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Al~traet--Two channels built into the Harris River, Northwest Territories were used to study responses 
of invertebrates to sediment addition. Sediment was added to one channel continuously for approxi- 
mately 5 h. The other channel was used as a control. In August, 28.27 kg of sediment or 1.38 kg m -2 
of channel bottom were added. Values for September were 35.88 kg or 1.53 kg m-2. 

As a result of sediment addition, numbers of macrobenthos drifting from the sediment addition 
channel (S) increased significantly over those drifting in the control (C) in August (= summer) and 
September (=  fall). Total drift from S was > 3 times higher in August and > 2 times higher in Sep- 
tember than f rom C. Significantly higher numbers of macrobenthos drifted in fall than summer. 
Numbers of macrobenthos drifting during sediment addition were significantly related to time in Sep- 
tember but not in August, indicating a seasonal difference in temporal response to sediment addition. 
Two explanations are proposed for the response of the September community, as indicated by shape 
of a polynomial regression curve, to sediment addition. No significant difference existed in standing 
crops of macrobenthos in the substrate in C and S after sediment addition. 

Sediment addition caused (I) higher numbers of Oligochaeta and Simuliidae to drift in August 
and September: (2) higher numbers of Plecoptera and Ephemeroptera to drift in September but not 
in August; and (3) higher numbers of Hydracarina and Chironomidae to drift in August but not 
September. 

We suggest that future work try to relate amounts of settled rather than suspended sediments to 
quantitative responses of stream macrobenthos. We recommend that highway and pipeline construction 
undertaken in watersheds of Mackenzie Valley streams during the open-water period, resulting in 
sediment addition to these streams, should be done during summer rather than spring or fall, providing 
river discharge is adequate to transport the added sediment. 

I N T R O D U C T I O N  

Construction of pipelines and highways in the Mack- 
enzie River Valley will increase sediment supply to 
lentic and lotic waters. Surveys of natural and sedi- 
ment-disturbed systems (Brunskill et al., 1973; Rosen- 
berg & Snow, 1975a) proved inadequate to assess and 
predict responses of macrobenthic invertebrates to in- 
creased sedimentation so we turned to experimental 
field studies. 

Our  experiments were done on the Harris River, 
Northwest  Territories (.61 ° '52'N, 121 ~ 19'W) during 
the open-water periods of  1973 (Rosenberg & Snow, 
1975a) and 1974 (reported here). We used stream drift 
to indicate the effects of sediment addition on the 
macrobenthic invertebrate community. 

The 1973 experiments indicated a seasonal vari- 
ation in drift responses of macrobenthos to sediment 
addition. We estimated that the minimum and maxi- 
mum per cent values of macrobenthic standing crop 
drifting due to sediment addition were 0.04 and 2.6%, 
respectively, in 15 rain and that it would take as few 
as 7 h or  as many as 18 days for 50% of the popula- 
tion to leave. The 1974 experiments were meant to 
verify these estimates, to quantify macrobenthic drift, 
to investigate the importance of the hyporheic en- 
vironment in repopulating surface sediments, and to 

investigate further, seasonal variations in responses 
of macrobenthos to sediment addition. 

M E T H O D S  

The riffle area used (described by Rosenberg & Snow, 
1975a) was partitioned with plywood (buried approx. 
5-10cm deep) into two parallel l x 15 m channels to pre- 
vent exchange of invertebrates and sediment between the 
channels. Installation was completed approx. 5 weeks 
before the first sediment addition to allow recovery. 

A 'V'-shaped, 200~m mesh screen was placed, with its 
apex upstream and its bottom edge buried, at the upstream 
end of each channel prior to sediment addition to eliminate 
incoming drift as a source of variance. 

Two sets of equipment for continuous application of a 
sediment-slurry were equidistantly spaced along the south 
channel. Four clean 45 gal (205 i) barrels were alternately 
filled with water by a centrifugal pump [capacity: 4000 
gal (18,2001) h - ' ] .  An ice auger fitted with a metal stirring 
rod was used to keep the sediment in each barrel in sus- 
pension. 

