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ABSTRACT 

Rosenberg, D. M. , and N. B. S~ow. 1975. Ecological Studies of Aquatic 
Organi sms i n the Mackenzie and Porcupine River Drainages in Relation 
to Sedimentation. F i sh. Mar. Servo Res. Dev. Tech. Rep. 547: 86 pp. 

A review of re c ent literatur e on the effects of increased sedimentation 
on aquatic b i o ta is p r e sented. Timber harvesting, forest fires, road 
cons t r uc tion and operation, and channelization of rivers and streams 
\"ere identified as the maj or possible sources of unnatural increases 
i n suspended and settled sedim~nts in northern watersheds. Detrimental 
effects of increased suspended and settled sediments can result, singly 
or in combination, from a reduction in light penetration, mechanical 
abrasion, toxicants adsorbed to sediment particles, and changes in 
substrate. Specific detrimental effects, due to a variety of water-
shed disturbances, on flora and fauna are discussed. Recovery rates 
of flowing waters from increased sedimentation vary from a few days to 
not at all and depend, basically, on characteristics of the river or 
stream, the severity of sediment addition, and availability of undamaged 
areas as sources of recolonization. It would appear from the literature 
that unnatural increases i.n suspended sediment concentrations of most 
flowing waters s houl d no t result in a concentration >80 mg liter-l to 
ensure protect i on of a qua t ic life. A flowing-water habitat should 
always be a bl e t o c arr y m .. ay an increased sediment load to prevent 
per mane nt s e dimentation o f the substrate. Future research needs on 
t he e ffects o f unnatur al increases of sediment on aquatic biota include 
a sta ndardiza t ion of me asurements and methods used, quantitation of 
terms suc h as "adverse " , "det r i mental", "deleterious", and "damage", 
and laboratory experimentation complementary to descriptive and experi
mental field data. 

A natural retrogressive-thaw flow slide on Caribou Bar Creek, northern 
Yukon,added an estimated 2000-2600 metr~c tons of sediment to the Creek. 
Standing crop of benthic invertebrates was reduced immediately by 70% 
and qualitative changes in proportions of benthic-invertebrate taxa 
were evident. Rec over y of ben thic invertebrate populations occurred 
within a month. Although the mudslide was intermittently active during 
the following year, no apparent effect on the benthic invertebrate fauna 
resulted. The difficulties in using all but the most specialized forms 
of Chironomidae as indicators of unnatural increases in sedimentation are 
discussed. 

Crossings of the Martin River by the Mackenzie Highway right-of-way 
slash, winter road, and temporary bridge resulted in no significant 
effects on benthic invertebrate and fish populations, and physical and 
chemical parameters of the water in the first year after construction 
activities began. The study is continuing. The Dempster Highway 
crossing of Campbell Creek, N.W.T. appeared to have prevented upstream 
migration by northern pike and broad whitefish in spring of 1973. From 
visual observations, the site has received increased sediment supply, 
likely from roadfill and ero s ion of adjacent disturbed terrain. However, 
physical and chemical parameters of the water showed no major differences 
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above and below the crossing and bottom substrates had only a slightly higher 
proportion of fine sediments at the downstream stations than those upstream 
of the crossing. Benthic invertebrate populations downstream of the crossing 
tended to be typical of areas disturbed by sedimentation. However, these 
data were not conclusive. This could have been due to differences in sub
strate above and below the crossing which made the area difficult to sample 
adequately. Also, the full effect of hydrologic complexity of the Campbell 
Creek watershed on benthic invertebrate populations is unknown. 

Experimental as well as descriptive approaches to the study of the effects 
of suspended and settled sediments on aquatic biota are necessary. To this 
end, the drift responses of invertebrates in the Harris River, N.W.T. to 
additions of known amounts of bankside sediment were studied. River inverte
brates were categorized into macrobenthos, zooplankton, and total (= macro
benthos + zooplankton) invertebrates in order to measure response to the 
added sediment. Macrobenthos showed a positive percent increase in drift 
at all intended concentrations of suspended sediment used (10-500 mg liter-I) 
but zooplankton and total invertebrates did not. No relation existed between 
percent increase of macrobenthos drifting and suspended sediment concentration, 
total weight of sediment added, or theoretical weight of sediment added per 
unit area of stream bottom. Analyses of variance done for the macrobenthos 
s howed a &enificant difference between numbers drifting during control and 
sediment addition periods and among sediment loads. No relationship could 
be found between sediment loads and numbers of macrobenthos drifting. 
Similar results were obtained from analysis of the percent increase data. 
Preliminary results have shown that individual taxa of macrobenthos showed 
different responses to sediment addition. Analyses of variance done for 
zooplankton and total invertebrates showed a significant difference in numbers 
drifting among sediment loads but no significant difference between numbers 
drifting during control and sediment addition periods or the interaction be
tween sediment load and numbers drifting. Separation of the river inverte
brates into three types revealed the sensitivity of the macrobenthos to 
increased sedimentation. 

2 
Maximum numbers of macrobenthos leaving per m of experimental channel bottom 
as a result of sediment addition over a 15 min period in the Harris River 
ranged from 25.5 to 129.6. The minimum number per m2 was 1.9 for a 15 min 
sediment addition period. The maximum percent of the resident macrobenthos 
population caused to drift by sediment addition was estimated to be 2.6 while 
the minimum was estimated to be 0.04 %. Based on a number of assumptions, 
depletion of 50% of the standing crop of macrobenthos would occur in 7 hours 
at the maximum rate of exit and 18 days at the minimum. A model illustrating 
drift dynamics for an undisturbed section of river and one affected by 
sediment addition is presented. 
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Rosenberg, D. M.,a nd N. B. Snow. 1975. Ecological Studies of Aquatic 
Organi sms i n t he Mackenzie and Porcupine River Drainages in Relation 
to Sedimentation. Fish. Mar. Servo Res. Dev. Tech. Rep. 547: 86 pp. 

On f a it i ci l a revue des recen es publ ica t ions sur les effets que 
produit sur la biote aquatique l' accroissement de l a sedimentation. 
On a releve c omme pri~cipale s c auses de l'augmentation artificielle 
des sediments en sus pension et en depot dans les bassins hydrographiques 
du nord; les coupes de boi~ et l es incendies de foret, la construction 
et l 'utilisation des r out es et la canalisation des cours d'eau. Les 
effets dommageab les de l'accroissement des sediments en suspension et 
en dep6 t pr oviennent de l'action, simple ou conjuguee, du troppeu de 
l umiere, de l'usure mecanique, d'agents toxiques absorbes par les 
particul es de sediment at ion et de la modification des substrats. On 
d i scute des effets carac t eristiques mauvais que produisent sur la 
flore et la f aune d i vers bouleversements de bassin. La rapidite 
avec l aque l le les c ours d 'ea u recuperent de cet exces de sedimentation 
var ie entr e que l ques jours et aucun, et e l l e est surtout fonction des 
caract~res de s cours d' eau, de l' importance des sediments qui s'y 
aj outent e t de la presence de bassins non encore alteres pouvant servir 
a une nouve lle colon sation . II decoule de l a lecture des publications 
que l' a ccroissement arti f i ciel des concentrations de sediments en 
suspe .s i on dans l a major ite des cour s d'eau ne devrait pas depasser 
>80 mg li t re-l si l 'on veut a s sur e r l a protection de la vie aquatique. 
Dans un cours d'eau, Ie cour an t devra i t toujours etre capable de 
charrier l'exces des sed i ments pour emp echer que les substrats ne se 
couvrent d'une sedimen t a tion permanente. On souhaite pour l'avenir 
que les recherches sur les e f fe t s que produit sur la biote aquatique 
l' augmen t a t i on de sed i men s porten t sur 1a normalisation des mesures 
et des met hodes employees; sur l 'appr eciation quantitative de ce 
qu ton ent end par les t e rmes "defavorabl e " , "dommageable", "deletere", 
et "dommage", et s ur les exper iences faites en laboratoire pour 
comp l eter les donnee s descrip t ives et experimentales recueillies sur 
Ie terra in. 

Dans Ie ruisseau Ca r i bou Bar situe dans le nord du Territore du Yukon, 
un eboulement na turel dO a un dEgel et a une crue tardifs a deverse 
entre 2,000 et 2 ,600 tonne s metriques de sediments. On constata que 
Ie peup lement st ab l e d ' i nvertebres benthiques avait immediatement 
diminue de 70% et que des changements qualitatifs etaient survenus dans 
les rapports en t r e e sp~ces d'inver t ebres benthiques. Les peuplements 
benth i que s recupererent en moi n s d ' un mois. Quoique Ie glissement de 
boue se r epetAt par intermittence au cours de l'annee suivante, on 
consta t a que ce lle-ci n'avait eu aucune consequence sur la faune des 
invertebres benth i ques. On discute des difficultes qui surgissent 
lorsqu ' on se sert un i quement des formes hautement specialisees de 
chironomi des corome i nd i cateur s de l'augmentation artificielle des 
sediments. 

Le fait qu' on ai t enjambe la riv i er e Mar tin en construisant une bande 
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de passage pour l'autoroute Mackenzie, un chemin d'hiver et un pont 
temporaire n'a eu, au cours de l'annee qui suivit Ie debut des travaux, 
aucun effet appreciable sur Ie peuplement des invertebres benthiques, sur 
celui des poissons, ainsi que sur les parametres physiques et chimiques 
de l'eau. Les etudes a cet egard se poursuivent. Au printemps 1973, 
dans 1es Territoires du Nord-Ouest, i1 semble que 1a . construction d'un 
pont de l'autoroute Dempster sur 1e ruisseau Campbell ait empeche Ie 
grand brochet et 1e grand coregone de faire leur migration. On a pu 
etablir par de simples observations visuel1es que l'emp1acement avait 
re~u une augmentation de sediments provenant vraisemb1ab1ement des 
graviers du cnemin et de 1 "erosion des terrains adjacents qu ton avait 
remues. Toutefois, les parametres physiques et chimiques de Iteau ne 
revelerent a l'examen aucune difference appreciable entre les eaux en 
amont et 1es eaux en aval de Itendroit traverse; les substrats du fond 
analyses par les stations situees en aval contenaient une concentration 
de sediments fins 1egerement plus e1evee que ce11e contenue dans 1es 
substrats analyses aux stations en amont. On a note que les peuplements 
des inverteores benthiques trouves en aval tendaient a ressemb1er au 
type que 1 ton retrouve dans 1es milieux a1teres par 1a sedimentation. 
Toutefois, les donnees recuei11ies ne sont pas probantes. Ce1a etait 
peut~etre dfi a 1a nature differente des substrats en aval et an amont, 
ce qui rendait l'echantil1onnage difficile. De plus, on ignore toute 
la portee de l'action qu'exerce la complexite hydrologique du bassin du 
bassin du ruisseau Campbell sur les peuplements. 

Nous devons de toute necessite etudier selon des methodes experimenta1es 
aussi bien que descriptives les effets que produisent les sediments en 
suspension et en depot sur 1a biote aquatique. A cette fin, on a 
etudie ce qui est arrive au mouvement des invertebres dans 1a riviere 
Harris (T.-N.-O.) lorsqu'on y a deverse des quantites donnees de sediments 
provenant de 1a berge. Aux fins de l'experience, on a divise 1es 
invertebres de la riviere en trois groupes: 1e groupe macrobenthos, 1e 
groupe zooplancton et Ie groupe des invertebres qui represente 1a somme 
des deux premiers groupes. On a que Ie macrobenthos, a tous les degres 
de concentration de sediments en suspension (10-500 mg litre-I), a 
accuse une certaine augmentation de dep1acement appreciable 
en pourcentage; par ai11eurs, 1e groupe zoop1ancton et Ie groupe des 
invertebres n'ont laisse voir aucun changement. Dans Ie cas du macro
benthos, on n'a pu etab1ir aucun rapport entre l'accroissement du 
deplacement et Ie degre de concentration de sediments en suspension, 
qu'il s'agisse du poids total des sediments ajoutes on qu'i1 s'agisse 
du poids theorique des sediments ajoutes par unite de superficie du lit 
de la riviere. Les analyses de variance faites pour Ie macrobenthos 
ont revele une difference marquee entre les quantites d'invertebres 
se depla~ant au cours des periodes de contr61e et d'addition de sediments, 
et les charges de sediments habitue11es. On n'a pu trouver aucune 
relation entre les charges de sediments habitue11es et les quantites 
de macrobenthos en deplacement. On a obtenu des resultats analogues 
en analysant les donnees d'augmentation en pourcentage. Des resultats 
preliminaires ont reve1e que certains representants du groupe macrobenthos 
ont reagis differemment a l'addition de sediments. Les analyses de 
variance faites pour Ie groupe zoop1ancton et Ie groupe des invertebres 
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ont permis de relever une difference marquee dans les quantites qui se 
depla~aient parmi les charges de sediments habituelles, mais aucune 
difference appreciable entre les quantites en deplacement au cours des 
periodes de controle et d'addition de sediments, ni aucun rapport entre 
les charges de sediments habituelles et les quantites en deplacement. 
En divisant les invertebres de la riviere en trois groupes, on a pu 
constater que le macrobenthos est sensible a un accroissement de 
sedimentation. 

Le nombre maximal de macrobenthos qui ont ete deplaces sur le fond du 
chenal experimental de la riviere Harris pendant la periode de 15 
minutes ou l'on a ajoute des sediments a varie entre 25.5 et 129.6 par 
m2 . Le nombre minimal a ete de 1.9 par m2 pour une m~me periode de 15 
minutes. On a estime que le pourcentage du groupe macrobenthos stable 
force de se deplacer par l'addition de sediments n'a pas ete superieur 
a 2.6 ni inferieur a 0.04. En se fondant sur un certain nombre 
d'hypotheses, on a pu determiner qu'on pourrait evacuer en 7 heures 
50% du groupe macrobenthos actuel au taux maximal d'evacuation, et en 
18 jours au taux minimal. On presente un tableau illustrant la dynamique 
du deplacement appliquee a un tron~on de riviere qui n'a pas ete 
trouble, et a un autre tron9on ou l'on a ajoute des sediments. 
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I. REVIEW OF CURRENT LITERATURE ON THE EFFECTS OF INCREASED 
SEDIMENTATION ON AQUATIC BIOTA 

A. Introduction* 

A number of noteworthy papers have appeared since the review by Brunskill 
et al . (1973). Those dealing with patterns of erosion, the dynamics of 
sedimentation and sediment transport, and the effects of the presence of 
sediment on physical factors of natural waters along the route of the 
proposed pipeline and elsewhere have been dis cussed above (see Brunskill 
et a l .~ 1975). 

B. Sources of unnatural increases in suspended and settled sediments 
in northern watersheds 

Soil loss by sheet erosion from agricultural lands, the greatest source 
of man-caused suspended sediment in southern areas, is not a major problem 
in the north. However, timber harvesting is done in the north and can 
result in increases in suspended sediments in northern watersheds. Rice, 
Rothacher, and Megahan (1972) have concluded that most of man's activities 
in forested watersheds will cause an increase in erosion. In their 
appraisal of the erosional consequences of timber harvesting, Rice e t 
al . (1972} and Megahan (1972) pointed out that the road systems built 
in connection with timber harvesting have a far greater effect than 
logging or fire as a cause of accelerated erosion. 

In fact, road construction can be a major source of unnatural additions 
of sediment to waterways. Sedimentation is the most severe of the nine 
pollutional effects attributed to highways by Scheidt (1971). Caused 
by erosion of soil exposed during construction, a substantial amount 
of sediment reaches stream and river channels where it covers the beds, 
fill s navigation channels and reservoirs, and adversely affects 
aquatic biota. Studies in Maryland have shown that rural areas which 
normally contributed 518 metric tons of sediment km- 2yr- l contributed 
2616 to 313,390 metric tons km- 2yr- l (Scheidt, 1971) when under urban 
development. The construction of divided lane highways which require 
exposure of 6.5 to 22.7 ha km-l of highway during construction can 
produce 4830 tons of sediment km-1 (Scheidt, 1971). 

Adam's (1973) timely review of winter roads was done from an engineering 
point of view and, unfortunately does not devote much space or detail to 
the effect of winter roads on freshwater biota although other environmental 
considerations (mainly terrestrial) composed a large part of the review. 
Adam concluded that ice bridges could be an environmental problem if 
approaches were not well-constructed and maintained (mud flows and 
sedimentation could result from permafrost regression and thermal erosion); 
if the use of corduroy and sawdust in the construction of ice bridges and 
blasting for their removal is not eliminated; and if, in the case of 
shallow streams, care is not taken to prevent freezing to the bottom 

* The third in a series of 13 technical reports on ecological studies of 
aquatic systems in the Mackenzie and Porcupine drainages in relation to 
proposed pipeline and highway developments. 
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thus disturbing resident and/or migrating fish populations. He recommended 
the immed ia te study of efficient methods for the removal of ice bridges 
and snow road switch-backs at river crossings: ones which would prevent 
damage to the banks or bed and not interfere with water flow. Adam 
ited no actual data on the effects of winter roads on freshwater biota. 

Nei ther have we ever seen any in the literature. However, the possibility 
of indirect environmental effects such as oil and gas spills is identified 
i n Adam as well as Scheidt (1971). Of interest is the transcript of 
sometimes conflicting opinions in interviews held with representatives 
o f industry, university, and government regarding installation, removal, 
and inspect ion of wi nter stream and river crossings which appears in 
Ad am (19 73). 

Although ch an n elization of streams and rivers is used in some highway 
cons truc ti on, it is more commonly undertaken for agricultural purposes, 
fl ood control, navigation, and hydroelectric development. It can result 
in unna t ural increases in suspended sediment that can detrimentally affect 
the f lora and fauna of freshwater ecosystems. In the "News and Comment" 
section of the magazine "Science", Gillette (1972) gave examples of the 
ext reme effects of channelization. A survey of at least six states in 
the U. S.A. showed reductions of local populations of fish, plant life, 
and ducks by 80 to 99%. The now famous Crow Creek case of channelization 
was used by Gillette a s an example of the creation of a biological waste
land probably inc apable of recovery . Pro-channelization groups in the 
U. S.A. f e e l that streams recover from channelization quickly. This view 
wa s s up ported by a consulting group hired by the Council for Environmental 
Qual ity to investigate the economic and environmental costs and benefits 
o f st ream chan neliza tion. However, most evidence would point to a less 
tl a n r ap id recovery i n many situations and no recovery in sight for cases 
l i ke Cr ow Cree k. 

C. Mode of act ion of suspended and settled sediments 

The mode of action of unnaturally increased quantities of suspended and 
set t led sediments i n the flora and fauna of freshwaters takes several 
di fferent f orms. Oschwald (1972) has reviewed the subject. 

1. Reduction of light penetration: This may restrict or eliminate 
ph otosynthesis. Sediments on leaf surfaces are likely to interfere with 
photosynthesis. All food chain levels would therefore be affected. 

It is likely that a reduction in dissolved oxygen concentration is not 
directly due to reduction of photosynthesis but rather to the introduction 
(and subsequent decomposition) of organic matter with the suspended 
sediment (Ritclll.e, 1972). 

