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Abstract 

Tolkamp, H.H. (1980) Organism-substrate relationships in lowland streams. Agric. 
Res. Rep. (Versl. landbouwk. Onderz.) 907, ISBN 90 220 07S9 6, (xi) + 211 p., 80 
tables, 43 figs., 319 refs., Eng. and Dutch summaries, 14 appendices. 
Also: Doctoral thesis, Wageningen. 

A field and laboratory study on the microdistribution of bottom dwelling macro-
invertebrates to investigate the role of the stream substrate in the development 
and preservation of the macroinvertebrate communities in natural, undisturbed low
land streams is described. Field data on bottom substrates and fauna were collected 
between 1975 and 1978 from two Dutch lowland streams. Substrates were characterized 
by the nature and the amount of organic detritus and the mineral particle sizes: in 
a field classification on the basis of the visually dominant particle sizes; in a 
grain-size classification on the basis of exact particle-size analysis in the labora
tory. Substrate preference for 84 macroinvertebrate species was demonstrated using 
the Index of Representation. 

Substrate-selection experiments were conducted in a laboratory stream for three 
Trichoptera species (Mioropterna sequax, Chaetopteryx villosa and Seriaostoma per
sonation) and one Ephemeroptera species (Ephemera daniea). An experiment on the 
colonization of artificial substrates in the field was also conducted. 

From the field data, several faunal groups could be distinguished, each group 
made up of species with similar substrate preferences. Detailed data on the micro-
distribution in relation to substrate particle size are given for 26, species, which 
represent the various taxonomical units that compose the faunal groups : Trichoptera 
(5 species), Ephemeroptera (1 species), Plecoptera (1 species), Coleoptera (3 species), 
Amphipoda (1 species), Diptera (15 species, among which 13 species of Chironomidae). 
The microdistribution is discussed in relation to case-building behaviour, life cycle 
and food preferences. For several species substrate preferences may be different for 
different development stages or in different seasons. 

It is concluded that most species show distinct preferences for a specific sub
strate. The small scale spatial variation in substrate composition of the stream bed 
is essential for the existence of many lowland stream macroinvertebrate species. 

Free descriptors: substrate preference, microdistribution, benthos, macroinvertebrates, 
particle size, detritus, organic matter, habitat preference, environmental factors, 
lowland stream, laboratory stream 
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Outline of substate classification 

Abbreviations used in the field classification of substrate types 

S = Sand 

G = Gravel 
CD = Coarse Detritus 
L = Leaves 

FD 
St 
Sh 
B 

= Fine Detritus 
= Stable 
= Shifting 
= Bare 

Detritus = CD + L CD/FD = CD with or without FD 

Names, phi values and phi indices of grain-size fractions 

Frac 
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0. 
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Phi value 
<-log2 

-7 
-6 
-5 
-4 
-3 
-2 
-1 

0 
1 
2 
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4 
5-10 

fraction) 
Phi index 

8 
7 
6 
5 
4 
3 
2 
1 
1 
2 
3 
4 
0 

Name of fraction 

cobbles 
cobbles 
large pebbles 
small pebbles 
coarse gravel 
medium gravel 
fine gravel 
very coarse sand 
coarse sand 
medium sand 
fine sand 
very fine sand 
silt and lutum 

t : 0.050 mm is used instead of 0.0625 

Q M Q index describes the grain-size composition of a substrate by giving the 
first (Q-), second (median)(H) and third (Q ) quartiles expressed in 
integer phi values (phi indices). 



1 Introduction 

1.1 GENERAL 

Lowland streams, with a strongly fluctuating discharge, water level, current 

velocity, bottom composition and vegetation pattern, are a characteristic type of 

stream for the Netherlands. A large number of benthic macroinvertebrate species are 

restricted to this type of environment and form the characteristic animal community 

of the natural lowland stream. 

Since the 1930s most lowland streams in the Netherlands have been regulated in 

connection with land reclamation schemes or programmes aimed at the improvememt of 

stream hydrology to increase drainage and in the more recent decades also to lower 

the groundwater level in vast areas. This implies the reduction of inundation, peak 

flow, erosion and sediment transport. To this end meanders are cut off, bends are 

straightened, the stream bed is deepened and widened, the slope of the banks is stan

dardized to a 1:2 or 1:3 profile, bank vegetation is removed and paths are con

structed for grass mowers; weirs and barrages are placed at regular intervals to 

reduce sediment transport and retain a minimum water level in summer for irrigation 

purposes. Banks are often reinforced with concrete, nylon matting or wood and some

times the whole stream bed is reinforced with concrete blocks. Several terms are in 

use to describe these kind of physical perturbations. Hereafter the term regulation 

will be used, to save the term channelization for streams and rivers.that have been 

regulated with the purpose of facilitating transport by boat. 

Regulation strongly affects the physical characteristics of the stream system, 

and investigations in the Achterhoek (Gardeniers & Tolkamp, 1976) and elsewhere in 

the Netherlands (Heijdeman & van 't Oever, 1976; Peters & Leijten, 1977; de Graaff, 

1979) demonstrate that the animal community living in regulated streams is quite 

different from that living in unperturbed, natural lowland streams, a feature fre

quently reported in other countries for other stream types as well (e.g. Wene & 

Wickliff, 1940; Engelhardt, 19S1; Stuart, 1959; Einsele, 1960; Rouyer, 1975). The 

typical fauna present in natural lowland streams is often practically absent from 

streams that have been regulated. Only in streams regulated in the old fashioned 

way, where maintenance has been neglected since the major regulation works, may the 

fauna of the natural stream be able to stay or re-establish itself in places where 

conditions are returning to the original state. In such semi-regulated streams the 

fauna may consist of a mixture of pond- and stream-dwelling species. In most regu

lated streams, however, the species composition resembles that of canals,.ditches and 
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ponds. This can be attributed to the changes the physical environment has undergone. 

Levelling down the spatial and temporal variation in current velocity will result 

in more uniform substrate patterns, while the absence of bank vegetation (trees and 

shrubs) which would shade the water, results in higher water temperatures and the 

development of macrophytes or even microphytes when current velocity is low enough. 

Less allochthonous material will enter the stream system and algae and aquatic plants 

will replace leaves as the trophic basis of the community. The stream system changes 

from heterotrophic to autotrophic (Cummins et al., 1973). 