When one barrel emptied, its outlet valve was closed 
and the stirrer was transferred to the second, previously 
filled barrel. A preweighed amount of dry sediment was 
added and the outlet valve opened while the first barrel 
was refilling. This cycle was used for the duration of sedi- 
ment addition. Activity at the two sets of barrels was 
synchronized as much as possible. Sediment-slurry from 
the two sets of barrels was added at a constant rate to 
ensure even application. 
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We intended to produce a suspended sediment (SS) con- 
centration of 30 mg I-~, a concentration which caused a 
large increase in drift (Rosenberg & Snow, 1975a) but 
which did not require the addition of large amounts of 
sediment. The addition rate (g min- t) of sediment required 
to achieve 30 mg I-~ SS was calculated using the formula 
in Rosenberg & Snow (1975a) and the weight of sediment 
to be added to each of the two barrels emptying at the 
same time was calculated based on addition rate and emp- 
tying time of the barrels. 

Physical and chemical parameters of water were 
measured at the downstream end of the control (C) and 
sediment addition (S) channels (Brunskill eta/., 1973) im- 
mediately before sediment addition began and immediately 
after it ended. Differences in discharge with and without 
the upstream screens was measured only in the first experi- 
ment. Water samples (2 I) for measurement of SS concen- 
trations (Campbell & Elliott, 1975) were taken at the 
downstream end of each channel prior to the start of sedi- 
ment addition. During sediment addition, 2 1 samples were 
also taken midway throughout each hour at 15 m on C 
and O, 3.75, 7.5. 11.75, and 15 m along S. 

Theoretical weight of sediment added per unit area of 
bottom of S (M,q) was calculated using the formula: 

Wt + aQ, t - hQ, t 
MA = 

Ao 

where W = wt of sediment added to S per unit time (kg 
min-t) ,  t = duration of sediment addition (=  277.5 min), 
a = avg SS conch in C over t at 15m (kgm -3) (Table 2). 
Q¢ k= avg discharge in C (m~ min - t )  (Table I). b = avg SS 
cotton in S over t at 15m (kgm -3) (Table 2), Q= = avg 
discharge in S (m3min -=) (Table 1), A o = a r e a  of S 
(='15 m2). 

Particle size distribution (PSD) (Jenning. Thomas & 
Gardiner, 1922) and organic matter content (Jackson, 1956) 
of bankside sediment used in the August and September 
experiments and in 1973 (Rosenberg & Snow. 1975a) 
were similar [sand (2-O.05mm): approx. 25%; silt 
(0.05-0.002 ram): approx. 45°,~,: clay (<0;002 ram): approx. 
20%): organic matter: approx. 80,~]. 

Seasonality of effects was tested by doing experiments 
on August I (=  summer) and September 9 (=  fall). We 
were unable to do a spring experiment because of normal 
spring high discharge. Drifting macrobenthic invertebrates 
were collected with 10 x 10era drift nets of 200/~m Nitex 
mesh. Three nets were placed midway between the water 
surface and the stream substrate equidistantly across the 
downstream end of each channel. Macrobenthos were col- 
lect.ed for 3 h with no sediment added (to indicate differ- 
ences between the two channels prior to sediment addi- 
tion), followed by 5 h during sediment addition. A com- 
plete experiment was started at approx 1000h. Drift net 
collections on both channels were made for 15 rain periods 
at 0, 30. 60, 90. 120, and 150 rain before sediment addition 
and 0. 22.5, 82.5, 142.5, 202.5, and 262.5 rain during sedi- 
ment addition. Total drift was calculated according to 
El~iott (1973). Drift samples were taken weekly for 3 con- 
secutive weeks following the August experiment to deter- 
mine recovery of S. 

'l 

Three Surber samples (200/am Nitex mesh) were taken 
randomly from each channel immediately following sedi- 
ment addition to provide a quantitative estimate of macro- 
benthic standing crop. 

We tested the null hypotheses that (1) there was no differ- 
ence between C and S in numbers ofmacrobenthos drifting 
during sediment addition: (2) there was no relationship 
between numbers of macrobenthos drifting and time dur- 
ing sediment addition in C or S: (3) there was no difference 
in numbers of zoobenthos drifting between summer and 
fail: and (4) there was no difference in standing crop of 
macrobenthos in the substrate between C and S after sedi- 
ment addition by using analyses of variance (AOV) (Wang, 
1972: Hewlett-Packard. 1974) and polynomial regression 
(Scott, Freshwater Institute, Winnipeg). Homogeneity of 
variances for data used in AOV's was checked (Bartlett's 
test, Hewlett-Paekard, 1974) and appropriate transforma- 
tions (Snedecor & Cochran, 1967) applied when necessary. 
A significance level of P < 0.10 was arbitrarily set for 
AOV's. Orthogonal contrasts (Snedecor & Cochran, 1967) 
were used to compare numbers of macrobenthos drifting 
from C and S for each time period during sediment addi- 
tion. 