Naturally occurring photochemical reactions (e.g. the photo
decomposition of toxic substances such as chlorinated hydrocarbon 
insecticides) may be delayed by the effect of suspended sediment on 
light transmission, enabling these substances to persist (Grissinger 
and McDowell,in Oschwald, 1972). 
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2. Abrasion: Sometimes the abrasive effects of suspended 
sediments can be combatted by physiological adaptations (e.g. mucous 
secretions by fish) or behavioural ones (e.g. reduced filtration rates 
in mussels) (Oschwald, 1972). However, sessile organisms can be 
adversely affected. For example, filter feeders can suffer gill 
clogging, impairment of proper respiratory and excretory functioning, 
and impairment of feeding activity (Cairns, in Sherk, 1971). From data 
reported in Sherk (1971), it would appear that suspended sediment 
concentrations of 0.1 g liter- l can reduce pumping rates of adult 
oysters more than 50%. Toxic substances adsorbed to the sediment 
particles can stimulate pumping activitr or growth at suspended 
sediment concentrations of 0.1 g liter- (Loosanoff, in Sherk, 1971). 
However, other species of marine bivalves do not show such sensitivity 
to suspended sediment (Sherk, 1971). Additionally, retention of a 
substance by filter feeders is dependent on the size of the particles 
and on the species of filter feeder (Sherk, 1971). 

Fish that are found in highly turbid waters generally show structurally 
altered gills (Alabaster, 1972; Hynes, 1973). Fish that died as a 
result of exposure to >100,000 mg liter- l montmorillonite for 7 days or 
more showed silt-clogged gill cavities (Wallen, in Oschwald, 1972). 
Cause of death therefore could have been abrasion and suffocation. 
Paul (in Ritchie, 1972) recorded mechanical abrasion of fish due to 
suspended sediment. The fish become more susceptible to microorganism 
infections as a result. Nuttall (1972) associated a low incidence of 
plants and macroinvertebrates in the River Camel with the instability 
of sand sediments rather than turbidity or abrasion caused by particles 
in suspension. Nuttall and Bielby (1973) attributed the effects of 
china-clay wastes on plants and macroinvertebrates in the British rivers 
of their study to the deposition of fine particles rather than turbidity 
and abrasion caused by suspended particles. 

3. Adsorbed toxicants: Sediment particles may adsorb or 
release nutrients (e.g. s-ee Golterman, 1973a), pesticides 
(e.g. see Morris and Johnson, 1971), heavy metals (e.g. see Alabaster, 
1972; Golterman, 1973b), and radionuclides (e.g. see Hubbard and 
Striffler, 1973; McHenry, Ritchie, and Gill, 1973). Alabaster (1972) 
reported that about 50% of the total concentration of heavy metals 
(including copper, zinc, nickel, cadmium, and chromium) may be adsorbed 
on suspended sediments in the River Trent in Great Britain. Golterman 
(1973b) reported that the Rhine transported the following amounts of 
heavy metals, "probably mos tly adsorbed on the silt": Hg, 85; Pb, 1500; 
As, 1000; Cu, 2900; Cd, 200; and Zn, 9000 tons yr- l . Morris and Johnson 
(1971) noted a correlation between turbidity and pesticide levels in 
streams. They claimed that chlorinated hydrocarbon pesticides reached 
Iowa streams in solution and adsorbed on eroded soil particles from 
treated farmlands. In their study, approximately half of the chlorinated 
hydrocarbon pesticide load was carried by suspended sediments which 
gradually settled to the bottom (especially if the stream was impounded) 
and stayed there for long periods of time. Feltz and Culbertson (1972) 
reported that concentrations of DDT and its metabolites were sometimes 
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di r ectly corre lat e d wi th suspended sediment concentrations in studies of 
pest i c ide r unoff in central Pennsylvania. Furthermore, pesticide 
re sidues as s ociated wi t h s ed iment s depended on both particle size 
distribut ion and o r ganic matt e r content of t he sediment. Therefore, 
pes t icide conce nt r ations c ould vary with variability of suspended 
s ed i ment concen t r a t ion and composit ion in a stream cross-section. 

Pollutants (heavy me tals , pesti c i des, r a dionuclides) sorbed on sediment 
ma y b e ingested, ad s orbed, n d concent rated by aquatic organisms 
(Oschwa ld , 1 9 72) . Durant and Re imold (1972), who anticipated a kill of 
f ish and shellf i sh f rom t he dre dging of toxaphene-contaminated sediments 
pre sen t ed r e as on s why the k il l did not occur. One of the reasons given 
was t hat t he t oxaphene wa s bound to clay particles and was not available 
to t he aquati biota. Rowever, Morris and Johnson (1971) found that 
b o ttom f e e di ng f i sh e xp osed to sediments coated with dieldrin (see above) 
accumu l ated l arger a moun ts of dieldrin than species which had feeding 
habits less directly depe ndent on bottom sediments. Gannon and Beeton 
(1971) describe d labora t ory methods for the evaluation of the possible 
consequences of open lake disposal of polluted, harbor sediment dredgings. 
The au t hors f o und that sediments dredged from Rouge River, Cleveland, 
Buffalo, Cal umet , and I ndiana harbors resulted in the highest mortalities 
o f the benthi c amphi pod, Pont opor ei a affinis, and therefore should not be 
dumped into the open wa t ers of the Great Lakes. 

Short- and long- t e rm effects of sorption characteristics in sediment-water 
in t eractions are import ant . The concent ration of a pollutant in water may 
be decreased by s orption mec hanis ms over the short term but the long-term 
ef f ect ma y be deposit ion and retention of pollutants by sediments, and 
consequential ingest i on an d assimilation by aquatic organisms. Equally 
p oss ible are movements of c on t aminated sediments to other areas, or 
burial by su bsequent de posi t s before t h ey can affect flora and fauna 
(Os chwa ld, 1972). 

4 . Changes in s ubstrate : Flora and fauna can be adversely affected 
by shifting, un stable subs trates or by gross changes in the particle size 
distri but i on of the substrate. For ex ample, Lewis (1973) postulated that 
two factors woul d ret a rd the colonization of coal-polluted streams by the 
aquatic mos s , Eurhynchi um r iparioi des: 1. formation of an unstable sub
strate due t o t he settling out of larger particles of coal dust; and 2. 
t he reduction of light p enetrat i on by the coal particles. Instability 
of sand deposits as the cause of a low abundance of flora and fauna 
(Nut tall, 1972) has been discussed above. Accumulation of fine sediment 
on the bottom of a stream in Oregon was likely the cause of a change in 
algal flora reported b y Hansmann and Phinney (1973). 

Nut tall and Bie lby (1 973) and Hynes (1973) pointed out that most stream 
rnac roinvertebrates l i ve in i nterstices between stones in gravel substrates, 
or attach themselves to the surfaces of these stones. An increase in fine 
sediment occupies the interstices and coats attachment sites, thus rendering 
the habitat unusable to many animals. Filling of these interstices also 
eliminates storage areas f or organi c matter on which many stream inverte-
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brates are dependent f or f ood . Those i nvertebrat es that fi lter f ood 
from the water (e.g. f ilter f eeders s uch as blackf lies ; net sp inners 
such as hydropsychid caddis lervae) and t he f laeworm PoZyceZis f e lina 
(whi ch traps prey on mucous s t r ings) usual l y cannot maintain themselves 
i n areas of increased sedimentation. 

5. Integr tion of the ef t cts of increas~d sediment s upply to 
watersheds: The mode of act i on o f s uspended and se t t led sedi ment s can 
be due to one or a combination of the effects des cribed above. For 
example, changes in t he f isn f auna of sediment-polluted rivers can 
occur in a number of ways (Al abaster, 1972): 

a) th r ough the direct effect of the particles on survival, growth, 
res i stance t o pois oning, disease of the e ggs, larvae , and/or fish 
t hemselves; and by af f e c t ing fish feeding behaviour (the visibility 
of f ood [ Oschwald) 1972; Hynes, 1973]), natural movements, and 
mi gr a t i ons. 

b) by indirect 
productivity 
ins tability; 

ffects such as reduction of food supply from reduced 
of plant s due to the attenua::ion of light and substrate 
and from detrimental effects on fish food organisms. 

Ritchie (19 72) concluded that the ecological effects of sediment on 
aquat ic ecosyst~ms i s probably greater than the direct physiological 
effect on fish, but that the comb ined ecological and physiological 
stresses could cause qual itative and quantitative changes in fish 
populat i ons t hereby altering t he original state of the aquatic ecosystem. 

D. Effect s on flora and fauna 

1. Revi ews: Hynes (19 73) has reviewed our knowledbe of the effects 
of turbidity and sedimentation by inert solids on plants , benthic 
i nvertebrates, and fishes and t heir eggs. Alabas ter's (197 2) review 
dwelt on f ield and laboratory studies of the effect of suspended solids 
(china-cl ay wastes ), other chemica.l ly inert material, and wood fibre on 
fish (and t o a ce rtai n extent benthic invertebrates). Ritch ie (1972) 
reviewed the o l der l iterat ure pertaining to the effects of sediment on 
fish and f ish habi t at. He s ummar ized sediment and/or turbidity effects 
on aqua tic ecosystems in general, and, in particular, discussed effects 
on f i s h populations. 

2. Flora: Samsel (1973) reported a decrease in numbers of genera 
of algae (from 24 to 16) in a small recreational impoundment suffering 
from sediment at i on . Seven of the 24 genera were found in the areas of our 
s tudies in t he Macken zie and Porcupine River drainages (Br unskill et aZ., 
1973 ; Vol. II App. V). Produc t ivit y de creased by 50% and dissol ved 
nut r ien t s such as NH4 • Si0 2, and P04 i n creased. Hansmann and Phi nney (1973) 
r eport ed a change in a l gal f lora immedia t el y fol lowing a yarding operation 
on a stream in a clearcut wa t ers hed in Or egon. The predominant l y per i -
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p hyton-type c ommuni t y (mostly diatoms) changed to green algae. 
Sr haeY'ot'i Iu s natans a nd large mats of green algae colonized the mud 
and t he f ores t debr i s in the stream. Two-thirds of the diatoms still 
present in the s tream appeared to be dead. Neither the filamentous 
mats nor t he forest debri s and mud accumulat i ons were observed in the 
patch-cut or con tr o l s t r eams in t he study. Two of the species of 
diatoms ident ified 2S domi nants b y Hansmann and Phinney (1973) (Achnanthes 
minutissima and Cocconeis placentula) a r e also found in the areas of our 
studies. Lewi s (197 3) desc rib ed the effect of suspended coal particles 
o n t he l i f e -forms of the hardy aqua t ic moss EUY'hynchium Y'ipaY'ioides. 
I n fie l d stud i , s he observed t hat t h e gametophyte plant couid survive 
in conc entra tions of c oal dust as h igh as 5000 mg liter-l but that the 
growth form and di s tribu tion were restricted in areas of high concen
trat i on. The resul ts of laboratory experiments showed that germination 
of spores was lowest (42%) at the highest concentration of coal dust 
used (5000 mg l iter-I) but increased with decreasing coal dust concen
trat ion. Rhi z oidal growth occurred at every concentration used (5000, 
200 0 , 1000, sao, 100 mg liter- l and a c ontrol with no coal dust) in
cluding t he highe st concentration but the development of new side shoots 
only occurred below 500 mg liter-I. 

3. Fauna ( macroi n verteb r ates and fish): Rose (1973) reported a 
57% mor tali t y o f oysters (CY'assostY'ea virgi nica) in the vicinity of a 
dredging ope rat i on compared to 17% in other parts of the lease. He 
estima t ed that mortali ty due to the i creased sedimentation alone 
~e dis regarding o ther mortali t y-inducing factors) was 48% and concluded 
that damage t o oyster p opulations in the vicinity of dredging operations 
was depe nden t on factors such as sediment s i ze, presence or absence of 
toxic mater i als (see Gannon an d Beeton, 1971; Durant and Reimold, 1972), 
hydrographic cond tion s, time of year,and size and clutch type of oyster. 
Nu ttall and Bielby ( 1973) have reviewed t he e f fects of china-clay wastes 
on ben t h i c inverteb r a tes i n r i v ers i n Great Britain. and desc ribed the 
f i ndings of t heir own study. They reported the absence of rooted aquatic 
vegetation in hi gh sediment supply areas ; 36 times the density of macro
invertebrates i n c ontrol areas than in areas of greatly increased 
sedimentation; dnd double the number of macyoinvertebrates in control 
areas than in st a tions receiving reduced levels of china-clay. The 
abundance an d numb r of species of macroinvertebrates was low in clay
enriched sediments. Several speci es had been eliminated or reduced in 
abundance by ch ina-clay additions to the ecosystem. A statistically 
significant increase occurre d in the abundance of Baetis Y'hodani~ 
PeY'lodes micY'ocephala~ Tub if icidae, Naididae, and Chironomidae in clay
polluted areas. Absence of or a statistically significant reduction in 
HydY'obia jenkinsi~ DicY'anota sp., Simuliidae, SeY'icostoma peY'sonatum~ 
Lirnnephilidae, HydY'opsyche instabilis~ Eph~leY'elIa ignita~ RhithY'ogena 
semicoloY'ata, LeuctY'a fusca~ and Polycelis felina was found at stations 
receiving c hina- c lay wastes. Representatives of many of these genera 
and higher taxa occur in the areas of our studies (Brunskill et al. , 
1973; Vol. II, App. V). 

Peters (1972) found tha t longnose and white sucker populations declined 
substantially in a part of a Colorado stream treated to reduce additions 
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of sediment from agricultural land. Mountain sucker, flathead chub, and 
longnose dace populations were also reduced but not as much as the 
previous two species. Brown trout populations were thought to have in
creased but results were inconclusive. No changes in growth occurred in 
brown trout as a result of the sediment control measures but adult long
nose suckers increased in length. White and mountain suckers, and flat
head chub decreased in plumpness. This could have resulted from a 
reduced ability of these species to compete for food because of the 
lowered suspended sediment concentrations. It is important to note 
that all of the species of fish discussed in Peters (1972) are found 
in the Mackenzie Valley and/or the northern Yukon (see McPhail and 
Lindsey, 1970; Bryan, 1973; Stein et al., 1973). 

However, most other sediment-related changes are adverse to fish in 
fresh waters. Etnier (1972) reported the effects on fish and benthic 
invertebrates of the annual rechannelling of Middle Creek, Tennessee for 
flood control. Unfortunately, none of the species of fish discussed 
occur in the areas of our studies; however, several of the genera do. 
HypenteZi um populations remained stable but could have represented upstream 
migrants from another river. The presence of five other fish species 
also may have been due to upstream migration. Etheostoma kennicotti~ 
a darter, was rare but specimens were taken before and after rechannelling. 
E. blenni oides and Cottus caro l inae were present, although in low numbers, 
in swift deep ri f fles of the study area before rechannelling but not after. 
Compostoma anoma lum , always abundant, and Notropis strammineus formerly 
rare, increased in dominance after rechannelling. Etheostoma stigmaeum 
jessiae, a darter of limited geographic distribution, quickly disappeared 
from the stream after rechannelling. E. simoterum~ the most abundant 
darter in the area continued to persist in the altered stream although 
its numbers were drastically reduced. Etnier felt that substrate in
stability and decreased variability of physical habitat were the lnost 
significant factors involved in the change in fish fauna. Chironomidae 
and Oligochaeta continued to be abundant in the study area but Ephe
meroptera, Trichoptera, and Plecoptera abundance and diversity was re
duced after rechannelling. ThG decrease in hydropsychid caddi s larvae 
probably had a significant effect on the decreased stability of the 
substrate in riffle areas. The decrease in diversity of benthic in
vertebrates probably contributed to the changes in fish fauna as well. 
Hansen (1971) reported the following differences between channelized and 
unchannelized portions of the Little Sioux River, Iowa: 

a) greater daily fluctuations in water temperature in summer in the 
channelized section; 

b) higher turbidities in the channelized section; 

c) Although composition of bottom fauna was similar in the two sections, 
more macroinvertebrates colonized artificial substrates in the 
channelized section suggesting a lack of suitable attachment sites 
there; 

d) higher numbers of macroinvertebrates drifting in the channelized 
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section which supported conclusion (c); 

e) more fish species in the unchannelized section; 

f) more large channel catfish in the unchannelized section and greater 
numbers of smaller channel catfish in the channelized section during 
late summer and fall; and 

g) no drastic differences in standing crops of fish between the two 
areas because of possible downstream movement from the unchannelized 
to the channelized section. 

Alabaster (19 7 2) cite d the study of the Rivers Fal and Par in Great Britain · 
which c arrie d 1000 and 5000 mg liter- l of china-clay respectively. Control 
streams in the neighborhood, free of china-clay, and the River Camel con
tai n ing 60 mg l iter- l of suspended sediments had normal brown trout 
p opu lations, while the two clay-enriched rivers did not. Contributing to 
the reduction of trout populations was a reduction in bottom invertebrate 
fish food fauna i n both rivers. The few fish found were feeding mainly 
on drift and were suspected of being immigrants from clearer tributaries. 
Li kely spawn ing beds were covered with sediment and were avoided. Buck 
(in Oschwald, 19 72) , found lower production of largemouth bass (Micro
pteru s saUnoi des) , b1 uegills, (Lepomi s macr ochirus) , and redear sunfish 
(Lepomi s microlophus) in turbid ponds ( >100 mg liter- l ) than intermediate 
(25-100 mg l iter- l ) and clear «25 mg liter- l ) ponds. The latter had high 
production of fish (180.9 kg ha- l at the end of the second growing season 
as compared to 105.3 and 32.8 kg ha-l for the intermediate and muddy ponds 
res pectively). The occurrence of largemouth bass and redear sunfish was 
much lower in the muddy ponds than in clear ponds. Spawning of large
mouth bass was severely reduced by suspended sediment concentrations 
greater than 100 mg liter- l . Spawning bluegills and largemouth bass 
avoided pon ds r eceiving large amounts of highly turbid water (Swingle, 
in Oschwald, 19 72). 

Survival of rainb ow trout (SaUno gairdneri ) kept in the laboratory for 
several months in 810 and 270 mg liter- l of suspended china-clay was re
duced by more than 50%. Little effect on mortality occurred at 90 mg 
liter- l and none a t 30 mg liter- l . The time of mortality varied from 
weeks to month s (Herbert and Merkens, in Alabaster, 1972 and in Ritchie, 
1972). Therefore, sustained chiua-clay concentrations that might be re
garded as saf~ would be between 60 and 220 mg liter- l (Alabaster, 1972). 
Data for survival of various species of fish in concentrations of types 
of suspended solids other than china-clay are similar (Alabaster, 1972). 
Because Alabaster only gave common names for these fish it is difficult 
to tell whether or not they are species present in the areas of our 
studies. None of the five species of fish discussed previously (5. 
gairdneri~ S. trutta~ L. macrochirus~ L. microlot-l;us~ and M. salmoi des ) 
occur in the Mackenzie Valley and Northern Yukon so the above discussion 
has rather limited direct use for the areas of our studies. 

