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Environmental effects of sediment on New Zealand streams:

areview

PADDY A.RYAN

West Coast Regional Council
P. O. Box 66, Greymouth, New Zealand

Abstract Literature pertaining to sedimentin stream
ecosystems is reviewed. Suspended sediment can
alter the water chemistry, and cause temperature
decreases and turbidity increases. Deposition of
sediment may change the character of the substrate,
block interstices, and reduce interstitial volume.
Turbidity levels as low as 5 NTU can decrease primary
g productivity by 3-13%. An increase of suspended
5 sediment levels increases the drift fauna and may
€ reduce benthic densities as well as alter community
2 structure. Fish are not so obviously affected, although
& death resulting from clogging of the gills may occur
Zin sensitive species. Suspended and deposited
% sediment may alter fish community composition, both
3 by interference with run-riffle~pool sequences and
£ by favouring olfactory feeders over visual feeders. In
& many situations aesthetic reactions to suspended
sediment may be of more concern than biological
ones. In already turbid water, a 20-50% reduction in
clarity may not be detectable whereas in normally
clear water a clarity reduction of 10-15% is
distinguishable. Recovery from the effects of
suspended sediment and sediment deposition is
usually rapid, once the source of contamination is
removed and as long as the stream is prone to regular
spates; the aesthetic recovery may only take days
whereas biological recovery may take months.

Keywords suspended sediment; suspended solids;
turbidity; NTU; suspensoid; silt; benthos; placer
mining; water quality standards; drift; streams; rivers;
fish
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INTRODUCTION

Anthropogenic sediment in freshwaters is a by-product
of several activities. In New Zealand the major
contributor is probably agriculture, closely followed
by construction projects. Extractive industries (in
particular forestry, coal-mining, alluvial mining, hard
rock mining, gravel extraction, china clay mining)
and various other activities contribute to a variable
extent depending upon the control methods used.
The problem is universal and the literature on the
subject is truly international. Very few New Zealand
studies on the effects of sediment on stream
ecosystems have been published to date; none on the
effects of sediment generated by alluvial mining. The
human organism has also been ignored and the
aesthetic effects of suspended sediment have only
recently been investigated. This literature review
examines the effects of sediments on freshwater
ecosystems and gives the results of some of the more
important overseas work and relevant New Zealand
studies. It should be stressed that because the literature
is so voluminous (over 3000 references to suspended
sediment were picked up during a computer search)
this can be no more than an overview. However, few
references are directly relevant to the effects of
suspended sediment on stream biota. In 1977,
Sorensen et al. stated (with regard to the American
situation):
“Although some 185 journal articles, government
reports, and other references were cited herein
(about 45% published since 1974) and many other
reports (about 300 citations) were reviewed, there
is a dearth of quantitative information on the
response of freshwater biota, especially at the
community level, to suspended and dissolved
solids.”

The situation has not changed markedly in the
intervening 14 years. It should also be stressed
that overseas conditions need not be the same as
those pertaining to New Zealand. Extrapolation to
the local situation is not a substitute for local
research.
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Effects of sediment on chemical and physical
stream characteristics

All streams carry some suspended solids under natural
conditions and Brown (1960, in Hellawell, 1986)
gave values of up to 300000 g m in extreme floods.
Direct chemical effects on streams are minimal. Ellis
(1936, in Cordone & Kelly 1961) found that eroded
silt did not materially alter the salt complex or amount
of electrolytes in river waters. Sediment from
overburden removal can also be associated with
chemical changes. Dick et al. (1986) showed that
surface coal mining in a limestone-dominated
watershed produced sediments that contained a higher
concentration of calcium, magnesium, and strontium,
and had a higher pH than sediment from a sandstone-
shale-dominated watershed. Many of the changes
associated with mining were reversed when landscape
reclamation occurred. They also reported that settling
pond effluents contained higher concentrations of
most chemical parameters than influent waters. This
was attributed to the greater proportion of chemically
active fine particles in the pond effluent as a result of
the settling of coarser particles.