Consequently, major changes in community structure will result. For each animal 

species it is essential that environmental factors are present in the right extent 

within reach of the animal. Comparing natural and regulated lowland streams, and 

noting the differences in species composition of the communities present, the 

impression becomes stronger that the environmental demands of species characteristic 

for unperturbed lowland streams are so specific that they can only be met in very 

distinct places within the stream. Apparently these species can only find the 

optimal combination of physical parameters in a stream with much variation, with 

the right extent or range of each factor important for their existence (e.g. sub

strate particle size, current velocity, food, oxygen supply). 

Many investigations have been carried out in Dutch lowland streams during the 

last two decades, mainly concerning the description of the stream fauna and the 

effects of pollution (e.g. Mur Atzema, 1962; Gardeniers, 1966; Moller Pillot, 1971; 

Higler, 1972; Tolkamp, 1975a; Gardeniers & Tolkamp, 1976). These investigations on 

the physical and chemical quality of the streams as related to the macroinvertebrates 

have led to a reasonably complete picture of the geographical distribution of the 

benthic macroinvertebrates in Dutch lowland streams and of the differences between 

natural and regulated streams in the sense of the composition of the animal community. 

The differences in species composition have even been used as an instrument to mea

sure the degree of regulation of a lowland stream (Tolkamp & Gardeniers, 1977). 

However, current velocity is only one of the parameters that may change after 

regulation and no detailed information is available on the specific reasons for the 

differences in animal communities between natural and regulated streams. Current 

velocity is of course one of the reasons, but the distribution of freshwater animals 

is also determined by a whole complex of a large number of physical, chemical and 

biological factors (Wesenberg-Lund, 1943; Engelhardt, 1951; Albrecht, 1953; Macan, 

1961, 1962; Cummins, 1966; Thorup, 1966; Cummins & Lauff, 1969; Hynes, 1970a, b; 

Meadows & Campbell, 1972; Macan, 1974; Decamps et al, 1975; Friberg et al, 1977). 

Schmitz (1954) followed Thienemann (1912) in the conception that current velocity and 

temperature are the primary factors influencing the development of running-water 

zoocoenoses. Whitehead (1935) concluded that the nature of the stream bed is of great 

importance as a factor determining the nature of the fauna, either directly (pro

viding shelter, suitable attachment sites) or indirectly (providing food, influencing 

the nature of plant growth, giving suitable oxygen conditions). 



The stream bottom is the product of two sources that provide the basic com

ponents: mineral and organic allochthonous material supplied by water and air, and 

mineral and organic autochthonous material present in the stream bed, originating 

from geomorphological conditions. Under the influence of the discharge regime and 

the form of the stream channel, interacting in two major counter processes, erosion 

and sedimentation, the basic components are arranged in substrate patterns with 

characteristic properties concerning composition (particle size and nature of mineral 

and organic matter), structure (spatial variations-vertical and horizontal, stability, 

packing, porosity) and dynamics (temporal changes in structure). Because of the 

sorting activity of the current, the structure of the stream bottom is inseparably 

interwoven with the variation of the current (velocity, regime, turbulence) (Schmitz, 

1961; Scherer, 1965), resulting in a constantly varying (in space and time) mosaic 

pattern of substrate types, each with different environmental conditions. Grain-size 

composition may vary at very short distances and influence, for example, the oxygen 

content of the interstitial water, the amount of trapped organic detritus, the growth 

of periphyton and the number of crevices. 

Cummins & Lauff (1969) presented a diagram showing the four major categories of 

environmental parameters (Fig. 1). They emphasized that current, temperature and con

centration of chemical factors may limit the range of habitat tolerances (macro-

distribution) and that substrate particle size or food supply are probably the main 

microdistributional factors. Although several additional physical factors influencing 

distribution are often mentioned, these are mostly directly related to one of the 

main factors: flow regime, drought, spates, illumination, suspended solids, proximity 

of suitable habitats (Sprules, 1947; Hynes, 1970a). Biotic factors as competition 

and prédation (Macan, 1962), oviposition and drift habits (Macan, 1961; Hynes, 1970a) 

are also related to the main factors food, current and substrate. 

Ulfstrand (1967) stressed the point that the most important factor linked with 

substrate is the provision of food in the form of allochthonous and autochthonous 

matter and prey animals. This agrees with the view of Cunmins (1975), who stated that 

food will undoubtedly be the ultimate determinant of macroinvertebrate distribution 

and abundance in non-perturbed running waters. But he added that when food conditions 

are favourable, other factors, as sediment particle size, current, competition for 

space or prédation will determine the microdistribution within a given section of a 

stream. Moreover, food is part of the substrate for algal feeders (grazers, scrapers) 

as well as detritus feeders (shredders, consumers) and the presence and abundance of 

food substances is influenced by, for example, the particle size (accumulation of 

detritus (Rabeni & Minshall, 1977)), sediment transport (scouring off attached 

algae), light conditions and current (distribution of detritus, growth of hydrophytes, 

bringing food to filter feeders). The preference of prey organisms for certain sub

strate or food types will influence the distribution of their predators (Ulfstand et 

al., 1971; Hildrew & Townsend, 1976). 

For the very reason that the substrate is the resultant of and strongly inter-
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Fig. 1. General relationship between environmental parameters and the micro-
distribution of benthic stream macroinvertebrates (after Cummins 81 Lauff,1969). 

linked with a number of physical factors and is of great ecological importance for 

macroinvertebrates, it is an outstanding parameter for the study of macroinvertebrate 

microdistribition. Because the substrate composition, structure and dynamics are the 

first to change under the influence of alterations in current velocity and discharge 

regime following stream regulation, they may prove to be the major reasons for the 

differences in species composition between natural and regulated lowland streams. 

1.2 PURPOSE OF THE INVESTIGATION 

The purpose of the investigation was to gain insight into the role the substrate 

plays in the development and preservation of the macroinvertebrate communities in 

natural, undisturbed lowland streams. Testing and quantification of the relationships 

between temporal and spatial environmental factors as measured by substrate charac

teristics and the composition of animal communities will increase the knowledge of 



the autecology of some typical lowland stream species and will make it possible to 

indicate some of the critical conditions that distinguish natural lowland streams 

from other watercourses. 