4. Recovery: Re c overy rates of stream ecosystems from increased 
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sedimentation due to human activity (e.g. quarrying, mining, dredging, 
logging, road construction, removal of sand and gravel from streams) 
varies considerably. Gammon (1970) reported that zoobenthos populations 
required only a few days to decrease significantly or return to normal 
when subjected to intermittent additions of sediment from a rock quarry 
located on a small stream in Indiana. He reported that the response of 
fish was more complex and depended on the season and the species involved. 
However, he concluded that recovery to normal in the affected area of 
stream would not be achieved under the observed conditions. We will 
present data below to show that the effects of sedimentation on zoo
benthos in some of the watersheds of our studies were relatively short
lived. Hynes (1973) cited several studies which reported recovery of 
stream ecosystems after a few years from logging, placer mining, and 
road construction that caused increased sedimentation. Irreversible 
damage has been claimed for Crow Creek on the Alabama-Tennessee state 
line by Gillette (1972) although he presented no data to substantiate 
his claim. 

Recovery rate mainly depends on the physical, chemical, and biological 
characteristics of the receiving stream (including water velocity, dis
charge, and seasonal variation of the waterway); the severity, duration, 
and timing of the sediment addition; and the availability of undamaged 
areas to serve as sources of recolonizing organisms (Cairns e t a l. 1971). 
There is a general feeling in the literature that drift from undamaged 
upstream areas is the most important source of recolonizing benthos 
(e.g. see Cairns et al . 1971; Hynes, 1973). Insufficient attention 
has been paid to the hyporheic habitat in the immediate vicinity of a 
sediment disturbance. This habitat has been shown to harbor larger 
populations of zoobenthos than the surface substrates (e.g. see Coleman 
and Hynes, 1970; Bishop, 1973) and could act as a reservoir for re
populating zoobenthos. 

E. Concentrations of suspended sediments in freshwaters adequate for 
the protection of aquatic life 

Alabaster (1972) reported that the critical concentration of chemically 
inert suspended sediments for the presence or absence of fish in rivers 
in the U.K. appeared to be around 100 mg liter-l , which agreed well with 
other field and laboratory studies. The European Inland Fisheries 
Advisory Commission's (E.I.F.A.C.) water quality criteria are: 1. in 
the absence of other pollution, less than 25 mg liter-l suspended solids 
should be no harm to fisheries; 2. 25 to 80 my liter-l would allow good 
or moderate fisheries; 3. at 80-400 mg liter- good fisheries would not 
likely be found; and 4. only poor fisheries, at best, would exist over 
400 mg liter-l (Alabaster, 1972). Applicability of these criteria to 
Arctic and subarctic aquatic ecosystems needs study. The former U.S. 
Water Pollution Control Federation recommended that turbidity due to 
sediment discharges should not exceed 50 and 10 JTU in warm- and cold
water streams respectively, and 25 and 10 JTU in warm- and cold-water or 
oligotrophic lakes respectively (U.S.W.P.C.F., 1968). (Unfortunately, 
these values were not expressed in mg liter-l , a more useful measure 
than JTU). Hynes (1973) concluded: 

"Concentrations of inert silt, sand or clay that do not often exceed 
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80 mg/l are unlikeJ.y sel'iously to damage a fishery, although they 
may reduce growth rates and abundance. If the load is such as to 
result in any pE::r-manent siltation 0:::' tLe substratum the habitat 
will be damaged. The stream should therefon:~ be able at all times 
to carry a~vay the load impose d upon it." 

F. Research need s 

Sherk (1971) has presented the most cor..prehensive list of research needs 
of any author. He pointed out that the determination of threshold levels 
or limiting conditions of sus pended sedil~UtS to benthos is difficult 
because of the differing s ensi tiv it ies of life stages, not only to 
suspended sediment .• but to other physical and chemical aspects of 
their environment (e. g. temperature, oxygen concentration, etc.) as well. 

The " ... lack of quantitative expre s si..on on permissible limits [of sus
pended sediments] merely ref lect s large ~aps in knowledge, especially 
with respect to nat.ural cond it i.ons \vh ich are to be modified, in the 
literature from I"hich the recommendation dl'ew its infonuation. On the 
one hand, there has been a not a ' l e lack of resear ~h effort on this 
problem most probably due to the diff:!.cu lty in maintaining experimental 
sediment . levels .... and t o t he dif f ic ul ty in maintaining laboratory stocks 
of experimental organisms d 1 st l e a ;:, t. 30me .:..f ::h2 :lr life stages. On 
the other hand, the dat a tha t 0 e x i st on sUSf'(>Llued load and turbidity 
effects on estuarine orga nisn)s fr on variou.s studies (both field and 
laboratory) are difficul t to compare becaus e t~ley have measured different 
aspects of particles in susp:=.n s i - n whic h inay reflect a lack of under
standing of the sedimentation problem" (Sh02"Lk , 1971, p. 47). 

Of the research needs ident if i 2cl by Sherk, the following are the most 
important: 

1. comparability of measurements and methods . Responses of 
organisms may not be due t o measuredcurbidity or suspended sediment 
concentrations (expressed as tons day-l, mg liter-I, JTU, extinction 
values, etc.) but rather t o the number of pa rticles in suspension, their 
shapes, sizes, and densit ie- , the presence of organic matter, . and the 
sorptive properties of the particles. These characteristics should be 
known along with concentration to make comparisons of field data easier, 
for more accurate reproduction of field values in the laboratory, and for 
accurate assessment of particle chara cteristics most important to 
evoking a certain biologica l respons e. 

2. quantitation of the t e nus "adverse, detrimental, and deleterious 
effects", and "damage" as related to vlhat they imply.: changes in growth, 
survival, reproduction, and ultimately energy flow. In other words, 
basic quantitative inf ormation is required , first on basic relation-
ships of organisms to their environment and then on how these relation
ships are affected by environmental changes. 

3. laboratory experime ntat ion complementary to descriptive and 
experimental field data. The difficulty of maintaining adequate controls 
in the field and the normally high variance inherent infield data make 
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it imperative that complementary laboratory data be collected. Appropriate 
laboratory experimental results can be combined with other data generated 
for a system under stress to determine the real effects that are pro
duced. The degree of predictability of the effects of sedimentation 
should then increase. 

Ultimately the result of the data generated by careful field observation, 
field experimentation, and laboratory experimentation should assist in 1. 
defining the ranges of tolerance of environmental change for any one 
species (for a variety of life functions); 2. predicting what effects 
enviro~mental changes will have to guide pre-project planning; and 3· 
adequately managing freshwater systems. 
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II. THE EFFECTS OF A MUDSLIDE AND TWO HIGHWAY CROSSINGS ON THE AQUATIC 
ORGANISMS OF FLOWING WATERS IN THE MACKENZIE AND PORCUPINE RIVER 
DRAINAGES 

A. Introduction 

We are investigating the effects of increases in suspended and deposited 
sediments on northern freshwater biota and have studied the following 
aspects of this problem: 

1. distribution, abundance, and diversity of aquatic invertebrates 
in relation to various natural concentrations of and catastrophic 
(natural) increases in sediment; 

2. effects of man-made disturbances resulting 1n increased supplies 
of sediments to rivers and streams (i.e. the effects of highway crossings 
on river and stream biota); and 

3. the response of selected components of benthic communities to 
experimental additions of sediment. 

The study of natural occurrences of benthic organisms has provided much 
needed data on the responses of benthic invertebrates to different con
centrations and rates of transport of sediment. Natural landslides into 
clear streams enabl~us to measure the response and recovery time of 
aquatic communities to this type of disturbance. Studying streams and 
rivers crossed by the Mackenzie and Dempster Highways (Martin River near 
Ft. Simpson and Campbell Creek near Inuvik, respectively) provided infor
mation on the aquatic ecological effects of actual man-induced sedimen
tation on the aquatic biota. Experimental sediment addition studies have 
given a measure of control not possible in the previous two observational 
approaches. The results of the experimental studies are valuable as a 
quantified response of northern stream invertebrates to additions of 
known amounts of sediment. The results of our observational studies 
are reported in this section; those of the experimental studies are 
treated in Section III. Observational and experimental approaches to
gether with information from the literature will be helpful in setting 
tolerance levels for increases in sedimentation caused by man's activities 
in the north. 

B. Natural occurrences of macrobenthic organisms in relation to 
increased sedimentation 

1. Previous results: Our results to date, as reported in 
Brunskill et al. (1973) can be summarized as fOllows: 

a) In ge~eral, clea~ waters «20 mg of suspended sediment liter-I) 
had h1gher stand1ng crops of benthic invertebrates than turbid waters 
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(100-2000 mg of suspended sediment liter-I). 

b) Headwaters of streams carrying low concentrations of suspended 
sedimen t suffered greater reductions of benthic invertebrate 
standing crops when subjec ted to increased sediment loads than 
did more t urb id dO'Vllstream regions of the stream. 

c) Mackenzie Delta lakes which were clear «5 mg suspended sediment 
liter-l ) had 41- 98 times the standing crop and five times the 
number of taxa of benthic invertebrates than did turbid lakes. 
Standing crop of zoobenthos was reduced as much as 50% when clear 
lake s were flooded with sediment-laden Mackenzie River waters in 
spring. 

d) A series of regression-equations were obtained by plotting benthic 
invertebrat e s tanding crop data from 
(i) rive r s in the northern Yukon 
(i i ) t he Mackenzie River and its tributaries 
( i ii ) Mackenzie Delta lakes 
agai nst Secchi depth or suspended sediment concentration. The data 
from t h e Ma cken zie River tributaries and the Delta lakes, when 
plotted arithmet i cally , indicated a great decrease in zoobenthos 
standing crop a bove 10- 15 mg suspended sediment liter-l . 

e) A natural muds lide (more specifically, a retrogressive-thaw flow 
slide, accor ding to Hughes et aZ . [1973 ] or a bi-modal flow land
slide, according to McRoberts & Morgenstern [1973]) occurred on 
Caribou Bar Cree k (tributary to the Porcupine River, northern Y.T.) 
in mid-August 1 972 . This addition of sediment resulted in an 
increase in concentration of suspended sediment from 3.8 mg liter-l 

to 10.6 mg l i t e r- l and caused a 70% reduction in standing crop of 
benthic inver tebrate s . Qualitative changes in the proportions of 
zoobenthos t axa were also evident. 

2. New data f rom the Caribou Bar Creek mudslide: During the 1973 
field season, studie s of occurrences of zoobenthos in relation to 
natural i nc r eases in sedimentation were centered on the Caribou Bar 
Creek mud s11de (Figs. l[a] and l [b ]). 

Methods 

Chemical and biological methods used were essentially the same as for 
the 1972 fie l d season and have been described in Brunskill et aZ . (1973). 
Water samples were taken approximately monthly and the following para
meters were measured above and below the mudslide: temperature, con
ductivity, pH, Secchi visibility, suspended s ediment, particulate carbon, 
particulate nitrogen, particulate phosphorus, dissolved oxygen, total 
dissolved nitrofen , to t al dissolved phosphorus, dissolved Si, Cl-, 
HC0 3-, S04=' Ca +, Mg++, Na+, and K+. Zoobenthos samples were taken at 
the same time also above and below the mudslide. Three samples were taken 
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Figure lea). Location of natural retrogressive-thaw flow slide on 
Caribou Bar Creek, Y.T. (from Brunskill et al.~ 1973). 

Figure l(b). The natural retrogressive-thaw flow slide on Caribou 
Bar Creek, Y.T. (The mudslide occurred between August 
13 and 15, 1972. The photograph was taken on August 
15,1972). 
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at equidistant intervals across the width of the stream bed. 

Results and Di scus s ion 

An estimated 2000- 2600 metric tons of sediment was released during the 
initial activ ity o f the slide (G.J. Brunskill, personal communication). 
The mud s lide wa s vi sibly ac t ive intermi t t ently throughout the 1973 open
water season (May to September). However, no significant physical or 
chemical dif ference s were found in comparisons upstream and downstream 
of the mudsl ide except for particulate carbon, nitrogen and phosphorus, 
suspended sed imen t, and Secchi visibility on June 9 (Table 1). Water 
samples we re not tak e n above t h e mudslide on this date so comparisions 
have been made to ad j a cent stations (Fig. l[a]). The results show that 
the slide was measurab ly active at this time. Chemical data are similar 
for the last thr e e s ampling dates upstream and downstream of the mudslide 
(Table 2). Therefore, we have concluded that the mudslide ceased to 
supply a significant sediment load to the creek from July to August 
1973 . 

Standi ng crops of major invertebrate taxa (i.e. those usually 
occurr ing as 2% or more of the total abundance) above and below the 
mudslide f or Sep ember 1972 and the 1973 sampling dates are shown in 
Table 3. Ac tivity o f the mudslide during the June 9, 1973 sampling 
apparent l y did not affect the macrobenthos adversely. Major differences 
in standing crops of t axa above and below the mudslide have been under
lined . Of these major dif ferences, the occurrence of more Simuliidae 
below the mud s l ide on July 8 and more Chironomidae above the mud slide 
on Aug ust 2 and 2 7 are con trary to the predicted effects of increased 
sed i me n t a tion. The higher standing crop of Oligochaeta below the mud
slide on July 8 and the lower standing crop of Trichoptera below the 
mudsl ide on Au gust 27 a re expected results of increased sedimentation 
(Hynes, 19 73 ; Nu tta ll and Bielby, 1973). The lack of a uniform response 
as well as t he temp orary nature of the differences in occurrence of these 
four taxa reduces t h e possibility that they were reacting to the after
math of i ncreased sedimentation. Major faunal differences between 
stations a b ove and below the mud slide did not exist as shown by the 
results o f a two-way analysis of variance (Dixon and Massey, 1969) on 
the data: a) No significant difference was found between numbers of 
invertebrates of each taxon above and below the slide (F = 0.008 for 
1 and 56 df ; P >0.05 ); b ) Fluctuations in a taxon above and below the 
mudslide were e quiv alent ( interaction term F = 0.717 for 3 and 56 df; 
p >0 . 05); and c) As would be expected, seasonal differences in number 
of i nver teb r ates per taxon we r e significant (F = 9.136 for 3 and 56 df; 
p = <0.05). 

Fig. 2 summa r i zes standing c r o p s and percent composition of the major 
i n verteb r ate taxa f or t he dur a t ion of the study. Size of each circle 
is proportional to the average standing crop of macrobenthos in the 
samples which a ppears below each circle. The magnitude of the 
differences among standing crops above and below the mudslide in 
September 197 2 and the 1973 sampling dates is far less than in the first 
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Table 1. Particulate carbon (PC), particulate nitrogen (PN), 
particulate phosphorus (PP) , suspended sediment (88), 
and Secchi visibility below the mudslide (8tation 2) 
and at adjacent stations (1, 5, and 6) on Caribou Bar 
Creek, Y.T. (see Fig. 1 [aJ). 

Station Date of PC PN PP SS Sec chi 
sample 

m -3) -1 
(all ' 73) (mMo1es (mg liter ) (m) 

2 June 9 142.0 9.57 0.95 42.8 0.28 

1 June 10 26.7 1. 93 0.48 10.9 0.49 

5 June 9 55.9 4.57 0.37 10.4 0.84 

6 June 9 41. 7 2.64 0.45 9.8 0.73 



Table 2. Particulate carbon (PC), particulate nitrogen (PN), particulate phosphorus (PP), 
suspended sediment (SS), and Secchi visibility above (A) and below (8) the mud
slide on Caribou Bar Creek, Y.T. for 1973. 

Date (all 
1973) 

PC PN PP SS Secchi 
(mMoles m- 3 ) __________ __ (mg liter-I) (m) 

A B A B A B A 8 A B 

June 9 NT* 142.0 NT 9.57 NT 0.95 NT 42.80 NT 0.28 

July 8 10.0 10.8 <0.21 0.86 0.10 0.06 NT 1. 83 > 1. 00 > 1.00 

Aug. 2 13.3 7.5 2.21 0.93 0.07 0.20 0.85 1. 44 >1. 00 >1.00 

Aug. 27** 27.5 23.3 1. 79 NT 0.13 0.14 4.20 4.50 0.82 NT 

* Not taken. See Table 1. 

** Values for this date are above normal because of heavy rains at this time. 
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Table 3. Standing crops (number m-2) of major* taxa of invertebrates above (A) and below (B) 
the Caribou Bar Creek, Y.T. mudslide in September 1972 and for all 1973 sampling 
dates. (Numbers are means of three Surber samples. Broken lines indicate major 
differences). 

TAXON DATE 

September 14, 1972 June 9, 1973 July 8, 1973 August 2, 1973 August 27, 1973 

A B A B A B A B A B 

P1ecoptera 118 243 18 11 25 11 492 413 190 165 

Ephemeroptera 0 0 4 4 660 983 326 126 25 7 

Trichoptera 248 126 4 8 22 39 75 75 147 57 

Chironomidae 1353 1281 631 635 1277 1421 4051 1873 3513 1737 

Simu1iidae 22 4 18 65 538 1417 151 68 11 4 

Ceratopogonidae 0 0 7 14 25 65 79 50 14 18 

Hydracarina 100 86 39 39 90 190 818 553 304 176 

01igochaeta 25 7 16 36 47 373 700 761 323 355 

* Usually occur as 2% or more of total abundance. 
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two sampling dates of 1972 when 70% reductions in macrobenthos standing 
crop occurred as a result of the addition of sediment from the mudslide 
(Brunskill et a Z., 1973). Standing crop above the mudslide on August 
15 and 27, 1972 was approximately 3.5 times higher than below the mud
slide. Standing crop was nearly equal in September 1972 one month 
af ter the mudslide started. In 1973, higher standing crops were recorded 
below the mudslide in the June and July samplings and above it in the 
two August samplings. Standing crop never differed by more than 1.8 
times above and below the mudslide for the September 1972 and the 1973 
sampling dates. 

On August 15 and 31, 1972 sampling dates the Trichoptera were absent or 
showed a severely reduced occurrence downstream of the mudslide whereas 
the Oligochaetawerepresent or had a much increased occurrence (Fig. 2). 
These data reflected the influence of increased sedimentation due to the 
mudslide. Howev r, one month later (September 14, 1972) diversity and 
abundance of macrobenthos were similar above and below the mudslide. 
The Trichoptera continued to have greater numbers above the mudslide, 
but the Oligo chaeta were more common above than below (Table 3). As 
previously discussed, Fig. 2 shows no major, consistent faunal differences 
above and below the mudslide for the 1973 data. 

As c a n be seen in Fig. 2 , s tanding crops in 1973 were generally considerably 
1igher than in 1972. Similar results were obtained at other stations on 
Caribou Bar Creek. This diffe£ence is likely due to normal year-to-year 
v ariat i ons i n standing crops but in the absence of long-term baseline 
dat a this must remain speculation. 

A breakdown of the most abundant and diverse group of benthic macro
invertebrates in Caribou Bar Creek, the Chironomidae, further illustrates 
faunal changes caused by increased sedimentation due to the mudslide, 
and the recovery by the fauna after the slide. The darn are for 1972. 
Data from 1973 is unavailable at this time. Standing crops of Chironomidae 
of various subfamilies are shown in Table 4. The cause of the low 
standing crops on August 15 is not clear. The Chironomidae (Tanytarsini) 
and Orthocladiinae were common and consistently occurred throughout the 
sampling period. Both showed a drastic reduction (64% and 75 % for the 
Tanytarsini and Or thocladiinae r e spectively) downstream of the mudslide 
on August 31 and a recovery to near control levels by September 14. The 
Diamesinae were present in consistently low densities and seem to have 
been unaffected by the slide. Densities of Chironomidae for which 
species designations were available are shown in Table 5. Using trends 
in the numerical abundance of each species as a measure of their responses 
to the increased sediment, species were arbitrarily grouped into four 
classes: indeterminate (no clear trend, not considered further here), 
positively affected (increase in number downstream from sediment source), 
negatively affected (decrease in number downstream from sediment source), 
and unaffected. The results for the last three classes are shown in 
Table 6. 

