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Recommendation by a world leader, Prof. Dr. Noel Hynes of the University of Waterloo, On�tario:


(Date: Fri, 20 Mar 1998 10:05:30


From: Noel Hynes


Subject: book


I'm sorry, but I have only my own copy of The Ecology of Running Waters. Many thousands were printed, so it must be available on the second-hand market, but it is very out of date. I think that it was responsible for an enormous advance in our knowledge, during the nearly 30 years since its publication, because peo�ple became confident that the field had been reviewed. I worked very hard in order to make that review complete, and I always refused to do a second edition because I knew that it would not be possible to make a complete review and I did not wish to get into the "recent advances" loop. The best current text on running water is J.D. Allen, 1995, Stream ecology. Chapman and Hall ISBN 0 412 29430.


........................................... Noel Hynes)





Substrate is a complex aspect of the physical environment. What comes to mind first are the cobbles and boulders in the bed of a mountain stream, and silts and sands that are more typi�cal of lowland rivers. Organic detritus is found in conjunction with mineral material, and can strongly influence the organism’s response to substrate. Determination of the role of sub�strate is further complicated by its tendency to interact with other environmental factors. For example, slower currents, finer substrate particle size and (possibly) lower oxygen are often correlated. In addi�tion, the size and amount of organic matter, which affect algal and micro�bial growth, vary with substrate. This natural covariation of environmental factors makes it very difficult to ascribe cau�sality from field surveys. Substrate ofcourse depends on the parent material available, but there is a general tendency for particle size to decrease as one proceeds downstream.


Inorganic Substrates


Table II-4: The classification of mineral substrates by particle size, according to the Wentworth Scale


Size Category�
Particle Diameter�(range in mm)�
�
Boulder�
>256�
�
Cobble�
�
    Large�
128-256�
�
    Small�
64-128�
�
Pebble�
�
    Large�
32-64�
�
    Small�
16-32�
�
Gravel�
�
    Coarse�
8-16�
�
    Medium�
4-8�
�
    Fine�
2-4�
�
Sand�
�
    Very coarse�
1-2�
�
    Coarse�
0.5-1�
�
    Medium�
0.25-0.5�
�
    Fine�
0.125-0.25�
�
    Very fine�
0.063-0.125�
�
Silt�
<0.063�
�
�
The influence of substrate on organism abundance and diversity


In general, diversity and abundance increase with substrate stability and the presence of organic detritus. Other factors which appear to play a role include the mean particle size of mineral sub�strates, the variety of sizes, and surface texture, although it is difficult to gen�eralise about their effects.


Table II-5: Abundance and species diversity of aquatic insects found in five habitats (characterised mainly by their substrates) in a Quebec stream. Values are annual av�er�ages.


Habitat�
Abundance�(no./sq.m.)�
No. of species�
Diversity�=(S-1) / logeN�
�
Sand�
920�
61�
1.96�
�
Gravel�
1,300�
82�
2.31�
�
Cobbles and pebbles�
2,130�
76�
2.02�
�
Leaves�
3,480�
92�
2.40�
�
Detritus�(finely divided leaf ma�terial in pools and along stream margins)�
5,680�
66�
1.73�
�



In general, diversity and abundance of benthic invertebrates increase with median particle size (MPS), and some evidence suggests that diversity declines with stones at or above the size of cobbles. The amount of detritus trapped within the crevices is also likely to be impor�tant, and substrates of intermediate size are superior in this regard. A variable mix of sub�strates ought to accommodate more taxa and individuals, and particle size variance usually increases with MPS.





Evidently the amount and type of detritus contained within the sedi�ments is sufficiently depend�ent on the size and mix of the mineral substrates that it is unwise to measure substrate prefer�ence without concurrent study of trapped organic matter.





Silt, in small amounts, benefits at least some taxa. When silt was added to larger mineral sub�strates in laboratory preference tests, silt enhanced the preference for coarse substrates in the mayfly Caenis latipennis and the stonefly Perlesta placida. In large amounts, silt gen�erally is detrimental to macroinvertebrates. It causes scour during high flow, fills interstices thus reducing habitat space and the exchange of gases and water, and reduces the algal and microbial food supply.





Substrate texture refers to surface properties such as hardness, roughness, and perhaps ease of burrowing, along with other aspects. Researchers have found that more invertebrates colo�nized granite and sandstone, which have comparatively rough surfaces, than the smoother quartzite. Other experiments also found diversity and abundance to be greater on irregular than on smooth substrates of the same overall size.
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