R ES U LTS 

Effect of  sediment addition on physical and chemical 
features of  the channels 

Presence of the ups t ream nets did not decrease dis- 
charge by more than  50~o (Table 1). Discharge 
through drift nets was usually lower and more vari- 
able in S than C (Table "). 

Sediment addi t ion did not change the physical and 
chemical characterist ics of water measured but  some 
seasonal differences were apparent.  Water  tempera-  
tures were higher in August (21°C) than  September  
(6-7.5°C) and dissolved oxygen concentra t ions  were 

lower in August  (approx 7 mg l  -~) than September  
(approx 11 mg l -~ ) .  Conductivi ty was approx 
289/zmho c m -  t in August  and  slightly lower in Sep- 
tember  (266,amho c m - l ) .  The pH was approx 8 for 
both  experiments. H C O ~  was approx 2.1 mole m -3 
in August and sfightly higher (approx 3.0tool  m -a)  
in September, Par t icula te  C was approx 28 mmole  
m -3 in August but  declined to approx 10mmole  m "3 
in September. Par t icula te  N was approx 3 m m o l  m -  3 
in August but declined to approx 1.7 in September. 
Part iculate P was 0.1 mmole  m -3 for bo th  experi- 
ments. G a m m o n  (1970) also concluded that  sediment 
addi t ion had no  significant effect on water quality 
in the creek he studied. 

SS concentra t ions  in C varied in August and  Sep- 
tember, but the mean  values for the 2 months  were 
similar (Table 2). SS concentra t ions  in S tended to 

Table 1. Harris River discharge (m ~ s - *)* 

Scclion o l  ri~er 

Date Comro l  channel ScdLmcnl addit ion ¢hanne{ Remainder 
(It~74) Net t 2 ~ Nel t 2 3 o f  ri~er Total  

Ausu~t I 0.017 0.022 0.020 0,024 0.0IS 0.023 0.009 0.0t4 0.016 0020  0.017 0.035 0.048 0145  
Scpternbcr 9 0.022 0.024 0.025 0.0t 5 0.0t 7 0.029 0.553 06~5 

*Numerator = screens in place upstream: denominator = screens removed, All other values are for screens in place. 
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Table 2. Suspended sediment concentrations ling I-i) in experimental channels on August I and September 9, 1974 

Time of sampling (rain from slarl of run) 
Location 04" iampk 30 90 150 210 270 After X 

Date Channel along channel (m) Bdore Suspended sediment concentration ( r o l l - S )  

August 1 Sediment 0 - 0.75 1.23 0.90 1.47 1.27 1.12 
addition 3.75 5.95 10.93 4.56 7.52 4.25 6.64 

7.5 7.31 14.96 9.33 7.24 4.21 g.6,1 
I 1.75 13.93 16.41 &43 10,03 6.63 I 1.09 
15.0 0.92 16.57" 2.34 9.80* 15.77 12.16" 0.72 I 1.33 

X 8.90 9.17 6.60 8.41 5.70 
Control 15.0 0.97 0.76 084  0.70 1.13 1.05 1.32 0.97 
Sediment 0 0.72 1.20 0.52 1.32 0.g0 0.91 
addition 3.75 1.32 7.37 ..4,~ '* 2.68 0.95 2.95 

7.5 1.24 5.78 13.65 5.46 4,43 6.1 I 
I 1.75 14.63 12.74 I [ .26 20.94 6.15 13.14 
15.0 0.69 7.34 9.62 16.90 19.38 16.74 1.55 14.00 

X 5.05 7.34 8.95 9.96 5.81 
Control 15.0 0.91 1.22 " 1.52 1.26 0.49 0.84 0.K9 1.02 

September 9 

* Mean of 3 samples. 

increase through time in September but not in August 
and were similar in both months (Table 2). SS concen- 
trations increased with distance downstream in both 
months. Overall mean SS concentrations (time and 
distance) were similar for both experiments (7.76 and 
7.42 mg 1-t for August and September, repectively). 

Total weight of sediment added was 28.27 kg in 
August and 35.88 kg in September. Theoretical weight 
of sediment added per unit area of bottom of S (MA) 
was estimated at 1.38 kg m - 2  for August and 1.53 kg 
m -2 for September. 