Known species of the nine genera listed in Table 6 are distributed over 
the world in a wide variety of habitats from very productive, warm, 
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Table 4. Standing crops (number m- 2) of subfamilies of Chironomidae 
larvae above (A) and below (B) the mudslide on Caribou Bar 
Creek, Y.T. (Taken by Surber sampler in 1972). 

SUBFAMILY DATE (all 1972) 

August 15 August 31 September 14 

A B A B A B 

Tanypodinae 0 7 0 0 25 7 

Podonominae 0 0 4 0 0 0 

Chironominae 
(Tanytarsini) 0 0 327 119 324 216 

Orthocladiinae 18 4 809 143 983 975 

Diamesinae 
(Diamesini) 0 0 4 4 4 7 

Total 18 11 1144 266 1336 1205 
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Table 5. Species designations* and standing crops (number m- 2) of 
Chironomidae larvae above (A) and below (B) the muds1ide 
on Caribou Bar Creek, Y. T. (Taken by Surber sampler in 
1972) . 

TAXON DATE (all 1972) 

August 31 September 14 

A B A B 

Tanytarsini 

C1adotanytarsus sp. 1 72 65 83 86 
Micropsectra sp. 1 18 4 36 22 
Rheotanytarsus sp. 3 97 7 18 7 
Sterrrpe 11 ina sp. 2 29 0 29 0 
Tanytarsus sp. 3 III 43 158 97 

Total 327 119 324 212 

Orthoc1adiinae 

Cricotopus sp. 6 251 75 753 502 
Eukiefferie11a sp. 3 4 0 0 0 
Eukiefferie 11a sp. 6 86 0 36 126 
Eukiefferie1la sp. 7 4 0 0 22 
Heterotrissoc1adius 

sp. 1 0 0 0 4 
Psectroc1adius sp. 1 7 0 4 0 
Pseudosmi ttia sp. 1 11 25 11 14 
Synorthocladius sp. 1 25 0 0 11 

Total 388 100 804 679 

Diamesini 

Diamesa sp. 2 4 4 4 7 

* Being done by Biosystematics Research Institute, Ottawa. These 
designations should be regarded as provisional. We are currently 
attempting to assign species identifications to the specimens. 
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Table 6. Responses of various species of Chironomidae to the 
muds1ide on Caribou Bar Creek, Y.T. in 1972. 

SPECIES RESPONSE 

Positive Negative Unaffected 

Pseudosmittia sp. 1 • 
Micropsectra sp. 1 • 

Rheotanytarsus sp. 3 • 

StempeZlina sp. 2 • 

Tanytarsus sp. 3 • 

Cricotopus sp. 6 • 

PsectrocZadius sp. 1 • 

Diamesa sp. 2 • 

CZadotanytarsus sp. 1 • 
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standing waters high in suspended organic matter to cold, clear, fast
flowing waters of low prod uctivity (e.g , see Thienemann, 1954; 
Lehmann, 1971). L t h e absence of absolute species identifications, 
no certainty can b e cttach ed to a d i scussi on of the responses of the 
designated spec ie s i n Tab le 6 to i ncreased s e dimentation. The dis
cussion must. t h e re f ore. be ge n e ra l. Nevertheless, a general con
s ideration is i llustra t ive . 

Pseudosmit tia are main ly t errest r ial and semi-aquatic (Thienemann, 
1 9 54), some of who se member species have reverted to a fully aquatic 
e xistence, espec ia l l y in the Arctic (O.A, Saether, personal communication). 
Body structure of the species in Caribou Bar Creek is typical of the 
terrestrial species. It is possible that specimens of Pseudosmittia 
sp. 1 were carried i n to the creek by the mudslide or, the increased 
sedimentation could have resul ted in a substrate which encouraged 
colonization by Pseudosmittia sp. 1. Either or both of these possibilities 
could explain the positive response of this species to the mudslide. 

Diamesa sp. 2 and Cladotanytarsus sp. 1 were unaffected by the mudslide. 
The former genus is found in fast-flowing, cold water streams (Elgrnork and 
Saether, 1970) and is ch aracteristic of glacial-melt streams (Thienemann, 
1954) . Such streams gen erally have high suspended sediment concentrations. 
Thus , the lack of r e spon se to increased sediillentation by Diamesa is 
expected. Al so, S t e f f an ( 19 71) reported that Diamesa species inhabit 
an extreme b iotope: I m'l water temperatures, small temperature ampli
t udes, high st r e am velocity, and (important to our interpretation of 
it s respon s e to t he mudslide) an unstable substratum. The distribution 
of species of Cladotanytarsus is, however, not as distinct. It occurs in 
waters of a var i ety of different trophic states (Thienemann,1954). Some 
species are typical of organica l ly polluted waters (O.A. Saether, personal 
communication). C. mancus has been recorded f r om waters rich in suspended 
organic matter (Thienemann ,1954). Without knowing the actual species in 
Caribou Bar Creek, no further analysis can be made. 

Six of the nine genera listed in Table 6 were adversely affected by the 
mudslide. Most s p ec ie s of Rheotanytarsus and Stempellina and some 
Tanytarsus are filter feeders (O.A. Saether, personal communication; 
Thienemann, 1954). For example, T. gregarius is described as being a 
filter feeder and R. anomalous builds a net at the end of its case to 
capture algae (Thienemann, 1954). Presumably, larvae pursuing such a 
way of life would be adversely affected by increases in suspended sediment, 
especially if the sediment had a poor food c ontent. Hynes (1966) pointed 
out that Tanytarsus a re favored by an increase in the amount of fine 
sediment on a r i ver bed b ut he did not menti on species. Micropsectra~ 
too, are found in a variety of habitats (Thienemann, 1954; Lehmann, 1971) 
but are generally typical of oligotrophy (O.A. Saether, personal 
communication). Elgmorkand Saether (1970) stated that Micropsectra of 
mountain brooks are especially found in sand, silt, and mud with a few 
species in aquatic moss, and none in stony substrates. Micropsectra 
in their study were hygropetric. Providing the species of Micropsectra 
found in Caribou Bar Creek is one of these, the negative effect of the 
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mudslide can be readily understood. Nothing can be said about Psectro
cladius sp. 1 without having a species determination. Of all the genera 
listed in Table 6 Psectrocladius is probably the most eurytopic. 
Cr ico t opus also has a wide range of habitat. It is generally associated 
with plants in standing waters (Thienemann, 1954). C. microcornis~ how
ever, has been taken from high alpine springs and in glacial runoff 
streams (Thienemann, 1954). Most of the species dealt with by Lehmann 
(1971) are from fast, cold waters as well. It is possible that the 
species of Cricot opus from Caribou Bar Creek, a fast cold stream, was of 
this group of species and this is the reason for its response to the 
mudslide, although the presence of C. microcorni s in glacial runoff 
streams makes this explanation less plausible. 

Scott (1958), in his work on the Great Berg River in South Africa, 
listed a number of chironomid species which he bred from a variety of 
habitats. By way of summary, the species' of some of the genera shown 
in Table 6 have been listed in Table 7 which not only shows the plasticity 
of the occurrence of species within the same genus to different habitats 
but also indicates the plasticity of occurrence of the same species to 
different habitats. Thus, it can be seen that relating a change in 
Chironomidae with an environmental disturbance is difficult except for 
the most specialized chironomid larvae (e.g. the Diamesinae). 

In conclusion, the invertebrate populations affected by a natural mud
slide in mid-August 1972 had recovered by mid-September 1972, a month's 
time. We will herein define "recovery" as the return of the macrobenthic 
fauna to an abundance and diversity comparable to that shown by an 
adjacent undisturbed or control area. Although the slide appeared to 
become active intermittently through the 1973 sampling season, the 
invertebrate fauna remained unaffected. Recovery (see Section I, part 
D.4) was probably due to the following factors in the creek: a) adequate 
water velocity (velocity for June to August 1973 was 0.219-0.895 m sec-l ) 
which served to clean the fine sediments added by the mudslide out of the 
bottom substrates; b) the relatively small sediment load added and the 
short duration of the period of maximum activity of the mudslide; and c) 
the availability of nearby undamaged areas to serve as sources of re
colonization. 

C. The effects of highway construction on the aquatic biota of water
sheds in the Mackenzie Valley 

1. Previous results: Our studies of the effects of highway 
crossings on river biota have included: a) The culverted crossings of 
the Poplar River and b) Campbell Creek, by the Ft. Nelson and Dempster 
Highways respectively; and of c) the Martin River by the Mackenzie High
way right-of-way slash, winter road, and temporary bridge. Results of 
the Poplar and Martin River studies have been reported in Brunskill et a l . 
(1973) and Porter, Rosenberg, and McGowan (1974) and can be summarized 
as follows: 

(i) Poplar River (Fig. 3): Grayling fry were found in abundance below 
the bi-culverted crossing but none above the culverts in the spring of 
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Habitats of various species of 
Berg River (from Scott, 1958). 
definition of habitats). 
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CZadotanytaY'sus capens~s 0 0 0 

CZado tany taY'sus niZicoZa 0 

CZadotanytaY'sus Y'eductus 0 

CY'icotopus aZbitibia 0 

CY'icotopus fZavozonatus 0 0 

CY'icotopus kisantuensis 0 

CY'icotopus obscuY'Us 0 

PsectY'ocZadius viY'idescens 0 0 

RheotanytaY'sus fUscuS 0 0 

StempeZ Zina? sp, n. 0 

TanytaY'sus ateY'Y'imus 0 0 0 

TanytaY'sus paZZidus 0 0 

* variable current speed 
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1972. In the spring of 1973 thousands of fish of various species were 
seen swirruning in the pools downstream of the crossing but not above. 
Vel o city o f water c oming out of one culvert 1ilClS 1.1 m sec-l and 
approximately 2.5 m sec-l at the o t her culver.t in fall of 1972. The 
down stream end of the latter cul vert was a meter above the river bed. 
Pools, fo r med up s t ream and downstream of the culverts, were littered 
wi th logs during t he fall of 1972. Combined with the normally low 
wa t er levels in f al l the debris could effectively ac t as a barrier to 
up s t r eam mi gration by f all-spawning fish. Benthic invertebrate drift 
studies done above and below t he crossing showed the influence of the 
pools at the downstream end of the culverts. Oligochaeta and Cladocera 
formed a highe r percentage of the total fauna downstream and, in 
general, the downstream samples showed a lower diversity when compared 
to those ta ken upst~eam. Lower diversity is often indicative of a 
disturbed ha bitat. 

(ii) Martin River (Fig. 4): Study of the river above and below 
crossings of t he right-of-~,Jay slash (completed by mid-September 1972), 
a winter road (in pl ace by early November 1972), and a temporary bridge 
(cons tructed by the end of March 1973) showed slightly higher suspended 
sediment concentrations when compared to the upstream control station. 
Dissolved oxygen concentrations at two stations (4 and 5) downstream of 
highway a ctivities in March 1973 were low enough to be lethal to fish 
whereas concentrations upstream (station 6) were not as low. No other 
d i f f erences in physical and chemical parameters were detected in the 
study area . Zoobenthos and fish appeared to have been unaffected by 
construction ac tivi ties. Dur ing the winter of 1972-1973, Porter e t a l . 
(1 97 4) show d t h at three common species of fi s h (Cato s tomus catos tomus~ 

Cu ttus cogna tus, and Percopsis omis comaycus) in the Martin River were 
bottom feeders. Porte r e t al . (19 74) emphas i zed the import ance of 
keep i n g this hab i t a t f ree of fi ne sediment. Littl e fish movement w,tS 
de tected from J an uary to Marc h 19 73. It 1,.o 'a s ther efore recommended 
that this r ep resent ed a safe period for in- stream highwa y construction 
activities . 

2. New data from studies of the effects of highway crossings on 
Mackenzie Val ley wat er sheds: We have continued to observe the Martin 
River cro s sings and now have data availabl e on the Campbell Creek high
way cro s sing. 

Martin River st udi es 

a ) Methods 

Chemical and biological methods f or the study of the Martin Ri ver high
way cross ings were a s described by Brunskill e t al . (1973), Stein et al . 
(1973) and Porter et al . (1974). Sampling was done at monthly intervals 
during the open-water period and approximately once every two months 
during the period of ice cover. Physical and chemical parameters 
measured were the same as for the Caribou Bar Creek mudslide study (see 
Section 11: B2 this report). These parameters were measured at stations 
1, 4, 5 and 6 (Fig. 4). Suspended sediment concentrations were measured 
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at upstream and downstream ends of the pool at each station to determine 
whether s ign ifica n t amoun ts of sediment wer e settling. This is much 
s imp l e r than t r ytng t o meas u r e b o 'tt om sed imentation directly. Macro
benthos sta ding c ~op es t ima tes were obtained during the open-water period 
by Surber s ampler a t s t a tions 4 and 6 (Fig. 4). Artificial substrates 
(ch icken bar b e q e baske t typ e ; Ma son , Anderson, and Morrison, 1967) were 
p laced in pool s at a l l sta tion s and macrobenthos were allowed to colonize 
them for at least f our \o/e ek s befor e t he substre.tes were removed. Sub
strates were placed i n pools on the assumption t hat settling sediment 
wou l d af f ect the abundan~e an d diversity of macrobenthos colonizing the 
substra t e s. Three Sur b er s amples and three artificial substrates were 
r emoved at ap prox i ma te ly equa l dis t ances across the bottom substrate at 
the sampling s ite . A s er ies of 24 hr driftnet s amples were taken during 
a 19 72-1973 win ter s t ud y of the Mar t i n River (Porter et a l ., 1974). The 
locations of these d r i ft net s were d i f ferent than those shown in Fig. 4 
and are shown in Fig. 5. Two s t acked 10 x 10 x 76 cm, 200~ mesh nets 
were staked int o the s t r eam bottom in areas with current fast enough to 
d i stend t h e ne t s. Comple t e deta i ls can be found in Porter e t a l . (1974). 
Fis h were samp l e d b y b e ac h seine at stations 6 and 4 (see Fig. 4) during 
t he 1972 a nd 19 73 open-wat er periods (Stein e t a l ., 1973; Porter et a l ., 
1974). ( Spec ies l e v el d e termi nat ions o f macrobenthos are not yet avail
a b l e f o r t e Mar ti n Riv e r and Campbel l Cree k stud i es. Discussions of the 
e f fects of i ncreas ed sedime ntati.on therefore mus t be limited to higher 
t ax a .) 

b) Result s and di s cussion 

As in the 1 9 72 op n-water pe r i od and dur ing the 1972-1973 winter no major 
di f ferences o c urr e d in t he se l ected physica l and chemical parameters at 
stations 1 , 4 , 5 , and 6. However, whe n particulate carbon concentrations 
are exami n ed over t he en t i re study period, a trend to an increase in con
centr ation and rate o f t r a nsport of p a r t icula t e carbon between stations 6 
and 5 i s obv ious (Tab le 8[a], [bJ ) . Suspended sediment concentrations 
and rates o f t ransport of t he t hree sta t ions in the area of the crossings 
d uring the 1973 op e -w t e r per iod c ont inued to show lowest levels at 
sta t i on 6 and h' ghest at s t a t ion 5 (Table 9 ( a ],[b]) but . as in the 
prev ious d a ta (Brunski ll e t a l ., 1973; Porter et a l ., 1974), the 
d if f ere n c es were no t s ignif i cant . No d 's s olved oxygen depletion was 
observed like tha t desc r i b e d dur i n g the '.-linter period (Porter et al ., 
1974). 

Results of Surber s ample s t a k en dur ing the 1972 and 1973 open-water 
periods upst r e am a nd down s t ream ( s t a t ions 6 and 4 r espectively; see Fig. 
4) of the r i gh t - o f - way sla sh are presented in Figs. 6(a), (b) as percent 
composit i on b y e a ch of the maj o r invertebrate taxa (i.e. those ~l% of 
total abund a nce ) . The si ze of each circle is proportional to the value 
of the standing crop (numb e r of invertebrates m- 2 ) which appears below 
each circle. The foll owing differences are evident between the two 
stations for 1972 (Fig. 6 [ a]): 

(i) Consistently higher standing crops of macrobenthos occurred at 
station 6 (upstream control) compared to st a tion 4 (downstream of high
way constructio n) . 
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Table 8(a). Particulate carbon concentrations for the entire Martin 
River study period. (Broken line signifies highest 
values for that sampling date). 

DATE STATION 

flow ~ 

6* 5 4 1+ 

-3 (mMoles m ) 

July 20, 1972 81. 7 132.5 98.6 
August 17, 1972 96.7 115:9 114.0 
September 14, 1972 103.8 -87-:-2 138.0 
November 29, 1972 279.0 270-:-0 
February 3, 1973 350.0 380.0 41. 7 379.0 
March 28, 1973 232.0 247-:-0 254.0 176.0 
July 19, 1973 10.0 32.5 -30-:-'8 29.2 
August 20, 1973 30.0 35-:-'8 25.8 28.3 
September 12, 1973 15.8 20-:-8 15.0 13.3 

Table 8(b). -3 Rates of trans~ort (concentration in mMoles m x 
discharge in m day-I) for entire Martin River study 
period. (Broken line signifies highest values for that 
sampling date). 

DATE STATION 

flow ~ 

6* 5 4 1+ 

(moles day-1 x 103) 

July 20, 1972 10.87 17.63 13.12 
August 17, 1972 31. 67 37~95 37.33 
September 14, 1972 21. 43 1'8:01 28.50 
November 29, 1972 9.40 -9-:-10 
February 3, 1973 5.14 5.58 0.61 5.57 
March 28, 1973 3.41 3-:-63 3.73 2.59 
July 19, 1973 3.30 10.73 10:17 9.64 
August 20, 1973 21. 20 25~30 18.23 20.00 
September 12, 1973 2.54 -3-:-34 2.41 2.14 

* upstream of all construction } 
+ at mouth of river 

see Fig. 4 
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Table 9(a). Suspend~d sediment concentrations for the 1973 Martin 
River open-water study period. 

DATE 

July 19 
August 20 
September 12 

Table 9(b). 

DATE 

July 19 
August 20 
September 12 

STATION 

6 5 4 1 

-1 (mg liter ) 

3.39 3.67 3.53 6.58 
5.81 6.19 5.77 7.41 
1.17 1.96 1. 69 3.44 

Rates of transport (concentration in mg 1iter-1 x discharge 
in m3 day-1) for the 1973 Martin River open-water study 
period. 

