nets must not c1og after one or‘two hours of operation.
(c) The nets must be operational under freez1ng temperatures.
{d) The time‘inVolved in hettieving and‘rep1acing the nets
and thejr}contents during a 24-hour sampling'pertod is
minimized. |
{e) The nets must be operational under varying river disoharges
v and velocities. }ﬁ_ | |
. | (f) The mesh size of the net must be sma]] enough to retain
».‘most macro- 1nvertebrates yet 1arge enough to prevent
rapid clogg1ng.
(g) -The ;ets must fitter a representative volume of river

water and prov1de 1sok1net1c samp11ng of part1cu1ates

(h) The flow of river. water through the mouth of the net shou]d‘

be unobstructed to ensure reliable est1mates of the volume

of water filtered over a given period of time. ‘

39



40

(i) The cost of materials must be minimized.
(jj The nets must be durable enough to be re-used many times.

4.3 Sampler Design and Rationale

The net and associated apparatus constructed to meet.these o
o des1gn cr1ter1a are descr1bed below and 11]ustrated in F1gure 8. The
rat1ona1e for some of the major aspects of the design follows.

v The Drift Net

The front of the net was supported by a 15 cm 1ength of PVC.
p1pe with an 1ns1de d1ameter of 7 5 cm and outs1de d1ameter of 8.1 cm.

The p1pe wal] at the upstream end was bevelled from the outs1de to the

1

1ns1de a d1stance of 1 ¢m around the entfre c1rcumference to provide a
sharp 1ead1ng edge to reduce flow resistance. Ha1f way a]ong the length
‘of the p1pe were two ho1es directly oppos1te each other through which a
length of a]um1num rod (1. 27 cm outside diameter) cou]d be 1nserted
This rod secured the net to the surface f]oat, its 1ength depend1ng on
'the depth of samp]e requxred Two reta1n1ng c11ps p1aced a short
‘d1stance away from the PVC p1pe held the rod f1rm1y to the PVC pipe and
a]so‘perm1tted.the pipe to rqtate:and ma1nta1n a position parall
the river flow. | |
¢ The net itself was made Tex n}lodgmoani]ament‘screen_

c1oth with a mesh open1ng of 333 microns. It was QQﬁCm Tong and‘tapered

-3

s11ght1y from 8 1 cm 1n d1ameter at the upstream end to %Rf cm in dia- -

T

meter at the downstream end. Canvas collars were sewn at each end of

the net to fac111tate attachment to the PVC pipe and co]]ect1on bucket

>

using standard hose c]amps,oand,a1so to prevent fray1ng of the mesh with

o

‘repeated use.

The collection bucket was made from a wide mouth nalgene jar
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of 251 ml capacity with the bottom of the jar and top of the screw-on
cap cut out. The jar was 10 cm long and 7 cm-in diameter. The bottom
of the jar fitted into the canvas collar ét the downstream end of the
net. A piece of nylon mesh identical to the netting material was placed
over the threaded (downstream) end“of the jar and secured.-by screwing on
the topless jar cap. The net components are shown in Plate 1.
The Floats
: Each float was made of styrofoam covered on top and bottom
with 6.4mm plywood. Two eyebolts held the styrofoam and pfywood together -
and also served as points of attachment for the anchdr line and down-
stream float 1ine. The front of the float was tapered inward from top
to bottom a distance of 15 cm to reduce flow resistance. The float
measured 91 cm long, 30 cm wide and 11 tm thick. An aluminum rod
TOO cm 1ohg was bolted to the top surface of the downstream float so
that it e*tended out over the water the same distance from each side of
the float.. | |

At each end of the rod, a 15 cm length aluminum. tubing (inside
diamefer 1.6 cm) was fastened using a rith-ang]e clamp so that the
tubing sat perpendicular to the river surface. The aluminum rod extend-
ing upwards from the PVC pipe of the drift net was then inserted through
this tubing and sécured from above with a retaining clip. In this way,
the desifed samp]ing depth)could be set quickly (P]até 2).
Rationale | | \

Considering the relatively large size of the North Saskatchewan
River, it was decided to suspend the drift ;éts from surface floats.
Access to all but the near-shore portibns of the river was feasible

‘only by boat and éttempts to drive steel stakes into the substrate



Plate 1

Plate 2

" Components of the Drift Net

© Float with Drift Nets Attached
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failed due to the rocky natufe of the river bottom.

The size of the net opening chosén (60.8 sz) was quite small

in comparison to equipment used by other workers. (For example: 81 cm2,

Clifford (1972); 336 cm® E1liott (1967a); 670 cm?
) :

riffith (1974) and

929 cm”, Waters (1962). The small net openﬁng wag considered essential

for this study to reduce the bulk of material coll ted by.the’net during
sampling. Prelfminary testing of the nets in June and July, 1975 |
indicated large quantities .of organic debris were carried ;n_the fiver
during peridas of rainfall and 1ncrea$ed discharge and the nets clogged-
very quickly. The smaller net would present less surface arg% on which
f]oafing twigs and branches could catgh and impedé the flow of wate}
through the net. Tending the nets to remove such material on a continu-
ous_basis would be virtually jmpossib]e,‘especié]]y during the hoﬁrs.of
darknéss. A small net mouth was also considered-ad&isab]e based on the
very large numbers of‘driftiné Chironomid larvae and Cofixids collected
' ét station 2 during pre]iminary testing. Such large numbers wod]d-
increase the 1aboratory time spent on sortihg-aﬁd identification.

- Most drift néts descrjbéd in the Titerature have a mesh size
close to 0.5 mm (Elliott,; 1970) although meshes aé sma1f‘as 0;145 mm
.and as large as 1.0 mm have.been reported (Ulfstrand, 1968 and North-
cqfe, 1976). Zelt {1972) has suggested any bottom samb]ing net with a
pore size greater than O.3lmm misses over ha]f.of the fauna (by numbers)
and a net of plankton mesh size is required to collect the eafly,instars ‘
of some insect species. The mesh size chosen for the present study was
10.333 mm based on advice from'Dr. H. Clifford of the Departmeﬁf of

Zoology, University of A]berta._ Dr. Clifford used a mesh size of_‘

0.32 mm during his study of invertebrate drift in the Bigbray River of



west-central Alberta (Clifford, 1972).

The loss of invertebrates through a coarse mesh has beenv
measured by placing a fine mesh plankton net behind the drift net
'(E111ott 1970 and Lane 1974). Elliott, however, found that a drift
net of 0.44 mm mesh size reta1ned most invertebrates, chiefly insects
and amphjpods. Th1s check on drift retent1on was not attempted dur1ng
the present study. | |

The drift nets adopted were one_meter 1ong. Preliminary field
testing showed this length was adequate to prevent‘c1ogging interference
with the flow of water through the net mouth. |

4.4 Method of Operat1on

During this study, two drift nets were suspended (one on each
side) from the downstream float. Thjs arrangement provided stability
and also permitted the collection of drift samp1esvat two different
depths, 10 cm below the surface and 10 cm above the river bottom.

The downstream float was t1ed to the anchored upstream float so that
the floats were 10 m apart. By approach1ng the downstream f]oat by
boat and frqm the rear it was found that the nets (comp]ete w1th s

\

aluminum rod) could be attached to and removed from the f]oat qu1ck1y

~and without disturbance of the river bottom. | : \\\<
The maier1a1 ¢clinging to the inside of the net was washed |

1nto the collection bucket by pu111ng the. net through the water a few

times, tak1ng care‘to keep the mouth of the net above the surface.

The cap at the end of the collection bucket was then-unscrewed and the

piece of mesh along with the bucket contents were emptied into a

suitable container for preservation with 80 percent ethyl alcohol.

During the period of ice cover at station 1, the operation
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of the nets was much simnler. A 30 cm diameter hole was first drilled
tnrough the ice at each sampling site. The two drifthEts were mounted
on a single aluminum rod which‘was 1éwered through the hole and held in
place from the surface by a block of wood laid over the hole. After
the nets were positioned, the ho]e was f111ed with Snow to minimize
" 1ight penetration. The ice was 40 cm th1ck onsFebruary 18, 1976 and
was covered by 20 cm of snow.

River ve]otities were measured at both depths of each sampling

site during every sampling interval throughout the entire study using
| a hand-held Gurley currént meter (Mode1{622AA). _At each point of
.measUrement, three readings were recorded and the results averaged.-
Readings were usually taken at the mid-point of the drift sémp]ing
~interval (e.g. for the 1530 - 1630 sample, velocity readings were'
made at 1600). | |

4.5 Samp11ng Eff1c1ency of the Dr1ft Net

4.5.1 Isok1net1c Samp11ng

. The flow pattern of a fluid is descfibed by a set of
streaml ines (11nes drawn through the flow field such that the
ve10c1ty vector at all po1nts on the streamline is tangent to
the streamline at that 1nstant). In a steady flow, the flow
path corresponds to the streamline pattern Nhén an object like
a drift net is submersed in ‘the flow, the stream11ne may be dis-
torted as the flow diverts around the 1ead1ng edge of the net
mouth. Sharpening the leading edge of-the sampler helps to
minimize this distortion..

\ particles (including aquatic invertebrates) suspended

in the flow possess mass and therefore inertia. The inertia
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has a directional component identica],to the particles' velocity
(i.e. along the streamlines). If these streamlines aré diverted
around fhe outside of the net mouth, tﬁe sdspended.partic]es may
not fo11oQ_the Streamlihe but instead leave the streamline ﬁnd
enter the‘net. This would result in the collection of hore particﬂés
pe? unit volume oflwater than actua11yvexisted in the water column
and bias the drift density calculations. Only when the velocity .
inside the nef mouth- equals the approach ve]oéity of the river flow
Cwill the streamline patterns remain undistorted and the correct
proportion of suspended pértfc]es be collected by'thé drift sampler.
\ Thisvcondit}on is called isokinetic kequa] velocity) sampling
(Hrudey, 1977). |
©4.5.2 Flume Tests
. Velocity measurements were always méde outside the_drift;

netvmoutﬁ during this study; In order to determine if these veTo- :
city ;éadings acturate]y represented velocities inside the net
mouth (and ‘ensured isokinetic sampling), tests wére conducted in a
flume at the T. é]ench’Hydraulic_Laboratory. The effects of net
c]Qgging and .the importance of beve]1ing_the leading edge of the
net mouth We}é also brief1y»investigated; The experimental set-
up is depicted in Figﬁre 9. '

o Flow in-the flume was fegu]ated‘by varying the height
of the weir at the downstream end. During each test, the water
depth was maintdined at 40 cm‘ahd the drift sampler positioned
20 cm bé]ow the surface. Velocities were méasured.using two
Kent Miniflow low-speed velodity probes (Modei 26553, propellor-
" type). The prdbeS were connected to a chart récorder"calibrated

in Hertz. The chart recordihgs ?ere,later cdnvekted to



‘ ——_—; To Chart Recorder

.- L o

/ Velocity probe

Flume {

Werr
20cm Styrotoam Plug l

50 ¢cm
1.8 cm'

. Letters denote location
of velocity proble inside
the net mouth

FIGURE 9
Apparatus for Testing Drift Sampler Efficiency

[
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N ¥
velocity read1ngs using graphs supp11ed with each ve]oc1ty probe
Ve]oc1t1es outside the net were always measured 50 cm upstream of
the probe located 1ns1de the net mouth. Because only one chart
recorder was available, velocities were measured oytside then
inside, outside, inside, etc. until the required mumber of
replications were obtained. Each reading lastedﬁﬁo seconds.
In test number one, ten velocity readings were made

Awith.the inside probe always at location "C”. In tesf number two,
five velocity readings were made at each of locations "A", "B",
"C", "D", and “E”, In test number three, the net was artificially
plugged with‘avstyrofoam block at distances of b5, 35, 25, and
20 cm'behind the mouth of the samp1er. Five veiocity readings -
were made for each plug location. The inside probe was always
pesitioned at 10catiqn C. | |

| Differences in the mean velocities measured inside
apd outside’the'het'were fested for significance using the one-
way analysis of;variahce for two groups with eeua1.5amp1e sizes.

| A visible dye was injected near the 1eading‘edge of
both'bevelled and non-be?ei]ed samplers suspended}ia.the flume to
observe any flow disruptfons around the front of the net.

The results of the flume tests are summarized ip p

Tab]e 7. The velocity data and ANOVA calculations for each
experiment are contained in Appendix‘I, Tables 1 to 10. In
test number one, the mean inside and outside velocities were
signifieant]y different at the.p.<0.01 level but not at the

'p<0.001 Tevel. In test number two, mean velocity differences

were significant only at location C (centre of the net mouth).
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The inside velocities in both cases of'signiffcaﬁCe were sfsghfly .
(1.1 qnd 1.9Apercent),1ess‘than the velocities measured in froh£ of
the net. ConQerse]y, the inside velocities measUred at\1oca£ions
“A”, "B",‘D“ and "E" were slightly greater (0.2 to 1.4 pekéghtj
than the outside Ve1ocities‘ These small cross-sectional changes

=in.velocity:‘ma& have been caused by the beve]]edn)éading edge of

_the drift samp1er'which reduced the f]qw aréa, thereby cau§ing

the velocity to increase. A similar eﬁfeéf'Was‘obgekyed'in the

| first experiment of test number thrée,but not in the second experi--
ment. ’The het éffect of these differences inAterms of1the éccuracy
of field ve]dcity readingé was probab1y negligible since the high

‘and Tow measurements would tend to éanéei each other out. |

N ‘Three'obv10us{sources Qf experimenté] érror in calcu-

: lating the velocities wére the avérag{ng of the pofnts on the chart
paper for each,60 second reading (the flow in the flume was'a1ways
turbuTgnt); the conversion of szto‘cm/s using graphs; and tﬁéVUSe
of two separate Velocity brobes.‘ Therefore;‘for the purposes of
‘this study,kthe river curreﬁt ve]oéities measured in the fie]d_l
'dqring each sampling interval were acceptable for drift density
calculations. Also, since the iﬁside andsﬁutside vé]ocities were
identical, the sampler met the criteria for isdkinétfc sampling |
of particulates. " : | | |

| Visible observations of the'dye injéct1ons did not

revea] any obvious flow diVerSioné Around thé.mouth of either the

bevelled or non-bevelled nets. Turbulence in the flume dispersed .
the dye too quickly to discern‘disruptions in ;he flow pattern.

The results’of the artificial clogging experiments are



Ceeeses 1130 - 1230)1begause of the extreme]y;]arge'number-of organisms

'"the‘nets.'
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depicted graphica]ly in Figure 10. Clogging didlnot affect the
; ingide velocity until the piug‘wésvbetweeh 20 and 25 cm béhind the
net mduth (i.e.v70 to 80 percent of the net would have to be full
ofvdfift»material). \Decreqsed sampling éfficiéncy due tb clogging
.Was never aiprob]ém.during this study'since the nets.were,never

more than an estiméted 20»percént_fu11 after any samp]ing‘ihterva].

4.6 Sampling Schedule

Drift samples were_Collected at the upstreémvstation 1 near

" the south‘éhoré (1A) and at midstream (1B). No samples were taken near

“the north shore since lateral differences in water quality were not

evident in the river at this location. At the downstream station 2,

three sampie points were established; one near the south shore (2A), one .