Drift of the macroinvertebrate community 

Numbers of macroinvertebrates drifting from, C 
and S were similar between the August and S~p- 
tember experiments indicating that S had recovered 
from the effects of the August sediment addition. 

Total numbers of macroinvertebrates caught ,in 
drift nets in C and S before sediment addition were 
similar (Table 3; Fi.to -- 0.451; P > 0.50). Signifi- 
cantly more invertebrates drifted in September than 
August before sediment addition (Table 3; 
Ft.to = 9.953; P = 0.010). Seasonal differences 'in 

Table 3. Numbers of macrobenthic invertebrates drifting during the August 1 and 
September 9 1974 experiments 

Control Channel Sediment addition 
Period of Sampling Net Net 

Date experiment period" I 2 3 I 2 3 

August I Pre.sedimenl 
addition* I 10 11 8 4 18 6 

2 8 8 5 7 6 5 
3 9 10 12 8 6 15 
4 5 9 2 3 6 8 
5 6 II 5 5 2 4 
6 14 17 II 19 15 15 

Z ~ 52 66 43 46 53 53 

Sediment 
addition** 

September 9 Pre-sediment 
addition* 

Sediment 
addition** 

I 6 12 2 17 13 24 
2 8 10 6 II 5 14 
3 5 8 2 4 10 18 
4 10 3 5 13 II 18 
5 6 3 6 9 5 15 
6 7 3 5 13 10 II 

£ = 42 39 26 67 54 100 

I I1 18 9 22 23 15 
2 14 20 10 10 17 19 
3 14 6 9 9 25 19 
4 II 4 4 4 7 I 
5 19 II 9 12 12 6 
6 7 4 9 9 6 2 

Z = 76 63 50 66 90 62 

I g 13 11 30 19 36 
2 II 8 8 10 13 14 
3 10 10 " 7 13 8 13 
4 16 12 9 14 16 15 
5 19 17 II 23 15 21 
6 23 19 l0 19 14 21 

- 87 "/9 56 109 8$ 120 

* Dril~ nets were set for 15 min 
net placement. 

t Duration, 3 h. 
~: Duration, 5 h. 

periods. See text for explanation of timing of drift 
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Table 4. Total numbers of macrobenthic invertebrates drifting in 5 h from experimental chan- 
nels in 1 August and 9 September, 1974 sediment additions 

Conlrol  channel Sediment addil ion channel 
Numbers o f  Numbers  of Numbers  of Numbers  of 

Sampl ing in~crtcbrales in~crlcbrate~ invertebrates in'.erlebratcs 
Date periods drifting per m -~ drifting drifting per m-" drifting 

I AuguM I & 2 146.6 9.~ 9259 617  
3 & 4 2200 14.7 4932 32~ 
5 & 6 21g),O 13.3 420.0 2~0 

Y = 5666 37.8 1~39.1 1226 

9 September  I & 2 196h 131 17~10 I IN.7 
3 & 4 426.g 28.5 526g 35,1 
5 & 6 726,g 4~5 753.2 50.2 

v_ = 1350.2 901 30610 2(M.O 

numbers of macrobenthos drifting are to be expected 
(e.g. see Elliott, 1973: Modde & Schmulbach, 1973: 
Cloud & Stewart, 1974). Drift also varied significantly 
with time (Fs.~0 = 7.183; P = 0.004), and with net 
position (F2.~o = 3.356: P = 0.077). Because numbers 
of macrobenthos caught at various drift net positions 
were different, the three drift nets were not true repli- 
cates. Therefore, either the sum of maerobenthos 
caught in the three drift nets should be used or 
the AOV should account for net position as a 
possible source of variance. We chose the latter 
approach to allow more flexibility in the AOV's and 
accounted for the differences in numbers of macro- 
benthos caught at each position by using a pairing 
sequence of most similar nets as determined by linear 
regression analysis 0:2,  2:1, and 3:3, C:S). 

During sediment addition, significantly more mac- 
robenthos drifted from S than C (Table 3: 
FL~ o = 55.486, P < 0.001) and in September than 
August (FLI o = 56.569: P<0.001),  and numbers 
varied significantly with time (Fs.~0 = 6.813: 
P = 0.005). 