STATION 

6 5 4 1 

(kg -1 day ) 

1118.9 1211.3 1165.1 2171.7 
4106.2 4374.8 4077.6 5237.0 
188.0 315.0 271.6 552.8 
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(ii) A greater percent occ.urrence of Chironomidae and Oligochaeta was 
found at the upstream station, and Trichoptera, Ephemeroptera, and 
Coleoptera occurred mOi:r: f;."eqllelltJ.y CI.t the dOvmstream station. The 
pattern was not as clear in 1973 (Fig, 6 [0]). Standing crops of macro
benthos \Olere 2gain higher above the crossing but only on the July and 
August sampling dates. The September 12, 1973 sampling showed a higher 
standing crop do~'mstre<im of the c·rossing. Chironomidae, again, had a 
higher percerrtoccurre~c.e a~ the upstream station in July and August 
(as in 1972) but nuL in September. Oligochaeta, too, had a higher per
cent occurrence abov8 the crossing in July (as during the 1972 season), 
but were absent fr ':)ul the upstre'3.H1 station in August and from both 
stations iG Sep t embe:::-, unlike in 1972. They composed only a small pro
portion of the macr0benthic fauna at the downstream station in August. 
Trichoptera shmJed a sir.lilar percent occurrence throughout the 1973 open
water period upstrearn and downstream of the crossing whereas in 1972 
they ab-lays had a higher percent occurrence at the downstream station. 
Coleoytera and Ej)hemeroptera, which had a higher percent occurrence at 
the downstream station than the upstream station in 1972, showed the 
same trend 1n July and Ser>tember 1973 but not in August 1973. As in 
1972, however, the downstream station appeared to have a more equitable 
abundance (and higher diversity) of taxa. 

The effects of increased sedimentationl on macrobenthos have already been 
discussed (see S~ction 1). Increased sedimentation can cause a reduction 
in standing crop. Numbers of sensitive groups such as Trichoptera and 
Ephemeropter-a are usup.. l ly reduced but taxa such as Chironomidae and 
Oligochaeta v,Thich inha'uit fine sediment usually show an increase in numbers. 

Porter e t a l. (1974) &.lso f ound fewer invertebrates at station 4 than 
upstream of t Ye high'flay construction during the winter of 1972-1973. 
Lower standing crops at station 4 cn five of the six sampling dates 
during the two open-water periods we:.:e a reflection of lQtyer numbers of 
Chironomi dae, a resillt not consistent with the likely effects of increased 
sedimentation pre o..icted fron: t he liter~lture. The abundance of Chironomidae 
was higher at the downstream f;tation only on the September 12, 1973 
sampling dRte. The more frequQnt occurrence of taxa of fine sedi-
nents such as G.l:1ironomidae and Oligochaeta at station 6, of typically 
sediment-sensi t ive ta.ca such a s Trichoptera and Ephemeroptera at station 
4, and a more equitable distribution of numbers of organisms among 
different taxa at station II are further evidence that the highway crossing 
did not cause changes in the macrobenthic fauna. This conclusion is 
supported by the lack of great differences in physical and chemical 
parameters above and below the disturbed sites. 

The difference between stations 4 and 6 is due to the different nature of 
the two riffle areas from which the samples were taken (the only two 

1 
He are assuming that th e major effect of an ecologically detrimental, 

highway crossing is increased sedimentation. See discussion in 
Section I of this report. 
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riffle areas within many kilometers of the highway crossings). The 
riffle at station 6 is a wide (~30 m), shallow (~13 ern) shoulder of the 
main channel. Wa t er flow is relatively slow (~O. 2 m sec-l ) which allows 
sediment deposition . Consequently, sediment is visibly admixed within 
the poorly-sorted s i l t to boulder-sized bottom substrate. The riffle at 
station 4 is part of the main channel and is narrow (~10 m), deeper 
(~25 ern), and has a greater water velocity (~0.5 m sec-I) than the up
stream riffle. The bot tom sediments are mainly gravel and because of 
higher water velocity, less sediment would settle her e than in the up
stream riffle. Because of the higher water velocity, the substrate would 
tend to be less stable. Also, less organic detritus would be deposited in 
the area. 

The results of our study of the highway crossings by sampling of benthic 
invertebrat es \vith arti fi c ial substrates during the 1972 open-water 
period and the winter of 1972-1973 are presented in Figs. 7 and 8 
respectively. Art i ficial substrates were not installed at stations 5 
and 6 until July 21 , 197 2, approximately one week after the site of the 
r i ght-of-way s lash became known. Thus, controlled data are available 
only for the August and September 1972 sampling dates. Artificial sub
strate data for the 1972 open-water period are complete as represented in 
Fig . 7. Insuff icient numbers of artificial substrates were recovered from 
t he March 28, 19 73 sampling to include the data in Fig. 8. Artificial 
sub s trates a t st at ion 4 were installed when the winter road crossing site 
became known (November 28, 1972) and therefore the first samples were 
removed at t h i s station during t he February 2, 1973 sampling trip. Note 
that due to extremely heavy icing conditions (the ice was >2 m thick) at 
station 6 after the November 28, 1972 sampling , no artificial substrates 
could be recovered f rom t his station. Thus, the February 3 sampling has 
no control data. 

For the 19 72 open-water period (Fig. 7), no major differences in mean 
number s of inver t ebrates of any of the taxa examined could be detected 
be tween stations 6 and 5. In general, numbers of Chironomidae, Plecoptera, 
and Trichoptera were higher at stat ion 5 (downstream of the right-of-way 
s l ash). Ephemeropte ra were present in app r oximately equal numbers at 
both stations. Number s of organisms were di stributed relatively 
equitably among t he major taxa (Chironomidae, Plecoptera, Ephemeroptera, 
Trichoptera , Simuliidae, and Acarina) at these stations. These results 
indicated that station 5, like 6, has not been affected by increased 
sedimentation. Gener al ly higher mean numbers of invertebrates at stations 
3, 2, and 1 is l ikely due to the longer colonization time available to 
the artificial subs trates at these stations (see Mason et al., 1973). 

Mean numbers of Chironomidae, Plecoptera, Ephemeroptera, and Gastropoda 
are similar for stations 6 and 5 on the November 28, 1972 sampling date 
(Fig. 8). However, the Trichop tera are present in noticeably low number.s 
at station 5 when compared to t he control s t ation. The high mean number 
of Trichoptera at station 6 was caused by t he occurrence of over 300 
Trichoptera in one of t he three artificial substrates. In view of the 
similarity i n mean numbers f or t he other taxa at t he se stations and be-
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cause of the similarity in mean numbers of Trichoptera among stations 
5, 2, and 1, the high value at station 6 is likely due to the sampling 
of an abnormally high ilumber of Tr ichoptera. Thus. the lower mean 
number of Trichoptera ~t station 5 was not likely due to a highway
related disturbance. In the absence of control data for the February 2, 
1973 sampling date not much can be said about the possible effects of 
the highway crossings other than spectacular differences did not exist 
between station 1, the station farthest downstream and least likely to 
be affected b} construction, and stations 2, 4, and 5. 

Final evidenc~ that th2 Martin River highway crossings have not dis
turbed the benthic invertebrate community is drawn from a series of 
~ hr driftnet samples taken during the 1972-1973 winter study (Porter 
et al. 1974). The results are shown in Fig. 9. Because the samples were 
not always taken simultaneously at all stations on the same day, the 
samples were grouped in time intervals of two weeks or less for present
ation. Numbers of inve'ctebrates collected by the driftnets over the 
24 hr period are given on or near each "coin", the size of which is 
proportional to this number. Percent composition of taxa in each sample 
is also shm.m hy 2ach coin. Station numbers are according to Fig. 5. 
The follm"'ing patterns ca'l be seen: 

(i) Taxa predominatir.g in these driftnet samples are different from the 
ones colle~ted by Surber sampler (see Fig. 6[a], [b]) and artificial 
substrate (see Figs. 7, 8) because a different macrobenthic habitat was 
being sampled. 

(ii) Downstream statioas (1 t:J 4) generally have lower total numbers of 
drifting invertebrates than the ups~ream control stations (5 and 6). 
Sediment ad6ition has been ShO~l to increase the numbers of macrobenthos 
drifting (G:.LllElon, 1970; Section EI,this report) so, obviously, the 
downstr2am stations aTe not suff.~ring from sedimentation. Also, the 
stations belm ... the crossings show a higher diversity of taxa than the 
control stations . Ep11emeroptera, a group usually intolerant of fine 
sediment, are present in larger numbers at downstream stations than 
upstream stations. Large nnmue1:'s of planktonic Copepoda have inflated 
the numbers of invert8brat.es collected at the upstream stations. This 
indicates A. diffe'cence in habitat betHeen control and downstream stations, 
rather than an effect of disturbance. 

(iii) The cause of the inordiuately low numbers of invertebrates 
collected at station !I in the third and four.th sampling periods (the 
second and third week of December 1972; the third ~ ... eek of January 
1973) is not clear. Total number s collected during the first sampling 
period (981 in the third week of November 1972) did not differ signi
ficantly from numbers collected at oth~r stations at that time. A total 
of 3,015 invertebrates were collected in a sample taken during the fourth 
week in November (not shown in Fig. 9). Almost all of the collection 
taken in the third sampling period was Ephemeroptera. Populations 
immediately do\mstream from station 4 on the two sampling periods in 
question are more similar to the control than those at station 4. If 
station 4 was being affected by the crossings, the effect was very 
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localized. Therefore, in the absence of data for station 4 after the 
fourth sampling perio~, it must be concluded that the low numbers were 
not due to effects of the crossings. 

(iv) Stations belm .. t he highway crossings continually showed a higher 
occurrence of Ephemeroptera than the upstream, control stations. This 
is not an expected response for areas disturbed by excessive sediment 
supply. 

In summary, these drift samples showed no significant effects due to 
either the actual high'olay crossings or highway-related activities (see 
Porter e t al., 1974) on the invertebrate fauna of the Martin River during 
the winter of 1972-1973. These results support the conclusions already 
made for invertebrates taken in the Surber samples and by artificial 
substrates. 

In general, the nwnber of species of fish and the number of individuals 
of fish were similar above and below the highway crossings (Table 10). 
P. omiscomaycus, the most commonly caught fish had an almost equivalent 
abundance upstream and downstream of the crossings for the three sampling 
periods (Table 11). Further statistical analyses were impossible because 
of insufficiencies in the data. Catostomus spp. and Cottus spp. showed a 
definite trend to greater abundance downstream of the crossing. Since 
the suspended sed~nent concentrations are similar above and below the 
highway crossings Oil Lle Martin River, the higher number of fish at the 
downstream statiot1 <;.;rould app~ar not to be due to differences in suspended 
sediment concentcation and is therefore probably a natural occurrence. 
Peters (1972) reported that longnose and white sucker populations were 
reduced substantially in a part of a Colorado stream which was treated 
to reduce suspended sediment. Nothing was said about the response of 
such populations to increased suspended sediments. 

We have concluded that the crossings have had no effect on the fish popu
lations. A similar conclusion was reached by Porter et al. (1974) for the 
1972-1973 winter period. 

Campbell Creek studies 

a) Introduction 

The first major watershed to be. crossed by the northern section of the 
Dempster Highway was Campbell Creek, approximately 25 km southeast of 
Inuvik (Fig. 10). This watershed drains low relief taiga and tundra and 
flows southwest into Campbell Lake. At peak discharge, a connection 
with Sitidgi Lake may exist via Norris Greek to the northeast. 

Two circular section culverts of 2.4 m diameter and approximately 30 m 
long were installed across Campbell Creek in the winter of 1971-1972. 
The crossing area probably is normally subject to spring flooding because 
the relief is low in the area and because ice from Campbell Lake goes out 
much later than from the Creek. The road was not consolidated when spring 
flooding occurred in early June 1972. Considerable surface erosion . 
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Table 10. + Numbers of all species* of fishes captured in seine hauls 
above (A) and below (B) the highway crossings on the Martin 
River, N.W.T. 

DATE 
(all 1973) 

NO. OF SPECIES NO. OF INDIVIDUALS 

July 18-19 

August 20-21 

September 12-13 

* Catostomus spp. 
Cottus spp. 
Couesius plumbeus 
Esox lucius 
Lampetra japonica 
Percopsis omiscamaycus 
Rhinichthys cataractae 
Stizostedion vitreum vitreum 
Thymallus arcticus 

A B A 

6 4 241 

6 4 129 

4 4 51 

+ Numbers are totals of 4 samplings taken in a 24-hour period 
approximately the same times above and below the crossings. 
seine hauls were taken in each sampling at each location in 
and two in August and September. 

B 

378 

144 

75 

at 
Three 

July 
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Table 11. Numbers of cornman species of fishes captured in seine 
hauls above (A) and below (B) the highway crossings 
on the Martin River, N. W.T. 

SPECIES DATE (all 1973) 

July 18-19 August 20-21 September 

A B A B A 

Per c:ops i s 
omisc:omayc:us 211 130 119 132 47 

Ca t os t omus sp. 16 239 2 7 1 

Cottus sp. 1 6 1 2 2 

12-13 

B 

54 

8 

12 
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occurred to the highway itself. During the summer of 1972, the roadbed 
was built up approximately 5.5 m above the culverts and rip-rapped with 
boulder-sized dolomite. In the spring of 1973 water levels had risen 
to within two feet of the top of the culverts by the third week of May. 
By the end of that month the creek had overflowed the highway causing 
surface erosion and also carrying parts of the road away. At this time 
the Creek was 4 to 5 times its mid-summer width which is approximately 
10 m. Within a week, waters had subsided and most of the flow occurred 
through the culverts again. 

In 1972 and 1973, when the flood waters subsided, water velocities 
through the culverts were too fast to be measured with a Gurley Pygmy 
flowmeter but were estimated, in early June 1973, to be at least 3.5 m 
sec-l just after peak flooding had occurred. By early July 1973 water 
velocity through the culverts was .06 m sec-l High water velocities 
through the culverts just after peak flood period aggravated erosion of 
flattened areas of fill adjacent to the crossing. Large vortices were 
evident approximately 6 m from the point of discharge of water from the 
culverts. The fill areas still had not stabilized by spring of 1973 and 
visible amounts of sediment were being introduced into the water down
stream of the crossing. The upstream stations had substrates composed 
of gravel with some finer sediments. Downstream, a visibly silty layer 
covered the creek bed. 

During the 1973 flood period, the Creek at the crossing was exposed to 
considerable angling pressure. Interviews of anglers revealed that no 
fish were being caught upstream of the culverts but that large numbers 
of pike (most of which had mature gonads) were being taken downstream, 
along with smaller numbers of broad whitefish. By mid-June, large numbers 
of broad whitefish were observed in eddies from the downstream vortices. 
By the third week in July, pike were caught in gillnets above and below 
the culverts but no whitefish were taken. 

b) Methods 

Sampling stations were set up at 500 m and 800 m above the crossing 
(station numbers 1 and 3 respectively) and 500 m and 800 m below the 
crossing (station numbers 2 and 4 respectively) (Fig. 10). Water samples 
were taken at stations 1 and 2 throughout the study (July 1972 to 
September 1973) and at stations 3 and 4 on some of the 1973 sampling 
dates. Determinations were made of the same physical and chemical 
parameters as outlined for the Caribou Bar Creek and Martin River studies 
above. 

Benthic invertebrates were sampled by Burton-Ekman grab (Burton and 
Flannagan, 1973) and sometimes by Ponar grab2 at either or both of the 

2 The Burton-Ekman grab was used when the substrate was composed of fine 
sediment and the Ponar was used when the substrate was mainly gravel. 
We have assumed that each grab worked at 100% efficiency in each 
type of substrate. 
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stations established at 500 and 800 m upstream and downstream of the 
crossing. ThLee samples were taken at equal intervals across the width 
of the creek bed and combined. The samples were live-sorted under an 
illuminated magnifier and the specimens preserved in 70% ethyl alcohol. 
The sediments remain:Lng ,,,ere sent to our Winnipeg laboratory for particle 
size determinations (Jenning, Thomas, and Gardiner,1922) and analysis of 

. organic matter (Jackson, 1956). 

c) Results 

Table 12 shows suspended sediment concentrations above and below the 
highway crossing. Only July Iff, 1972 shows a considerable difference 
between stations. Most of the suspended sediment transport likely 
occurred during the spring flood period in May and June. Table 13 gives 
a particle size analysis of bottom sediments above and below the crossing. 
Stations 2 and 4 below the crossing show a slightly higher proportion of 
fine sediments (as reflected in the mean value of 64.06%) than stations 
1 and 3 above the crossing (mean of 58.48% fine sediments). The presence 
of more fine sediments at stations below the crossing can be seen better 
on the dates for which samples were taken simultaneously above and below 
the crossing (September 19, 1972; June 25 and 27, 1973; and August 20, 
1973). The fine sediment observed cuvering the stream bottom below the 
crossing and detected in the particle size analyses likely originated from 
the road fill and adjacen t disturbed areas. 

Bottom sediments contained appyoximately the same percentage of organic 
matter above and below the crossing (mean values of 11. 20 and 9.40% 
respectively; see Table 13). Other physical and chemical parameters 
were similar above and belm·) tile crossi ng as " ell. 

The results of macrobenthi.-:: sampling are shown in Tables 14 and 15. 
The creek was not sampled j ur~. ng the 1972 flood period. The 1973 flood 
period (May 31) showed h:i.gher numbe.rs of Oligochaeta, Gastropoda, 
Chironomidae. and Pelecypoda downstream from the crossing. Pelecypoda 
require a soft bottom in 'o1bich to b,rcrow (e.g.) see Gale, 1971). 
Increases in numbers of Oligo chaeta and Chironomidae are likely responses 
to increased sedimentation as Jesc.ribed by Hyn~s (1973) and Nuttall and 
Bielby (1973). Reports of the effects of increased suspended and settled 
sediments on the occurrence of Gastropoda are scarce. Nuttall (1972) 
stated that Lymnaea pereger occur in high numbers in organically rich 
muds. The occurrenc.e of high numbers of Gastropoda below the crossing 
is likely a result of the silty and o rganically rich substrate at the 
downstream station. The relationship, however. is not clear. Gastropoda 
are usually browsers so they would be affected by decreases in organic 
matter (e.g. periphyton and macrophytes) in the substrate rather than 
by changes in the particle size distribution of the substrate. The 
distribution of periphyton and macrophytes is generally adversely affected 
by increases in suspended and/ot· settled sediments (see Section I, and 
also Edwards, 1969). 

The results for all other sampling periods for three of the four major 
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Table 12. Suspended sediment concentrations (mg liter-1) above and 
below the Dempster Highway crossing of Campbell Creek, 
N.W.T. 

DATE CONCENTRATION 

Above Below 

July 5, 1972 9.15 12.00 

July 14, 1972 2.40 28.20 

August 11, 1972 2.45 2.85 

September 19, 1972 7.30 8.92 

November 23, 1972 17.50 18.00 

May 31, 1973 13.30 11.20 

June 27, 1973 9.31 7.72 

August 20, 1973 6.00 7.70 

September 17, 1973 6.93 4.17 
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Table 13. Particle size distribution of bottom sediments above 
and below the Campbell Creek highway crossing. 