" at midstream (2B) and one near the north shore (2C). The near-shore

sample points weré usually.about 10 m out from the shore]ine‘where

depths were similar to those at midstream and wheré substrate exposure
due to fluctuating discharges never occurred. '

Seven sampTes.were taken at evenly spaced intervals over the.

r (s

24-hour(périod.. Initia11y, the nets Werg p]aced'in the water for two.

~hours at a time (i.e. 1130 - 1300, 1530 - 1730, ..... . 1130 - 1330)
but this was later reduced to one hour (i.e. 1130 - 1230, 1530 - 1630,

collected atvstation 2 and the greater chance for debris td catch on

1}

The dates on which complete Orinearly complete 24-hour

samples werey@btaihed are summarized in Table 8.
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TABLE 8

Dates of.Col}ection for-24-Hour‘Drift'Samp1es‘

Station 1 o C StattOn 2

T 28 - 29 October, 1975 ° 9 - 10 November , 1975

| 18 - 19 February, 1976 . "9 - 10 March, 1976

g 21 - 22 June, 1976 28 - 29" June, 1976
21 -220uly, 1976 22 - 23 September, 1976
10 - 11 October, 1976 -

Incomplete collections were made}at station 1 on April 19,
28, and 29 and May 19, 1976; and at station 2 on April-19 and May 19,
27 and-28, 1976. .

4.7 Drift Samgle Analysis.

54

A preserved samp]e ana]ys1s was done in the Yaboratory The

»materia] co]]ected'by the nets wasrexam1ned at 12X magn1f1cat1on and'
the organ1sms picked out and . p]aced in clean v1a1s conta1n1ng 80 percent

;ethyl a]cho] The organ1sms were then counted and.1dent1f1ed using
“the keys of Pennak'(T953) Edmondson (1959) R955<(1944)3” .,
.- Hungerford (1948) and Scott and Crossman (1973) |
| Ident1f1cat1ons were usua]]y taken to the gener1c 1eve1
- whenever poss1b1e Some of the,f1sh Jarvae were submitteqﬂto Dr.
0. Faber of the National Museum of Canada for 1dent1f1cat1on |

Drift densities (number of organisms per 100 m3 of water)

were ca]cu]ated by first determining the volume of water filtered by

the net over a g1ven sampling per1od

L



3

V = Atv  where V = volume of water filtered (m

A = area of net opening (m2)
t = time net was in water (s)
v =.river velocity (m/s)

The number of organisms caught in Vm3 of water was then multiplied by

the appropriate factor’(lgg).to_give fhe number of organisms per

v
3 .

100 m° of water..

55
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| 4.8 Analysis of Spatial and Temporal Variations in Drift Catches :

E1T1i0tt(1970) investigated spatial variations in drift catches
~in absma11 English stream by studying both the vertical and horizontal
distributions of drift rate. He concluded that the drifting inverte-‘
brates were rangom1y diiﬁributed in the water column because catches

at different depths and, in some cases, at different points across the
stream followed a poisson distribﬁtion. Eiliott aldb found drift rate
‘to be proportional to the volume of water ff]tered and concluded that
variations in drift density were due to random causes, and drift

density could be treated as a poisson variable. In those experiments,

a large proportion of the water column was sampled. Clifford (1972)
étudied the vertical distribution of drift densities in the Bigoray
Rfver, Alberta andvfound‘no significant (p<0.05) difference in the
catches of entomostracans and immatufe aquatic insects between sirface -
‘and near-bottom nets. -

In the present study samples were a]ways;co1]ected at tWo”“
depths at a given sample point in accordance with C1iff0rd\(1§72).
Possible differénces in the total drift densities between top and
bottom nets were assessed.using the t-test for comparison of means.
The total drift densities calculated fér the upper and lower nets
were paired for eéch sample jﬁterva1'at each sample point over the

entire study period and the t value computed using the formula

mean drift density in the

i] - XZ x] = N
¢ o= upper net catches . '
512 + 522 22 = mean drift density in the
— Tower net catches
§E_ = standard error of the means
n . .
n = number of paired samples
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The null hypothesis tested was that both.uppek\aﬁd 10wef drift catches
camé from the same population and had the same méané.

Two methods were used to analyze horizontal variations in
total drift densities. First, a series of experiments were conducted to
determineﬁth the drifting Orgahisms were distributed across a smali
(1.5 m) section of river. The type of distribution (e.g.‘regu]ar,
random or contagious) must be known before applying parametric
statistical tests. Also, it was importént to know if a single pair dfl
nets collected a representative.drift sample at a given pofht'in the
river. Nine nets, each 10 cm apart were placed in the river, 20 cm
beiow the water~surface. The nets were suspended from an i
aluminum rod supported at each end by a stake driven into'the substrate.
Tests Were conducted at station 1A on September 14, 1976 (2030 - 2130)
and Septembér.lsth (0830 - 0930) and.at station 2A on September 9, 1976
(1130 - 1230 and 2339 - 0030). The net gontents‘were analyzed in the
Same manner as the regular samples. The distributions of the d?jft\ : |
catches(were tested using the chi-squaré.test (variance to mean ratio)

for randomness (E11iott, 1970) using the formula 2 = 2 .7

X
52 = sample vafiance; X = sample mean. The null hypothesiS was that

the sample variance equalled the samp1e mean. Although desirable, a o ‘

- similar experiment across an entire width transect of the river was
not considéred»practital. '

| The second approach was to compare total drift catches at
different points on the same river transect over each 24-hour sampiing ‘
period. fn this case differences in drift densities between near-shore

and mid-sﬁream stations and differences in drift densities betweén




sampling intervals were assessed. The test chosen was the two-way

ana]yéis of variance'(AVOVA). The null hypotheses were that total drift .

densities'at different sampling points were the same and that total
drift densities at different sample intervals over a 24-hour period

were the same. The two-way ANOVA permitfed independent testing of_these
.two hypotheses. Tests were run on each set of 24-hour data (five sets
for station 1 and four sets fdr station 2) using a Wang Laboratories

Limited Model 700 programmable calculator.
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5.0 RESULTS AND DISCUSSION

5.1 Drift Density Analyses

5.1.1 Vertical Distribution of Drift Densities

| A There~was-nqystatistica11y significant difference
(§<:0;0])'in total drift'densities between the upper and 1ower
nets for all paired samples coT1ected during this study.(n'= 160,
df - 159, calculated t = -0.92, t o] (159) =2.61 for a tWo-sided
test). The,abso1ute'va]ue of the calculated tyindicated a
probability o% only 35 percent that the samples came from different
popu]ations.‘ Thefefore, the hu11Ahypotﬁesis was aécepted and it
was assumed that the drifting organisms at stations 1 andTZ'wére
distributed even]y in the‘water column. This finding was consist-

ant with the shallow and turbulent nature of the river flow at

both Tocations. Drift catches in the upper and lower nets were :

combined and treated as.one sample for all other analyses and

presentations.

5.1.2 Variations in . Drift Catches Across a Small

(1.5 m) River Section

| . The results of the four experiments are summarized‘in
Table 9. Details of the catches of driftﬁng organisms are givén
sepgrate]y in Appendix II, Tables 1 and 2. A1l the calculated
chi-square values fe]].wfthin'the one perCent signif%cance levels

for eight degrees of freedom (from Pearson and'Hartley, 1966,

- Table 8). Therefore, the nu11lhypothes15 was éccepted in each

test and i1t was assumed the catches of drifting organisms did not
vary sig?1f1cant1y (p<O. 01) from a poisson distribution. Based

on these resu]ts it was assumed that drift densities at stations

59
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1 and 2 Wefe'fairly constant (at least over short time periods);
that variations were due to random causes and that drift density
Cou]d be treated as a poisson‘variabie. The results also suggested
that one pair of nets probably collected a representative drift
sample at a particular point in the riVer during periods -of high
drift density (as occurred at statfon 1A) and low drift density

N

(station 2A).

5.1.3 ‘Horizontal -and 24-Houf Variations in Drift

Densities Between Points -on the Same River Transect

<

Station 1
Average total drift densitieé recorded'at stations 1A
and 1B for each samb]elintérva1 and each sample period are preéented
graphically in Figure 11. The results of the two-way ANOVAS are
| given in Appehdix 111, Tab]esAl to 5. Since the ANOVA is a para- |
‘ métkic,tesf, all average drift density values had to be transformed
- to ensure normally distributed data. The sduare rodf transforma-
tion was used-in(a11 casés because there were no zero va]ues |
(Sokal and Roh1f, 1969). |
~ On all five octasions, the variations in drif; densities
between stations 1A and 1B were not §1gnifjcanf (p<0.01). There-
fore, the first nutl hypothesis (sample Tocation drift densitieé‘
_ are the same) was accepted. At station 1, then, drift density
was prbbab]yvquite uniform across the’entiré river section. This
wéé expected given the very uniform'conditions of river depth,
velocity, substréte and éhemica]\qua]ity at that station..
Variations in drift densities due to time of sampling

(i.e. sample interval) at station 1 were significant (p<0.01)
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durﬁng all but the 0ctebef, 1976 sample period. Therefore, the
second null hypothesis (sample interva]ldrift densities were the
“same) was rejected. Three of the sample pe?iods (February, June,
and July, 1976) showed obvious diel patterns in drift density
'(Figure 11), with the highest dehsities occurking during the hours
of darkness Behaviora] drift (discussed in Section 2.2) propab1y»
accounted for these var1at1ons Variations in dfiff densityibetween
samp11ng 1nterva]s dur1ng October, 1975 were also significant but
w1thrno apparent diel pattern. These sampfes.and the October,'1976'
samples:were characterized by high drift densities énd large numbers
‘of’Cor$xies which masked behavioral drift patterns associated‘with
other less abundant immeidre aquatic insectsf o -

Station 2 L e

Average total drift densities recorded.at stations
2A, 2B and 2C for'each sample'interva1 and sample period are
'preSented graphically in Figure 12. Thé resujts of the ;wo-way
ANOVAS using trensformed va]ues afe.given in Appendix III,‘Tables
-6 to 9. Drift density yariatjons across the river transect were
sigeificantl(p'<0.01) on three of four occasions. On the fourth
occasion (June,r1976) the variafions were significant at the
five percent level but not at the one percent level. Therefore, ;
~ the first nu]] hypothes1s (no d1fference in sample 1ocation'
drift density) was rejected.® In all cases dr1ft densities |
were much lower at station 2C in comparison to stat1ons 2A and
‘ZB. This resu]t was oppos1te to the station 1 resu]ts where -
- such var1at1ons were not significant.

Drift density variations between sample intervals

were not sign1ffcan£ (p<0.01) during three of the four per%ods



64

[

N

Z uoners 1e jeasauf Buydwesg
INOH P 484 saisuaq yuQ (€10 | abBeiaay

ZL 3HNOI4
iy v w0zl ¢l 8 WO 2l Y zl 68z ooz 9218 bROZON
I = I T AT
; S
961 961 LTI 961 S/6i o1
s ez sunf 62-8Z Aew 8Z-LZ eN 016 . MONOLS
g,
A AT IR T e oo AR T 91 Z1 8" v 5T 0C 91
; — e —~—rrrr- 0
T i | ~ | T )
] 961 VTN : . e
sunr 6287 Aew g7- /7 . : . o1
. .
T ’;“ r . L Y FG1
961 061 ] |
WS £Z- 22 N 0L6 fln 1. boez
. . asL
|| AONOLE . _.mm
U8 v wZoc ol FA IR A A A TS v 2 - Q8 Z0oZ9l 91 8 v pZoz 9l
. * L g
L e Lo
L — - -G
; | 0
< 9LsL st . 9L61 961 5261 |
das £2-22 aunr 6282 Aew 8Z-(Z AON 016 Sz

enW 016 |

Egpwz.onw

gW 001 #d .01 X "N

az

ewWI Jod z.-Ol X oN

vZ




-~

65

analyzed, again in contrast to the situation found at station 1.
The fourth period (March, 1976) did exhibit significant variations
in drift'density over the 24-hour sample period but no pattern

wés‘evident.. Thus the'second‘nuli hypothesis (no difference in

'sample interval drift density) was accepted. Drift densities

were generally high at station 2 during all sampling periods
and‘the catches were mainly comprised of organisms.known to
exhibit no particu]ar'diei drift pattern (e.g. chironomids,|
oiigoohaetes and conixids). |

5.1.4 Significance of Drift-Density Analyses to Water

Quality Assessment in the North Saskatchewan River

The results above have cieariy demonstrated important
differences in the drift characteristics between the two stations

during the period of study. These can be summarized as follows:

Characteristics Station ],‘ . Station 2
Locai'distributiOn’of . Random | Random‘\
drifting organisms ‘ : ‘
~Drift density variations . Not Significant  Significant
between sample.points - (p=<0.01) (p<0.01)
across river cross-section o ‘ _
. Drift density variations - Significant . . Not signi-
between sample time intervals = (p<0.01) ficant
T - . (p=0. 01)
.

Con51der1ng only drift denSities (without regard to

'i speCies composition) a quantitative method for gsse551ng differ-’

“ences 'in water quality has been demonstrated. Station 1 located

upstream of the City of Edmonton was selected as a control to
represent river conditions not affected by large wastewater load-
ings. Drift densities did not vary between the near-shore and -

midstream sample points during all seasons. ‘Significant‘night-



'time peaks in drjft_dénsities were observed during most seasons.
These were a result of behavioxal activities of immature aquatic
insects generally associated w{th clean-water conditions. The
drift pattérns at stat1on 1 were typ1ca1 of those reported by -
| others in studies of sma]ler streams not affected by po]]ut1on
(eg. Waters, 1965,'B1shop and Hynes, 1969, Elliott, 1970; and
Clifford, 1972). o

| "Station 2 was s{fuated downstream'of'mostfof the major
sources of.wastewater 1oadingsvfrom thevCityfof_Edmonton.f.The
drift patterns at this station were reversed from those .at station

qg the,riverv

1. Drift densities on the north (station 2C) side o

were consistent]y‘1ess than those at midstream or near the south

vshore, -suggesting -the fu]] impact of wastewater d1scharges had . not

yet reached the north shore at stat1on 2. Chem1ca1 and bacter1o-

logical analyses (Tab]es 4 and 5, Section 4.3) certa1n1y 1nd1cated'

this to be the case. -Diel variations with night-t1me maxima in

total drift densities were never apparent at station 2 during the

‘ e L .
study. The constant drift of large numbers*6¥ o™¥hochaetes and

‘ chironomids. (taxa which are characteristic of organically enriched:

environments'and were veny rare in'thé drift catches at station 1)
| ovsgghadowed any behav1ora] drift -patterns.
Average tota] dr1ft dens1t1es over the ent1re study

period (on]y 24-hour samp]e per1ods cons1dered) were h1gher-at

stat1on 2 (n =12, mean

station 1 (n. 11,Lmean' 392.9, range 54 - 957). No.attempt
Was.made to statistically evaiuate‘these differences or. seasona1
differences because the samp]es were not collected ac/llosely

corresponding t1me per1ods If, however, it were poss1b1e to.

