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interchangeably with ‘biodiversity’, since measurable parameters of both terms 

are the same, e.g. species richness, relative abundances and biomass. Often these 

different parameters are correlated, e.g. biomass and relative abundance. The most 

frequently used measure of biodiversity is ‘species richness’, which is the number 

of species present in a habitat.

‘Ecosystem functioning’ is, in the general sense, an aggregate property of the rate 

and stability of ecosystem-level processes (e.g. fluxes of materials and energy 

among compartments) and properties (e.g. pools of materials such as carbon and 

organic matter) (Hooper ��� ���  2005). Ecosystem functioning is commonly 

quantified through measurement of a process, such as primary productivity, rate 

of decomposition and nutrient leaching.

1.2. The relationship between structure and function.

Since ecosystem processes involve organisms, it is logical to ask whether there is 

any relationship between the structure of the community and the processes 

(‘function’) of an ecosystem. Clearly a minimum composition of organisms is 

required to maintain relationships between the primary producers, consumers and 

decomposers that mediate the flow of energy and cycling of nutrients in 

ecosystems (Folke ��� ���  1996). In the face of major threats to biodiversity, 

attention has been drawn to the more general problem of whether any loss of 

species has the potential to alter ecosystem function.

1.2.1. Species richness and ecosystem functioning.

1.2.1.1. History o f academic interest.

Darwin (1859) is the first to have documented the suggestion that there might be a 

relationship between biodiversity and ecosystem functioning. Darwin was 

inspired by an early plot experiment that examined the agro-ecological effects of 

intercropping to improve the yield of terrestrial grassland systems (Hector & 

Hooper 2002): ������	���������������������������������� � ��������� � �����������	���  

���������	�����	�� � ����		�� ������	���������������	���������	���������	������������
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o f grasses, a greater number o f plants and a greater weight o f dry herbage can�

thus be raisedM�:!������@F=E;�
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Figure 1.2.: Schematic of the direct (Arrow B) and indirect effects, via ecological structure 
(Arrows A and C), of stressors on ecosystem functioning. There is also the potential for 
indirect effects of stressors on ecological structure, via changes in ecosystem functioning 
(Arrow D).

(�1�� 3���������������������

1.5.1. The importance of examining the effects o f stressors on the 

relationship between structure and function in freshwater systems.

Freshwater ecosystems warrant study, not only because of the importance of their 

ecosystem goods and services (Covich ������  2004), but also because they present 

ecologists with an opportune study system with which to address questions about 

the relationship between ecosystem structure and function. In comparison with 

terrestrial ecosystems, where a wealth of evidence indicates the functional 

importance of biodiversity for ecosystem properties (see Section 1.2.1.3.), little 

attention has been paid to the relationship between biodiversity -  ecosystem 

functioning in freshwater ecosystems. This is in spite of suggestion that 

freshwater ecosystems are some of the most impaired in the biosphere, with some 

of the highest rates of species extinctions (Wall ���� �  2001; Malmqvist & Rundle 

2002). The scenario for biodiversity loss in freshwater systems is perhaps far 

greater than for any terrestrial system (Riccardi & Rasmusen 1999).
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Figure 2.4: Correlation analyses of the log response ratio (Ir) of various measures of structure vs. function (measured as the leaf breakdown coefficient 
(k) see text). From top to bottom are different structural response measures: Density of individuals (a and b); number of taxa (c and d); biomass (e). 
From left to right are different taxonomic groups: whole community (a and c); EPT community (d); leaf bag community (b and e). EPT = Ephemeroptera - 
Plecoptera -  Trichoptera. PC = Pearson Correlation coefficient. A positive value for Ir indicates that the effect of stress was to increase the value of the 
metric at the contaminated site relative to reference site. A negative value for Ir  indicates that the effect of stress was to decrease the value of the metric 
at the contaminated site relative to reference site. Symbols indicate different stressors: black circles = acidification, white circles = heavy metals, black 
triangles = organic pollution. Numbers to the right of each data point identify each study.
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analyses (see Figure 2.4: circles and triangles).

If the way that stressors affect function is indirectly through structure then we may 

expect to see a strong positive relationship between the log response ratio (i.e. Injfc- 

C�B< ) of structure vs. function. The more strongly positive (or negative) the ��  value, 

the stronger the effect that the stressor was having. A positive value indicates that the 

effect of the stressor was to decrease the value of the metric at the contaminated site 

relative to reference and negative vice ���	��  Overall, there were no significant 

associations between the log responses ratio �F�  of structure vs. function (Figure 2.4).