DATE STATION PERCENT COMPOSITIO~ 

Above 

Coarse* Fineo 

July 17, 1972 2 

August 11, 1972 2 

September 19, 1972 1 62.29 32.80 

September 19, 1972 2 

November 24, 1972 2 

June 25, 1973 1 14.81 57.19 

June 27, 1973 3 32 . 13 59.20 

June 27, 1973 2 

June 27, 1973 4 

August 20, 1973 1 16.03 76.00 

August 20, 1973 3 26.04 67.20 

August 20, 1973 2 

August 20, 1973 4 

Mean values 30.26 58.48 

+ % H202 loss on ignition (i . e. % organic matter) 
+ % fine) 

Below 

Coarse Fine 

23.41 73.20 

53.71 44.00 

31. 58 58.00 

34.23 57.00 

18.95 59.60 

10.17 80.00 

11. 78 80.00 

8.51 79.20 

24.04 66.34 

100.00 - (% coarse 

* Includes sand (2 to 0.05 mm) and larger diameter particles 

° Includes silt (0.05 to 0.002 mm) and clay «0.002 mm) fractions 



Table 14. -2 Standing crops (number m ) of commonest invertebrates above (A) and below (B) the 
Dempster Highway crossing of Campbell Creek, NWT. ~ 

DATE TAXON 

01igochaeta Gastropoda Pe1ecypoda Chironomidae 

A B A B A B A 

July 17, 1972 630 112 4228 224 378 798 308 

August 11, 1972 280 434 112 56 126 1204 98 

November 24, 1972 126 0 210 700 70 2520 28 

May 31, 1973 + 120 434 0 742 0 98 63 

June 27, 1973 357 405 63 49 763 1106 182 

August 20, 1973* 63 79 32 104 466 186 82 

September 17, 1973 147 56 553 126 1897 1001 273 

oc Values are means when more than one station was involved above or below crossing. 
+ 

* 
All "A" samples taken by Ponar grab. 

All samples taken by Ponar grab. 

B 

182 

476 

1246 

252 

56 

209 

189 

.j>o 
ID 



Table 15. 
-2 Standing crops (number m ) of less frequent1y--occurring invertebrates above (A) and below 

(B) the Dempster Highway crossing of Campbell Creek, NWT.~ 

DATE TAXON 

Nematoda Hirudinea Odonata Ephemer- Trichoptera Ceratopo-
optera gonidae 

A B A B A B A B A B A B 

July 17,1972 28 0 14 0 14 0 0 0 112 14 742 0 

August 11,1972 0 0 518 0 14 0 56 0 28 14 14 0 

Nov. 24,1972 0 140 0 0 0 0 0 0 14 0 28 294 

May 31,1973 + 0 0 0 0 0 0 0 0 0 0 0 0 

June 27,1973 26 14 7 0 0 0 0 0 49 0 0 0 

Aug. 20,1973* 0 25 l3 0 0 0 0 3 0 9 0 6 

Sept. 17,1973 0 0 28 0 0 0 0 0 0 0 0 0 

+ 
Values are means when more than one station was involved above or below crossing. 

All "A" samples taken by Ponar grab. 

* All samples taken by Ponar grab. 

Hydracarina 

A B 

224 14 

0 14 

14 0 

6 0 

0 0 

l3 3 

0 14 

VI 
0 



51 

taxa (Table 14) are difficult to interpret. Only the Pelecypoda, which 
require a fine sediment bottom, occur in consistently higher densities 
downstream of the crossing, except for the last t wo sampling dates. 

Like the taxa of most frequent occurrence, those of lesser frequency 
show trends toward a sediment-disturbed fauna but the results are once 
again inconclusive (Table 15). The Nematoda, Ephemeroptera, and 
Ceratopogonidae do not show clear trends in frequency of occurrence or 
standing crop. The Hirudinea always occurred above the crossing. Little 
information as to the effects of suspended sediment ort leeches is available 
from the literature. However, Nuttall (1972) noted that Glossiphonia 
comp lanata and Erpobdel la octoculata often occur in high numbers in 
organically rich muds. Like the Gastropoda, the situation is not as 
simple as that. Both occurrences of Odonata were above the crossing 
and not below. The Odonata are strictly predaceous and hunt by sight. 
Reduction in the abundance of their prey3 by increased sedimentation 
and reduced visibility in turbid waters would adversely affect dragonfly 
larvae. The Trichoptera occurred more frequently and usually were more 
abundant above the road crossing. Hynes (1973) reported decreases in 
abundance of caddisflies due to increased sedimentation. Nuttall and 
Bielby (1973) reported absences or significant reductions of the species 
of Trichoptera of their study concerning china-clay sedimentation. Three 
species of Tr ichoptera were eliminated by sand deposition which had no 
effect on a third (Nuttall, 1972). In general, Trichoptera are extremely 
sensitive to most environmental disturbances (e.g. see Brunskill 
et al., 1973); thus, the scarcity of Trichoptera below the crossing is a 
typical reaction for this group. The Hydracarina occur a similar number 
of times above and below the crossing but standing crops of water mites 
are usually higher above the road crossing. Nutta l l and Bielby (1973) 
recorded a decline in the numbers of Hydracarina in clay-polluted stations 
of their study. 

From visual observations, the site has been subjected to obvious increased 
sediment sup ply f r om road fill and erosion of adjacent disturbed terrain. 
However, although the benthic invertebrate fauna does show trends typical 
of responses to increased sedimentation, these trends are not consistent. 
The sometimes extreme fluctuations in benthic invertebrate standing crops 
suggest that the area is naturally unstable. Benthic invertebrate 
communities may be in the process of recovery, only to be interrupted 
by another flood. It s hould be noted that the area was extremely 
difficult to sample adequately for benthic invertebrates because of the 
differences in substrate above and below the crossing. Also, the water
shed is very complex hydrologically. For example, East Channel water 
during high discharge periods flows into Campbell Lake, raising the lake 
level and causing water to back up into Campbell Creek. The effect of 
this hydrological complexity upon the benthic macro invertebrate fauna is 
not understood. 

3 .. dragonfly larvae are facultative feeders on whatever is palatable, 
most readily available, and of a suitable size ... " (Corbet, 1963; 
p. 64). 
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D. Summary 

1. A retrogress ive-thaw flow slide which occurred in mid-August 
19 72 a dded an estimated 2000-2600 metric tons of· sediment to Caribou Bar 
Cree k 9 Y.T. Analyses of physical and chemical parameters of the water 
fr om May to Sept ember 1973 showed that the mudslide was measurably 
active in June but not for the rest of the open-water season. Benthic 
i nvertebrates had recovered from the effects of the mudslide by mid
September 1972, approximately one month after it occurred, and were 
not affected by the mudslide during the period May to September 1973. 
The use of Ch i ronomidae as indicators of the increased sedimentation in 
Caribou Bar Creek is discussed. 

2. Ecological studies of the impact of the right-of-way slash, 
winter road, and temporary bridge crossings of the Martin River, N.W.T. 
by the Mackenzie Highway were continued during May to September, 1973. 
This completed approximately 14 months of continuous study of the crossings. 
Analysis of physical and chemical parameters of the water and populations 
of benthic invertebrates and fishes showed that the crossings continued 
to have no adverse effects on the river ecosystem. 

3. Abi-culverted crossing of Campbell Creek, N.W.T. by the 
Dempster Highway appeared to have prevented upstream passage by popu
lations of northern pike and broad whitefish. Fine sediment, seen to 
cover the Creek bo t t om downstream of the crossing, probably originated 
f r om road fill and adjacent disturbed areas. Physical and chemical 
parameters of the water showed no major differences above and below the 
crossing. However, bottom substrates had a slightly higher proportion 
of fine sediments at the downstream stations than those upstream of the 
crossing. Benthic invertebrate populations downstream of the crossing 
t e nded to be typical of areas disturbed by increased sedimentation. The 
inconclusive data on benthic invertebrates is likely due to the hydrologic 
complexity of the Creek in the vicinity of the crossing. 
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III. THE EFFECT OF CONTROLLED SEDIMENT ADDITION ON MACROINVERTEBRATE DRIFT 

A. Introduct ion 

The value of zoobenthos as indicators of disturbances to aquatic eco
systems i s wide ly accepted (e.g. see Aston, 1973; Brundin, 1949; Goodnight, 
1973; Liebmann, 1951; Oli ve and Dambach, 1973; Weber, 1973~ Wiederholm, 
1973). Zoobenthos are also important as elements of the food web of 
fishes (e .g. see El liott, 1973; Hunt and O'Hara, 1973; Mundie, 1969; 
Water s ,1969). Zoobenthos are therefore an important part of the aquatic 
community to s tudy with respect to environmental disturbance. 

The term "drift" r efers to the downstream transport of insects and other 
invertebra t es in f lowi ng waters (Waters, 1972) and is characteristic of 
these systems. The ef f e cts of disturbances such as flooding and appli
cation of toxicant s ( e.g . pesticides) on flowing water ecosystems are 
usually manifested by increases in the numbers of drifting organisms (e.g. 
see Elliott, 1967 ; Anderson and Lehmkuhl, 1968; Minshall and Winger, 1968). 
Besch (1966) suggested the use of drift to compare different reaches of 
polluted waters. Therefore, dri ft can be used as an indicator of dis
turbance to a stream ecosystem. Also, samples of drift are usually free 
of the debris associated with benthic samples and are thus easier and 
faster to pr ocess. This factor is an obvious advantage to studies such 
as this one. 

We are here concerne wi t h disturbances arlslng from pipeline and highway 
construct i on r e sul t ing i n i nc reases in concentrations of suspended 
sediments, and t he e ffec t s on northern freshwater biota. The detrimental 
effects of increased sedimentation on freshwater biota have already been 
discussed in Section I. Such studies are usually descriptive (e.g. see 
Nuttall and Bi e by, 1973). Experimental approaches to t his problem are 
rare. It is clear that descriptive studies are self-limiting. To study 
the mode of a c t i on of susp nd ed and settled sediments, and the responses 
of fres hwate r f a una to known concentrations of suspended and settled 
sed i ments, an experimental approach is necessary. One of the aims of 
our r esearch wil l be t o provide information useful in developing guide
lines and setting t olerance l evels of suspended sediment for streams, 
rivers, and lakes s ubj ected to nor thern construction activities. 

Alabaster (1972) and Hynes (197 3) have r eviewed the results of laboratory 
and field bioassays and sediment addi t i on studies on different species of 
fishes, and Lewis (1973) has reported an experimental study on the effects 
of coal dust on an aquatic moss. These papers have already been discussed 
in Section I above. 

The only r ecent experimental study involving zoobenthos was a sediment 
addition study by Gammon (1970) on a r iver in Indiana. The stream had 
stable flows from July through November which typically averaged less 
than 0.27 m3 sec-I. Substrate in the test section was composed of the 
following particle s izes (values are average percent by weight of several 
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samples): >4 mm - 70.8%; 0.125 to 4 mm - 13.4%; <0.125 mm - 20.7%. The 
sediment added to the test section originated from one of the settling 
basins of the rock quarry which operated near the stream. Gammon did not 
give a particle s ize analys i s of the sediment used,but for the effluent 
from the settling bas ins, the pa r t i cle size dis tr ibution is shown in Table 
l6(a). Gammon r eported some vis ib l e deposition of sediment by the end of 
some addi t i ons but did not identif y t he concentrations of suspended 
sediment involved. Gammon reported that the number s of macroinvertebrates 
drifting i ncreas ed in a r oughly l inear f a shion with increases in sediment 
added to t he s tream up to a ppr oximately 160 mg liter- l (Table 16 [bJ). He 
gave no explanation fo r the drop in numbers drifting at the two highest 
concentrat ions o f suspen ed sediment used (154.5 and 271.3 mg liter- l ; 
Table l6[ bJ) . The lowe r per cent increases at these concentrations 
could be ref l e c ting a deplet i on of the standing crop of benthic macro
invertebrates in the upper part of che stre am substrate. Unfortunately 
he did not treat his data with a thorough statistical analysis. Also, 
it is difficult to understand his v i ew that suspended rather than 
settled sediments caused the increase in drift. Most benthic macro
invert ebrates inhabit t he interstices between stones in the classical, 
gravel-bottomed stream substrate ( like the one of Gammon's study and this 
one) and on the sur fa ces of these stones (Nuttall and Bielby, 1973; Hynes, 
1973). Therefore, the sediment must settle first in order to evoke a 
response from t he mac r oinvertebrates. (This assumption, of course, need 
not apply to filter feeders such as blackf1y larvae.) Gammon also con
cluded that the entire benthic macro invertebrate community was similarly 
affecte by the added sediments because animals found in the drift during 
experimental and control periods were present in approximately the same 
taxonomic proport ion as in the stream bottom. He did not present any 
da t a on pe r c ent composit i on or the taxa involved other than the obser
vat ion t hat Chironomidae compr i sed 60% of the bottom and drifting macro
benthos. 

The first of a ser ies of exper i mental studies on the effects of artificially 
increased suspended s ed i ment concentrations on various aspects of benthic 
macro i nvertebrate l ife in northern flowing waLers was carried out in the 
summer of 1973 on a small, norther n river. This initial study dealt with 
the response of ben t hic macroinvertebrates, as measured by numbers of 
animals, taxonomic composition, and biomass in the drift, to addition of 
pre-determined concentrat ions of riverbank sediment. The effect on 
numbers of animals i s reported herein. 

B. Methods 

The Harris River is a brown-water river which flows southwesterly through 
low lying muskeg for about 50 km and enters the Mackenzie River directly 
east of Ft. Simpson (Fig. 11). Its total watershed area comprises about 
740 km2 and it lies in an area of discontinuous permafrost (Crampton, 
1973). It is in sub-boreal forest of the northward extension of the 
interior plains biome (Burns, 1973). The river drains an area of low 
topographic relief (165-330 m) through Silty-clay moraine (Crampton, 
1973) of Devonian argillaceous sha le and limestone. Total discharge of 
the river in 1973 was 16.8 x 106 m3 (Water Surve y of Canada, unpublished 
data). The river i s covered by ice f rom Oct ober to April and, in 
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Table 16(a). Particle size distribution of quarry sediment as taken 
from quarry effluent (from Gammon, 1970). (Values are 
percent of material by weight finer than indicated size). 

DIAMETER REPLICATE 

(microns) 1 2 3 

125.0 95 98 98 
62.5 91 96 97 
44.2 88 91 95 
31. 2 87 85 85 
22.1 85 46 39 
15.6 56 2 1 
11.0 8 

7.8 2 

Table 16(b). Percent increases in number of macroinvertebrates drifting 
caused by additions of known amounts of suspended sediment 
(from Gammon, 1970). 

ADDED SOLIDS 

-1 
(mg liter ) 

18.6 
54.3 
84.3 

104.7 
135.5 
154.5 
271. 3 

% INCREASE 

IN NUMBERS DRIFTING 

25.9 
32.0 
45.7 
89.5 

118.5 
101.7 

88.8 
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Figure 11. Location of the Harris River, N.W.T. 
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the exp8rimental sect ion, riffles and usuall y pools are frozen to a depth 
of several centimeters. Ranges f o r chemical and physical parameters are 
given in Table 17. Wa t er depth in mid-channel ranges from 0-"'1. 5 m. A 
more thorough descr i ption of the wat ershed area can be found in Northern 
Pipel ines Task Fo rce publ ications s uch as Brunskill et al. (1973), Burns 
(1973), Crampton (1973), St rang (1973 ), and Tarnocai (1973). 

The Harri s Ri ver was chosen as t he s i t e of the proposed experiments be
cause it was sufficiently smal l to mani pul ate , a su itable source of 
sediment wa s nearby, and two years of chemical and biological background 
data had been collected f or the river. 

Expe r imentsYlere done at Stat ion 2 (61 0 52 ' N x l2l 0 l9'W) on the river 
(Fig . 11). Here the r ive r is a pool-riffle-pool sequence. To the north, 
a cutbank , approximate ly 15 m high, rises abruptly from the water. The 
south bank , a bout one m ter high, is separated from the main flow during 
periods of low dischar ge (July to Sept ember) by 5 to 10 m of dry river 
bed . This a r a is fl ooded during high discharge periods (May to June) 
or during storms. The ri f f l e, during the period of exper imentation, was 
25 to 30 m long and 5 t o 10 m wide. The experimental section was located 
at this r i f f le . River substrate at the riffle was mainly friable and 
fissi le c hloritic s Jla l e wi th admi xtur es of silt and f i ner particles , and 
fine and coarse grave l s. A few boulders, not exceeding 0.5 m in diameter 
were al so present. The sof t , frag ile nature of the s ha le made accurate 
parti cl e si ze Jeterm.Lnat i~ll s of t he bottom sedi ments difficult. However, 
two samples exami ned fo r s i lt and sma ll er sized particles yielded 16.80% 
and 18.49% by weight of these materials. One experimental sediment 
additi on (65 mg li t er-I ) wa s done appr ox imately 0.2 km upstream of the 
riffle i n an rea of slower f l ow and more uniform shale bottom. 

Seven separate sedirrent 8. dit :ions wel-e carr ied out f r om J uly to September, 
197 3 . The intended concen trat ion- of su spended sediment used were 10, 20, 
30, 65, 100 , 250, and 500 mg liter- I. To i nt roduce a wei ght of sediment 
that would yiel d t h·~ de -ired concen tra t i on the fo llowing f ormula was used: 

D 
where: D 

X 
A 
V 

= 

x x A x V x 60 
adJi tion rate (g min-I) 

es i r cd concentrat i on (mg liter-I) 
cro ss - sectional area of the t est section (m2) 
mean wa t e r velocity of the test section (m sec-I) 

An exper i mental section I S m long and 1 to 3 m wide (the lat ter was 
dependent on di scharge) \.,as del ineated wi thin the riffl e for each experiment. 
Discharge of the test section was measured before each run (Brunkill et al. 
1973) and D calculat d fo r the s ediment concentrat i on to be used. Attempts 
were made to ceas e a l l instr eam activi t y one-half to one day prior to the 
experiment or were limited t.o ar eas downstream of t he test section. 

Two types of sediment di spenser were used: 

1. Three garbage cans with square holes, 10 and 7.5 cm wide 
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Table 17. Some physical and chemical parameters near the mouth of the 
Harris River, N.W.T. (from Brunskill et al., 1973). 

PARAMETER 

-1 mean velocity (m sec ) 

d .. (h cm-1 at 25°C) can uctlvlty ~m a 

temperature (OC) 
-1 dissolved oxygen (mg liter ) 

pH 

Ca (Moles m-3) 

Mg (Moles m- 3) 

Na (Moles m- 3) 

K (Moles m -3) 

S04 (Moles m-3 ) 

Cl (Moles m-3 ) 
-3 HC0 3 (Moles m ) 

total dissolved N (mMoles m-3) 

total dissolved P (mMoles m-3) 

Si (mMoles m-3) 

Fe (mMoles m- 3) 

Mn (mMoles m- 3) 

suspended sediment -3 (g m ) 

total suspended sediment (metric 

Secchi depth (m) 

color 

suspended C (mMoles m-3) 

suspended N (mMoles m-3) 

suspended P (mMoles m-3) 

-1 tons day ) 

RANGE 

0.133-0.653 

170-450 

0-22.0 

3.8-9.6 

7.3-8.1 

0.54-1. 7 

0.29-0.88 

0.16-1. 8 

0.02-0.05 

0.27-0.76 

<0.01-0.06 

0.88-5.2 

10-74 

0.27-1.1 

35-87 

0.20-5.9 

0-0.50 

<0.20-5.6 

0.0005-2.6 

0.56->1.0 

red, brown 

7.9-140 

0.68-21 

0.05-0.90 
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opposit e one another at t h e bottom of the can were used for periods of 
higher d i s char ge (Fig. 1 2 [aJ). 

2. A 24 0 x 30 em pl ywo od trough with square holes 10 and 5 cm 
wide opposite to each o th er at t he bottom of the trough and at 30 cm 
intervals along the trough was used for periods of lower discharge 
(Fig. 12[bJ) . The larger holes of bot h types of dispensers always faced 
upstream. 