Where sediment has a high organic content (most
notably in run-off from forestry operations), the
organic particles undergo anaerobic breakdown when
the sediment settles. These breakdown products use
dissolved oxygen during further decomposition. Under
low-flow conditions (often in summer, when stream
oxygen levels may already be low) this can produce a
critical oxygen shortage leading to fish kills (at this
time oxidised metals may be reduced and feed into
the water). For example, Graynoth (1979) described
a fish kill in the Motueka River which may have been
attributable to forestry operations in the Golden Downs
State Forest, Nelson. Clear-felling in north Westland
increased catchment sediment yields by up to 100-
fold (O’Loughlin & Pearce 1976; O’Loughlin et al.
1980, 1982); erosion from logging roads and loss of
soil from tree roots were the prime sediment sources.
Other relevant studies include a review of the possible
effects of forestry on inland waters of Tasmania
(Michaelis 1984), Campbell & Doeg’s (1989) review
of timber harvesting and production on streams, and
Winterbourn’s (1986) discussion of forestry practices
and stream communities, with reference to New
Zealand.

Ryder (1989), in a study of the effects of sediment
deposition in a central Otago stream, showed that
retention of benthic organic matter is influenced by
stone size and interstitial fine-sediment deposition.
Although not discussed by Ryder, it seems likely that

reduction of water circulation through the subsurface
gravel will lead to reduced oxygenation there and a
reduction in the carrying capacity of the stream. In
Alaskan streams subject to alluvial mining, Bjerklie
& LaPerriere (1985) found that the relative water
table below the streams fell by an average of around
0.3 m (resulting from a build-up in the height of the
stream bed) and dissolved oxygen was consequently
reduced in the interflow.

As might be expected, high concentrations of
suspended sediment cause problems for any form of
water impoundment. As flow velocity diminishes,
deposition increases. In the case of hydro dams, this
can be a major problem. One solution is dredging, or
in some instances, flushing. Flushing dams has
unwanted effects on downstream values, If the dam
is deep, water in the lower levels is frequently
deoxygenated. Flushing the dam releases this often
cold and highly turbid water into the receiving stream
and can bring about fish kills. An adequate
management regime to reduce these problems is
discussed by Hesse & Newcomb (1982).

Stream bed sediment deposition, although an
inevitable result of suspended sediment transport, is
not necessarily the most important effect. The major
effect of increased turbidity is probably on the
photosynthetic activity of plants. Photosynthetic
production will be reduced by turbidity if light is a
limiting factor. However, effects on visual predators
and aesthetics may be equally important. In some
instances, turbidity may decrease the water
temperature as more heat is reflected: this may affect
temperature-sensitive species.

In some shallow lakes (and presumably slow-
flowing rivers), wind action may resuspend bottom
silt. If, as sometimes occurs, the silt has a high affinity
for oxygen, the net result may be deoxygenation of
the water column (Bruton 1985).

Kirk (1985) examined the optical properties of
suspended sediment and discussed their implications
for primary productivity in aquatic ecosystems.
Suspended particles (suspensoids) scatter light and
may also absorb it, Intuitively, particles that scatter
light would be expected to increase the depth to
which light penetrates compared with particles that
absorb it. However, scattering increases the path length
travelled by individual photons, thereby increasing
their likelihood of absorption by absorptive particles,
dissolved matter, and water itself. Particles may also
reflect photons upwards. In Lake Burley Griffin, in
Canberra, Australia, this effect reduces the depth at
which photosynthesis can occur from 9 m to about 2
m, demonstrating that the phenomenon is of practical
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importance (Kirk 1985). Presumably a similar light
scattering contribution will be evident in New
Zealand’s rivers.