'

706.1, range 88 - 1217) in comparison to
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co]]ect drtftfsamp1es at different stations at the same time or

at least w1th1n one or two days, during different seasons, an
“addition ANOVA cou]d be run to test variations between stations
jand between seasons. Lar1more (1974)-was‘ab1e to co]]ect dr1ft:
samples in.this manner at five statfons'in the Salt Fork Basin,n
I]]1no1s during four different. months of the: year but he d1d not
statistically analyze the results. | |

7 A]though only two r1ver transects were samp]ed dur1ng
this study, the addition of several more transects Upstream and
downstream of station 2 would have provided a more complete analys1s
of the extent (both 1atera] and hor1zonta1) of water quality
deterioration (nutr1ent enr1chment) in the Nprth Saskatchewan

" River. Aga1n us1ng only dr1ft dens1ty data, it should be possible
to 1dent1fy where lateral m1x1ng of po]]utants 1s comp]ete and
"also the point where the river returns to upstream contro]

conditions.

- 5.2 Drift Characteristics of Selected Taxa

5.2.1 Composition of the Drifti;gﬁFauna - Summary o

A tota] of 49 taxa represent1ng seven phyla were
1dent1f1ed in the drift catches dur1ng this study (Table 10)
Aquat1c insects accounted for 37 (75 percent) of these taxa and
~in terms of total numbers of dr1ft organ1sms co]]ected compr1sed
' 96 percent of the catches at stat1on.1 and 84 percent of the
‘catches at stat1on~2 The on]y non aquat1c organ1sms co]lected
were two sp1ders (0 Araneae) caught at stat1on-2811n_November,_
1975. Invertebrates of terrestrial origin are usua]1y»found in

drift collections where the~nets’samp1e the watervsurface and
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TABLE 10

‘Taxonomic List of Drift Organisms.
Collected Duringvthe'Entire Study

| Station 1 Station 2
Phylum Arthropoda ' | | |
CTass‘Araéhnoidea'
0. Araneae S x
0. Hydracarina CX
Class Insecta
0. Coleoptera ‘ ¥
. F. Dytiscidae = Co
Dytiscus sp. X
-Hydroporinae X - :
" Hydrovatus sp. | X : X.
F. Elmidae R X -
L AR '@Q
0. Collembola i ) . : |
' F.. Isotomidae =~ o ' : CX
0. Diptera -
F. Ceratopogonidae X . X
F. Chironomidae ¢ X X
F. Simuliidae - ¢ X
F. Tabanidae ’ X v
Atherix sp.. o X
- Chrysops sp. & X . S
o Tabanus $p. - f§¥ IR S s
| ;7?.- Ephemerobtera , | . B E
e - - Ameletus sp. X X,
R o Baetis sp. < X X
B Caenis sp. N r e X
: - Ephemerella sp. X X
S;F.V‘Heptagen¥1nae. X X
- Hexagenia sp. o
Leptophlebia sp. X: X
Pseudocleon sp. X ‘
Rhithrogena sp. X X
. '§tenonema sp. o X
~ Tricorythodes sp. = R ¢ ,
: 0. -Hemiptera ‘ B R
.=~ . F. Corixidae- o B .
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TABLE 10 (continued)

Taxonomic List of Drift Organisms
Collected During the Entire Study

Station 1 Station 2

0. Plecoptera
Acroneuria sp.
Brachyptera sp.

~ Capnia sp.-
- Hastaperla sp.:

Isogenus sp.
TsoperTa sp. ~

‘Nemoura sp. . X

X X X X XX X

0. Trichoptera

L Agapetus sp.
Arctopsyche sp.
Brachycentrus sp.
Cheumatopsyche sp.

Hydropsyche sp.
sychomyia sp.

Phylum Annelida

X X > XX X
<
X X > x X

Class Oligochaeta | X ; X
* - .

~«Phylum Bryozoa

P]umatﬁlla sp. ; X
Phy]qmétoeTenterata. ” .

Hydra sp. | o : X
Phylum Nematbmprpha 7
| Gordius sp. « .x‘ X
’ Phxlum‘Mollusca | |

Class Gastropoda

_ Ferrissia sp. | X
: Lymnaea sp. - . . X
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TABLE 10 (continued)

Taxonomic List of Drift%Organisms
Collected During the Entire Study

Station 1 Station 2

Phylum Chordata
Class Pisces o G

F. Catastomidae

Catastomus sp. ’ X X
F. Cyprinidae X
F. Cottidae X
F. Gadidae '

Lota lota ‘ X X



where overhanging bankside végetétion is present. They sometimes
comprise a large propdrtion of the total drift catch (Elliott,
1967a;Bishop and Hynes, 1969; and Clifford, 1972). In the present
sfudy, the river surface was not sampled and bankside vegetation
was very sparse or non-existent at stations 1 and 2. Therefofe,
organisms’of terrestrial origin were never an important component
of the drift. |

The major groups of aquatic invertebrates collected
from the North Séskatchewan River near-Edmonton‘in otherystudies
(Paterson and Nursall, 1975; and Reynoldson, 1974) gére also
collected in this study. Comparisons of the‘taxbnomic composition
between these studies is difficult because of differences in |
sampling methods, samp]e_]ocations, date bf co]lectidn and 1gve1
of taxonomy used. However, following the level of taxonomy used
in this study, the drift method collected 42 aquatic invertebrate
taxa as compared to nine (Reynoldson, 1974 - samples collected
with a modified Hess sampTer) and 18 (Paterson and Nursall, 1975 -
samples col]écted with ; Surber samp]ér'and Ekman dredge). From
this,it is apparent the drift catches did not misrepregent the

faunal composition of the bottom community. Benthic invertebrates,

not 1ikely to be collected in the drift such as Pelecypoda (c]ams),'

Gastropoda (snails) and stone-cased Trichoptera larvae have not
‘ Seen reported as abundant in this section of the North Saskatchewan
River. | |

| A1l but one aquatic taxoncollected in this study are

fnc1uded'in the synopsis of Nearctic drift taxa prepared by

Adamus and Gaufin (1976). The exception was the burbot (Lota lota).
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‘The detailed analyses of each drift-samp]e are given
in Appendices IV and V. Averagé fota] drift densities over each
. 24-hour sample interval were discussed in Section 5.1 and 111us£ra-
ted in Figures 11 and 12. Before.discussing selected taxa in more
detail, a'general déscription of the drift fauna composition, at
each stat1on, is presented here - The percentage compos1t1on of
the major dr1ft taxa in the 24- hour samp]es collected at stations
1A, 1B, 2A 2B and 2C is summarized in Tables 11 to 15.

The total densities and taxonomic compos1t1dn of the
drift at stations 1A and 1B were very similar throughout the‘stUdy.
Highest densities weré recorded in October, 1975 and Oétober, 1976
when Corixids dominated the catches (94.5 tb 98.1 percentj. Drift
densities in the wintgr and summer at these stations were much
lTower and the composition distributed more evenly among several
groups including mayflies '(Ephemeroptera); stoneflies (P]ecdptera),
caddis f]ies.(Trichoptera)'and chironomids; Burbot fry accounted
for 66 percent.of the drifting organisms collected atvstation'lA
in April, 1976. From Tab]és 11 and 12, those taxa (excluding
Corixids and fish); which comprised by numbérs at least ten percent
- of the tota]‘drift oh one date or one‘percent on two or more sampl-

e

ing dates, included Ch?ronomidae, Baetis sp.; Ephemerella sp.;

Rhithrogena_sp.; Brachyptera sp.;-Isogénus sp.; Capnia sp.;
Brachycentrus sp.; and Cheumatopsyche sp.

Drift densities at statiohs 2A and 2B were always
similar and much higher than densities at station 2C. In contrast
to the upstream station, three groups, chironomids, oligochaetes

and corixids dominated the drift catches, the first two being

4
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abundant in all samples collected at station 2. At station 2A,

‘on1y the-Chironomidae and 0ligochaeta comprised, by numbers, at

1east‘ten percent of the total drift catch on one‘date or one

percent on two}or more dates (Table 13). At station 2B, Chironomidae,
§agtis sp.; Isogenus sp!; Hydropsyche sp.; and:OTijochaeta met these
criteria (Tabte 14) and at'station 2C the‘preceding groups.pTus

Ephemerella sp. were ihc]uded (Table 15). WaStewater 1oadings}to

the North Saskatchewan River downstream from station 1 have resulted

in a reduction in the d1vers1ty of the dom1nant dr1ft organ1sms at

&&4
stat1on 2, this effect belng most d1scernab1e on the south s1de of
3 ) » v :

the r1ver
o

5 2 2 Cor1x1dae

Adu]t Corixidae were extreme]y abundant in dr1ft

’col1ections made at station 1 in October, 1975; February, 1976;

and October, 1976 and at station 2 in November, 1975; and March,

1976. Average densities of drifting cor1x1g§ at station 1 were

472/100 m3

19765 and 1273/100 n° on October 28 - 29,1976, At station 2 on
November 9 - 10, ]975 average dens1t1es were 54/100 m3 on the e
£

north s1de 25 ijoogm atn miégtream and 338/100 m> on the south

40

side. The correspond1ng densit1es for the March 10 - 11, 1976

samp1es were 18/100 m 4 11/100 m -and 349/100 m3 resﬁect1ve1y

On September 23 1976 cor1x1ds were’ on]y co]lected on the south
side of the river- (average dens1ty 35/109 m3).

With the exception of a s1ng1e spec1men collected at

station‘ZA on June 28, 1976 Cor1x1ds were absent from all drift

samples co]lected dur1ng ‘the spr1ng and summer of 1976 In add1t1on,

78

on October 28 - 29, 1975; 36/100 m> on Febriary 18 - 19,
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ho nymphal instars occurred in any of the drift samples, suggest-
ing these insects were not permanent’residents'of"the North
Saskatchewan River near Edmonton. Corixid adu]ts are capable of »

»
f11ght and may have m1grated to the river from nearby pond and

}k
1akes Accord1ng to Pennak (1953), adult fema]e cor1x1ds typ1ca11y '
attach their eggs to the stems of aquatic plants. Aquat1c vege-
tation was veryﬂsparse in the North qukatcﬁewan.R1ver near Edmonton
and, therefore, Suftab1e rearing habitat méy]have been léqking.

This unknown aspect of corixid biology in‘thé North Saskatchewén \
Q%ver’warrants further‘sfudy | L
The ro]es that such 1arge numbers of Cor1x1ds p]ayed
| at certain t1mes of the year in the r1ver ecosystem were not
.1t3est1gated but two were apparept..jF1rst, corixids are organic
detritivores ahd if they wereffeeding; musfvhaQe bgen responsib]e.
for processihg a 1argé duantity of prganic materiéT on the‘riveﬁ
'bottbm. Second, they‘must}provide forage’for p(e6aceoysior§anismsﬂ

including fish. This was certain]y,the case for mature go]deye

Id

"(Hiodon alosoides) collected near the study area 1nf0ctober 1975.
The stomachs of most specimens were gorged with corixids
(Env1ronmenta] Protect1on Serv1ce, Edmonton Regional 0ff1ce,
unpublished data, 1976). |

5.2.3 Chironomidael" ' | A

| W'Chifanomid larvae, pupae and adu]ts‘were.colleéted in:
- the drift at all §ta2;ons but were most ahundaht,at-statfdn 2.
At station 1, chifonomidé comprised only a small proportion of
l _the 24-hour dfift catches except during June a;d July, 1976 when

they.aCCOunted for 36‘to'51 percent of the total numbers of



. and 30/100 m™.

at station 28 and 29/100 3 to 281/100 m
4t station-2C. The density of drifting chironomids at:station 2

‘'was- generally an.order of magnitude higherlthan densities at

_and emergence per1ods were not as d1st1nct

‘receiving sewage typekwastes (Sect1on 2. 4 1) and are usua]]y

80-

organ1sms c011ected Average drift dens1t1es in the June 21 -

22, 1976 and July 21 - 22, 1976 samples at station 1A were 27/100

3 Ch1ronom1d dens1t1es at stat1on 1B on the same

X 3 ‘respectively. These two- sample

dates were 26/100 and 34/100 m

‘dateS'corresponded to per1ods of adult emergence and the ratio of
‘ numbers of chironomid larvae to pupae’and_adu1ts was. near unity

Cat each_station,l The Chironomidae were the}only aquatic insect

o
M

group which had adu]t'individua1slin the drift catches at stations
J and 2. |
. 7

At stat1on 2, ch1ronom1ds were abundant in a11 24 -hour

'dr1ft samp]es and accounted for 27 to 89 percent by numbers of the

total catches Average 24- hour dr1ft densities ranged from ” a

#3 at station 2A 172/100 m> to 1096/100 m>

3

250/100 m3 to 805/100 b

at station 2C. Densities
’ | L

" at Stations,ZA’and'ZB were always three to five times higher.than

l’.‘

i
|

station 1 upstream of Edmonton In contrast to station 1,

ch1ronom1d pupae and adu]ts were common in all 24 hour samp]es

The abundance of ch1ronom1ds 1n the dr1ft at stat1on 2

1nd1cated an organ1ca]1y enr1ched river env1ronment The growth

" of large numbers of ch1ronom1ds is favoured in waterbodies

. ‘ *
found in assoc1at1on w1th large numbers of tubif1c1d worms )

(Hynes, 1960) < The spec1es of . Ch1ronom1dae occurr1ng in these |

’zones of degradation are usua11y determined by the sever1ty of

. l

SR RS SRR
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- the po]]ution. For example, larvae of the genus Chironomus

(common]y known as blood- -Worms) are known to to]erate quite ,L‘

| severe oxygen dep]etwon {Hynes, 1960). The ch1ronom1ds col]ected ’

in th]S study were not 1dent1f1ed beyond the fam11y level; however,
some Spec1es 1dent1f1cat1ons were made of chironomids co11ected
from the North Saskatchewan R1ver near Edmonton in the fa]] of

1974 (Boerger '1975). The most common spec1es found in severa]

collections near station 2A was Cr1cotqpus tremu]us, a member of o

the sub- fam11y Orthoc]ad11nae Hynes (1960) reported this

sub fam1]y can be abundant 1n r1vers be]gwcsewagé/outfa1ls when |

‘ the water is well oxygenated Reyno]dson~(19ZA) also reoort%d,

large numbers of Orthoc]ad11nae tn the North Saskatchewan River

downstream'from EdmontOn Lower ch1ronom1d denS1t1es at stat1on ‘

2¢ suggested less severe organ1c/enr1chment on that S1de of the .

: r1ver | |
5.2.4 Qligochaeta |

Olwgochaetes were extremely rare at stat1ons 1A and

1B only 17 1nd1v1dua1s were co]]ected dur1ng the ent1re study

At stat1on 2 011gochaetes compr1sed 3 to 35 percent by numbers

of the 24- hour drlft catches Average dens1t1es in the 24-hour

samples ranged from 67/100 m3 to 183/100 m3 at stat1on 2A,

/
82/100 m> to 89/100 nd at station 28, and 3/100 m3 to 61/100. m

¥
at stat1on 2C.
Oligochaetes, part1cu1ar1y the fam1]y Tub1f1c1dae,,,
are, like the Chironom1ds, an 1nd1cator of organ1c enr1chment
They thrive 1n bottom hab1tats where organ1c mater1a1 has

-”accumulated and where oxygen demand may be h1gh Both Paterson

\
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and Nursall(1975), and Reyno]dSOnj(1974) reported 1arge numbers

, of b]igochaetes in theiNorth Saskatchewan‘River downstream of

'Edmonton Lower 011gochaete dens1t1es at stat1on 2C aga1n suggested'

O

the effects of wastewater 1oad1ngs were 1ess severe on the north .