As a basis for preservation and management of these streams this knowledge is 

indispensable and it will contribute to the quantification of the limiting conditions 

concerning stream dimensions, profile, meandering, bank vegetation, weir level, 

current speed, maintenance, effluent discharge, recreation and bank protection. There 

is an urgent need for this kind of information since the demands made from the 

hydrological point of view are often contradictory to the wish to preserve the Dutch 

lowland stream as a unique type of environment. 

1.3 HYPOTHESES 

It has been shown by numerous authors that distinct differences occur in the 

species composition found in different substrate types (e.g. Pennak & van Gerpen, 

1947; Thorup, 1966; Mackay, 1969; Mackay & Kalff, 1969; Ward, 1975; Cummins, 1975). 

Many authors used the substrate merely to describe the various habitats they encoun

tered and were not trying to establish differences in the faunal composition of the 

substrate types, but described the stream fauna itself and where to find it (e.g. 

Thienemann, 1912; Behning, 1928; Beyer, 1932; Geijskes, 1935; Sprules, 1947). More 

recently, studies directly relating species distribution and substrate composition 

have become numerous and many references were given by Cummins (1966), Thorup (1966) 

and Hynes (1970a, b ) . 

Although a species may show a distinct preference for a certain substrate type, 

other features prevailing in the same place or in the neighbourhood may cause the 

animals to tolerate less-preferred substrates. Cummins & Lauff (1969) demonstrated 

this for the stonefly Perlesta placida, in substrate-selection experiments. Various 

authors have shown for several species that different instars may prefer or demand 

different substrate grain sizes or compositions (e.g. Scott, 1958; Hanna, 1961; 

Cummins, 1964; Schwoerbel, 1967; Mackay, 1969; Elliot, 1971; Harman, 1972; Otto, 

1976). Rees (1972) found a significant relationship between the body length of 

Gammxrus peeudolirrmaeus (Amphipoda) and the substrate particle size in laboratory 

experiments, and Wesenberg-Lund (1943) already gave examples of several caddis fly 

species that use different house-building materials during their development. Mackay 

(1977) demonstrated that Pyenopsyohe soabieipennie (Trichoptera) pupae burrow in 

other substrates than the larvae prefer. Thus many benthic-stream-dwelling macro-

invertebrates may need several substrate types to complete their life cycle. 

These observations formed the basis for the following hypothesis: 

The demands of many benthic lowland stream macroinvertebrate species of the substrate 

are of such a nature that they can only be met in a non-regulated lowland stream with 

its typical substrate composition and pattern. 

Two working hypotheses were formulated to test this hypothesis: 



- Many benthic lowland stream macroinvertebrate species show distinct preferences 

for a specific substrate composition. 

- For many of these species the small-scale spatial variation in substrate compo

sition of the stream bed is essential for their existence. 

1.4 RESEARCH APPROACH 

Testing of the working hypotheses was performed in three steps: 

- Determination of the microdistributional patterns of the macroinvertebrates in two 

natural, undisturbed lowland streams (field investigation). 

- Determination of substrate preferences of a number of characteristic lowland 

streams species in substrate-selection experiments in a laboratory stream channel 

(laboratory experiments). 

- Determination of the macroinvertebrate colonization of artificial substrates in the 

stream bed (field experiments). 

This approach was chosen because the interpretation of data from field research 

only leads to correlations between animal distribution and certain environmental 

parameters. Experiments in the laboratory or the field, or both, are necessary to 

provide data that can be used to test the conclusions derived from the field research. 



2 Description of the streams 

The investigation was carried out in two natural, unperturbed, unpolluted low

land streams: the Snijdersveerbeek (Snijb) and the Ratumsebeek (Rab). Both streams 

are situated in the eastern part of the Achterhoek in the province of Gelderland, 

where natural streams are still present (Fig. 2). In both streams the investigation 

was restricted to a section of 1500 metres. 

2.1 THE SNIJDERSVEERBEEK (FIGS. 3 AND 4) 

Only the first 1500 m of the Snijdersveerbeek is in a natural state. The down

stream part has been regulated and contains only stagnant water or no water at all 

for the largest part of the year. The stream originates at the western border of the 
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Fig. 2. Streams in the Achterhoek. The shaded area indicates the area where natural, 
unpolluted streams still exist (modified after Gardeniers & Tolkamp, 1976). 
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'tertiary plateau' in a small valley approximately 3 m below the level of the sur

rounding area. It runs in a westerly direction over the slope of the plateau and 

reaches, after passing the relatively steep edge of the plateau, the flat area called 

'Pleistocene basin'. This basin is filled with coarse sands to a great depth, which 

gives rise to the intermittent character of the downstream part of the stream. 

The upper part of the stream is fed by iron-rich groundwater, which continuously 

seeps into the stream through the bed and banks. Even in the extremely dry summer of 

1976 this did not stop. The continuous seepage is connected with the specific geo-

morphological and hydro-geological characteristics of the area: coarse sediments 

(wind-blown sands and Middle Pleistocene fluviatile sand and gravel) are situated on 



Fig. 4. Sampling site in Section 6 of the Snijdersveerbeek. 

heavy clay (teriary 'old' clay), which gives rise to a groundwater supply to the 

Snijdersveerbeek from a fairly large catchment area. The groundwater runs over the 

clay through the coarse fluviatile sands and gravel. Where the stream bed reaches the 

groundwater level, seepage occurs (Kloosterhuis, 1968). This happens in the first 

500 m of the stream (Fig. 3, Sections 1-4). 

During the winter, the water in the stream partly originates from a more up

stream part, to the east of the valley. This part was regulated in 1975 and peak 

discharges are diverted by a ditch running in northerly direction, reducing the peak 

flow in the actual stream. The small amount of water still permitted to flow through 

the stream is determined by the difference in size and level of the culverts connec

ting the upstream and downstream watercourses. In summer, the water of the regulated 

section does not reach the investigation part of the stream. 

After a preliminary investigation (Tolkamp, 1975b; Both, 1976), eight sections 

were distinguished in the Snijb (Fig. 3 ) , each characterized by degree of meandering, 

bank vegetation, stream profile and substrate composition (Table 1). The width of the 

stream bed varied between 0.4 m and 1.0 m with some pools up to 2.0 m wide. Water 

depth varied from 2 cm to 30 cm, with an average in summer of 2-10 cm and in winter 

15-20 cm. The combination of a continuous and rather constant discharge with a 

strong slope (5 m/km) resulted in a steady current all year round. The average current 

speed was 5-10 cm/s in summer. In winter it increased to 20-30 cm/s, with occasional 



Table 1. Physical characteristics of the eight sections in the Snijdersveerbeek and 
the upstream section of the Ratumsebeek. 