Effect of suspended sediment on plants

Stream communities vary in the relative importance
of their energy inputs. Small forested streams such as
those on New Zealand’s West Coast of the South
Island, contain a highly diverse benthos (Cowie 1983,
1985). Such streams, partially enclosed by the canopy,
may obtain a substantial proportion of their energy
inputs from outside the stream. These allochthonous
energy sources consist mostly of decaying leaves.
The energy they contain is made available to the
invertebrate community by action of bacteria, fungi,
and the larvae of various insects which mechanically
break leaves down into smaller pieces (Winterbourn
1987). This situation contrasts with that encountered
further down stream. As the waterway becomes larger,
it is less shielded by riparian vegetation and thus
receives more light. The surface area of the bed
(per unit distance) increases whereas the relative
importance of allochthonous inputs is correspondingly
reduced. Murphy et al. (1981) showed that primary
production was higher in open stream sections than
in those sections covered by the canopy. Autoch-
thonous energy sources may become more and more
important as the stream gets bigger and the relative
amount of stream cover is reduced (Winterbourn
et al. 1984).

This leads to the possibility that streams relying
on allochthonous input asa community energy source
may be less affected by high levels of suspended
sediment than those which rely on an autochthonous
energy source. Lowland streams, dependent upon the
photosynthetic activity of green plants as an energy
source, may require lower levels of turbidity. To date
I have seen no publication which resolves this issue.

There has been considerable research on primary
production in streams affected by suspended sediment.
Lewis (1973a) investigated the growth of an aquatic
moss (Eurhynchium riparoides) down stream of a
Welsh coal washery effluent. Abrasive damage to
leaf surfaces from coal dust occurred after only 3
weeks at a level of 100 g m™>. Although the moss was
able to survive coai fines at concentrations as high
as 5000 g m3, spore germination was reduced by
42% at these concentrations. New side shoots on
adult plants occurred only at concentrations below
500 g m~3 (Lewis 1973b).

Nuttall & Bielby (1973) noted that in British
streams where rooted vegetation would otherwise be
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expected, it was completely absent if the stream was
subject to China-clay wastes. Effluent discharge
control standards differed markedly from most New
Zealand guidelines: mean suspended sediment in one
stream was as high as 46 kg m3. Despite this enor-
mous loading and an almost total lack of primary
production, several stream invertebrates (Tubificidae,
Naididae, and Chironomidae) were able to survive at
increased densities when compared with control
streams.

Sediment resulting from alluvial mining and other
activities can have a marked effect on photosynthesis.
Van Nieuwenhuyse & LaPerriere (1986) investigated
mined and unmined streams in subarctic Alaska and
measured the primary production in each. Suspended
sediment levels of around 200 mg 1! (in this case 170
NTU) caused a 50% reduction in primary production.
This reduction was less than expected because the
light reaching the bottom was reduced by 75%. They
concluded that either species composition changed
or the amount of chlorophyll a in each photosynthetic
cell increased. In heavily mined streams the turbidity
reached 1200 NTU and no primary production
occurred. It was not known whether this was because
of the reduction of light intensity, scouring by the
suspended sediment, or poisoning by heavy metals
released from the sediments by the mining, Lloydet
al. (1987) suggested that a turbidity of only 5 NTU
from alluvial mining can decrease the primary
productivity of shallow clear-water streams by about
3-13%. An increase of 25 NTUs may decrease
primary production by 13-50% in shallow streams.
Primary production in clear streams of depths greater
than 0.5 m would be reduced even further.

Effect of sediment on invertebrates

Spates and concomitant increases in both suspended
and deposited sediment are a natural occurrence in
streams. It follows therefore that stream organisms
must be adapted to withstand occasional increases in
suspended and benthic sediment levels. Sediment
deposition has a variety of effects on benthos: these
range from minor interference with feeding (and hence
lower productivity) right through to death by
smothering. All of these can occur as a result of
natural events. Input from human activities, if as
infrequent as natural flooding, may be well handled
by the stream community. Continuous high-level
inputs are another matter. Because of the frequency
of human-induced sediment in stream ecosystems,
there has been considerable work on this subject,
most of it outside New Zealand. The bulk of
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anthropogenic sediment is diffuse in nature and it is
often difficult to separate the effects of sediment
from that of other pollutants. Kelly (1988) pointed
out that work on the effects of heavy metals and
acidity on aquatic ecosystems has occurred at the
expense, perhaps, of associated effects such as those
of turbidity and suspended solids. As a result, little
work has been done on the effects of alluvial mining,
an industry which can produce continuous high-level
point source inputs of sediment.