- ?‘,‘ 1

' s1de of the r1ver -
o

3

5.2.5 gghemeroptera .
‘ Mayf]y nymphs were col]ected in a]] 24 hour dr1ft
samp]es at stat1ons ] and 2 and compr1sed 0 3 to 53 7 percent by

' numbers of the tota] catches At stat1on 1, average drlft dens1t1es

3 3 -

ranged from 7/100 m to 28/100 m, the h1ghest occurr1ng in the

| June 21 - 22 1976'samp]es. Baet1s sp. was the most common mayf]y

"h in all samp]es at stat1on 1, fo]]owed by h1throgen sp a?d
Eghemere11 sp.. Other mayf]y genera occurred only sporad1ca]]y“r
Diel dr1ft patterns were ev1dent at stat1on 1 on most occas1ons
w1th peak dens;t1ES occurr1ng du71ng the hours of darkness_f'
(F1gures 13 and 14) . .‘j
' Average mayf]y denswt1es in- the 24 hour samples at
stat1ons 2A 28 and 2C ‘were. s1m11ar rang1ng from 4/100 m” to

58/100 m H1ghest dens1t1es were recorded 1n/the June 28 - 29,,

]976 samplés the on]y dates on whlch obv1ous‘d1e1 patterns

were evident at.all three samp11ng locat1o ﬂ':wj"gre 15)1‘ :f,{ (
Baet1s sp. was also the most common mayfly’a ;stat1on 2 and was |

most numerous  in sa;ples co11ected at stat1ons 2A, 2B and 2C

on June 28 - 29 1976 and at sta¢1on 2C~on March 9 -'10b 1976 ‘
Ehemere]l sp and Heptagen11nae wene the on]y other nLyf11es _“

occurr1ng regular]y in the dr1ft samp]es at station 2.

Eleven Ephemeroptera genera were collected during th1s !

AL T LT

3
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FIGURE 13

Diel Variations of Selected Taxa at Station 1,
18-19 Feb., 1976 and 28-29 April, 1976.
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study. Pateréon and Nhrsé]] (1975),reported only fwo and
. Reyno]dsonl(1974) }epor;ed three mayf]y‘genera'in the Norfh Saskat;
chewan River in the vicinjty of Edmontdn,~‘A]though Reyno]dsgn'g
study ‘was 6ond06ted thfee years prior to this study, it is doubt-
fu] that changes (impfd@eménts)'iﬁ watervquélity over‘iﬁat time
period were responsible for greater mayfly diversity. More likely,
the ability of fhe drift method to co]]ecf uncommon mayfly nymphs in
the North Saskatchewan'Rigpr Has been demonsfratéd.

A diverse mayfly fauna is generally considered an

“indicator.of "clean" watek Conditions.‘ The drift collections made

p .

¥

during this study did not reveal any obvious différences in mayfly .

populations between ‘stations 1 and 2.. A possib]e'exception was
‘that}the high densities of Baetis sp. recorded at station 2 may,
in fact, have been due‘to higher benthic'prodUctivjty, inducpd
by organic wastewater 1oad{ngé.. e .

r 5.2:6 Plecoptera

. dnef]&?(P]écbpterg) nymphs‘were taken in all 24-
£

hour drift mples at stations 1 and 2. Upstream of Edmonton,

3 to 29/100 m>

dverage Stonef]y densities ranged from 3/100 m
“and accounted for 0.2 to 24 percent by huhbers of the total.drift
catch.'ﬁThé highest stonefly densities occurred.in samples collected
© at stations 1A and 1B on February 18 - 19, 1976 and at station 1A

on Apri1'2% - 29, 1976. Brachyptera sp. and Capnia sp. were
abundant on]y'on thé;e'dates, suggesting these genera emérged in

b' tﬁe spring. .Isogenus sp..was most abyndaﬁt on théseAdates too but

was also common-during the summer and fall sampling periods.

Diel drift patterns with night-time maxima were exhibited by

S
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Plecoptera nympns on most sampling-dates at station 1 (Figures
13 and 14). ‘ A

At station 2y average stonef]y densities ranged from -

1/100 m3 to 25/100 m i in the 24- hour .samples and compr1sed 0.2 to,

5.7 _percent by numbers of the total drift catches. H1ghest average

dens1t1es were recorded in samples co]]ected at’ stat1ons 2A and 28

3

on June 28 - 29 1976 (25/100 m and 20/100 m3 respect1ve1y), and

inc]uded on]y IsogenUS'sp. 'Brachxgtera sp. and Capnia sp. were§

rare in the drzft/samples at stat1on 2. P]ecopterans are also
cons1dered members of the “c]ean” water group of benthic organisms
and are especqa]1y ?nto]erant of organ1ca11y enriched environments.

The near-absence of the prévious]y~mentipned genera at station 2

.

may have.beeniindicative of unsuitable bottom habitat conditions

-

D1e1 drift patterns of stoneflies were only apparent at station 2

on June 28 - 29, 1976 and are 111ustrated in F1oure ]5 }»

5 g 4
- 5.2.7 Tr1chogter ‘ ) _ e
Cadd1s f]y 1arvae (Trichoptera) were. not part1cu1ar1y

abundant in any of the 24-hour drift samp]es Average dens1t1es

at stat1on 1 ranged from 1/100 m3 to 9/100 m3 and at station 2 -

3 3

from 1/100 m” to 12/100 m Brachycentrus sp. was only collected

-at station 1 and appeared on]y in the June 21 - 22,°1976 and July

21 -.22, 1976 samples. Cheumatopsyche sp. was the most‘abundant

‘ cadd1s f]y at stat1ons 1A and 1B but was rare at stat1on 2. The

opposite s1tuatﬁon ex1sted for H zdrogszg sp. Based on drift.
composqt1on alone, d1fferences in caddis fly distribution, upstream

" and downstream of Ednontdn were demonstrated.

~.

The reasons for such a difference are not obvious.
< N



: -A]l are filter feeders, obta1n1ng nour1shment from p]ant and

an1ma1 part1c1es suspended in the f]ow and therefore wou]d be .
expected to take adyantage of the 1arger‘quant1t1es of organ1c

‘drift at station“2. However, the substrate at station 2 may not

~have been suitable FEY Brachycentrus SPp. and Cheumatopsyche_sp,

because of accumu]at1ons of organ1c material.
?

Brachycenirus Sp. was the only caddts fly“to exhibit

a

“a diel drift_pattern duringsthis studyv(F1gure 14). .
5.2.8 F1sh ' . - “
The most abundant fish Spec1es collected dur1ng the
study Was.the burbot (Lota 1ota).v Burbot fry werg caugpt on]y
in the spr1ng at stations 1A, 2A and 2C At station 1A _on. Apr11

19, 1976 one dr1ft net c 11ected 30 fry between 0730 and 0830
3

.(drift‘density 291/100 m, se Append1x IV, Table_S). On Apr11

2

28 and 29, 1976, a total of 300 fry were collected and drift
‘denstties varied~betwéen‘37 % d 874/100 m over the‘24-hoﬁr sample
pertod (Appendix IV, Tab1eL§)‘;:The upper nets collected more then
twice the number'of fry than fd-the 1oweh nets. Clifford (]972)

reported a similar situdtion in the Bigoray River, A]befta where

90 percent‘of drifting white suckec/f%y (Catastomus commersonii)
were collected 1n surface nets.
The densities of drifting burbot fry at stat1on 2A

were. 3743/100 m3 and 23/100 m3 on Apr11 19 and May 19, 1976

7

: respect1ve1y- Dens1t1es on the ,same dates at station 2C were .

3 3 (Append1x v, Tables 7 - 10).

243/100 m~ and 6/100 m

. The presence of burbot frx,1n the river during early
L

spring agreed with pub]1shed tnformat1on on the reproductive biology

o

7 wn——
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of th1s‘spec1es (e.q. Scott and Crossman, 1973). . Adult burbot

\

spawn dur1ng the winter under the ice at water temperatures of
0:6%t0 1.7° ¢ and eggsfhatch 1n\about 30 days; On April-19, h976
W e:.tempetatures at station 1A, 2A %nd-ZC were 1.0°, 3.5° and
240° ¢ tespéctive}y. Btoken ice was still abundant 1n7the'r1ver
on April 19, 1976 so no attempt was.made to Collect midstream or :
:24-hour samnles. | . ) »

Sucker (Catast%aus‘sp ) fry were thefsecond most abundant
' f1sh co11ected in the drift samples Specimens were co]Tected
occas1ona11y throughqut the study at stations 1 and 2 and were on1x
‘-abundant in samples. collected at stat1on 2 on May 27 - 28 1976 (

(Appendix V, Tables 11 - 13). Again, these dates .and the water

temperature of 17° ¢ were in agreement with hatchi'g dates and

- temperatures reported by Scott and Crossman (¥973).X Sucker fry

*

‘were a]so'very abundant on thése dates in the mouths of two small
tr1butar1es of the North Saskatchewan R1vq;, approx1mate1y 1 km
.upstream and 0. 2 km downstream of stat1on 2A. Day-time and n1ght—

t1me densities at stat1on 2A ZB and 2C wene 96 and 284/100 m3

28 and 25/100 m3, and 26 and 196/100 m3 respect1ve1y Densities
'.Were.highef in the upper nets and, in addition, densities at
stat1ons 2A and 2C were much h1gher in the m1dn1ght samp]es
_C11ff0rd (1972) found 98 percent of the sucker drift in the ‘
Bigoray River, Alberta, Qpcurred at night.

The only other fish coltected dur1ng the study were
‘two cypr1n1d fry and one sculpin fry caught at station 2A on June-
28, 1976. | - N

The occurrencé of large numbers of juvenile burbot and

Al
-
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suckers in the drift collections was fortunate in thét collection
dates W:SE\hot“planned specifically to coincide with the hatching

dates of these spec{és.' The results do show fhat drift sampTing

when conbined with.a knowledge of a particylar fish species’ life:
historyfcan assist in providing information on the distribution
and abundance of newly hatched fish in a river system. The results

H

of the drift density analyses discussed in Section 5.i.3 considered.

only the 24-hour sémp]esvand, therefore, were notvaffected by -7
these one-time 6ccurrences of large numbers of juveni]e'fish.
.. 5.2.9 Siggjficance of‘the Faunal Composition of the
“Drift to Water Quality Assessment«in the
North Saskatchewan River v ’
Important dffferences in the drifting fauna between .
station 1, upstream of Edmonton, and station 2, downstream of
the City, have beenvdemonétrated. Ignoring those taxa which
A . ‘ ¢
occurred periodically in large numbers at both stations (i.e. '
Corixidae, Lota lota and Catastomus sp.), these differences'can
. ' . , {
be summarized as follows: 3 ‘ .
Characteristic station 1 Station 2 =
Taxa representing _ Chironomidae,‘Baetis‘sp., Chironomidae and “
by numbers-at Ephemerella sp., e Oligochaeta at
-least 10 percent Rhithrogena sp., - all locations;
of the drift on ~  Brachyptera sp., - i Baetis sp:;
one occasion or Isogenus sp., Capnia sp., Isogenus sp. and
one percent on Brachycentrus sp., Hydropsyche sp.
two or more - Cheumatopsyche sp. at midstream and r
occasions. " R ’ ‘north side; and.
- o . - Ephemerella sp.
only at north
side.
- L;D Chironomids . = _Uncommon'except in ¢ Abundant in-all

‘summer emergence period. samples. .
T : Densities lower at
north side. -



L
Characteristic Station 1 . ' Station 2
' . 7 v
- Oligochaeta Rare a g Abundant in,all
' v ' ~ samples; dens1t1es
' - lower on north side.
Ephemeroptera.  Several genera collected, Several genera
’ ' Baetis sp. most common. " collected, Baetis:
Diel drift patterns -~ Sp. most common.
. common. . Diel patterns
v : : ‘ uncommon.
SR > ‘ ‘
" Plecoptera - v Isogenus sp., Brachyptera Isogenus sp. common..
: - sp. and Capnia sp. . Diel drift patterns
common. Diel-drift ‘ .uncommon. =
‘ patterns common.
Trichoptera . Cheumataﬂ:yche sp. most Hydropsyche sp.
- : -~ common, Brachycentrus common. (Other
Sp., common in summer. : genera rare.

In Sect1on 5. 1 4 1t was stated that average total drift

, dens1t1es over the ent1re study were higher at station.2 If *
. . . A& . ¢

»r

Cor1x1dae; Catastomus sp. and -Lota ]ota are om1tted in the dens1ty

excluded, average total- drift densitiesvat station 1 were much
10Wer (n =11, meah = 47,‘raﬁge 20 e,99) than atﬁstainth (n=28, ‘
‘mean = 617, range 108 ~ 1208). + . ' !

Wastewater discharges which enteréd‘the North-Saskat-
chewan River in the Y1cin1fy of Edmonton had caused an order of
magﬂi%ude increase in the_density of drifting orgénisms at station 
2 (excfuding cofix1ds, burbot fry and sucker fry). This inéreasé
could be attributed to chironomids and o1igochqetés,vorganisms

- which -characteristically occur in habitats.affected by organic. .
SaLA _ L

(nutrient) enrichment. : .

5.3 SuitaBi]ity'of Drift Sampling for Environmental Monitorfng
. ! . .
The drift sampling method evaluated in this study was success-

“ful ip describing the effects of water pollution on the benthic

ca]cu]at1ons, thed1fferences are more ev1dent With the above taxa
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invertebrate fauna of the»North Saskatchewah River. Stat$:tita1
“analyses showedqsignif$Eant differences in total dr%ft dehsities between
stations upstream and downstream of the City of Edmonton. Most groups
,ef invertebrates -associated hith the bbttom communtty infthe'North
Saskatchewan Rirer-near Edmonton were represented in the drift'Samples
and more taxa were collected in this study than in prev1ous water qua11ty
surveys wh1eh included b1o1og1ca1 mon1tor1ng. Important dt?ferences in
" the kinds and abundance of each of these benthic 1n;ertebrate groups in
the North Saskatchewan River, upstream and downstream of Edmonton, were
a]so demonstrated using the drift sampling technique.

The drift samp1er operated satisfactorily under most river
conditions encountered during the study. This aspect when‘combined with
the quant1tat1ve nature of the samples ce]]ected and relative ease of
operat1on, showed the method to be potentfally attnact1veras a routine
" b1o]oglca] mon1tor1ng tool in rivers s1m1]ar to the North Saskatchewan
A number of»mod1f1cat10ns and additional uses of the drift samp11ng,

- method for ehvironmenta] monitgring‘are'suggested here.

| | First, as part of aﬂroutine monitoring program involving many
stations along a stream or river, sampling drift‘intensiveiy over a
24-hour period would not be practica1. Insteadq_samples could be
collected onte dr twice durihg the period of highest drift densities.
One'rather‘than'tWO nets per station wod]d prohably be adequate unteSs
51gn1f1cant d1fferences in the vert1ca1 distri tioh of the drift were

' suspected' The nets cou]d also be made 1argerbjL that more water was
fi)tered per sampie interval. If desired, the hets-cod]d_be setitq - ;E;g
sample the water surface to collect more adu]t specimens.,rThis'woqu

aid in the identification of immature aquatic insect species. Sampling
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during each season of the year .would ensure:important taxa are not missed.