Total drift of invertebrates for all but two sets of 
data were estimated using mean drift rate (EIliott, 
1970). The sets which did not agree with a Poisson 
series were from S during the first hour of sediment 
addition in both experiments. For these sets, the ;~2 
test for goodness of fit showed that drift density was 
a Poisson variable and total drift was calculated as 
for mean drift rate (Elliott, 1970). Total drift from 
S was > three times that from C in August and 
> two times in September (Table 4). 

The regression relationship between numbers of 
macroinvertebrates drifting (Y) through time (X) dur- 
ing sediment addition was significant only in Sep- 
tember [C: Y= 8.659 + 0.03IX: r 2 = 0.427: FL~ B = 
11.922 (P < 0.005): S: Y = 25.566 - 0.470X + 4.032 
x 10 -3 X 2 - 8.979 x 10-6X3: r 2 = 0.578: FI.t, = 
= 11.387 (P < 0.005)]. The relationship was linear 
in C, showing a slight increase in numbers drifting 
in time but was curvilinear in S (Fig. 1). 

Orthogonal contrasts showed significant differences 
between numbers of macrobenthos drifting from C 
and S in the first, fourth and sixth collection periods 
during sediment addition in August (Ft,2A = 11.54, 
P < 0.005: Ft.2, * = 5.75, P < 0.025: and FL24 = 3.60, 

P < 0.10 respectively) and the first collection period 
in September (F1.24 = 27.45. P < 0.005) (Table 31. 
Differences during the first collection periods were 
greatest in both months. 

Drift of  macroinvertebrate taxa 

Those taxa drifting in relatively high numbers 
before sediment addition (Hydracarina. August: 
Simuliidae. August; Olilp~haeta, September: Chir- 
onomidae, August and September) indicate that C 
and S were similar (Figs. 2 and 3). 

N u m b e r s  o f  C h i r o n o m i d a e  and  H y d r a t ~ r i n a  drift- 

ing during sediment addition increased in Augtlst but 
not in September although low numbers of Hydracar- 
ina in September hampered judgement of their re- 
sponse (Figs. 4E. F; 5E, F). Numbers of Piecoptera 
and Ephemeroptera drifting increased with sediment 
addition in September but not August but num- 
bers of both taxa were too low in August to 
adequately judge responses (Figs. 4B. C: 5B. C). 
Numbers of Simuliidae and Ohgochaeta increased in 
both experiments as a result of sediment addition. 
although results for Simuliidae in August are equivo- 
cal (Figs. 4A. D: 5A, D). Many taxa showed an initial 
burst of high numbers m response to sediment addi- 
tion (Figs. 4 and 5). 
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Fig. 2. Numbers of the most common higher taxa of macrionvertebrates drifting in time from exper i -  
menta l  channels before the August 1, 1974 sediment addition. 
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Macroinvertebrates in the stream substrate 

No significant difference in total densities of inver- 
tebrates in the substrates existed between the two 
channels in either of the experiments although mean 
densities were higher in S than C after the August 
experiment and the reverse in September (Table 5). 
Significantly more (P < 0.10) Plecoptera (FI.4 = 
6.368) in August and Nematoda (Fi.,t = 4.834) in Sep- 
tember occurred in C (Table 5). Both taxa were rela- 
tively minor components of the macrobenthic com- 
munity. 

Mean densities in C were approximately two to 
three times the densities used to estimate the minimum 
and maximum per cent of the population of macro- 

benthos leaving the substrate due to sediment addi- 
tion in the 1973 experiment (5000 invertebrates m -2) 
(Rosenberg & Snow, 1975a). 

DISCU.~ION 

SS and M^ 

Overall mean SS concentrations for August and 
September experiments (7.76 and 7.42 m8 !-  t respect- 
ively) indicate the difficulty in obtaining the desired 
concentration of 30 mg i - t .  A similar problem w 8  

reported in the 1973 experiments (Rcntmbetg & Snow, 
1975a) and seems to b e a  common difficulty in experi- 
mental work with sediment (Sherk, 1971~ Slurry ap- 
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Fig. 3. Numbers of the most common higher taxa of macroinvcrtcbra!cs driRing in time from experi- 
mental channels before the September 9, 1974 sediment addhion. 

plication over the entire channel yielded reasonably 
homogeneous SS concentrations through time for 
both experiments but not honm~neous S$ concen- 
trations along S. as originally intended (Rosenberg 
& Snow. 1975a) probably because of progressive, 
downstream accumulation of SS. SS concentrations 
decreased downstream when slurry was added at the 
head of the chanr~l in the 1973 experiments. 