Length/m 
Depth/cm 
Width/cm 
Meandering 
Shade 

Substrate 

S=Sand ; G 
FD=Fine De 

Snijdersveerbe 

1 

150 
0-20 
40-60 
strong 
trees 

S;L; 
FD; CD 

=Gravel 
;ritus ; 

2 

200 
5-20 
40-60 
not 
herbs 

S;G; 
Veg 
(CD) 

ek sections 

3 

100 
10-30 
50-100 
strong 
trees 
herbs 
S+G; 
FD ; CD ; 

Veg 

4 

50 
5-30 
60-100 

little 
trees 

G+S; 
Co; 
Veg 

5 

200 
10-30 
40-80 
strong 
trees 

S;L; 
FD;CD 

6 

200 
5-25 
60-100 
little 
trees 

G;S; 
Co;L; 
FD;CD 

; Co=Cobbles and Pebbles ; L=Leaves ; 
Veg=Vegetation 

7 8 

200 150 
80-110 0-30 
165-200 40-80 
none none 
none herbs 

S;FD G;S; 
Co; 
Veg 

2D=Coarse Detri 

Ratumsebeek 

1 

1500 
0-100 
150-300 
strong 
trees 

G;S; 
Co;L; 
FD;CD 

tus ; 

higher speeds after heavy rainfall. The temperature regime was similar to that of the 

Ratumsebeek. Measurements were carried out monthly. Minimum temperatures in winter 

were about 2°C, while summer temperatures varied betiveen 13 C and 16 C. 

The stream is shaded by trees, brushwood, high growing herbs or high and steep 

banks, except for occasional short stretches in the four upstream sections where the 

bank vegetation or the banks had been damaged by cattle and man. In these unshaded 

places, aquatic vegetation occurred in small mosaic patterns, mainly consisting of 

Vevoniaa beaaahunga, Mentha aquatiaa, Myosotis palustris and in Section 2 also 

Glyoeria fluitans. Especially the steep banks were covered with liver mosses, among 

them Marohantia polymorpha. 

Substrate varied with current velocity and geological conditions. The presence 

of gravel was clearly linked with the occurrence of fluviatile Rhine deposits. How

ever, only in the Sections 4, 6 and 8 did gravel form a major part of the substrate. 

Here it occurred over the whole width of the stream bed, while it surfaced only in

cidentally in the Sections 2, 3 and 5. Gravel substrates were mostly situated on or 

mixed with sand. Only in the Sections 6 and 8 did clay or loamy sand form the base 

for gravel or sand substrates. In all sections except Section 7, leaves and organic 

detritus formed a major part of the substrate - accumulated near the banks, in pools, 

against obstacles projecting from the bed in riffles or trapped in vegetation. Large 

quantities were also found to be mixed with the mineral substrate. 

Section 7 was not included in the routine sampling programme because this part 

of the stream functioned as a sand collection basin, which was redimensioned in 1976. 

The width and depth of the stream channel were enlarged to such an extent (and the 

trees alongside cut) that in summer retention and evaporation were higher than the 

water supply from upstream. This caused the desiccation of Section 8 in the summers 

following June 1976. 
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2.2 THE RATUMSEBEEK (FIGS. 5 AND 6) 

This stream is fed by a large number of regulated, and mostly man-made small 

tributaries, mainly situated in Germany, draining some 1200 ha. In the Netherlands, 

it drains an area of approximately 2200 ha in a rather narrow drainage area where the 

stream is fed by a small number of short tributaries. To prevent inundations, peak 

discharges are diverted into a smal concrete-lined canal some 6 km downstream of the 

investigated section. The investigated section of the stream (Fig. 5 ) , the first 1500 

m after the German border, is strongly meandering in an oak-beech forest. The stream 

has been left free to find its own way, producing all degrees of meandering, although 

undermined trees that would obstruct the flow of the water are removed by the local 

waterboard or (concerned) farmers. 

Normally the stream flows all year round. However, in the summer of 1976 the 

downstream part dried out completely and in the investigated section only some pools 

remained with an occasional trickle from one to the other. This period lasted only 

for a few weeks, and the planned sampling programme was postponed until the following 

January (1977). The slope of the stream is rather constant in this section (1.5 

Mb.O 

: t he s t r eam meadows +****tt : b o rde r NL-FRG 

: t r i b u t a r y farm land 

hedgerow o r f o r e s t 

4 5 . 0 : a l t i t u d e in 

A ^ A ^ 
' » m t ints 

Fig. 5. Upstream section of the Ratumsebeek. The arrows indicate the routine 
sampling site (R) and the site where artificial substrates (AS) were placed. 
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Fig. 6. Sampling site in the upstream section of the Ratumsebeek. 

m/km). Current velocity varied in summer from very low in pools to 10-15 cm/s at 

riffles. In winter, pool-riffle differences were less pronounced and the current was 

30-40 cm/s on the average, with peaks up to 100 cm/s after heavy rainfall. 

The width of the stream bed varied from 1.5 m to 3.0 m. Depth ranged from 0-40 cm 

in summer to 30-100 cm in winter. Temperature varied between 0 C and 5 C in winter, 

although ice was practically never formed. In summer, temperature rose to 12-16 C, 

with occasional peaks of 19 C. For comparison, these data have been included in Table 

1. 

In the investigated section the stream bed cuts rather deep through the land

scape, in some places 2 m or more below the surface level. A strongly varied range of 

geological deposits reach the surface in the stream bed (Bosch, 1967; Kramer, 1972). 