Second, most ndmerical pollution indices and diveréity‘indices<

&

) Qo . L
to benthic samples. These indices are simple to calculate and helpful

1

in analyzing differences between stations and differences at #the same

station over time. .

.

Another possible use of the drift method is to collect sariples

of biomass for analysis of environmental contaminants such as chlorinated
4 S . ' o : v :
hydrocarbons. Such sﬁbifances,are~11p0ph11ic and tend to concentrate in

N

living tiéghes‘rather than water and mineral sediments. Benthic inverte-
brates such as stone?##vé, mayflies, cad' s flies\ and amphipods, which

- are known to drift, have been shown to contain DDT and PCB residues <n

+

their tissues (Sodergren et al., 1972); Drift sampling could -provide

quantitative samp]eé of thésé organisms on a routine basis for trace
contaminant analysis. - ‘ E N |

. | .' Three‘main préb]ems asspciated with samp]ihg drift Were
;gﬁco;nterea'QUring the study. First, samp]fﬂg was not possible dﬁring‘:
%reezebup and break-up peridds becausé of floating ice. Frazil ice

Was a]so,présent on several occg;TQRS throughout the winter qﬁ.station

2. Second; floating debris (most1y‘1ogs and twigs) was constaﬁt]y a

.probiem, especially during the summer months and periods df peak f]ow.

‘ Even over.a 24fhouf,period, ihe amount of floating debris would vary
because-matérié1 deposited on sho:e d@fing low discharge would be ré-
'fldatedAwhén’théAdischérge increased. Thisﬂasbecf required 6Qn§tant
attentiqq on_m9st gamp]ihé dates_to ensure minimum interferehqe with
the drift‘nets. Third, many of thé immature mayfly and stonefly nympﬂé

coT]ected Qere difficuit to identify even to the.genus 1eve1 because

e ; L :
could be applied-to the drift samp]es in the same manner they are applied

93
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of lost abdominal ‘cerci and giiHs'. ~ These organisms are quite delicate
and wgri__)wbjected to considgrab]e«ba'tteri@ once collectéd in the:net..

L

e

&l



6.0 CONCLUSIONS |
(a) Eff]uent discharges to the North Sa§fatchewan River in®
. the v1c1nity.of Edmonton had a measurable effect on  »2
inyertebrate drift in the rirer'downstream of the City.
*The compositjonvof the.drifting fauna dowﬂstream of |
| 'Edmonton was indicative of a river environment affected
by organic (nutrient) wasthater loading

~N

.(b) Differences in invertebrate.drift in the North Saskat-
'v_chewan River upstream and downstream of the Cii, f o=
- Edmonton couid be described;by statistical pomparisons
of total drift-densities at different pdints-and at
different times over a 24-hour ;ampie periodjon a

¢ ’ \

river transect. - a

—,
S ’

The drift method successfully collected aquatic

organisms representative of the'benthic invertebrate ’

'v‘community in the North Saskatchewan River near Edmonton
(d) Differences in totai drift. den51ties between near-'
surface and 1 near-bottom drift sampies were. not Signi-
ficant (p<0.01). Total drift den51t1es varied randomiy
across smaii'(i 5 m)-river sections Therefore the |
Jsamp]er probab]y co]iected a representative drift '}v
samp]e at each river location
(e) Total drift denSit]es (exc]uding corixids and fish)
upstream df Edmonton?were an order of magnitude Tower
than drift densities downsfream of “Ednonton. ~ Die]

variationsoin total drift den51t1es with night time

~ maxima were eVident upstream of Edmonton where the



drift fauna was dominated by55uch “clean” water taxa as

Plecoptera, Epheméroptera‘and Tricﬁoptera.- Diel drift

patteESS’were uncommon QOwnstreah bf Edmontbn whEke Vi
drift densities.wg;e high;r and the drift féyna!dominated
b; chironomids and oligochaetes.- Av | oo
Lower drift densities on‘the.north'side of théjrivek{

in comparison fo midstream and south side locations

downstream of Edmonto%, indicated incomplete lateral

mixing of effluents at that station. This was in agree-

*

1 mént with chemical, bacteriological and dye tracer

(9)

(h)

(3)

studies conducted in that section of %he North

Saskatchewan River. | ‘

The drift-sampler met the design criteria for isokinetic

sampling of suspended particulates thus insuring
Qﬁantitative sampling of drift.
The drift sampling method was suitable for most river

tonditions during all seasons of the year.

, Dri%¥\;gmpTing shoﬁ]d be feasible for foutine environ-

menfgi monitd?ing pfograms on rivers similar to the _
North Saskatcheﬁan; ~ |
Drift sampling offers promising potential for the

quéntitative éo]}ection of aquatic organism biomass

for trace contaminant analysis.

9%
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APPENDIX 1

:Table 1 Results of Flume Test Number 1

Anova Table

‘Source of variafion‘ dF S MS©
- Betweeh groups N 1 1.98 1.98
" Within groups 18 3.9 0.8
Total - 19 517 |
o F e (,18) = 828

Foanq (1, 18) = 15.4

Test No. . Vg | v
1 58,7 59.0
2o eo o sz
3 3 59.0 58.2
4 ©59.0 - 58.0
5 | ~ 58.5 . 581
6 585 - 58.0
7 o oss0 0 58.0
s 500 58. 2
9 ~ 58.8 © 58,1
0 | 58.7 o581
Ty, 568.2 581.9¢
v © 8.8 - s8.21.

F
11

106



.
’ APPENDIX 1
 Table 2 Results of Flume Test‘Number
: Probe Locatign A :
T
Tesvt No. - V'O \./‘I
1 58.7 L 60.C
te. - 5@3 - 59.
3 59.6 59.
. , ©60.0 L 59,
5 58.8 59.
v 295.9 - 297.¢
v 59.2° 59,
Anova Tab]le‘
Source of variatio.'n dF SS MS:
Between groups 1 0.3 0.3
Within groups 8§ 1.86 0.23
Total ) b9 2,22
| o7 (15 8) = 1.

5 107
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. APPENDIX I
Table 3 Results of. Flume Test Number 2
N Probe Loca?iqn 3 1)‘ . _@ﬁ
Test No.’. ' V0 : VI ¢
1 s o 59.4 & .
> sy E 60.0
3 o se6 v 59.5 1 fkl
. . 58.4 59.8 |
5 5.0 595
£ _ “g§4.2 ) 298.2
v s ©59.6 |
g AnoVa Table i
- Source of vériation oSS MS F
" Between groups R 1.6 . ]'6, \']0..67'5
Within groups © 8 1.18 0.15 '
J’Tdta] o 9 278 |
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APPENDIX I
Table 4  Results of Flume Test Number 2. . R
- Probe Location C o o o C

Test No. - v VI'

1 | 58.8 58.1°
59.5 582

59.0 58.1 | I

b . <j’59,6 ~58.2
5 SN 59.0 8.1

v s 2907
v 59,2 1 58.1 N |
- 5 " . R
AnovagTable
Source of Qariatio;~‘ df SS v MSl F
Between groups,’ v»’ 1 '2.7 2.7 ‘¢:{5 v
Within groups 8 05 0.06 gt i
Total 9 32 . - e é
g (1,.8) =113 . I ity :
Foon(1s 8)=25.4 R v :




APPENDIX I

Table 5 Results of Flume Test Number

\\ Probe Location D

Test No.: )

0 I
1 \ 59.6 59,
2 ' 58.3 58.
3 58.5 59,
. '~ 58.8 59.
5 59.6 59.
rvoo 28 295.
v 59.0 59,

Anova Table

Source of varijation dF SS
Between groups 1 0.06
Within groups . of & 274

Total 9 2.80

MS

0.06
"0.34

0.18
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APPENDIX T . .

Table' 6 Results of Flume Test Number 2
Probe Location E

Test No. VO ' VI . '
. 58.7 . 59.8
2 58.7 59.5
3 59.6 59.4-
4 59.6  59.4
5 60.0 . 59.4
CIv 29616  297.5
v 59.3 ' 59.5

‘AnovalTab1e

Source of varjation dF SS . MS F

Between groups’ o] 0.08 0.08 0.42
Within groups 8 1.5 0.19
Total . 9 1.59



APPENDIX 1

Table 7 Resu]ts of Flume Test Number

3

Plug Located 55 cm Behind Net Mouth

Anova Table -

_Tést No. - VO N ,VI
) . 60.1 58.0
2 60.0 58.0
3 601 . 585
4 - 58.6 . 58.0
5 59.5 58.2
v 298.3 . 290.7
v 59.7 581
e X

N
Source of variation dF - SS &45 F

Between groups ; 1 5.78 5&7@\ 25.13
" Within groups - 8  1.84 0.23‘\\\
Total | 9 7.62 Vo
F (1, 8) =113 )
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" APPENDIX I
Table 8 . Results of Flume Test Number 3
' Plug Located 35 cm Behind Net Mouth

/

 Test Now oV v
— b
L ©. 5.0 - 60.0
. 601 . 592 |
3 . 59.5 5.2 p
4 585 59.8 |
5 - s9.6 59.5
Tv, .2%6.7 2977
v 593 ose5
‘Anova TaB]e
Source of vériation' dF 3 SS | ~'MS E
Between groups 1 Ol1i 0.1 0.4
Within groups 8. 2.0 0.25 | R
Total ' 9 1 o .
Fop (158) =113
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. Table 9  Results of Flume Test Number 3
o Plug Located 25 cm Behind Net Mouth

Test No. . V v

0 T
_ o 59.6 545
2 . 59.5 - 55.0
@ 3. . . 60.0 . 53.5
4 - 58.5 54.7
. . . ’ . x
5 59.5 54.3
Iv " 297.0 272.0

v ' " 59.4 . 54.5

Ahova Table

Source of variation dF N MS F

Between groups .+ 1. 63.00 63.00 203.22
‘Within groups 8 2.5 0.31

Total o 9. 65.5]
Fgp (1,8 =11.3
,8) =254

NS
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. APPENDIX I

¢

Table 10 Results'of Flume Test Number 3
o PTug Located 20 cm Behind Net Mouth

Testho. ug v
1 | “60.1 4 43.0
2 o595 a4
3 . 59.5 43.5
4 - . 598 42.5
5 59.7 43.2
Tv 298.6 216.2"
- s

59.7 ~43.2

Anova -Table

Source of variation dF S5  MS - F

Between groups 1  678.98 678.98 3573.59

Within groups 8 1.5 0.19

Total - 9 . 680.48° . '
Fop (15 8) = 11.3

F'001(1, 8) = 25.4
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APPENDIX II

Number of Organ1sms Collected in Nine Drift Nets Set at

Net Number

Corixidae

River depth 60 cm

Test Number 2

‘Net depth 20

cn Velocity 0.77 m/s

the Same Depth in the North Saskatchewan River at
Stat1on 1A :
| Test Number 1 14 September /76 = 2030 = 2130

Net Number . 1 2 3 .4 5 6 7 8 9
Corixidae 983 968 937 1004 55@.'1070 i987 934 946
Baetidae 2 2 0 1 4 4 -0 0 3
Heptageniinae . 0 10 1) i»] 01 1 o
Chironomidae -0 2 1 0 1 !) 0. 2 0
Hydropsyche sp. 0 2 2 1 2 1 0. 0 0
Isogenus sp. 0 0 0 0 0 1 0 0 0
Lepéoph]ebia §p., 0 0 0 0 | 0 1 0 0 0
‘Total Number . ’ o -
of Organisms 985 975 940 1006 964 1077 988 937 949

-

15 September /76 0830 - 0930

R
189 22

6

3

~ River depth 50 cm

& 5 6 7
188 219 205 187 194

‘Net depth 20

- 8
164

cm  Velocity 0.66 m/s
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APPENDIX II

Table 2 Number of Organisms Collected in Nine Drift Nets Set at the
Same Depth in the North Saskatchewan River at Station 2A

Test Number 1 9 September /76 1130 - 1230

o

* Net Number 1 2 3 4 5 6 7 8 9

Chironomidae 14 11 17 13 8 11 12 13 10

[ 4

Oligochaeta m 9 5 7 1 6 3 10 5

o River depth 70 cm  Sample depth 20 cm
- Velocity 0.68 m/s

Test Number 2 9 September /76 2330 - 0030 .

~ Net Number 1 2 3 4 5 6 7 8 9
Chironomidae ~ 5 4 1 7 5 8 6 4 3
Oligochaeta- 6 9 0 4 9 2 3 11 3

River depth 60 cm Sample depth 20 cm
Velocity 0.49 m/s o
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APPENDIX III

Table 1 Two-Way Analysis of Variance of Drift Densities
Recorded at Station 1, 28 - 29 Octoter, 1975

“Sample Interval

Station 1. 2 3 .4 5 6

1A 582 394 408 205 456 762
1B 612 408 507 304 516 827

Anova Tab1e

Source of.vqriation CdF. 0SS 1 MS F
Between stations 1 6.66  6.66  12.05 n.s.
. Between intervéls o é 171.72  34.34 62.16 **
Error . , 5 2.76 0.55
Total 181,14
| F gy (15 5) = 16.26 o
Fop i) =107 .; - L

. , A .
n.s. - not significant

o - significant at p<0.01

kK - significant at p<0.001



Table 2 Two-Way Analysis o? Va
'Recorded at Station 1,

APPENDIX 11T

riance of Drift Densities
18 - 19 February, 1976

Samp1e Intefva1

Sstation 1 23 4 8 6 7
A 28 38 131 99 9 51 47
8 12 30 98 86 89 64 19
- Anova TabTe'
Source of variation ldF ss  MS F
Between stations 1 3.25  3.25 - 5.35 n.s.
Between intervais- 6 7017 11.69 19.24 *
" Error 6  3.65 0.6]
 Total 13 7707 N
F gy (1, 6) =13.75
F oo (6,'6) = 8.47

.
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APPENDIX 111 .

~Table 3 :Two-Way Analysis of Variance of Drift Densities
- Recorded at Station 1, 21-- 22 June, 1976

’ Sample Interval

SStation 1 2 3 4 5§ 7
1A 30 43 19 210 143 57 19
| e ;

1B 28 46 31 133 78 40 27

Anova Table

* Source of variation ° df 55 MS Foo
Between stations 1 1.96 {.96 1.28 n.s.
Between intervals 6 116.06 19.34 12.6 *
Error 6 920 1.53 |

Total 13 127.22

F.O] (1, 6) =13.75

\\\\Eééh (6, 6) = 8.47
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"APPENDIX IIT.