2.4. Discussion.

This study addressed a need to understand the relationship between the responses of 

structure and function to anthropogenic stressors. I achieved this by summarising the 

effects of anthropogenic stressors on macroinvertebrate community structure and 

function across streams. After compiling data from studies published in the academic 

literature, I quantified the effect of stressors on the direction of and consistency of 

responses of structure and function to three distinct stressors. Finally, I tested for a 

relationship between structure and function, in order to ascertain whether structure is 
indicative of function.

The results indicate that stressors had consistent effects on a few responses of 

structure (Table 2.3a), while having inconsistent or non-significant effects on most 

(Table 2.3b). For many aspects of both structure and function patterns were indicated, 

but the power of the test was too low to detect an effect. These are areas where 

further study is needed in order to clarify patterns (Table 2.3b). Where significant 

responses were reported in the present study, we can be reasonably confident that 

these patterns are consistent across regions, because many of the studies were from 

broadly different locations (Section 2.3.1.). Significant responses of structure were 

seen in different components of the community, suggesting that particular stressors
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into the meta-analysis of the effects of stressors on ecosystem functioning. Patterns 

were not statistically significant for heavy metal contamination or for acidification 

(though in some cases the results were close enough to be suggestive) (Table 2.2). 

The results shown in Figure 2.3b indicate that similar patterns exist in the present 

study to those indicated by Gessner & Chauvet (2002) in that there is likely to be a 
decrease in leaf processing downstream of both heavy metal contamination and 

acidification, and an increase downstream of organic pollution (Section 2.1.1.; Table 

2 . 1) .

In the present study, the power of the tests used to detect the effect of stressors on 

ecosystem function was always very poor, except in the one instance where there was 

a significant effect (Table 2.2), i.e. an increase in the rate of leaf processing 

downstream of organic pollution (p = 0.001). This confirms that leaf processing is 

indeed sensitive to the effects of this stress. However, I cannot be confident that there 

truly was no effect of either heavy metal contamination or acidification on the rate of 

leaf processing, because of the low power and low sample sizes. More studies are 

needed to clarify patterns.

Other field studies, which were either unsuitable for inclusion, or have been 

published since completion of the meta-analysis, have also documented increases in 

the rate of leaf processing in streams subject to organic pollution. This phenomenon 

has mostly been attributed to nitrate addition stimulating decomposition rates 

(Elwood et al. 1981; Grattan & Suberkropp 2001; Nikolcheva & Bürlocher 2005; 

Ferreira et al. 2006; Gulis et al. 2006) and increases in the activity of the microbial 

community have been implicated (Pascoal et al. 2001; Pascoal et al. 2003; Pascoal & 

Cassio 2004; Pascoal et al. 2005a). In contrast, Lecerf et al. (2006) conducted a field 

survey of structure and function in 9 streams in France, subjected to low to high 

levels of eutrophication. They found that rates of leaf processing in coarse mesh leaf 

bags (i.e. including macroinvertebrates) were negatively related to ammonia 

concentrations, whereas rates of leaf processing in fine mesh leaf bags (i.e. excluding 

macroinvertebrates) remained constant across a gradient of ammonia concentrations. 

This suggests that the change in the rate of leaf processing was directly attributable to 

a reduction in the amount of leaf material processed by macroinvertebrate shredders,
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feeding group, and the rate of leaf processing. However, due to the limited number of 

studies (n = 10) reporting information at the shredder community level (Table 2.2) 

this was not possible. This represents a disparity in the kinds of structural and 
functional responses being reported in studies, which future studies might try to 

rectify. Despite these concerns, statistical tests were performed on the data and no 

relationships were detected between structure and function, where structure was 

characterised at the level of the whole community (density and number of taxa), the 

EPT community (number of taxa), the leaf bag community (density and biomass). 

The lack of any significant association between these aspects of structure and rates of 

leaf processing might either be because there was no relationship between any aspect 

of structure and function, or be because the components of structure and function 

considered were not directly related. In order to determine whether or not there is a 

relationship between community structure and function we need more studies 

reporting aspects of structure which directly relate to function. If then there is still no 

relationship between the macroinvertebrate community structure and ecosystem 

function, we may be more confident that there truly is no relationship.