From the German border to some 2.5 km downstream lias deposits emerge, especially in 

the outer bends. In this area, where the stream meanders between the high farmlands, 

local moraine covers the lias deposits. In some places this boulder clay is compressed 

to a very hard layer. Claystone banks are also present, formed through compression of 

clay and sand under pressure in the lias period. Over a distance of about 1 km 

oligocène clay reaches the surface in some places as well. In the investigated section 

of the stream, the substrate consists for approximately 40% of gravel and stones 

embedded in or on top of sand or clay. Iron concretions, resembling rough gravel 

particles form an important part of the mineral substrate. 
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The stream bed consists of a number of pools and riffles. Upstream and down

stream of the hard banks (claystone), the slope of the stream bed is less strong and 

sedimentation takes place. Here the stream is deeper and the substrate consists of 

sand and mud (fine detritus mixed with sand), together with large amounts of leaves 

and coarse detritus. On the hard banks the slope is steeper and erosion takes place. 

Here the bottom consists of coarse sand, fine and coarse gravel, iron concretions, 

claystone, clay and pebbles. By the alternation of pools and riffles, the water runs 

stepwise downstream. 

Leaves and organic detritus form an important substrate in this stream. This 

material is constantly blown into the stream from the banks and can be found in 

various forms of degradation all year round. In autumn and winter the input of fresh 

leaf material is greatest, while the amount gradually decreases through spring and 

summer. Sometimes large accumulations of leaves form dams in the stream, leading to 

considerable level differences. In this way a riffle can be temporarily transformed 

into a pool, although this did not happen at the sites sampled in 1977. 

In general, substrate composition fluctuated markedly during the year. As an 

illustration, the surface views of the sampling site in the Ratumsebeek have been 

presented for each season in Fig. 7. In this section of the Ratumsebeek, which is 

completely shaded, no aquatic vegetation grew. 
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Fig. 7. Substrate mosaic structure of the stream bed at the Ratumsebeek sampling 
site for each season of 1977. 
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3 Methods 

3.1 FIELD PROCEDURE 

3.1.1 Selection of sampling sites 

A representative sampling site of approximately 5 m length was chosen in each 

section on the basis of the substrate composition and variation. In the Sections 4, 5 

and 6 in the Snijb and the one section in the Rab, the same site was used on all 

sampling dates. This gives an impression of the temporal substrate variation and any 

related changes in macroinvertebrate distribution. 

After the selection of a sampling site (always working in upstream direction) a 

sketch was made of the stream bed (Fig. 7) and the stream profile. The position of 

the various substrate types and the exposition of the substrates to the current was 

thus indicated. All dimensions were measured without stepping into the stream. Places 

inaccessible from the banks were measured after completing the sampling programme. In 

each sketch the exact position of the samples was indicated and numbered. Samples 

were taken from all substrate types present at a chosen site. Before actually taking 

the samples, the site was observed for a while and bottom fauna visible on the sub

strate surface recorded. 

3.1.2 Sampling dates 

In the Snijdersveerbeek, sampling was carried out monthly from September 1975 to 

September 1976 and once every two or three weeks from September 1976 to April 1977. 

Emphasis was placed on the four downstream sections; the three upstream sections were 

only sampled incidentally. From Table 2, which gives the seasonal number of samples 

in each section, it is clear that the number of samples in Section 8 decreased after 

June 1976. This was caused by the desiccation of the stream bed from July to November 

1976 as a result of the enlargement of the sand-collecting section upstream in June 

1976 and the fact that the summer of 1976 was extremely dry. 

Compared to other sections, Section 5 showed less substrate variation, which is 

the reason for the smaller number of samples taken there; no samples were taken in 

April 1976. After September 1976, the sampling frequency was increased, as mentioned 

above, resulting in a larger number of samples in autumn and winter than in spring 

and sumner. Of the spring samples, equal numbers were taken in 1976 and 1977. Only 

the summer samples were almost all taken in 1976, except for the first samples from 
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Table 2. Number of samples taken In the Snijdersveerbeek and the Ratumsebeek 
by season. 

Season 

Winter 

Spring 
Summer 
Autumn 
Total 

Weeks 

51-52 
1-11 

12-24 
25-37 
38-50 

Snijdersveerbeek sections 

1 2 

5 8 

2 3 
2 
5 5 

14 16 

3 

1 

2 
8 

16 
27 

4 

32 

20 
18 
26 
96 

5 6 

18 39 

8 22 
17 22 
14 23 
57 106 

8 

21 

20 
18 

7 
66 

Total 

124 

77 
85 
96 

382 

Ratumsebeek sections 

1 

41 

34 
63 
40 

178 

4 

-

-
7 
-
7 

5 

-

-
4 
-
4 

8 

_ 

-
6 
-
6 

Total 

41 

34 
80 
40 

195 

1975 in Week 37, the last week in summer. 

In the Ratumsebeek, samples were taken every two or three weeks from January 

1977 to January 1978. Sampling dates are summarized per season in Table 2. Samples 

taken in this stream in July 1976, before the stream dried up, were also included. 

The more downstream Sections 4, 5 and 8 were not sampled on a routine basis in 1977 

but the available data clearly indicate that the substrate and fauna of these sec

tions resemble those of the upstream section studied in 1977. 

3.1.3 Field Classification of substrates 

Substrates on a sampling site were characterized by the dominant-particle size 

at the surface of the stream bed. Mostly this concerned combinations of several 

particle sizes together with several types of organic detritus in different quan

tities. Nine mineral substrate components were distinguished: Cobbles (Co), Pebbles 

(P), Coarse Gravel (CG), Fine Gravel (FG), Gravel (G, a mixture of CG and FG), Coarse 

Sand (CS), Fine Sand (FS), Sand (S, a mixture of CS and FS) and Silt/Lutum (not 

abbreviated). Although no grain-size measurements were carried out in the field, the 

differences between the components roughly correspond with the limits given in Table 

3, combining two fractions at a time, starting with very fine sand and proceeding 

upward from 0.05 mm. 

Practically every combination of these components was found in the two investi

gated streams. Most samples consisted of a combination of two or more of these com

ponents, which together formed a substrate type. This was noted by mentioning the 

dominant component first, followed by the less abundant components, e.g. FG+CG on FS 

with P. This means that the substrate mainly consisted of Fine Gravel mixed with 

(less) Coarse Gravel situated on a base of Fine Sand with an occasional Pebble in the 

substrate. Mineral substrates not combined with organic material were indicated as 

Bare, i.e. Bare Sand (BS) or Bare Gravel (BG). Unstable or shifting sand substrates 

were noted as Shifting Sand (Sh.S), while compact, stable sand substrates were noted 

as Stable Sand (St.S). 