More sediment was added in September than 
August because September discharge was approx five 
times hiilher (Table 1). Higher numbers of maeroben- 
thos driP, inl  in September than August did not result 
from more sediment I ~ n g  added because {!) the M^ 
values for August and September were similar; and 
(2) previous experiments showed that no relationship 

existed between sediment load and numbers drifting 
(Rosenfierg & Snow. 1975a). 

Settled st~liment probably creates most ~ in 
macrobenthic communities in rivers. Isolated, unre- 
lated measurements of  8~- concentrations d o  not pro- 
vide direct r~,rence to the amount of sediment that 
settles. Future field research should try to rela~ quan- 
titative meaSurements of sedimentation such as MA 
or the SSR of Brunskill et aL (1975; equation 6) to 
quantitative responses by the stream biota. 

General effects of sedimem addition on drift of macm~n- 
vertebrates 

Numbers of macrobenthos in the drift usually in- 
crease with increasing discharge (Elliott. 1970} so the 



Effects of sediment addition 759 

C~ 
I-- 
W 
Z 

k- 
b- 

D 

DURING SEDIMENT ADDITION 
&UGUST I, ~974 

,,, OLIGOCHAETA 
12 

16 

14 

12- 

10- 

8 -  

6 -  

4 -  

2 -  

-- 0 

57 
W B ~OPTERA 
W 
~ 4 -  
I 

3- 
Z 

W 

M 

O 0  O m 

D SIMULIIDAE 

o o . . . . .  -o • - - -  _ 

O:; 5 
UJ 1 7 t C EPHEMEROPTERA m 

. J  

I A.  

I 2 3 4 5 6 

SAMPLE PERIOD 
0225 825 1425 20~5 2625 

2 5 - ~  E CHtRONOMIDAE 

15 S - - * ¢  

,0t 2"-. / / " %  - /  ", 

$ '"'N 

O h ,  , , ; i 
O---.o CONTROL CH&NNEL 
H SEDIMENT GDDITION 

I0-- t" HYDRACARINA CHANNEL 

2 -  

0 

2 3 4 5 6 
SAMPLE PERIOD 

0225 825 1425 2025 2625 
ELAPSED TIME AT START OF 15 MIN SAMPLE PERIOD 

(MINUTES) 

Fig, 4. Numbers of the most common higher taxa of macroinvertebrates drifting in time from experi- 
mental channels during the August I, 1974 sediment addition. 

higher numbers drifting from S than C during sedi- 
ment addition (Tables 3 and 4). despite a lower dis- 
charge in $ (Table 1), emphasize the effect of sediment 
addition. Experimental sediment additions by Gam- 
mon (1970) in Indiana & Miiller (1970) in Sweden 
and stream dredging operations in England (Pearson 
& Jones, 1975) also produced increases in drift of 
macrobenthos, indicating a universal response to sedi- 

*Numbers drifting m -2 in 5h divided by mean total 
number of maorobenthos m-'.  

t Numbers drifting m -a in 5h in S divided by mean 
total number of macrobenthos m- ,  in 5 minus mean con- 
trol % (= 0.46%). 
w.R. 12/10--B 

ment addition and to other environmental perturba- 
tions (e.g. Elliott, 1967; Anderson & LehmkuhL 1968; 
Minshall & Winger, 1968; Hynes, 1970; Waters, 
1972). 

Effect of sediment addition on standing crop 

Per c~nt of standing crop drifting in C* was similar 
in August (0.39%) and September (0.53~). Increase 
in per cent of standing crop drifting due to sediment 
additiont was 0.36~ in August and I.$4% in Sep- 
tember. (Seasonal differences in response of macro- 
benthos to sediment addition are disoussed below.) 