The sediment was added as a stream water slurry from buckets by people 
standing beh i nd the dispensers on a plank suspended above the river bottom. 
The sedimen t u sed was ob ta ined from t he cutbank just below the experi
mental s ect ion (Fig . 1 2) . Pre-weighed subsamples of the sediment used 
in each run were ov en- dried at 105°C for 24 hr and a correction for 
moisture made bef or e D was calculated. The sub samples were then sent to 
our Winn ipeg laboratory for par ticle size determinations (Jenning, Thomas , . 
and Gardiner, 19 22 ) and analyses of or ganic matter (Jackson, 1956). 

Temperat ur e, conduc tivi ty , pH, dissolved oxygen, and HC03- con
centration of th e wa t er wer e measured before and after each experiment 
according to methods described in Brunskill et aZ. (1973, App. VII). Two 
liter water samples for suspended sediment analyses were taken half-way 
through each sediment addition period at 0, 7.5, and 15 m distance down
stream from the dispenser. Halr-my t hr ough each control period, samples 
were taken 15 m downstream froITj. the dispenser. Samples were collected 
from pl anks suspended above t h e ' iver bottom so that sampling personnel 
did not wa l k on t he exper imen t al or control stream bed, or upstream of 
it. Bott om sedi ment s amp les for particle s ize and organic matter 
analyses were t a ke n a t ups tream and downstream ends of the experimental 
section s , a nd ab ove t he ex pe r imental section after each experiment. 
Int erval s bet we en exp er jments we re approx i mately one week. Experiments 
were start e d at 1400 hr. 

An expe riment cons 'sted of six al t e rnat i ng 15 min periods of control 
and sed iment add i t i on (= runs ). Driftnets (10 x 10 cm aperture, a 76 
cm l ong 20011 mesh Nitex bag) wer e ins t alled 15 m downstream from the 
sed iment i s penser. Widt h of th e exper iment al section was established 
by releas ing a f ew s hort burs t s of s edimen t from the dispenser and 
placing the ou t e rmost drif tne ts well within the plume at the downstream 
end. Driftnets were changed and emptied at the end of each 15 min 
period. 

Invertebrate c ol lections by t hree of the nets were destined for weighing 
and those of the other t hree for species composition determination. In 
addition, three Su rbe r samples (20011 mesh, 0.09 m2) were taken (Brunskill 
et aZ., 1973) above the test section to determine biomass and species 
composition of benthos in the bottom substrate. 

Because of recent findings that biomass determinations made on long
preserved zoob ent ho s are und er es t imates (e.g. Howmiller, 1972; 
Stanford,1973) and the finding that no appreciable change in weight results 
if 100% formalin is used (G.A. Saether, personal communication), driftnet 
samples int ended for biomass de t ermination were preserved in 70% ethyl 
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Figure 12. Sediment dispensers used in the Harris River sediment 
addition experiments: (a) for high discharge periods; 
(b) for low discharge periods. Water flow is toward 
the viewer. Note cutback, from which sediment was obtained, 
to the side. Sediment dispensers and plank from which 
sediment slurry was poured are at the top of the channel. 
Water samples for suspended sediment analysis at 7.5 m were 
taken off the plank at mid-channel. Driftnets are at the 
lower end of the channel. 
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alcohol if they could be sorted immediately and in 100% formalin if they 
were to be stored for longer than a week before sorting. Species com
position samples (the other driftnet samples and the Surber samples) 
were preserved in 70% ethyl alcohol. Sorting was done in the laboratory 
under a binocuJar microscope. Biomass samples will be dried at 105°C 
for 24 hr then ashed a t 525°C for 24 hr. (Data from the Surber samples 
and the drift biomass samples are not yet available.) 

The following hypotheses were being tested: 

1. No significant difference exists between numbers of animals 
drifting during control and sediment addition periods. 

2. No sign :Lficant d i f ference exis ts between numbers of animals 
drifting among the different sediment loads added. 

3. No relationship exists between numbers of animals drifting and 
sediment load added. 

4. No significant difference exists in percent increase of animals 
drifting during control and sediment addition periods. 

5. No sign if icant difference exists in percent increase of animals 
drifting during runs of each experiment. 

6. No significant difference exists in mean percent increase of 
animals drifting among the s e v en sediment loads added. 

7. No s i gni f icant difference exists in mean numbers of animals 
drifting beGleen control and sediment addition periods for each sediment load 
added. 

The following statistical analyses we~e made: 

1. Analysis of vari ance using a 2 x 7 factorial design (Steel and 
Torrie, 1960) to identify the s i gnificance of: 

a) numbers o f animals d r i fting during control versus sediment 
addit ion (= treatment). 

b) numbers of animals drifting during different sediment additions 
(= loads). 

c) the interaction between numbers of animals drifting and sediment 
load. 

These are tests of hypotheses 1, 2, and 3, respectively. Calculations 
were done on log transformations of the total number of animals drifting in 
the three replicates within each run. 

2. A two-way analysis of variance (Steel and Torrie, 1960) to 
identify the significance of runs and treatments (tests of hypotheses 4 and 
5, respectively). Calculations were done on the square root of the percent 
increase in numbers of animals drifting from control to treatment periods 
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(Steel and Torrie, 1960). Percent increase was calculated by the formula: 

where: 

T - T 
s c 

T 
x 100 

c 

T = sum (3 replicates for each run) of animals 
s 

drifting during treatment period. 
T = sum (3 replicates for each run) of animals 

c 
drifting during control period. 

3. Tukey's Test (Steel and Torrie, 1960) to compare mean percent 
increases in drift among the seven sediment loads for significance (a test 
of hypothesis 6). Mean of the root of percent increases in the three runs 
within each sediment load was used. 

4. Comparisons for significance of the mean numbers of animals 
drifting between control and treatment periods for each sediment load were 
done (a test of hypothesis 7). The following formuLa (Steel and Torrie, 
1960) was used to calculate the value of 2 standard deviations for the data: 

s_ lerror mean square x 2 
x 

r 

where: r = number of replicates. 

Log of mean number of animals drifting in the 3 runs for control and treat
ment periods was used. Error mean square was obtained from the factorial 
design analysis described above. Control and treatment means were con
sidered significantly different if their difference exceeded the value of 
2s_. 

x 

In order to give an estimate of the range of total numbers of macrobenthic 
invertebrates drifting from the cross-sectional width of the experimental 
section and of the whole stream at the experimental section during control 
and sediment addition periods, the method of Elliott (1970) was used. 
Estimates of the range of percent of the total standing crop caused to 
leave the experimental section because of sediment addition were also made. 
Calculations were done using data from the sediment loads which yielded the 
least and greatest difference in mean numbers of macrobenthos drifting be
tween control and sediment addition periods. 

C. Results and Discussion 

3 -1 During the experiments, discharge varied from 1.9330 to 0.0155 m sec for 
the entire riffle and from 0.4140 to 0.0155 m3sec- l in the experimental 
section (Table 18). Mean water velocity of the experimental section varied 
from 0~45 to 0.075 m sec-l (Table 18). Temperature, pH, conductivity, 
dissolved oxygen, and carbonate did not show any change as a result of short
term sediment additions (Table 19). 

Particle size distributions and percent organic carbon of the banks ide 
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Table 18. Discharge of the riffle (QT) and the experimental section of 
the riffle (Qp) and mean water velocity (V) of the experimental 
section for sediment additions on the Harris River, N.W.T. 

DATE 
(all 1973) 

July 4 

July 13 

July 27 

August 3 

August 11 

August 17 

September 9 

Qp V 
(m sec- l ) 

1. 9930 0.3390 0.469 

0.7144 0.4140 0.480 

0.1599 0.1014 0.210 

0.0267 0.0267 0.090 

0.0155 0.0155 0.101 

0.0260 0.0260 0.075 

0.1426 0.0793 0.545 



Table 19. Water chemistry done before and after each sediment addition experiment. 

DATE INTENDED TEMPERATURE pH CONDUCTIVITY DISSOLVED BICARBONATE 
SEDIMENT (OC) (11 mho cm-1 OXYGEN (moles m- 3) 

(all 1973) CONCENTRATION at 25°C) (mg liter-1) 
(mg liter-1) 

Before After Before After Before After Before After Before After 

July 27 10 23.0 23.0 7.92 7.90 245 246 6.52 6.48 3.10 3.14 

Sept. 9 20 13.0 13.0 8.80 8.20 305 320 9.10 9.20 3.82 3.64 

Aug. 3 30 21. 0 21. 5 7.93 7.94 300 340 5.60 5.60 3.72 3.76 

July 4 65 19.0 -* 7.90 - 260 - 7.00 - 2.26 -

July 13 100 21. 2 21.5 8.37 8.10 240 190 6.48 6.52 2.46 2.42 

Aug. 11 250 22.7 22.8 7.90 7.92 250 250 6.62 6.60 - -

Aug. 17 500 12.5 13.0 7.94 7.94 230 260 - - 3.92 3.90 

* not measured 
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sediment used are ShOv.rH in Table 20. It can be seen that sil t was the 
dominant component of the bankside seJiment used. Sand-sized particles 
composed approximately 25% of the bankside sediment. Breakdown of the 
sand sizes revealed that aLnost half was included in the smaller size 
categories (0.25 to 0.05 mm diameter). 

Technical prob1ems (sampling and analysis) prevented the use of particle 
size determination data from the stream bottom samples taken at the end 
of each experiment. Analysis was extremely difficult because of the brittle 
nature of the predominantly shale bottom sediments and settled sediment was 
not dis tinguishable from disintegrated shale shingles after sampling. 

No change in suspended sediment concentration of samples taken during the 
three control periods was evi.cient ('fable 21). Approximately 85% of the 
sediment added in each experiment had settled to the stream bottom after 
the first 7.5 m and 90% by IS In (the end of the experimental channel). Only 
the 250 and 500 mg liter-I concentrations left noticeable residues of sediment 
on the stream bottom after the experiment had been completed. Only the 30 and 
500 mg liter- l concentrations Here reasonably close to the intended concen
tration (as measured just beloH the dispenser outfall) (Table 21). The main 
reasons for the disparity ben.Teen intended and actual suspended sediment 
concentrations are lii<ely: 

1. inadequac. ies of the empirical formula used to determine appli
cation rate (e.g. p~ll:ticle size distributiun of the sediment used and 
turbulence or other uneve,l F.lOVI patterns were not considered). 

2. difficulties iv standardization of application (pouring) rates 
of the sediment slui-ry, result .cng i.n time variations in suspended sediment 
concentrations during t.he experi.menL Sherk (1971, p. 47) identified "the 
difficulty in maintaining experimental sediment levels" as a research 
problem in studies of the effects of sediment on aquatic biota. Additions 
of sediment at more points along the test channel should produce a more even 
application in future studies. 

If the experiments are arra.nged in the OJ~der in which they were done, 
distinct seasonal differences are apparent in mean numbers of zooplankton 
(mainly Copepoda, Cladocera, aHd Ostracoda) and macrobenthos drifting 
(Table 22). The same range of variation is not apparent in the data 
presented by Gannnon (1970) over the period June 26 to October 12 for mean 
numbers of benthic invertebrates drifting in an Indiana stream. The in
fluence of variation due to season was reduced as much as possible by the 
statistical analyses described above. 

Differences, expressed as percent increase·or decrease, in numbers of 
drifting organisms from control to sediment addition periods for macro
benthos, zooplankton, and total numbers of invertebrates (= macrobenthos 
plus zooplankton) are shown in Table 23. 

The zooplankton probably originated in the many pool areas upstream of the 
experimental site and/or existed just above the bottom substrates and were 
able to persist in the river because of its low water velocity (Table 18). 



Table 20. 

BATCH 

1* 

2 

3 

4 

Particle size distribution and percent dry weight (105 0 C) organic carbon of banks ide 
material used in sediment addition experiments. 

Sand Silt 
(2 to 0.05 rom) (0.05 to 0.002 rom) 

23.26 53.05 

38.1 54.4 

24.8 39.2 

36.7 35.6 

24.6 47.6 

29.4 21.7 

27.2 44.8 

19.4 46.4 

PERCENT COMPOSITION 

Clay 
«0.002 rom) 

23.69 

4.8 

26.4 

21. 2 

24.4 

43.2 

23.2 

26.0 

Organic carbon 
(Moles gram-1 dry wt) 

7.69 

2.7 

9.6 

6.5 

3.4 

5.7 

4.8 

8.2 

* Values provided courtesy of Dr. C. Tarnocai, Canada-Manitoba Soil Survey, Winnipeg. 



Table 21. Total weight of sediment added, mean and range of suspende~ sediment concent rations at various distances bel ow the sediment 
dispenser, and theoretical weight of sediment deposited per uni t ar ea of st r eam bottom. (No sediment was added during the 
control period. MA = theoretical weight of sediment per unit area of stream bottom). 

INTENDED TOTAL ACTUAL MEAN SUSPENDED SEDIME~l rONCENTRATION 
SEDIMENT WEIGHT ACHIEVED'" (mg 1iter- ) 

CONCENTRATION OF 

-1 SEDLMENT 
(mg liter ) ADDED 

(g) 0 

10 3061 .8 63.14 (35.06-92. 69) 

20 4616.9 36 . 59(7.39-63. 22) 

30 2423.9 37.93(24.30- 47. 94) 

65 68890.5 -** 
100 126299.3 315.33(162.00-484.00) 

250 11354.2 163.55(110.55- 237.21) 

500 39803.4 478.06(435.33-530.29) 

* Range shown in parenthesis 

+ M = WT x P-
A A x 

DISTANCE BELOW DISPENSER 
(m) 

7.5 15 

2_.30 (1. 80--2. SY) 3.51(3.46-3.54) 

13. 87(7 .36-18.05) 5-.88(4.24-7.19) 

5.19(4.03-6.29) 4.16(2.82-5.71) 

16.33(11.30-20.20) 

12.83(7.60-17.30) 24.60(12.50-33.80) 

26.73(21.66-35.79) 23.45(22.74-27.86) 

106.95(70.41-130.14) 61.60(56.59-71.12) 

Where: WT 
A 

total weight of sediment added (g) during experiment (i.e. in 45 min) 

= a~ea of bottom used for the sediment addition experiment (m2) 

CONTROL + 
MA 

(@ 15 m) -2 (g m ) 

1. 36 (1. 22-1. 52) 73.5 

O.58(O.ll3-0.68) 260.9 

0.91(0.82-0.96) 46.7 

3.31 (2. 07-4.25) 1635.0 

2.68(2.30-3.40) 2898.6 

0.70(0.62-0.82) 247.2 

0.95(0.80-1.05) 944.7 

P- mean percent of sediment settled out. Calculated from suspended sediment concentrations at 15.0 m as a frac tion of those 
x at 0 m. 

** not measured 

(J\ 
-..j 



Table 22. Seasonal differences in mean numbers of benthos and zooplankton caught in driftnets+ 
15 m below the sediment dispenser(s) during control and sediment addition periods. 

INTENDED DATE OF MEAN NUMBERS* 
SUSPENDED EXPERIMENT 
SEDIMENT (all 1973) MACROBENTHOS ZOOPLANKTON 

CONCENTRATION 
(mg 1iter-1) 

CONTROL SEDIMENT CONTROL SEDIMENT 
ADDITION ADDITION 

65 July 4 22.2(16-34) 30.1(14-38) 116.7(74-153) 142.1 (113-207) 

100 July l3 21.1(14-34) 34.0(20-48) 83 . 3 ( 71-104 ) 99.4 (81-114) 

10 July 27 10.2(6-14) 13.0(9-24) 33.6(14-45) 39.2(28-65) 

30 Aug. 3 5.3(3-8) 14.8(8-29) 14.4(10-21) 15.6(7-40) 

250 Aug. 11 2.3(0-5) 4.1 (3-7) 2.4(2-4) 3.2(1-7) 

500 Aug. 17 2.0(1-5) 7.6(5-10) 3.4(1-6) 3.3(0-10) 

20 Sept. 9 5.0(3-9) 8.1(4-16) 15.1(10-24) 10.9(5-19) 

+ Total of 9 (i.e. 3 replicates in each of 3 control and sediment addition periods). 

* Ranges given in parenthesis. 

'" 0:> 
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Table 23. Percent differences in macrobenthos, zooplankton, and total 
numbers of invertebrates caught in driftnets from control to 
sediment addition periods.+ 

INTENDED 
CONCENTRATION 

OF SEDIMENT 
(mg liter-l ) MACROBENTHOS PLANKTON TOTAL INVERTEBRATES 

10 27.5 16.7 19.2 

20 62.0 -38.5* -11.6* 

30 179.3 8.3 54.6 

65 35.6 21.8 23.9 

100 61.1 19.3 28.2 

250 78.3 33.3 54.2 

500 280.0 - 3.0* 101.9 

+ Percent increases were calculated using the formula Ts - Tc x 100 
and percent decreases by Tc - Ts x 100. Tc 

Ts 

See "Methods" section for explanation of terms. 

* Numbers ill control period exceeded those in the sediment addition period. 

Table 24. Percent increase in macrobenthic drift for similar concentrations 
of suspended sediment and similar distances downstream of the 
sediment dispenser(s) for Gammon's (1970) and this study. 

SUSPENDED SEDIMENT 
CONCENTRATION IN 
GAMMON (1970) AT 

12.5 m 

(mg liter- l ) 

18.6 

54.3 

SUSPENDED SEDIMENT 
CONCENTRATION IN 

THIS STUDY AT 15 ill 

(mg liter-l ) 

Actual Intended 

16.33 65 

61.60 500 

PERCENT INCREASE OF 
MACROBENTHOS DRIFTING 

Gammon This Study 
(1970) 

25.9 35.6 

32.0 280.0 
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No te t hat they seemed l it tle affect ed by the add i t i on of sediment as compared 
to mac robenthos. The hi ghest increase in zooplankton caught in the 
driftnets dur ing sediment addition compared to the control period was 33.3% 
(at 250 mg liter-I). Numbers of zooplankton caught in driftnets during the 
control period were higher than du r ing sediment addition at 20 and 500 mg 
lite r -I . The response of zo oplankton was more var iable and less pronounced 
than that of mac r obenthos for wh i ch sed i ment addit i on always produced larger 
numbers drifting than in t h e control pe rio d . Gammon (1970) reported a 
s imilar pos itive r esponse for mac robenthos to sediment addition. Direct 
comparison of our studie s is diff i cul t. Sediment added to a stream will 
d i sperse and se tt l e alon g a gradient according to particle sizes and densit y . 
When and where sho l d sample s be taken a l ong the experimental channel? In 
f act, a meas ure of s ediment settled on the stream bottom would be preferred 
(since t he inc r e ase in drif t ' ng macrob enthos is likely caused by settled 
sediment ) . Leng t h of the r i ffle used by Gammon for his sediment addition 
studies was 25 m. The sediment "di spenser was placed near the head of the 
ri f f le and t he d rif tne t s were placed at the foot of the riffle". Gammon 
meas ured suspended sediment concentrations halfway between the dispenser and 
the dr iftnets ( i .e. approximately 12.5 m). Table 24 compares the percent 
i n cr e ase i n dri f t i ng ma c robent hos for similar concentrations of suspended 
sed i ment at 12.5 and 1 5.0 m downstream of the dispenser for Gammon's and 
this st udy re spec tive l y . As can be seen, only two concentrations could be 
compared and the pe r c ent increases in macrobenthos drifting bear little 
resemblance between the st udies. 