Organic detritus was distinguished in three types and a number of combinations 

17 



of these: 

- Leaves (L) : accumulations or layers of intact or only partly disintegrated leaves, 

predominantly of allochthonous origin. 

- Coarse Detritus (CD): smaller pieces of leaves, leaf skeletons, sticks, fruits 

(acorns, beech nuts), bark, bud scales (beech), seed capsules, remains of higher 

plants, etc. 

- Fine Detritus (FD): very fine organic material, already very disintegrated (e.g. 

macroinvertebrate excrements). Often amorphous, brown in colour and finer than 0.05 urn. 

Organic substrates were also designated according to the ratio between the com

bining types with the dominant type named first. When CD and L occurred in equal 

amounts or at the most a ratio of 2 : 1, the substrate was named CD+L (Coarse Detritus 

and Leaves). When one of these types was more abundant, the substrate was named after 

the dominant type and the ratio between the types was noted. In the following CD+L or 

CD or L will sometimes be referred to as Detritus (D) (e.g. Fig. 12). One has to bear 

in mind that this does not include the Fine Detritus fraction. 

Fine Detritus was noted, stating whether there was much or little. The impres

sion obtained during the actual sampling about the packing and stability of the 

substrate (shifting or stable) and the composition of the underlying, but from the 

surface invisible, substrate was also processed in the field classification, includ

ing data on the ratios of the underlying substrate types. 

3.1.4 Sampling method 

Since substrate heterogeneity is very marked in both streams, with a strong al

ternation of substrate types, resulting in small-scale mosaic patterns, a small-scale 

sampler was necessary for the collection of substrate and fauna. These must be col

lected together in one sample since it is often impossible to take a separate sub

strate sample in a certain type because of its restricted area. In streams with more 

uniform and larger substrate types separate substrate and fauna samples may work 

satisfactory (e.g. Edwards, 1975; Petran, 1977), but it often proved to be impossible 

in the Dutch small lowland streams. 

A shovel sampler was devised, fit to sample at the same time both substrate and 

macroinvertebrates on a small scale. This sampler, called a micro-macrofauna shovel 

(Fig. 8 ) , is made of stainless steel. It is 10 cm wide, 10 cm high and 15 cm long. On 

the top and at the rear are openings and these are screened with 0.5 mm nylon gauze. 

A removable handle-bar is attached to the rear. On the sides, adjustable wings are 

attached, preventing the shovel from digging too deep into the stream bed and making 

it possible to operate with a standard sampling depth. This depth was fixed at 3 cm 

in the present investigation. The wings ski over the substrate on both sides of the 

shovel. 

The shovel is pushed into the substrate at an angle of approximately 30 - 45 C 

and tilted backwards, bringing it horizontal as soon as the desired depth is reached. 



Fig. 8. The micro-macrofauna shovel. 

At that moment the wings are resting on the stream bottom. In the same movement the 

shovel is pushed forward through the substrate over a distance of 15 cm and brought 

above the water surface after tilting it further backwards. The sample is transferred 

into a bucket or jar by means of a large, wide-mouthed funnel. Remaining substrate 

and animals are rinsed out with water. A more detailed description of the micro-

macrofauna shovel, its construction and sampling efficiency is to be published 

(Tolkamp, to be published). 

Samples were always taken in an upstream direction. On each date at least four 

stream sections of the Snijdersveerbeek were sampled, which yielded 15-25 samples. In 

the Ratumsebeek, only one section was sampled. An average of 6 samples was taken on 

each occasion. The number of samples always depended on the number of visible sub

strate types. The samples were transported to the laboratory as quickly as possible 

and stored at 2-4°C (3-4 hours after taking the first sample). In a few exceptions 

the samples were conserved with 10 % (V/V) formaldehyde and stored to be sorted 

later. 

Preliminary research (Both, 1976) showed that it is not practical to use the 

shovel sampler in leaf packs or coarse detritus accumulations, because it will push 

these substrates ahead of the sampler, or part of the underlying mineral matter will 

be included in the organic sample. Since this would make the interpretation of the 

data too complex, the organic substrates and the underlying mineral matter were sam

pled separately. The organic material was sampled by hand, by pushing the leaves or 

coarse detritus into the shovel or bringing it directly into a small bucket; the 

underlying mineral matter was sampled afterwards with the shovel. The amount of 

organic material sampled by hand was taken from an area comparable to that sampled by 
2 

the shovel (150 cm ) , but if the organic layer was too thin an additional area was 

included to reach a more or less constant volume of detritus (approx. 750 ml in a 

loose packing). 
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2.1.5 Additional collections 

A number of animals were hand-picked from stones, branches, aquatic vegetation 

or any other substrate after taking the routine samples. These animals were collected 

in order to check whether species dwelling on substrates not sampled with the shovel 

or by hand might have been missed. The body-length measurements of the animals col

lected this way were used in addition to the data from the routine samples to con

struct life-history patterns (especially for the Trichoptera). 

3.2 LABORATORY PROCEDURE 

3.2.1 Sample sorting 

As soon as the samples arrived in the laboratory, the sorting procedure was 

started. This was completed within 24 hours, mostly on the same day. No significant 

mortality was observed during transportation and storage, except for occasional 

Baetis nymphs. These nymphs are easily injured in the process of transportation. All 

macroinvertebrates visible with the naked eye were hand-picked from the samples and 

stored in 80 % (V/V) ethanol. Collecting the animals was facilitated by dividing the 

sample into some fractions with the aid of a number of sieves. From each of these 

fractions, the organic material that could be handled with a pair of pincers was 

removed after careful inspection for macroinvertebrates, which were picked off. Of 

the mineral material, the pebbles and cobbles were scrutinized individually. The 

finer fractions were gently stirred in water, after which the animals and detritus in 

suspension were decanted through a 0.5 mm sieve. This process was repeated until no 

more animals appeared in the sieve, followed by searching the mineral matter in small 

portions for remaining animals (strongly clinging or heavy species, e.g. Elminthidae, 

Gastropoda, case builders). 

During this process all the water was retained. As soon as most animals had been 

removed, the silt and lutum fraction was brought into suspension in this water, 

poured through a 0.050 m sieve and collected in 1000 ml cylinders. The animals that 

had slipped through the 0.5 mm sieve were picked off the 0.050 mm sieve. This process 

was repeated several times to remove the largest portions of the silt and clay fraction. 