Reduction of the standing crop of macrobenthos' 
in the Harris River' by 50~  after 5 h of continuous 
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Fig. 5. Numbers of the most common higher taxa of macroinvertebratcs drifting in time from experi- 
mental channels during the September 9. 1974 sediment addition. 

sediment addition is uncertain because of the inade- 
quate estimates of standing crop obtained [e.g. see 
Needlutm & UsinBer, 1956; Chutter, 1972). Gammon 
(1970) reported that differences in standing crops 
could not always be detected using Surber samples 
when the creak of his study received relatively light 
suspended sediment addition (approx, two times nor- 
maL, i.e. I5 to 4Omgl -~ during summer) but when 
suspended sediment rose to four times normaL sand-  
ing crop decreags were easily dete~ed. Concen= 
trations of SS in the Harris River were increased 
12-t4 t i m ~ ( r ~ i ¢  2) but Deer Cr=ck usualty r ¢ ~ !  
quantities of ~ t i m e n t  far in eace~ of the Harris  Rivet  
and over much longer periods of time. However, it 
is unlikely that we succeeded because (1) the statistical 

analyses of the Surber data do not support this con- 
clusion: (2) numbers of macrobenthos drifting as a 

o/  result of sediment addit ion did not exceed approx 2/° 
of the standing crop in 5 h of sediment addition; and 
(3) the I973 estimate of the time required to achieve 
50% depletion (Rosenberg & Saow, i975a) was far 
faster than for 1974. 

Temporal effects of sediment addition 

We examined the possibility that macrobenthic 
community response to sediment addition in the fall 
(Fig. 1) was a simple rate function, i.e. sediment addi- 
tion initially "strips'.high numbers of macrobenthos 
from the substrate resulting in increased drift followed 
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Table 5. Densities (numbers m- ' )  of major invertebrate taxa in Surber samples taken from experimental channels 
after the I August and 9 September, 1974 experiments 

Channel 
Control Sediment addition 

Sample no. Sample no. 
Date Taxon I 2 3 x I 2 3 x 

I August 

9 September 

Plecoptera 75.4 53.8 64.6 64.6 IO.X 53,8 111.8 24.8 
Ephemeroptera 430.6 527.4 366.0 441.3 6112.8 355.2 559.7 .~ 15.9 
Trichoptera I ~1.7 301.4 0 153.9 I 18,4 2476  150.7 172.2 
Chironom idae 97(19. I 7341.2 4036.5 7028.9 8277.5 184064 9364. 7 121115.9 
Simuliidae 0 279.9 0 93,7 10.8 53.8 0 21.5 
Hydraearina 183.0 53.8 322.9 186.2 75.4 462.9 387 5 308.9 
Oligochaet a 2701.8 624.3 1550.0 1625.4 775.11 2798.6 1765.3 1779.3 
Neraatoda 107.6 21.5 107.6 78.6 43.1 75.4 366.0 161.5 

Total 13422.7 9310.9 6479.9 9738.2 9924.4 225117.5 12647.7 151126.5 

Plecnptera 75.4 204.5 107.6 129.2 64.6 129.2 96.9 96.9 
Epbemeroptera 53.8 129.2 204.5 129.2 64.6 (t ~4.6 43. I 
Triehoptera 107.6 710.4 613.6 476.9 269. I 107.h 53.g 143.2 
Chironomidae 4015.0 19913.4 16199.8 13379.7 50ql.4 7287.2 63t.~3.8 6257.1 
Simuliidae 10.8 0 0 3.2 0 0 32.3 IO.8 
Hydracarina 183.0 678. I 355.2 4115.8 96.9 96.9 96,') 96.9 
Oligochaela 602.8 4488.6 1841).6 2311.0 1711,5 2917.0 1786.1~ 2138.8 
Nematt'~la 21.5 2(M.5 279.9 2(k4.5 0 o 0 I) 

Total 5091.4 26328.7 19816.5 17082.5 7341.1 1(~34.8 8665.11 x880.3 

by a logarithmic decrease through time as the sub- 
strate becomes progressively depleted of macroben- 
thos. 

Increased numbers of Chironomidae drifting during 
the fifth drift net period (Fig. 5) probably caused the 
peak during the fifth period in the third order poly- 
nomial (Fig. 11. Drift of Chironomidae was similar 
between C and S (Fig. 5) so we removed Chironomi- 
dae from the total number of macrobenthos drifting, 
redid the polynomial regression, and found that the 
third order polynomial was no longer significant. Best 
fit to the data was a second order polynomial (y = 
16.733 - 0.152X + 4.910 x 10-4X2; r 2 -- 0.475; 
Fl.ls = 8.866; P <0.011 which resembled the 
second order polynomial in Fig. 1 (y -- 
21.758 - 0.127X + 4.684 x 10 -4 X21.  Next we 
arbitrarily made the increased numbers of Oligo- 
chaeta drifting during period 6 (the only taxon whose 
numbers increased significantly at the end of the Sep- 
tember experiment, Fig. 5) equal to the number drift- 
ing during period 5 and redid the polynomial regres- 
sion. Best fit to the data remained a second order 
polynomial (Y= 16.462 - 0.134X + 3.916 × !0 -4 
X2; r 2 = 0.469; FL~ s = 5.414; P < 0.05). We could 
not equate this final cur~'e with a simple rate function, 
so a modified explanation of the observed response 
of macrobenthos to sediment addition is required. 
Two possibilities are: 