Table 4 de-Way Analysis of Variance of.Drift Densities
Recorded at Station 1, 21 - 22 July, 1976

¥

Q Sample Interval

Station. 1 2 3 .4 5 § 7
A 50 45 52 132 82 33 34
18 56 46 56 140 86 47 39
O
~ Anova Table - \
pource of variation | dF  SS . MS . F |
Between stations 1 0.56  0.56  9.82 n.s.
I oBetween intervals 6, 47.42  7.90 138.56 **
P Error 6 0.34  0.06 )
Total 13 48.32 :
Fop (15 6) = 13.75 o NS
F o7 (65 6) = 8.47
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~ . APPENDIX III . R N

Table 5 Two-Way Analysis of Variance of Drift Densities
Recorded at Station 1, 10 - 11 October, 1976 -

J . ~ Sample Interval
Station, 1 2 3 4° 5 § 7
1A 710 629 1693 529 436 1154 1550 e

18 1549 1492 2041 2533 1545 1055 1350

LY

Anova Table

N

Source of varijation aF  SS MS . F
CBetween stations 1 369.39 369.36 6.17 n.s.
Between intervals 6 239.25 39.§§. 0.67 n.s. -
Error 6 36.93 59.82 o
Total 13 967.54 | | ﬁ-' i
Fop (Vs 6) = 13.75 SRR
F 6, 6) = 8.47

.01 (
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APPENDIX II1I |
of Drift Densitie
0 November, 1975

Table 6 , Two-Way Analysis 6 Varianc
Recorded at ‘Station 2,.9 -

Samp]e‘intefva]

Station 1 2 3 4 5 g
2 © 1393 1061 1967 622 303 480
) 1114 2185 857 742 275 57

2. 267 289 223 317 208 175

L]

- - . énova Table

Source of variation  dF SS MS | F‘L
| Between stations 2 769.34 384.67 8.5« . . >
© Between intervals 5 575.27 115.05  2.54 n.s. - |
- Error 10 4s2.60  45.26 .
Total S 17 179721
- _‘F;b1,(2, 10) = 7.56
F . (5, 10) = 5.64

.01
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APPENDIX IIT -

Table 7  Two-Way Analysis of Variance of Drift Densities
Recorded at Station 2, 9 - 10 March, 1976

Sample Interval

~Sstation 1 2 3 4 5 6

2R 2141 2105 . 955 638 564 898
2B | 2484 1487ﬁff33] 464 711 693
261" 673 417 625 217 237. 259

Anova Table

® Source of Variation | dF SS MS F
Between stations . 2 644.9 322.46 Q.45 *
Between interva]s‘. 5 983.5 196.70 5.76 *
Error 100 3810 3.7,
Total 7 19695 -
CF g (2, 10) - 7.56 !
F o1 (5,10) = 564



Table 8 Two-Way Analysis of Variance of Drift Densities

APPENDIX III

Recorded at Station 2, 28 - 29 June, 1976

Sample Interval

Station 12 3 4 5 6 7
2A 1556 193 580 532 568 102 128
2B 286 322 543 421 493. 194 182
{0 3 51 42 211 240 108 69
Anova Table
Source of variation dF SS MS . F
Between statigns 2 471 235.5 6.03 n.s.
Between intervals 6  335.95 55.99

Error

Total

.01
.01

(2, 12)
(6, 12)

i

12 468.67  39.06
0 1275.62

6.93

4.82

1.43 n.s.

. 125
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APPENDIX III .

Table 9 Two-Way Analysis of Variance of Drift Densities
Recorded at Station 2,.22 - 23 September,»1976

'SampTé Interval

Station 1 2 3 4 5. 6 7
2A 820 1038 17?§>__1163 435 1163 496
28 978 1650 '724 %ﬁ495 1500 781 1327
20 158 354 243 | 252 245 251 231

AN
Anova°Téb1e  /
Source of varijation B SS MS F
 Between stations 2 1371.77 685.88 . 19.9 % |
Between intervals 6 1]5.85 19.31 0.56 n.s. \
Error 12 413.14  34.43 i
Total 20 1900.76 | - oy
F gy (2. 12) = 6.93 |
F o (6, 12) = 4.82

.01



-

Taxa.

0. Diptera
chironomidae (1)
Chironomidae (a)
Tabanidae

~ 0. Ephemeroptera

Ameletus sp

Baetis sp

Ephemerella ép

Heptageniinae

Rhithrogena sp

O. Hemiptera
Corixidae

O. Plecoptera

Brachyptera sp
Capnia sp

- Isogenus sp

0. Trichoptera

Cheumatopsyche sp '

Hydropsyche sp

.C. Oligochaeta

C. Gastropoda
Lymnaea sp

P. Bryozoa
Plumatella sp

_Total No. Organisms

River Velocity (m/s)

Total Drift Density
(no./100 m3)

APPENDIX IV

Table 1 A

Catch of Drifting Organisms at Station 1la,
: 28-29 October, 1975 :

. N Time
1130 to 1530 to 1930 to 2330 to 0730 to 1130 to
1330 1730 2130 0130 0930 1330
T B T B T B T B T B T B
1 2 1 1
_ 1 1 ’
1
x
1
1 8 1 2 1 1 1 1 1
5 1 1
l 4
5 1 2 11 1
178 145 135 91 177 26 71 13 92 94 218 178
1 5 1 1 2 1
1 1
1 1 1
s
9" 1 1 1 1 1
2 1 1 1
1
»
1
e
p
181 182 140 95 18> 31 75 18 98 95 223 18l
: o |
.B0 .75 .68 .71 ‘.65 .64 .80 .82

0.96 .94 .91 .91

574 590 469 318

p'- denotes part of colony was collected -

T - top net

B - bottom net

1
P
a

: , i o
689 126 336 73 460 452 850 673

not included 'in density calculation

denotes larvae
.denotes pupae
denotes adults

127
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APPENDIX 1V
\

Table 2

Catch of Drifting Organisms at Séation 1B,

. 28-29 October, 1975 —
Taxa ' ' : gr”;) Time
, 1130 to 1540 t 1930 to 2330 to 0730 to " 1130 to
1330 1730 2130 0130 - 0930 1330

T B T B T B T B T B T B

0. Diptera /
Chironomidae (1) 1 4 11 1 1
Chironomidae (a) - 1.

O. Ephemeroptera .

" Ameletus 8p . 1
Baetis sp 1 2 1 4 1 1 1 1 2 2 3 «
Ephemerella sp . ’
Rhithrogena sp ' 3 3 3 2 1 1

0. Hemiptera . R . ) ‘
Corixidae 247 144 191 66 222 65 .130 33 125 124 261 219

N
-
-

0. Plecoptera ‘ . .
Brachyptera sp 1 1 1 ' 2 1
Capnia sp 1 1

Hastaperla sp .
Isogenus sp 1 1 1. 1. 2 2 1

-

0. Trichoptera ‘
Agapetus sp 1 ) : ) 1
Cheumatopsyche sp ol : '

Hydropsyche sp . ) D | s 1 1 _-1 1 1
- ) ) L R

0
(V%)
w
[%,)
N
wt

o

Total No. Organigms 253 l64 193 69 231. 74 136 38
River Velocity (m/s)  1.05 1.02 Qea .98 .92° .91 .88 .85 .80 .78 .92 .92
Total Drift Density ) . .

(no./100 m3) 734 490 600 215 766 248 471 136 .507 524 882 772

3



Taxa

0. Diptera _
Chironomidae (1)

0. Ephemeroptera
 Baetis sp
Ephemerella sp
Heptageniinae
Leptophlebia sp
Rhithrogena sp

O. Hemiptera
Corixidae

0. Plecoptera
Brachyptera sp
Capnia sp
1sogenus sp

0. Trichoptera .

Cheumatopsvyche sp
Total No. Organisms
River velocity (m/s)

Total Drift Densit
(no/100 m3) ‘

129

APPENDIX IV
Table 3

Catch of Drifting Organismg at Station 1a, ,
18-19 Pebruary, 1976 ’ 4

) Time i o
1130 to 1530 to 1930 to 2330 to 0330 to 0730 to 1130 to
1330 " 1730 - 2130 0130 0530 0930 1330
T B T . B T B T B T B T B T . B
4 1 1 1 1 2 1 2 1 1 1 6 4
1 3 4 1 4 9 7 5 2112 2 1
1 1 1 1 3 1 1 1
2 .
1
11 1

1 6 8 s 12 5 3 1 1
4 5 8 4 4 -5
2 1 1 ‘2 -3 4 1 1 3 3 1
4 1 1 1 11 11

25 30 40 36 96 165 96 101 74 117 38 63 35 S8 R

11 13 17 14 38 €5 38 41 30 45, 16 26 15 24

.99 .98 .92 .90 .90 .90 .%0 .93 .93 .88 .97 .94 .98 .94



130

-APPENDIX IV
- C Table 4
catch of Drifting Organisms at Station 1B,

18-19 Pebruary, 197¢

. Time

1130 to 1530 to 1930 to 2330 to 0330 to 0730 to 1130 to

7 1330 1730 2130 0130. 0530 _ 0930 1330
T B T B T B-- T B T B T B T

Taxa

B

0. Coleoptera ) .
Dytiscus sp . o 1 1

0. Diptera . - o .
Chironomidae (1) o 1 ‘1 1 1. 1 1 1

0. Ephemeroptera v .
Baetis sp - 171 2 3 3 3
Ephemerella sp v ‘ ‘ , 1 ‘
Rhithrogena sp ‘ - . oo 1o

,0.‘Hemiptara ' S . _ t .
. Corixidae 1 5 4 g - 17 22 11 17 15 26 15 17 4 5

[
.
~
0
- W
[
.

0. Plecoptera . . . .
Acroneuria sp ‘ ' o , 1
Brachyptera sp . D § 3 8 1
Capnia sp i ) - : 2 1
Isogenus sp ‘ 1 . .3
Isoperla sp ’ .
Bastaperla sp _ 1

0. Trichoptera ‘
Cheunatopsyche sp 1 C 1 . 2 « 1

0. Bydracarina : o . : 2

[P RN |
~
nN
’

C. Ppisces )
Catastomus sp . : . 1 1

Total No. Organisms 1 7 7 W4 26 39 16 38 23 36 20 22 7 6

River vVelocity (m/s) .80 .78 .80 .80 .78 .74 .76 .71 .76 .76 .78 .74 .78 . .80
< . .
~ Total Drift Density ' : . .

(no/100 m3) 3 21 20 40 76 120 48 123 69 108 S9 68 21 17



APPENDIX IV
_Table 5

catch of prifting Organisms at Station 1la,
19 April, 1976 ‘

Taxa . . Time
' 0730 to
0830-
T

" 0. Coleoptera

Hydrovatus sp ) 1 '
O. Hemiptera

Corixidae . 6
C..Pisces

Lota lota . 30
Total No. organisms' 37
River Velocity (m/s) 0.47

Total Drift Density
(no/100 m3y 359

131
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. - APPENDIX IV

. Table 6

Catch of Drifting Organisms at Station 1a,

Taxa .
- 1130 to
1330

T B T

0. Colecptera
Elmidae - 2

Rydrovatas sp 4

0. Diptera
Chironomidae (1) : 4 3 7

chrysops sp X 1

0. Ephemeroptera
Ameletus sp
Baetis sp . 2 1
Ephemerella sp 1 1 1
Hexagenia sp . ‘
Leptophlebia sp
Rhithrogena sp

0. Hemiptera
~ Corixidae . 4 1 1

0. Plecoptera

Brachyptera sp

Capnia sp o1
Hastaperla sp

I1sogenus sp ' 1.

0. Trichoptera

Agapetus sp 1
Cheumatopsyche -sp 2

¥0, Bydracarina .

C. Pisces
Catastomus sp

Lota lota 111 56 69

1530 to
1730

-28-29 April, 1976

Time
1930 to 2330 to
2130 0130
B T8 T B T

0330 to
0530

0730 to 1130 to
0930° 1330
B T B T B

16 4 2 1 3 4 2

12 . 1 1

28 28 11 8 7 9 10

27 4 14 8

Total No, Organisas 123 65 86

River Velocity (a/s)

" yotal Drift Density

(no. /100 m3) 969 530 712

¢

N

35 39 12 63 25 38 24 23 26 18 13

0.58 0.56 0.54 0.48 0.54 0.50 0.81 0.65 0.50 0.50 0.61 0.61 0.73 0.65

333 331 110 356 176 347 219 173 195 113 92
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Table. 7

Ccatch of prifting Organisms at Station 1lA°
21-22 June, 1976

. ‘ . : Time . )

1130 to 1530 to 1930 to 2330 to 0330 to 0730 to 1130 to
- 1230 ‘1630 ' 2030 0030 ) 0430. 0830 1230

T B T B T B T B T B T B T B

O. Diptera .
Ceratopogonidae 1 ] 1
Chironomidae (1) 2" 3 3 2 2 5
(p) 1 1
S (a) o 3 1 .2
Simuliidae (1) ' 1

—
- w0
[N)

— R P
F'S

~
N W
—

O. Ephemeroptera : )
Baetis sp. 1 41 2 8 15 8 73 L 1 2
Caenis sp. . _ : 1 ; '
Beptageniinae 1 1
Baetidae 1 : : 11

Rhithrogena sp. - _ . . 1 3 1

Q. Plocopterab i o -«
" Hastaperla sp. . 1 ‘
Isogenus sp. o 2 . 13 1 1

0. 'i'richoptera

Arctopsyche sp. . 1
Brachycentrus sp.- : 1 ,

Cheunatopsyche sp. .

Bydropsyche sp 1-

Psychomyia sp. -1 1
z ! .
O. Rydracarina ) 1 1

[

C. Ph.ces
Catastomus sp. : -1

Total No. Organisms 6 3 7 7 3 .4 27 sS1 17 3 12 9 2 5
River Velocity (m/s) 0.78 0.58 0,85 0.67 0.90 0.80 0.88 0.83 0.88 0.61 0.88 0.8l 0.95-9.83
Totsl Drive Density 7

(No. /100 l3) 35 24 38 ‘8\: 15 23 146 280 88 19€ 62 51 10 27
1



v ' APPENDIX IV

TIblﬁ ]

- catch of Drifting Organisms at Station 1B

21-22 June, 1976

N

Time o

1130 to 1530 to ~ 1930 to 2330 to 0330 to 0730 to - 1130 to -

1230 - 1630 - 2030 . 0030 0430 0830 1230

T
0. Diptera
Ceratopogonidae .
Chironomidae (1) "3
P
(a)
Simuliidae
'0. Ephemeroptérs
~ Baetis sp. 1
emerella sp.
Reptageniinae

pseudocleon sp.

Rhithrogena sp..

0. Plecoptera

Bastaperla sp.

1sogenus sp 1
. 0. Trichoptera
Brachycentrus sp..

‘Cheumatopsyche &p.
Psychonmyia sp.