This should be done before dry sieving the coarser fractions (Cummins, 1962) since 

these fine particles tend to cling to the coarser ones in dry conditions and are 

easily missed. 

3.2.2 Substrate analysis 

The particle sizes of the organic detritus were not determined. The nature and 

the composition of the organic material was recorded (sticks, fruits, leaves, leaf 

species, etc.) during sample sorting, in addition to the field recordings. After dry-

20 



ing at 105 C for 24 hours the organic material was weighed to the nearest 0.1 g. 

A boiling water-bath was used to evaporate most of the water, after which the 

mineral substrate coarser than 0.050 mm was dried at 105°C. After cooling to room 

temperature the substrate was divided into the fractions of the Wentworth scale 

(Wentworth, 1922; Cummins, 1962; Hynes, 1970a) (Table 3). The Wentworth classification 

was used because it is possible to convert the geometric particle-size classification, 

in which each particle-size fraction is twice the preceding one, into an arithmetic 

one with equal class intervals by using the phi scale, i.e. negative binary log of 

the particle size in mm. A set of seven, copper-wired, square-mesh sieves (1/20, 1/8, 

1/4, 1/2, 1, 2 and 4 mm) was used to separate the finer fractions. At the start of 

the investigation a 1/16 (0.0625) mm mesh sieve was not available, so a 1/20 (0.050) 

mm mesh sieve was used. This deviates from the Wentworth classification, but since 

the silt-lutum fraction was always very small (mostly less than 2%) it was considered 

unnecessary to change to a 1/16 iim mesh sieve. A mesh of 1/20 (0.050) mm is the limit 

used in more recent grain-size classifications to separate silt-lutum from very very 

fine sand (De Bakker & Schelling, 1966). 

The sample was sieved on a Ro-Tap Testing Sieve Shaker (Tyler Company, Cleveland, 

Ohio, USA). This shaker moves the sieve set in a horizontal, elliptical movement. 

After completing one ellipse a hammer strikes the top of the set, causing a continuous 

redistribution of the material on the sieves. The standard sieving time was 15 minutes 

per sample, unless the sieves clogged, in which case smaller portions were used. 

Substrates coarser than 4 mm were hand-sieved (8 mm and 16 nm sieves with a circular 

mesh), while larger particles were measured individually with a rule (the largest 

diameter of the smallest projection). The contents of each sieve or otherwise deter

mined fractions were weighed to the nearest 0.1 g. 

Whenever a reference is made to a certain grain-size fraction, the fraction is 

Table 3. Grain-size fractions and their definition following the Wentworth 
classification (after Cummins,1962 and Doeglas,1968). 

Fraction 
(mm) 

128-256 
64-128 
32- 64 
16- 32 
8- 16 
4- 8 
2- 4 
1- 2 

0.500- 1 
0.250-0.500 
0.125-0.250 
0.050*0.125 

0-0.050+ 

t: used instead 

Phi val 
(-log2 

-7 
-6 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 

5-10 

ue 
fraction) 

Of 0.0625 nun 

Sieve mesh 
(mm) 

rule 
rule 
rule 
16(round) 
8(round) 
4(square) 
2(square) 
1(square) 

0.500(square) 
0.250(square) 
0.125(square) 
0.050(square) 
pipette 

Phi index of 
fraction(Doeglas) 

8 
7 
6 
5 
4 
3 
2 
Î 
1 
2 
3 
4 
0 

Name of fraction 

cobbles 
cobbles 
large pebbles 
small pebbles 
coarse gravel 
medium gravel 
fine gravel 
very coarse sand 
coarse sand 
medium sand 
fine sand 
very fine sand 
silt and lutum 
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Fig. 9. Example of cumulative distribution of grain-size fractions in a sample 
expressed as a percentage against the -log of the particle size in mm (phi value). 
The inset illustrates the calculation of a quartile index by linear interpolation 
of the cumulative percentages at the nearest integer phi value, following the 
formula a/(a+b) = c/(c+d) ; |c+d| = 1. 

referred to by the lower limit, which corresponds with the sieve mesh that retained 

the fraction (e.g. the 2-4 mm fraction is referred to as the 2 mm fraction). Some

times the corresponding phi unit will be used, e.g. phi = T for the 2-4 mm fraction. 

It should be noted that the negative sign of phi units is placed above the figure. 

The fraction finer than 0.050 mm in the cylinders was determined with the pipette 

method. The cylinders were filled up to the 1000-ml line, after which the contents 

were resuspended by shaking vigorously. A sample of 20.00 ml was taken from the 

centre of the column with a vacuum-operated, standard pipette. This sample was dried 

and weighed. After conversion to 1000 ml the results of all cylinders used per sample 

were added to those for the silt-lutum fraction obtained in the dry-sieving procedure. 

The fraction weights were converted to percentages of the total mineral weight. 

With the aid of the cumulative percentages, the first quartile (Q7r or (L), the me

dian (Qt-n or M,) and the third quartile (Q?r or Q,) were calculated with the follow

ing formula, derived from the cumulative sediment curve where the particle sizes are 

expressed in phi values ( - log, of the particle size in mm) (Fig. 9): 

phi. 
i-1 

Ki-1 

" K i-1 

, where 
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p = 25, SO.or 75 for Q 2 5 , Q 5 Q or Q_s (used as Q1, M,, Q, when rounded off), respective

ly 

K. = cumulative percentage of the particle size where the 25 %, 50 % or 75 % limit, 

respectively, is exceeded 

K._1 = cumulative percentage of the particle size before the 25 I, 50 I or 75 % 

limit, respectively, is exceeded. 

These quartile values can also be derived from the cumulative sediment curve (Morgans, 

1956), but this is less accurate and more, time consuming. 

The QiMjQ, index (Doeglas, 1968) was calculated with these quartile values. In 

this index the phi value 0 is reserved for the finest clay fraction, instead of the 

value 10, and all phi values larger than zero are substituted by the next highest in

teger value (Table 3). This means that, according to this system, the fraction index 

(the substituting phi value) for the particle sizes coarser than 1-2 mm is calculated 

by taking the negative binary log of the upper limit of the fractions, but for the 

fractions finer than 1 mm this is done with the lower limit. In fact, a positive 

fraction index is rounded off to the next highest positive integer value and a 

negative fraction index to the next lowest negative integer value, e.g. Q,5 = -2.15 

becomes Q1 = -3 or 3 and Q s o = 2.15 becomes M, = 3. 