The results of the two-way analysis of variance on total numbers of macro
benthic inverteb r a t es drift ing during control and sediment addition periods 
indicat ed a s ignificant increase in drif t with sediment addition (Table 25). 
Di f f e rences among sediment loads as a factor were also significant but this 
i s a r eflect ion of s e sonal d'fferenc es r a ther than response to sediment load. 
The in t era ction term is the true indicator of a different response to 
different sediment loads and this term i s not signif icant . That i s , it is 
not possible t o dis t inguish among t he r espon ses to different sediment loads, 
a lthough s edimentation clear l y inc rea sed the numbers of macrobenthic inverte
brates dr if t ing. 

Results of the t wo-way ana l ysis of va riance on percent increase in numbers 
of mac roben t hic i nvertebrat es wi th sediment add it ion show no significant 
diff erence among t he three r uns f o r each sediment load or among the sediment loads 
us ed (Tal:ie 26). These res ul ts veri fy the conclusions drawn from the non-
signif i cant int e ra ction t e rm in the factorial analysis (i.e. adding sediment 
increas es drif t bu t the amoun t added ap pea rs unimportant). 

The value of w for Tukey's test was 1 6. 93. Mean (of three runs) square 
root percent increase s r anged from 5.23 to 19.94 (for intended concentrations 
from 10 to 500 mg l i te r - I). Therefore, no significant difference in percent 
increase of drift existed a mong sediment loads used. This result confirms 
earlier conclusions and questions the advisability of using percent increase 
as a measure of the intensity of effect of various sediment loads on macro
benthos, especially wi t hou t fur t her analyses. 

The value of 2s_ w s 0.17. Di ff erences between mean numbers of benthic 
x 
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Table 25. Analysis of variance for 2 x 7 factorial design (total 
numbers of macrobenthos drifting). (Steel and Torrie, 1960). 

A: Treatment totals 

Correction term C = 84.82 
Total SS 7.06 
Treatment SS 6.46 
Error SS 0.60 

B: Main effects and interactions 

SOURCE OF DEGREES OF SUM OF 
VARIATION FREEDOM SQUARES MEAN SQUARE F 

Treatment 1 0.95 0.95 44.38* 

Load 6 5.23 0.87 40.91** 

Interaction 6 0.29 0.05 2.27+ 

Error 28 0.60 0.02 

* F.Ol value for 1 and 28 df is 7.64 

** F.Ol value for 6 and 28 df is 3.53 
+ F.05 value for 6 and 28 df is 2.44 

Table 26. Two-way analysis of variance (percent increase in numbers of 
macrobenthos drifting). (Steel and Torrie, 1960). 

SOURCE OF DEGREES OF 
VARIATION FREEDOM 

Total 20 

Sediment load 6 

Runs 2 

Error 12 

+ 
F.05 value for 6 and 12 

++ F.05 value for 2 and 12 

SUM OF 
SQUARES 

975.20 

469.82 

83.87 

421. 54 

df is 3.00 

df is 3.89 

MEAN SQUARE 

78.30 

41. 93 

35.10 

F 

2.22+ 

1.19++ 
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invertebrates drif ti ng in t he cont r ol and t r eatment period for each sediment 
lo ad used are shown in Table 27. Onl y the intended suspended sediment con
centrations of 10 and 65 mg liter- l d id not exceed this value. Therefore, 
the mean numb er of macr ob en t hic i nvert ebrat s r i fti ng during con t rol and 
sedi ment addit i on periods for t hese two sediment loads were not significantly 
diff e r ent. This r esul t canno t be fur t he r e xplained by analysis of the 
present data . I t i s possible, however , t ha t differen t responses will be 
evoked by di f erent s ediment loads and that the magni t ude of t he response is 
not necess a r ily di rectly rel ated t o a l ine r i ncreas e in sediment load. 
Resul t s of t he fac t or i a l design analysis would support this conclusion. 

Prel imi nar y result s of t he inves t igation of the responses of individual 
ma c robenth ic t axa t o various wei ghts of sedime n t used showed that the 
number of Chironomidae i n t he dri f t always i c r eased with sediment addition. 
However, the Ephemeropt era, Simuli i ae, and Hydracarina were inconsistent 
in t heir responses to s edimen t addit ion. If subs tantiated by more thorough 
analyses, t hese result s woul d confli t with the conclusion of Gammon (1970) 
that the ent ire ma crobenthic communi ty was similarly affected by sediment 
addi tion. 

Analyses of variance , us i ng the same designs, were done on zooplankton and 
to tal inver tebra t e s c augh t in t he dr iftnets. For zooplankton, results showed 
s i gnifi cance among loads (F = 138 . 25 for 6 a nd 28 d. f.) but no significant 
difference b e t ween con t ro l a nd sediment addition periods (F = 0.14 for I and 
28 d.f .) a nd in t he in terac t ion term (F = 0 . 87 f or 6 and 28 d.f.). This 
indi cated that whil e a gr ea t deal of variability, probably seasonal, 
existed amo ng experi men ts , pl ankton were unaff e cted by sediment addition. 
The zooplankton could be a l most entirel y from upstream and thus would be 
una ff e c t ed by sedimen t addi t i on or, if t hey exist just above the bottom 
s ub s t rate in t he experimental s ec t i on, s imply may not be affected by sediment 
addit i on. Zooplankton occur in Ma cke nzie De l t a l akes of varying turbidities 
seemi ngl y unaffected by the high er susp ended sediment concentrations (N.B. 
Snow , personal communication). This obs e rvat i on reinforces the results 
obtained in t hese sedimen addit ion exp eriments. Analysis of the total 
number o f inverteb rates caught in the driftnet s showed similar results to 
th e plankton: loads wer e s i gn ificantly d i ff erent (F = 45.15 for 6 and 28 
d. f. ) but control and treatment pe r i ods and t he interaction term were not 
(F = 3.34 for 1 and 28 d. f . ; and 0. 44 for 6 and 28 d .f. respectively). Had 
an anal y s i s o f only t he total inve rtebrates dri fting been done, the effect 
of sedimen t addition on macrobenthic invertebrates would not have been 
detected. 

It is now clear t hat seasonal ef f ec ts had considerable influence on the 
results. Th is source of varian ce could be red uced by the use of a different 
experimental de sign. For example, the r i f fle ar ea could be partitioned into 
discrete channels and a di ffe r ent sediment load simultaneously introduced 
to each channel . All sediment loads would t hus be added at the same time. 

It is of value to consider what would be t h e consequences to the standing 
crop of benth ic inver t ebrates in an area if increases in drift of the order 
observed persi sted. The l east di f ference in mean numbers of macrobenthos 
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Differences in mean numbers of macrobenthos drifting 
during control and sediment addition pe r iods.+ 

INTENDED CONCENTRATION 

(mg liter-I) 

10 

20 

30 

65 

100 

250 

500 

DIFFERENCE 

0.11 

0.22* 

0.42* 

0.14 

0.23* 

0.29* 

0.65* 

+ Mean (of log transformation) of three runs used. 

* >2 s-x 

Table 28. x2 values for significance of spatial variations in 
driftnet catches * (Elliott, 1970). 

INTENDED SUSPENDED 
SEDIMENT CONCENTRATION 

(mg liter-I) 

100 

250 

PERIOD OF EXPERIMENT 

CONTROL 

16.16 

8.14 

SEDIMENT ADDITION 

21. 82** 

3.24 

* X2 . 05 for 8 d.f. is 2.18 (lower level) and 17.53 (upper level). 

** P <0.05 



drifting during control and sediment a dd ition periods was at an intended 
s us pended sediment concentration of 250 mg liter-I. The greatest was at 
1 00 mg liter-l (Table 22). Therefore data from these two sediment loads 
were used to calculate the tot a l numbers of macrobenthos drifting from the 
experimental section of the riffle and the entire stream cross-sectional 
width at the downstream end of the experimental section in a 15 min period. 
X2 tests for agreement wi t h a Poisson series were done to verify a signifi
cant departure from a random di stribut i on of drifting macrobenthos at 
dif ferent driftnet locations ac ro ss t h e experimental section (Elliott, 1970). 
Calculations were based on the nine driftnets (three runs, three nets per 
run) used during the control and sediment addition periods. Driftnet catches 
for the 100 mg liter- l sediment addition period differed significantly from 
a Poisson series (Table 28). Total drift can be estimated from mean drift 
rate when agreement with a Poisson series is accepted for catches at different 
locations ac ross t he stream (Elliott, 1970). Thus, the arithmetic mean of 
the nine catches (= mean dr i ft rate) was used to estimate total drift from 
the e xp erimental section and the entire stream (Elliott, 1970). The three 
nets wi th catc he s whi ch agre ed with a Poisson series were treated by this 
me thod (Tabl e 29). Data f or the sed i ment addition period of the 100 mg 
l iter- l experiment was also treated by this method as well as by another 
descr ib e d b y Ell iott (19 70) when agreement with a Poisson series is rejected 
for catch es at different po s itions across the stream (Table 29). Two 
as s umptions were necessary for this latter calculation: 

1. Catches were proportional to the volume of water sampled by the 
nets. 

2. Dr i ft density is a Poisson variable. 

A ro ugh est imate c a n be made of the minimum an d maximum percent of the 
pop ul ation of macrobenthos in t he surface sed i ments of the stream which 
leave due to sediment addi t i on by : 

1. as suming that the di fference in numbers of macrobenthos drifting 
duri ng s ed imen t addition and control periods is the number caused to drift 
b y t h e sediment add ition. 

-1 
2. us i ng t he maximum possib l e numbers for 100 mg liter and the 

minimum possible for 250 mg liter- l as a range. 

3. knowi ng the actual area of the experimental section involved in 
producing the drift. (S ince most [~85 % J of the sediment had settled in the 
first half of the channel , the area used will be the channel width x half 
the channel length.) 

4. knowing an app roximate value of the standing crop of the bottom 
sediments of the Harris River. (Surber samples taken in 1971 in a riffle 
just downstream of the experimental site had an approximate mean value of 
5,000 macrobenthos m- 2 [Brunskill et aZ., 1973; App. III]). 

The two estimate s of the maximum percent of the macrobenthic population leaving 
due to sediment addit i on a r e 0.5 and 2.6% (Table 30). These differ by a 



Table 29. Total numbers of macrobenthos drifting out of the experimental section and the 
entire stream for intended suspended sediment concentrations of 100 and 250 mg 
1iter-1 . (Values are for a 15-minute period. 95% confidence intervals are 
shown [Elliott, 1970J). 

INTENDED 
SUSPENDED 
SEDIMENT 

CROSS~SECTIONAL WIDTH 

CONCENTRATION 
(mg liter-1) 

EXPER IMENTAL 
SECTION 

ENTIRE STREAM 

* 

** 

CONTROL 

100 542.7±93.2 

250 56.4±28.7 

PERIOD OF EXPERIMENT 

SEDIMENT 
ADDITION 

918.0±235.2* 
2931. 5±335. 2** 

100.5±38.2 

CONTROL 

1668.3±286.4 

56.4±28.7 

SEDIMENT 
ADDITION 

2822. 0±722. 9* 
5060.3±578.7** 

100.5±38.2 

Estimate of total drift from mean drift rate when agreement with a Poisson series is 
accepted for catches at different points across the stream. 

Estimate of total drift from drift density when agreement with a Poisson series is 
rejected at different points across the stream but the catches are proportional to 
volumes of water sampled by the nets, assuming drift density is a Poisson variable. 



Table 30. Maximum and minimum percent of the population of macrobenthos in the surface sediments of the Harris River caused 
to drift because of sediment addition over a 15 min period. 

NUMBER OF MACROBENTHOS CAUSED EFFECTIVE EXPERIMENTAL CHANNEL NUMBER OF MACROBENTHOS LEAVING ESTIMATED PERCENT 
TO DRIFT BY SEDIMENT ADDITION AREA PER m2 OF EXPERIMENTAL CHANNEL OF MACROBENTHIC 

(m2) BOTTOM AS A RESULT OF SEDIMENT STANDING CROP 
ADDITIDN OVER A 15 MIN PERIOD 

INTENDED SUSPENDED SEDIMENT 
MAXIMUM* MINIMUM** CONCENTRATION MAXIMUM MINIMUM MAXIMUM MINIMUM 

100 (mg liter-I) 250 

517.3+ 34.5 20.3 18.4 25.5 1.9 0.5 0.04 

2630.8++ 129.6 2.6 

* Data for 100 mg liter-I; Absolute maximum number drifting during sediment addition minus absolute maximum drifting 
during control. 

+ 100 mg liter-I, first estimate: 1153.2 - 635.9 (see Table 29). 

++ 100 mg liter-I, second estimate: 3266.7 - 635.9 (see Table 29). 

** Data for 250 mg liter-I; Absolute minimum number drifting during sediment addition (62.2) minus absolute minimum 
drifting during control (27.7) (see Table 29). 
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factor of about 5. The estimate of the minimum percent leaving is 0.04% 
which differs from the maximum by about 10 for the first estimate and 65 
for the second. If 0.04% of the standing crop of macrobenthos exited in 
a 15 min period at a minimum and 2.6% at a maximum then it would take as 
many as 18 days and as little as 7 hr for 50% of the resident population 
to leave. The latter value could be cause for concern. Calculations of 
these figures are based on a number of dubious assumptions and should be 
regarded as only very rough approximations at best. 

From the review given in Section I and from the results of this experiment, 
it is possible to construct a simple, hypothetical model of drift dynamics 
in a section of stream affected by sediment addition. Fig. l3(a) shows an 
undisturbed section of stream. MR is the population of macrobenthos resi
dent in the substrate of that section. The main components of total drift 
leaving the section (DT) are the numbers of macrobenthos entering in drift 
from upstream (DU)' the numbers settling in the section (DS)' the numbers 
entering the drift from the substrate in the section (DH), and the alloch
thonous drift (DA). From our observations, DA in the Harris River is in
consequential. We will assume that DS~DH. This assumption may not be a 
safe one (Waters, 1972) but we have no data from the Harris River to prove 
or disprove it. If DS~DH then DT~DU and MR remains the same. Fig. l3(b) 
shows the hypothetical effect of sediment addition to the same section of 
stream. DA and DU cannot be affected by sediment addition so their magnitude 
remains the same as in Fig. l3(a). Sediment addition fills interstitial 
spaces, covers attachment surfaces, and creates unsuitable conditions for 
filter feeding macrobenthos and the result is an increase of DH. Inverte
brates normally part of DS now do not settle. Therefore, DH and DS contri
bute to the increase in DT and MR is reduced. 

None of the processes outlin ed can be quantitatively described at this stage. 
Quantitation will require further research. Also, the model is simplistic 
and no doubt other interactions are involved. However, the model can be 
changed as more information becomes available. 

An investigation of the time required to cause DH to be reduced significantly 
will be done in the coming field season. Future field research will include 
studies of the relative contributions of DU and DH to DT ; the relative 
importance of organisms in the upstream drift and those from the substrate 
(hyporheic) in repopulating a section of stream denuded by sediment addition; 
and the effects on macrobenthos of the addition of fine sediment of different 
sizes. 

It should be emphasized that the results generated in this study are appli
cable only on a short-term basis and for the range of sediment loads and 
size composition used. It is inadvisable to draw conclusions about the 
effects of long-term sedimentation from short-term experiments. Until 
experiments on the effects of long-term sediment addition and rates of 
recovery are completed, the guidelines set by E.I.F.A.C. and reviewed by 
Hynes (1973) will have to be followed. 



Figure 13. Model of macrobenthic drift dynamics on the Harris River, N.W.T. 
(a) undisturbed section of stream 

(a) 

(b) sediment addition 

DT" Du+ DA+DH-DS 

Ds"DH 

DT'"Du 

MR"Ds+DH 

LEGEND 

MR" Resident population of macrobenthos 

DA =Allochthonous (terrestrial) drift entering 
experimental section 

Du=Upstream drift entering experimental 
section 

DH=Drift entering experimental section from 
hyporheic of experimental section 

Ds= Drift settling into hyporheic of experimental 
section 

DT =Total drift leaving experimental section 

(b) 

DT= Du· DA+ DH+Ds 

Ds<DH 

DT>Du 

MR" Ds+DH 
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D. Sununary 

1. Short-term s e d iment additions varying froTT' 10 to 500 mg liter-l 

of suspende d sediment were r~de on a section of a northern river and the 
effects of this increased sedimentation on drifting invertebrates measured. 

2. Short-term sediment additions did not affect the five water 
chemical parameters measu~ed. 

3. Approximately 85% of the sediment added settled out in the first 
7.5 m of the experimental section and 90% by the end of the section. 

4. A seasonal effect in numbers of macrobenthos and zooplankton 
drifting during control and sediment addition was detected. 

5. A positive increase in drift was shown at all concentrations of 
suspended sediment by macrobenthic invertebrates but not zooplankton and 
total (= macrobenthos plus zooplankton) invertebrates. Magnitude of the 
positive percent increases was always less for zooplankton and total inverte
brates than for macroben t hos. The percent increase of macrobenthos was not 
linear with increase in sus pended sediment concentration, total weight of 
sediment added, or theoretic al ".reight of sediment added per unit area of 
stream bottom. 

6. For macrobenthos, analysis of variance showed a highly signi
ficant difference between numbers drifting during control and sediment 
addition periods. However, no relationship could be found between sediment 
load and numbers of macrobenthos drifting. Similar results were obtained 
from the analysis of the percent increase in drift. In individual compari
sons, means of numbers of macrobenthos drifting in control and sediment 
addition periods for 10 and 65 mg liter-1 were not significantly different. 
Preliminary results have shown t h a t individual taxa of macrobenthos showed 
different drift responses to sediment addition. 

7. For zoop l ankton and total i nvertebrates caught in the driftnets, 
analys es of variance showed a h ighly s ign ificant difference among intended 
sediment loads (prob ab ly due to seasonal variation) but no Significant 
difference between con trol and sediment addition periods or the interac tion 
between intended sed i ment load and numbers caught in the driftnets. The 
lack of effect on zooplankton could be due either to their origin outside 
the treatment area or their intrinsic resistance to increased sedimentation. 

8. Use of total invertebrates alone would have masked the effect on 
the sensitive macrobenthic invertebrate community. These experiments verify 
the value of using the macrobenthic invertebrate conununity as an indicator 
of sediment pollution. 

9. Total numbers of macrobenthos drifting out of the experimental 
section and the e ntire stream tor intended suspended sediment concentrations 
which produced the greatest and least difference in mean number of macro
benthos drifting were cal culated to provide an estimate of the range in 
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numbers of macrobenthos affected by sediment addition. The maximum number 
of macrobenthos leaving per m2 of the experimental channel bottom as a 
result of sediment addition over a 15 min period ranged from 25.5 to 129.6. 
The minimum number per m2 was 1.9 for a 15 min sediment addition period. 

10. The maximum percent of the resident macrobenthic population 
caused to drift by sediment addition was estimated to be 2.6. The minimum 
was estimated to be 0.04%. Depletion of 50% of the macrobenthic standing 
crop was estimated to take 7 hr at the maximum depletion rate and 18 days 
at the minimum. 

11. A model illustrating drift dynamics during control and sediment 
addition periods is presented. 
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