(1) Initiation of sediment addition causes an imme- 
diate avoidance reaction by surface dwelling macro- 
benthos, shown by an increase in drift. A lag period 
follows while the surface sediments are repopulated 
by macrobenthos from the hyporheic. (The lag period 
could also result from macrobenthos moving down 
into the hyporheic to avoid sedimentation.) Drift rate 
again increases after 2-2½ h as the newly recruited 
macrobenthos drift to avoid sediment addition. Mac- 
robenthos are capable of vertical migrations within 
the hyporbeic (Hynes, 1970; Williams & Hynes, 1974) 
which can serve to recolonize disturbed areas of a 

stream (Williams & Hynes, 19761. Rates of vertical 
migration in the hyporheic have not been measured 
although Hynes (1970, 1974) and Williams & Hynes 
(1974) have suggested that the movements are rapid, 
possibly within l -2h  (e.g. observations on the 
Speed River, Ontario; Wallace, Northern Forest 
Research Center, Edmonton; personal communica- 
tion). Duration of the lag period in our study was 
~--2 h so it is possible that recruitment in the Harris 
River could have occurred during this time. 

(2) Species of invertebrates most sensitive or most 
exposed to sediment addition begin leaving immedi- 
ately after initiation of sediment addition (e.g. Simulii- 
dae, Plecoptera, Ephemeroptera; Fig. 5). A lag period 
follows during which time sufficient sediment settles 
to cause more tolerant species or those deeper in the 
substrate to leave as well (e.g. Oligochaeta; Fig. 5) 
(of. Rosenberg & Wiens, 19761. 

Seasonal effects of sediment addition 

The polynomial regressions indicated a different 
temporal response to sediment addition in the fall 
than the summer; the increase in per cent of standing 
crop drifting due to sediment addition was five times 
greater in September (1.84%) than August (0.36~/,,); 
and four of the six major taxa examined showed dif- 
ferent seasonal responses to sediment addition (see 
above). Seasonal differences in responses of inverte- 
brates to environmental pollutants have been 
reported (e.g. Crapp, 1971 ; Tagatz, Borthwick & For- 
ester, 1975). 

Normal seasonal differences in undisturbed temper- 
ate stream macrobenthic communities (Hynes, 19701 
could explain our observations in the Harris River. 
Zoobenthos in late summer are characterized by high 
emergence and egg-laying (resulting in lower numbers 
of invertebrates present in the substrate to respond 
to sediment addition), many species in resting stages 
to avoid high water temperatures (and therefore, u n -  
responsive to sediment addition), and species occur- 
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ring deeper in the substrate to avoid drought (and 
hence less affected by sediment addition). 

Temperate streams in autumn are characterized by 
eggs hatching, an increase in numbers and growth 
of invertebrates, and emergence of insects from resting 
states. Thus, more invertebrates in active life history 
stages are present to respond to sediment addition. 

Spring communities are composed of species of in- 
sects which emerge early, hatching of eggs of species 
which grow in spring and summer, and species which 
begin renewed growth after the winter slowdown. 
Therefore, this is also an active time in the life of 
a stream and, in the absence of  actual experimen- 
tation, we infer that the invertebrate community 
would also be sensitive to sediment addition in spring. 

Relerance to terrain disturbance in the Mackenzie Val- 
ley 

Although our conclusions should be tested on a 
variety of stream types in the Mackenzie Valley, we 
believe that stream watershed disturbances (e.g. road 
or pipeline construction) undertaken during the open- 
water period and likely to yield additions of sediment 
to streams would have less effect on the invertebrate 
community during the summer months than during 
spring or fall. 

However, since it is important that a river be able 
to quickly clear its substrate of  settled sediment to pre- 
vent damage to the macrobenthic community (Rosen- 
berg & Snow, 1975b), verification of adequate river 
discharge should accompany our recommendation of 
a summer 'safe' period. 
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