Significant exceptions are studies on the effects
of placer mining on the invertebrate communities of
Alaskan streams. Wagener and LaPerriere (1985)
found a decreased density and biomass of invertebrates
in mined streams and, as one of the few studies that
may be directly comparable with the New Zealand
alluvial mining situation, it is worth quoting their
conclusions in full:

“1. Placer mining increased turbidity, settleable solids,
and non-filterable residues (suspended sediment).

“2. Sedimentation decreased density and biomass of
benthic invertebrates.

“3. Increased turbidity was the strongest descriptor
of reduced invertebrate density and biomass.

... for evaluating the effects of placer mining,
invertebrate densities were good indicators of
water quality. Many diversity and biotic indices
have been developed in temperate regions where
invertebrate densities and taxonomic richnesses
are high; they therefore may not be appropriate
for Alaskan subarctic streams. Density, however,
which requires no taxonomic identification, varies
inversely with mean turbidity, settleable solids,
and non-filterable residues. Acarina seems to be
the taxon most sensitive to sediment and may be
the best ‘indicator organism’ of placer mining
effects on streams.”

Weber & Post (1985) demonstrated reduced
aquatic invertebrate populations down stream of
mined areas in comparisons between mined and
unmined sections of the catchment of an Alaskan
creek. A review by Lloyd et al. (1987) summarised
information on the effects of turbidity. Densities and
biomass of benthic invertebrates were significantly
higher in unmined Alaskan streams than in mined
streams, Suspended sediment may not be the only
hazard to stream life from placer mining: LaPerricre
et al. (1985) found various heavy metals were
associated with alluvial mining effluents. Some of
the effects attributed to suspended sediments by
Wagener & LaPerriere (1985) may thercfore have
resulted from the presence of heavy metals,

Suspended sediment can affect the benthos in
several ways. As discussed above, increased turbidity
can reduce primary productivity in a water body.
This immediately reduces the energy available to
enter the food chain and stream productivity may
decrease. The situation is not quite so clear-cut in
streams which rely primarily on allochthonous energy
sources. Thus increased suspended sediment need
not significantly reduce the food supply available to
invertebrates and, particularly if it remains in
suspension, human-induced sediment input may have
little effect on the biota.

However, if sediment settles on the substrate, its
effect can range from minor to catastrophic. Most of
the settling pond effluent from West Coast (South
Island, New Zealand) goldmining operations consists
of fine fractions of 1 um or less (West Coast
Goldminers Association 1988). These particles are
highly mobile and remain in suspension for a long
time. Itis only when there are “accidents” with settling
ponds that major quantities of settleable solids are
released. Nonetheless, Graham (1990) has shown
that fine silt can be entrapped by periphyton even at
very low levels, thus reducing the attractiveness of
the periphyton to algal grazers. At suspended mineral
silt levels between 1 and 10 g m=3, silt accumulation
in epilithic periphyton accounted for about 50% of its
dry weight. This, in turn, caused a reduction in the
mean organic content of the periphyton to 22% of the
dry weight, compared with 52% in a reference stream
with suspended sediment levels below 1.0 g m™
during normal flow conditions.

Organisms respond to increased suspensoids in a
variety of ways, If the level is high, such as in a flood,
the immediate response of some organisms is to
move (if they can). The actual displacement depends
upon a variety of factors inchwding the species involved
and the velocity of the current. Organismal drift is
usually maximal at night and minimal during the day
(Fowles 1972; Graesser 1988).

Increased levels of turbidity increase the drift,
apparently without an increase in the compensatory
upstream movements. Luedtke & Brusven (1976)
showed that sand deposition prevents upstream move-
ment, presumably because the substrate lacks stability.

Rosenberg & Wiens (1975) demonstrated that
increased suspended sediment levels were associated
with increased drift rates. They could not correlate
the actual response to the sediment level, suggesting
that some threshold value may be involved.
Ciborowksi et al. (1977) showed that both drift
numbers and drift density increased with turbidity
during darkness, but not during the day. The lack of



0T0¢ J3quwadaQ ¢ 9v:LT IV papeojumod

