3.2.3 Macro fauna analysis 

The lower limit of the smallest macroinvertebrates collected was determined by 

two factors: they had to be visible to the naked eye and it should be possible to 

handle them with a pair of pincers. In general, animals with a body length smaller 

than 1 mm were not collected. Whenever very small midge larvae were observed, their 

small tubes on the bottom of the sorting pan being clearly visible, it was recorded. 

In most cases the larvae themselves were not visible to the naked eye, and their 

numbers were not included in the final results. Identification of these very small 

larvae showed them to belong to the Tanytarsini, mainly Micropsectra gr. praecox. 

First instars of many faunal groups are missed by this method of sorting. However to 

include these instars as well would make it necessary to examine all samples under a 

stereomicroscope or a large magnifying glass. This is very time consuming and the 

large number of samples did not permit this. 

Animals were collected quantitatively from the samples. Only in samples with 

hundreds of (juvenile) Gammarus or Chironomidae larvae, were these abundant species 

counted, after removal of all other species and a representative part of the abundant 

species. To this end, the remaining sample was split into 4 - 1 0 equal portions. 

After identification of all animals in a sample, the counted numbers were added to 

the collected numbers of the species concerned. If it concerned more species (e.g. 

Chironomidae), the ratio found in the collected numbers was supposed to be present in 

the not-collected part as well and it was used as a measure to divide the counted 
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numbers over the species. 

In counting tube-building Chironomidae, the ratio between empty and inhabited 

tubes was taken into account. Empty cases of caddis and dead molluscs were collected 

as well, but they are not included in the results. Sometimes half specimens of 

Ephemera danica (Ephemeroptera) and Mieropterna sequax (Trichoptera) were found. 

They probably had been cut in two by the shovel. These half specimens were considered 

to be whole. 

The collected macroinvertebrates were killed and preserved in 80 I (V/V) ethanol 

which was renewed after some days and again after identification of the material. 

Tricladida were identified alive and were not preserved. 

Identification was carried out with the most recent keys and descriptions available 

(the keys used are listed in a separate literature list). Identifications carried out 

with keys that proved to be out of date were redone with the latest key (e.g. Seri-

oostomai personation and Notidobia ciliaris (Trichoptera) larvae identified with the 

keys of Ulmer (1909), Hickin (1976) and Lepneva (1964) were checked with the key of 

Wallace (1977), which showed that it concerned only one species: Seriaostoma personation. 

As shown in Table 4, the level of identification was not the same for all taxa. 

This level mainly depended on the availability of keys, but it also proved impossible 

to identify certain juvenile specimens, especially of the Chironomidae and the 

Trichoptera. When there was doubt, identifications were checked by several Dutch 

specialists (Simuliidae, drs. J.J.P. Gardeniers; Chironomidae, dr. H.K.M. Moller Pillot; 

Trichoptera, dr. L.W.G. Higler; Coleoptera, drs. J. Cuppen). Larval and pupal iden

tifications of several species of Trichoptera, Ephemeroptera and Plecoptera were 

checked on the adults by rearing them in the laboratory: Potamophylax luctuosus, 

Mieropterna sequax, Chaetopteryx villosa, Seriaostoma personation, Agapetus fusoipes, 

Lithax obsaurus (Trich.), Ephemera danica, Eabrophlebia fusoa (Ephem.)., Nemoura 

cinerea, Amphinemura standfussi (Plec). 

For the majority of the species (Table 4 ) , body length of all specimens was 

measured in 1 mm size classes. Although measurements of head capsule width is often 

the most accurate way to determine the instar, this method was not employed because 

it is very time consuming. Besides, the objective was not the construction of the life 

history of these species but the determination of possible differences in substrate 

preferences between smaller and larger (younger and older) specimens. Body length is 

certainly accurate enough to make this distinction. 

Body length was measured using the stereomicroscope with millimetre graph paper 

under the petri dish containing the animals. The distance between the anterior edge of 

the head and the posterior edge of the abdomen was measured, excluding antennae and 

caudal appendages as cerci or breathing tubes. The length of contracted specimen (e.g. 

Plecoptera) was determined after bringing the animal back into its 'normal' position. 

Curved animals {Gammarus') were measured in a standard position, with an average body 

curve. This reduced the absolute body length by approximately 25°s, giving a maximum 

body length for Gammarus pulex of 18 mm; keys state 24 mm for the largest males. 
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Table 4. Identification level for macroinvertebrates and indication of 
body length measurements. 

Identification level Macro invertebrates 

Tricladida 
Oligochaeta 
Hirudinea 
Amphipoda 
Isopoda 
Hydracarina 
Plecoptera 
Ephemeroptera 
Odonata 
Heteroptera 
Trichoptera 
Coleoptera 
Diptera 
Chironomidae 
Tipulidae 
Dixidae 
Ptychopteridae 
Simuliidae 
Psychodidae 
Ceratopogonidae 
Culicidae 
Stratiomyiidae 
Empididae 
Tabanidae 
Dolichopodidae 
Tetanoceridae 
Ephydridae 

Mollusca 
Bivalvia 
Gastropoda 

Body 
length 
measur 

X 

X 

X 

X 

X 5 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

measurement Order Family Genus Species/group 

x 
(x) 
X 

X 

x. 

X 
X 
X 
X 

l:Only the higher level was used for results; 2: Eiseniella tetraedra and 
Stylaria laoustris; 3: Baetidae; 4: Juveniles; 5: Only larvae; 6: Pupae 

0£ five Trichoptera species, head width, head length, case width and case length 

were measured in addition to body length. An ocular micrometer (10:100) in the stereo-

microscope was used. The measurements were performed in classes of 0.025 mm. 

3.3 LABORATORY EXPERIMENTS 

3.3.1 Artifioal stream channel experiments 

3.3.1.1 The stream 

Substrate-selection experiments were performed in an artificial stream channel. 

The design followed that of Lauff & Cunmins (1964) and Feldmeth (1970). The channel 

was constructed of Perspex, 42 an wide, 200 cm long and 30 cm high (Fig. 10). Water 
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