0. Hydracarina

c. OIXgochieta;

P. Nematomorpha ‘
Gordius sp. . N |

-

C. Pisces g
Catastomus “sp.

g Tt ® T B T B T B T B T B

. . l 1 ’
1 1 -7 6 2 4 3 273 -3 6. 1 3
1 05 2 .2 L4 2.1 2 5 1
1 1 101 1 2 1c¢
K 1
31 6 3 4 8 3
1. 1
1
5 2
1 1 021 1
L
1 1 4
1 “ 2 1 .
\1 3001 _i>
l.
1 1
11
1 1
K

. Total No. Organisms 6

2 9. 12 10 3 28 .25 14 16 1o 7 5 6

River Velocity (m/s)  1.12 1.01 1.11 1.02 1.00 0.92 0.94 0.88 0.95 0.86 0.90 0.98 0.98 0.88

Total Drift Density

(No. /100 m3) 24

32 37 54 46 15 136 130 70 85 S1 33 23 N

134
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Table 9
' Catch ovariftiné Orgahisms at Scaﬁion 1A
- ~21-22 July, 197¢

) ) Time .
1130 to - 1530 to 1930 to 2330 to 0330 to 0730 to . 1130 to
1230 1630 - 2030 0030 ‘0430 0830 1230

T B T B T B T B T B T B T B

Chironomidae (1) 2 2 1 1 3 2 '8 5 & 2 1 . 4. 2 3
“(p) 4 4 2 2 6 6 3 1 2
(a) 13 301 2 4 1 2
Simuliida ¢ 1 2 3 1
O. Epbe
11 2 3 1 23 2 4 11 1
1 1 g 1
, 1 1 5 4 1
Pseud eon sp 1. . 1 s 1 3 1
Rhithrogena sp - 1 1 1 1
o. Plecop:efa ) »
Capnia sp. ‘ 1 1 1
_ 1sogenus 8p. . : } 1 3 4 2 3 '
C. Trichoptera o ’ ‘
Brachycentrus sp. 1 2 1.2
Cheumatopsyche sp. 3 ’ 1 o . 1 b 2
C.‘Oligochnet; ‘ 2 ‘ 1
C. Pisces o : o
Catastomus. sp. 2 ’ 3 . | 1
Total No. O?jfnilns 12 12 11 9 9 11 36 27 19 18 6 . 8. 6. 8

River velocity—¢

05 1.1 0.96 0.94 0.85 1.17 1.0 1.12 0.96 1.07 0.92 0.96 0.94

Total Drift Densit
{No./100 m3)

v

43 44 59 141 123 78 86 26 40 .29 39
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Table: 10

Catch'of prifting Organisms at Station 1B
5 21-22 July, 1976 )

Taxa | . ) Time ) -
1130 to 1530 to. 1930 to 2330 to 0330 to 0730 to 1130 to
1230 1630 2030 0030 - 0430 0830 1230

. T B T B T B T B T B T B T 2
0. Diptera /
Chironomidae (1) 3
(py 2 4 .
; (a) 1 -1 2

- 8imyliidae (1) 1

w
w
-on
w
~
~N
-
[
N
~

= onnw
w
w
»
-

0. Ephemeroptera : 2 I o .. o N
Baetis sp. . - 1 2.1 1 2 '
Ephemerella sp. i ‘ S &

Heptageniinae ‘
Rhithrogena sp. ) -3 C 2

O. Plecoptera

Capnia sp. 1 1 S :
Isogenus sp : ; 1 1 3 3 2 B

>

[
—
~
W
=

[
[
[ 8]
(-

0. Trichoptera

Brachycentrus sp o . 2 1 2
Cheumatopsyche sp 1 2 1 1 ) 3

0. ﬁyducnr ina _ R 1

C. Oligochaeta 1 2 : : 1 o 2 3

'C. Pisces ; : . :
Catastomus sp. : - 1 1 . 1

“Total No. Organises 11 12 12 7 17 6 34 '29 19 19 9 11 8 8
River Velocity. (m/s) 0.97 0.92 0.96 0.94 0.95 0.94 1.14 0.92 1.1 0.94 1.0 1.03 0.97 0.94

,'Iotal’ prift Density . . -
{No./100 =3y 52 60 57 34 . 82 29 136 14479 92 41 49 38 39
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Table 11

- -Catch of Drifting Organisms at Station 1A~
- .- 10-11 October, 1976

Taxa : . . Time R [
' ' 1130 to 1530 to- 1930 to." 2330 to . 0330 to 0730 7@ 1130 to
1230 - 1630 . 2030 Y0030 0430 0830 1230

T BT B T B T B T B T B T B

O. Diptera o ; S
Chironomidae (1) . 1 ) : 1 2
P . 1 o o 1
{a) ° T 1 1 1 1

O. Ephemeroptera ; : : : L
Baetis sp. 31 1 2 1 4 3 20 4 1 RS §
Ephemerella sp. 2 R 1. 2 - ‘
Heptageniinae ‘ 1 o ’ ] . 1l .
Leptophlebia sp. - ' 1 ' ‘ :

‘Rhithrogena sp. 2, . o : oo ' .

0. Hemiptera L : . Co
Corixidae 111 132 124 98 280 317 74 108 .92 61 219 194 272 294

©

"o. Plecoptera : o _— :
Brachyptera sp. : 1 o 11 . ‘ 1
Capnia sp. , » ' : ' o , 1 1
Isogenus sp . T2 . 1 1. . ’

0. Trichoptera .
Cheumatopsyche sp.’ 2 1 1
Bydropsyche sp. R § . » B &

" : R

-
ot

. [¢] o . . .
O. Bydracarina ] o -1 . ° St . 1
C. Oligochaeta ‘ : 1 o . g L ol

C. Pisces . = _ , o ' : O e o
- Catastomus sp. v . oo i @ P |

-

Total No. Organisms 115 i42; 128 105 '285 322 84 - 116 96 68 224 196" 276 . 297
River Velocity (m/s)  0.89 0.78 0.86 0.83 0.83 0.81 0.87 0.86 0.87 0.85 0.83 0.83 0.86 .83
Total Drife Deniity v D s ’ : N :

(Wo./100,83) 590 830 6B 577 1566 1819 440 617 505' 366 1231 1077 1468 1632

)




0. Coleoptera

Hydrovatus sp (a)

0. Diptera
Chironomidae (l)
(p)
(a)

a

0. rphemeroptera
Ameletus sp.
Baetis sp.
Ephemerells sp
Bexagenia sp.
Rhithrogena sp.

O. Remiptera
Corixidae

0. Plecopteri
Brachyptera sp.

Bastaperla sp.
Isogenus sp.

0. Trichoptera

Cheumatopsyche sp.

Bydropsyche sp.

C. Pisces
Catastomus sp.

Total No, Organisms
River Velocity (m/s)

fotal Drift Density

(No. /100 m3)

APPENDIX IV
Table 12

Catch of Drifting Organisms at Station 1B
10-11 OCtober, 1976

()

Time
1130 to 1530 to 1930 to 2330 to 0330 to 0730 to 1130 to
1230 1630 2030 0030 043¢ 0830 1230

T - B T B T B T B T B T B .T B

1
11 2 101 1 3 1
2 1
1 1 1
1
1 2 1 1 4 1 1 2 1 1
2 11
. : 1
2 3 2 1 2 1

310 237 298 2él 426 404 518 461 357 214 197 173 212 266

1 1 1 1
1
1 1 1 1
o 7
1 2 2 1 6 1
1 1 1 . 1 1
1

317‘ 241 305 267 435 413 521 470 362 218‘201 178 216 270

. . . N
0.85 0.79 0.92 0.83 0.98 0.92 0.92 0.87 0.87 0.84 0.83 0.81 0.84 0.81

1704 1393 1517 1467 2027 2055 2592 2474_19051185 1104 1006 1174 1525

v
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Taxa

0. Collembola

0. Coleoptera )
Hydrovatus sp.

0. Diptera .
*chironomidae (1}
{p)

(a)

O.. Ephemeroptera
Baetis sp.
Heptageniinae

‘Legtoghlebia sp.

0. Hemiptera
Corixidae

0. Plecoptera

Brachyptera sp.
1sogenus sp.

0. Trichoptera
Hydropsyche sp.

C. Oligochaeta

c. Hydrozoa
Rydra sp.

C. Gastropoda
Lymnaea 8p.

Total No. Organisms

River Velocity (m/s)

Total Drife Density
(No./100 m3)

<

% ] - depotes larvae
p - d4enotes pupae.
a - denotes adults

catch of Drifting Organisms at Station 2A

APPENDIX V

Table 1

1528 1258 237

9-10 November, 1975
Time |
1530 to 1930 to 2330 to 0330 to 0730 to 1530 to
1730 2130 0130 0530 0930 1730
TBTBT'BTBT’BTB
1
1
539 229 27 261 105 245 75 80 30 21 160 4
5 5" 5 1 1 - 3
9 8 8 42 175 23 4 3 10
1
1 1
5 2 2
60 37 2 144 445 131 132 52 25 .24 17 10
1
2 1 1
1 1
31 10 26 37 14 1 18 11 34 4 12 17
1
B!
346 285 63 495 746 406 232 145 90 53 203 31
.69 .69 .81 .BO .90 .88 .94 .90 .74 .69 .74 .76
1885 2529 1405 751 492 370 235 835 124
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O. Araneae '

0. Coleoptera
Bydrovatus sp.

O. Diptera
Atherix sp.
Chironomidae (1)

(p)
. (a)

0. Ephemeroptera
Ameletus sp.
Baetis sp.

Ephenerella sp.
Heptageniinae-

- Leptophlebia sp.
Tricorythodes sp.

0. Remiptera
Co;ixidae

0. Plecoptera

Brachyptera sp.
Isogenus sp. .

0. Trichoptera

Brachycentrus sp.
Cheamatopsyche sp.
Bydropsyche sp.

0. Rydracarina

C. Oligochaeta

Total No. Organisas
River Velocity (m/s)

Total Drift Density
(no. /100 m3)

catch of Drifting Organisms at Station 2B

1

APPENDIX V

Table 2

9-10 November, 1?05

" mime R
1530 to 1930 to 2330 to 0330 to 0730 to 1130 to 1530 to
1730 2130 0130 0530 0930 1330 1730
T B T B T B T B T B T B T B .
/ ,
: 1
y‘l‘
2 1 ; 1
1
186 174 278 376 7 283 B7 118 21 44 465 572 224
_ 5 1 1 1 2 1 1
11 153 46 7 42 2 € 11 34 8 2
. :
1 1
E
1 1
1 2 1 3
1
0 27 417 137 2 149 120 39 27 15 24 19 7
1 »
1 2 "1
1
1 1 1
] 1 1 :
1 1
14 20 4 82 95 29 11 17 12 16
242 212 875 566 40 566 211 265 82 76 542 613 252
.64 .60 1.01 1.00 1.06 1.08 1.00 .96 .96 .80 .81 .92 .BB
1152 1076 2643 1726 115 1599 643 841 260 289 2038 2030 872

140




0. Diptera

‘Chironénidae (1)
(p)
(a)

0. Ephemeroptera
Baetis sp
Egghenerella 8p.
Reptageniinae

" Leptophlebia sp.

0. Remiptera
Corixidae

0. Plecoptera

Brachyptera sp.
Isogenus sp.

0. Trichoptera
gxdrogszche 8p.

C. Oligochaeta

0. Rydracarina

Total No. Organisms

- River Velocity (m/s)

Total Drift ?n:ity

APPENDIX V

Table 3

9-10 November, 1975

Catch of Drifting Organisms at Station 2C

- Time
1530 to 1930 to 2330 to 0330 to 0730 to. 1130 to 1530 to
1730 2130 0130 0530 0930 1330 1730
T B T. B T B T B T B T B T B
25 17 38 45 (26 6 29 53 -22 38 36 17 10 27
12 1 1 3 1 1 ,
3 19 12 16 1 6 25 1 5 23 1 11 5
2 1 i 1
1 ' n 1
101
1 3 4 2 1
4 12 8 15 31 17 11 1o 4 13 29 27 6 9
1 1 :
12 B : 1
2 21 : 1
10 16 21 Y1 6 18 17 44 13 19 29 2 1 7
1 1
Ed
66 49 90 84 B7 49 69 137 51 .76 118 78 40 49
.67 .64 .91 .88 .9¢ .90 1.01 .98 .96 .94 .86 .81 .78 .78
302 289 281 165 209 425 163 245 417 295 158 192

232 301

141
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APPENDIX V . .
" Table 4

catch of Drifting Organisms at station 2A
9-10 March, 1976

Taxa Time =
1130 to 1530 to 1930 to 0130 to 0730 to 1130 to
1330 '1730 2130 0330 - 0930 1330

T B T B T B T B T B. T B

0. Diptera :
- chironomidae (1) 299 394 158 220 64 65 41 56 41 21 91~ 108
(p} 2 15 1 7 4 1
(a) 5 1 70 2 5 11 7 4 4

-
s
~

0. BEphemeroptera
Baetis sp. N 1 3 1 2 6 4 3 2 3 1
Caenis sp ) : o 1
~Eghemerella 8p. 1 1 1 -
Legtoghlebia 8p. . 1 2 4 1 1 1

Rhithrogena sp. 1 1

O. Hemiptera - . ‘
Corixidae 29 32 263- 100 95 103 74 46 .7 13 4l 59

0. Plecoptera . |
Capnia sp 2 2 1 1 1 1 1 !

€ Trichoptera ' ' | .
Agapetus sp. . -1l - \
fydropsyche sp. . . 1 1 1

" - . . N ‘ \

C. Oligochaeta - 61 14 12 18 . 46 40 19 50 68 3 19 28

. C. Gastopoda ' ' ' ' \
Ferrissia sp. 1 ’ \

L

Total No. Organisms 396 446 522 345 223 236 141 160 - 120 51 159 200 \

River velocity (m/s) 46 .44 .47 .47 .56 .54 .54 .54 L34 .36 44 0
] ) :

Total Drift Density : :

(no./100 m3) 1970 2311 2534 1675 910 1000 597 678 805 323 824 971




“
Taxa

0. Diptera
Chironomidae (1)
(p)
(a)

0. Ephemeroptera
Ameletus sp.
Caenis sp.
Ephemerella sp
Leptophlebia sp.

O. Hemiptera
Corixidae

0. Pleroptera

‘Brachyptera sp.
) Capnia sp
1sogenus sp

Nemoura sp.

O. Trichoptera

Agagetus 8p.
Arctopsyche sp.
Hydropsyche sp.

0. Hydracarina
*C. Olig§chaeta
c. Pis;es
Catastomus 8p.
Total No. Organisms
River velocity (m/s)

Total Drift Density
(no. /100 m3,

APPENDIX V

Table 5

catch of Drifting Organisms at Station 2B
9-10 Marchl-1976

il

143

. Time
1130 to 1530 to 1930 to 0130 to 0730 to 1130 to
1330 1730 2130 0330 0930 1330
T B T + B T B T B T B T B
568 575 244 532 95 46 97 114 88 141 174 103
A 302 4 4 33 21
1 1
1
1 ¢ 2 4 2 1 3 5 2 3 3
1
14 2 2 1
1 il
3 4 7 "4 1 8 4 -1 1 2
11
1
1 1 1.
1 N
1 1 1
7 1
1
1 . 2 1
30 20 11 28 14 18 6 12 41 38 16 21
f1
609 612 260 582 124 67 115 144 133 184 198 129
.71 .47 .75 .61 .73 .56 .67 .61 .51 .51 .56 .51.
1996 2971 793 2180 388 273 392 539 596 B25 B08 57t

a



APPENDIX V

Table 6

catch of Drifting ‘Organisms at Station 2C
‘ 9-10 March, 1976 -

144

Taxa Time :
1130 to 1530 to 1930 to 0130 to - 0730 to 1130 to
1330 1730, 2130 0330 0930 1330
T B T B T B T - B T Ba T. B
0. Diptera ’ . - - i : L .
Chironomidae (1) 122 231 163 39 94 129.:30 45 41 21 60 35l
‘ (p) : 1 1 ' 1 7 4
(a) 1 1 1 1 1 1
0. Ephemeroptera
Baetis sp. 17 8 19 3 37 23 .19 17 2 3 1 5
Caenis sp. 1 .1 1 . : 1
Ephemerella sp. 1 4 -5 2 3 3 2
Heptageniinae 2 1 1 1 1 2 1
Leptophlebia sp. 1 1
Rhithrogena sp 1 1
0. Hemiptera
Corixidae 3 3 1 8 7 8 4 7 13 8 6
- 0. Plecoptera ’
Capnia sp. 1 1
Isogenus sp 1 3 11 1 2 1
0. Trichoptera\
Agapetus 'sp. 1
C. Oligochaeta 1s 12 21 11 4 14 7 9 3¢ 11 24 13,
Total No. Organisms 160 263 '210 57 153 192 69 78 88 59 98 77
River Velocity (m/;) 0.90 0.64 0.73.0.73 0.63 0.63.0.90 0.69 0.71 0.71 0.81 0.73
Total Drift Density .
(N0 /100 m3) 406 939 656 178 554 696 175 258 283 190 276 241
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" APPENDIX V
Table 7

catch of prifting Organisms at Station 2A
19 April, 1976

- Taxa o - Time’

1030 to
, 1130
T
0. Diptera
chironomidae (1) 18
(a)

N

O. Hemiptera
- Corixidae 292

C. Oliéochaeta . 171
C. Pisces .
Iota lota 393
Total No. Organisms 879 ' .
River Velocity (m/s) 0.48

Total Drift Density
(No./100 m3) R EV)!
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APPENDIX V o
Table 8

catch of Drifting Organisms at Station 2C
) 19 April, 1976

\

Taxa Time
1230 to
1330
T
O. Diptera s
Chironomidae (1) 30
' (p} 7

O. Ephemeroﬁtera ) ‘ -
.Baetis sp. 1

O. Hemiptera

Corixidae. 31
| 0. Plecoptera ¢
Capnia sp. . 1
0. Trichoptera - .
Arctopsyche sp. 1
Bydropsyche sp. 1
C.vbligOChaeta 2
L]
C. pisces
Lota lota 25
Total No. Organisms 99 o -
S @5
River velocity m/s . 0.47 ~

Total Drift Density
(No. /100 m3) 961

PR AP



APPENDIX V
Table 9

" catch of Drifting Organisms at Station 2A

19 May, 1976
Taxa - Time
1200 to
1300
T .
O. Diptera _
Chironomidae (1) o
(p) 18
(a) 13
O, Ephemeroptera
Heptageniinae ' L
0. Trichoptera
Hydropsyche sp. i 1
0. Rydracarina 2
ot
C. Pisces
Lota lota 4
Total No. Organisms 46
River velocity (m/s) 0.81 ;};

Total Drift Density
(No. /100 m3) ’ 260
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" APPENDIX V
Table 10

Catch of Drifting Organisms at_Station‘ZC

19 May, 1976
Taxa . ~ Time
. 1400 to’
1500
T
k4
0. Diptera
Chironomidae (1) 7
(p) 2
0. Trichoptera -
Hydropsyche sp. 1
"C. Pisces
Lota lota 1
_Total No. Organisms 11
River velocity (m/s) 0.71

Total Drift Density
(No./100 m3) 71

148
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APPENDIX V
Tahle 11

' Catch of Drifting OiQanismsvat Station 2A
) 27~-28 May, 1976

Taxa ' ‘Time |
) 1130 to 2330 to
1230 0030

T B T B

0. Cbllémbola

Isotoma sp. 1
0. Diptera’ o
Chironomidae (1) .. 5 4 2 2
(p) 5 lo 14 29
(a) 6 'S 10 8
0. Ephemeroptera
- Baetis sp. 1
Eghemerella sp. 1
0. Plecoptera
1sogenus sp. 2 1
0. Trichoptera ' .
Hydropsyche sp. | 1 o
. . - 8 .y
C. Oligochaeta - 80~ 132 180 203 SR
C. Pisces ‘ :
- Catastomus sp. . 26 5 49 . 40
Total No. Organisms 123 159 247 284 ‘ , AN
River Velocity (m/s) .85 .67 .74 .72 R

Total Drift Density .
(No./100 m3) - 661 1084 1586 1802



APPENDIX V

T%bli 12

Catch of Drifting Organismsfat Station 2B

27-28 May, 1976

Taxa

» O. Diptera
, o v Chironomidae (1)
: (p)

O. Epheneroptera
) Baetis sp.
Ephemerella sp..

O. Plecoptera
Isogenus sp

: 0. Triéboptera
. v . Hydropsyche -sp.

C. Oligochaeta

Pisces-
Catastomus sp

C.

Total'No. Organisms
River velocity (m/s)
Total Drift Density
(No.. /100 m3)

2

150

LN

Time
1130 to . 2330 to
1230 0030
T B T B ? )
2 1
. .
2 2
5 6
1
2 20 1
7 4 8 1
7l 35 13 ,
0.92 092 0.87 0.72
35 50 184 82
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APPENDIX V'
. Table 13

catch of Drifting Organisms at staticnh 2C
' ' '27-28 May, 1976

Taxa . o Time )
¢ - 1130 -to 2330 to
1230 0030
T "B T B
0. Diptera )
Chironomidae (1) 4 2 2 3.
' (p) o 12 35
(a) : ‘ o202
0. Ephemeroptera ) .
Baetis sp. o 1 1
Eggemerella 8p. . . _ ;6
O. Plecoptera ' '
Isogenus sp. o2 g
. 0. Rydracarina : 1
C. Oligochaeta ISt ‘ 20
©  C. Pisces ‘
L ¢ Catastomus sp. s '3 47 3
A} . . . . . £y
Total No. Organisms 12 7 64 7n
River Velocity (m/s) . 0.75.0.64 0.60 0.60

¥ Al

Total Drift Density e :
(No./100 m3) . . 73 50 . 489 542
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APPENDIX V
. Teble 14

Catch of Drifting Organisms at Station 2A
28-29 June,l197¢

Taxa : ] Time
1136 to 1530 to 1930 to 2330 to 0330 to 0730 to 1130 to
1230 1630 2030 0030 0430 0830 1230
T B T B T B T B T B T B T B
0. Diptera )
Chironomidae (1) 7 10 2 4 1 4 7. 2 3 3 2 4 2 2
p) 8 6 4 5 3 3 5 1 6 2 5 2 2
' .{a} 5 [ 112 16 104 65 56 45 N 49 13 " 2 15 6
Tabanus sp. P8 1 .
O Ephemeroptera ,
Baetis sp. R I 1 3 : 2 19 15 14 23 1 1 1
Caenis sp. ) . 1 1 1 i
Beptageniinae ‘ 4 4 2 3
Stenonema sp. ‘ 1 1
" Tricorythodes sp. 1 1 - 1
O. ReMiptera .
Corixidae ) : 1
0. Plecoptera T : ' -
' Isogenus sp. _ 1 2 1 22 2 11 15 1 1 1
O. Trichoptera L
Cheumatopsyche sp. 1 1. 1 2
Bydropsyche sp. 3 2 1 3 1l 4 2 2 1 2 k]
C. Oligochasta 1 400 3 4 1l 1 ' 8
C. Pisces ;
Catastomus sp. 1 -1 - 5 3 1
Cottidae Coa 't

Cyprinidae 1 ) 1.

‘Total Mo, Organisas 26 427 27 3¢ 110 77 122 74 113 100 f25 12 29 1le
River ViIDCItyV(l/l) 0.76 0.66 0.74 0.71 0.78 0.68 0.90 0,76 0.88 0.83 0.83 0.83 0.82 0.78

Total Drift Density . ) .
Mo./100 m3) 156 2955 167 219 643 517 619 ‘445 S87 S49 137 66 161 94



0. Diptera
Chironomidae (1)
(p)
()

0. Ephemeroptera
Baetis sp.
Caenis sp.

Ephemerella sp.
Heptageniinae

0. Plecoptera
1sogenus sp.

0. Trichoptera

Cheumatopsyche \sp.
Bydropsyche ep.

C~Dligochaets

C. Pisces
Catastomus sp.

Total No. Organisms

River Velocity (m/s)

Total Drift pensity
(No. /100 m3)

-~

APPENDIX V

Table 15

»

Catch of Drifting Organisms at Station 2B
' 28-29 June,1976

153

Time
1130 to 1530 to 1930 to 2330 to 0330 to- 0730 to 1130 to
1230 1630 2030 0030 0430 0830 1230
T B T BT B T B T B T B T B
6 9 3 3 1 4 2 4 3 1 2 2 3
9. 1 8 4 6 3 6 2 5 1 4 3
¢« 9 21 34 78 S1 44 18 9 12 16 2 11 17
2 1 ¥ 3 2 19 18 29 24 6 4 1
1 1 1
1 1 Y - .
2 4 5 3 2 1
2 1 1 14 08§ 10 3.1
1 2 ‘1 2
1 2 3 1 1 1 2 101 2 1 2 2
21 24 18 11 -10 19 4 8 26 42 11 13 1 12
1 1 2 1 ’/\\\\

46 S4 56 S8 94 83 92 68 B6 92 44 26 22 4l
0.80 0.80 0.82 0.80 0.78 0.71 0.90 0.83 0.88 0.78 0.83 0.82 0.82 0.78
3
263 309 312 331 S50 535 467 374 447 538 242 145 123 240

=



0. Diptera
Ceratopogonidae
Chironomidae (1)

(p}
(a)

0. Ephemeroptera
Baetis sp.

Ephemerells sp.
Leptophlebia sp.
Rhithrogena sp.

- 0. Plecoptera
I1sogenus sp.

0. Trichoptera

Archtopsyche sp..

ydrogﬂche Sp.

5

C. Oligochasta

C. Gastropoda
rercrissia sp.

P. Nematomorpha

_Gordius sp.

C. Pisces
Catastomus sp.

Total No. Organisms .
River Velocity (m/s)

Total Drift Density

(No./100 =m3)

APPENDIX V

Table 16

Ccatch of prifting Organisms at station 2C
28-29 June,1976

-

Time .
1130 to 1530 to 1930 to 2330 to 0330 to 0730 to 1130 to
1230 1630 2030 0030 0430 0830 1230
T B T B T B T B T B T B T B
1l 1 \
s 4 1 6 4 s 6 5 6 6 2 6 1 '2
1 1 2 1 2 2 2
1 1 2
T 2 3 1 27 21 32 2009 8 5 1
1 \ 1
11
1
1 1 ‘ 3 2 2 1 1
1l '
2 1 1 1 1 & 1 s s 2 1 1
105 2
1
1
1 1
€ 7 6 12 4 10 45 33 46 38 15 24 11 13
0.85 0.80 .82 .80 0.81 0.75 0.82 0.88 0.78 0,82 0.92 0.78 0.86 0.76
32 40 33 69 23 61 250 171 269 211 75 140 59 78
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O. Diptera
Chironomidae (1)

. Ap)
(a)

0. Ephemerogtera
Ameletus sp.
Baetis sp.
feptageniinae

Tricorythodes sp.

‘0. Hemiptera
Corixidae

O. . Plecoptera

Brachyptera sp.
1sogenus sp.

0. Trichoptera

RBydropsyche sp.

o. Rydracarina
C. Oligochaeta

C. Pisces
Catastomus sp.

Total No. Organisms

River Velocity (m/s)

Total Drift Density -

{No./100 m3)

. APPENDIX V Ps
Table 17
Catch of Drifting Orqnniims at Station 2A
22-23 Scptclber,l??ﬁ
- Time
1130 to 1530 to 1930 to 2330 to 0330 to 0730 to 1130 to
1230 1630 2030 0030 0430 0830 1230 -
T B T ) B T B T B T ‘B T B T B
161 110 94 126 221 185 62 153 36 17 158 247 21 86
2 4 1 1 2 5 1 3
11 8 7 14 37 49 9 56 6 1 4 15
1
1 1 2 3 1 1 2 1
1 ) 1 1 1 1
1 ‘ R ,
: X N
6 4 5 9 0 2 5 6 4 3 8 11 % 6
1
1 1 i 1 1
1 1 2 1 3« 1 1
P . 1
". N ‘ . .
11 4 26 31 19 24 40 12 29 39 1 10 ° 17 32
1 .
192 127 138 188 290 266 123 236 78 61 165 273 61 ' 128
0.94 0.82 0.73 0.71 0.72 0.73 0.75 0.69 0.71 0,76 0.90 0.85 0.92 0.85
932 708 1576 503 367 858 1468 303 k8s

863 1213 1B40 1663 745

1
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~APPENDIX V
Teble 18

Catch of Drifting orqunitnc at Station 2B
22-23 80ptc-bcx,;976 ' . ’ i

Taxa o . Time
1130 to 1530 to 1930 to 2330 to 0330 to 0730 to - 1130 to
1230 1630 2030 0030 . 0430 0830 1230

T B T B T B T B T B T B T B
O. Diptera " : '
- Chironomidae (1) 142 151 67 253 112 98 94 212 179 191 21 38 159 289
' (p) 3 1 2 6 4 2 1 4
(a) 21 47 106 14 3 78 16 7 18 §7 104 23 5

O. Ephemeroptera . ) )

Bastis sp. 2 1 3 1 1

Caenis sp. 2

Ephemerella. 1 : 1 1

Beptageniinae 1 : ] 1 1 :

Leptophlebia sp. 1 1 3 .
O. Remiptera : } )
Corixidae 4 1 2 Dy s 7 -3 1 15 17 4 3

O. Plecoptera

Brachyptera sp. o 1 o ] .
1sogenus sp. 1 1 2 5 1 ,

0. Trichoptera ~_
Cheumatopsyche sp. - 1" 1 : .1 \\\\
Bydropsyche sp. 1 ' 1 - 2

C. Oligochaeta 7 1 16 22 4 3 9 11 3 6 .2 4 37 12

Total No. Organisms 179 202 193 297 128 108 195 255 223 218 97 201 230 309

River Velocity (m/s)  0.94 0.85 0.71 0.66 0.71 0.79 0.71 0.67 0.67 0.67 0.90 0.86 D.94 0.92

Total Drift Density i : .
(No./100 m3) 869 1086 1245 2055 823 624 1254 1735 1517 1483 492 1069 1117 1537

¢



. 0. Coleoptera
Bydrovatus sp.

0. Diptera
Chironomidae (1)

(p)
(a)

0. Ephemeroptera
Baetis sp.
Caenis sp.

Ephemerella sp.
Beptageniinae

" laptophlebis sp.
Tricorythodes sp.

0. Hemiptera
Corixidae

0. Plecoptera
1sogents sp.

O. Trichoptera
Bydropsyche sp.

C. Oligochaeta

C. Pisces
Catastomus 8sp.

Total No. Organisms
River Velocity (m/s)

Total Drift Density

(No./100 m3)

APPENDIX V

Table 19

157

Catch of Drifting Organisas at Station 2C
- 22-23 September, 1976

. Time
1130 to  1530- to 1930 to 2330 to- 0330 to £730 to : 1130 to
1230 - 1630 2030 0030 0430 0830 . 1230
~ B T B T B T B T BT B T B
h »
1

14 17 20 44 36 18 2 23 1 25 51 11 38 19

1 1 -1 2 4 31
1 2 1 3 3 4 1 2 1 6 12
11 1 2 1 .1 1 1

1
1 .
1 1
3
1
2 3 17 6 1 « 2 9 1 « 1 s
1 2 1 4
Lo
2’ 1 1
11 % 4 9 14 15 23 1 3 10 7 2 & 6
o1

209 32 sS4 65 S5 3% 35 53 36 42 69 20 57T 3
0.95 0.83 0.79 0.75 0.92 0,84 0.81 0.79 0.81 0.67 0.83 0.75 0.90 0.85
139 176 312 396 274 212 198 306 203 286 379 122 289 172
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