2.4.4. Which taxonomic level is most relevant for monitoring the effects of 

stressors on stream structure and function?

Only at the level of the whole community were the effects of heavy metal 

contamination and organic pollution detected. The results suggest that responses at 

the level of the number of taxa in the whole community are both relevant and useful 

when monitoring the effects of stressors on freshwater ecosystems. The effects of 

acidification were detected at the level of the number of EPT taxa and the percentage 

of shredder taxa. The number of EPT taxa is often used to report responses of 

structure to pollution (e.g. Wallace et al. 1996) (Section 2.2.4), because many of the 

individual taxa are sensitive. The results of this study indicate that a more consistent 

response is seen at the level of the whole community than at the level of the EPT 

community (although there were far fewer studies reporting at the level of the EPT 

community).
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In the present study structure was not indicative of function. This may have been 

because information was not available on the functional group most closely related to 

function (i.e. macroinvertebrate shredders). There is also a strong need for studies 
reporting information on functionally relevant species in communities, i.e. for more 

studies reporting information on both structure and function measured 

simultaneously.
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Reference Location Study Design Metal

stress
Pattern at contaminated site, relative to�

reference
Macroinvertebrate community Rate of leaf�

structure processing

Leaf type

Schultheis ������ �
(1997)

Virginia, USA Single stream: 4 upstream�
reference sites, 3 downstream�
contaminated sites

Copper Decrease shredder abundance,�
and changes in shredder�
community composition.

Decrease � � � 	 �
	��	�� �
(L.) (red�
maple)

Nelson (2000) Arkansas River,�
Colorado, USA

Single stream: 2 upstream�
reference sites, 2 downstream�
contaminated sites

Manganese,
zinc

Reduced no. taxa and shredder�
density.

No change ������� �
�	�������� �
�  (Aspen)

Woodcock & Huryn�
(2005)

Maine, USA Single stream: 4 upstream�
reference sites, 4 downstream�
contaminated sites

Iron,
manganese�
and zinc

No change no. taxa. Change in�
no. EPT taxa and total�
community biomass. -����� �
biomass compensated for loss of�
other shredder taxa.

No change � � � 	 �
	��	�� �
(L.) (red�
maple)

Carlisle & Clements�
(2005)

Colorado, Rocky�
Mountain�
streams, USA

Multiple independent streams: 3�
contaminated, 2 reference

Zinc Decrease in total shredder�
production. No compensation for�
dominant shredder taxa.

Decrease �����  spp.

Chaffin � �� ��  (2005) Appalachian�
mountains, USA

Single stream: 4 upstream�
reference sites, 4 downstream�
contaminated sites

Arsenic Reduced densities of shredders. Decrease Red maple�
and white�
oak



���� �����  � ���� �������� ���	���� ���� ��� �������� ��� �� �������� ��� ��������� ����

�������� � �� ������ ���� � �������������� ��� ���� �� ��������	� ��������

������������������ ���������� ���������� ���� ���������� ��������� ��� ��������� �����

���� ���������� ��� ��  ������� ��� �� ����� ��� ����� ��	����� � �� ���� ���������� ���

�� ��	 �����������������������������������

#����������������� ��������� ��������� ����	������������������ ����%����������� ����

�����������%� ����� ������������� ���� �������&������'	��������������������	���  ������

������������������������������������� ����	�������������� ��	���������������	�������  ��

��	������� ����	%� ���� ����������� ������� ��������� ���� ���/��������� ���	������� ���

��������������������������������	����� ���!��	��������	��������� ��������������%�

��� ��� � ��� ��	���������� ������������� ���/������������������%� ��� �������� ���������

��������� � �������� ����	�� ���� ����� ��������� ��� ������� ��� ���� ����� ���  ����

����(������ ���� �'��	 �%� ����� �	������ ��� ���� ��  ������ :�	������	����;%�

�� ����������������  ��������������� � ������������	%� ����	�������	����� ��� ���������

����������� �����%������	������� ������������ ��������(������#����	���������	������

���� � ��� 	 ��� �� �� �� ��� ��� �������� ���� ����� ��� ����	���������� �������� ���������

���������������������:�����8���������� ���� � � @EFBJ�)� �-�����@EE9;�

������� �������!���"	����	��

+�%�� 8�������

���� �����������������������������	����������������	����� ��������%�����������������

�������� � �������� ���� � �������������%� ���� ���� ������ �� ������� ���������������

:,���������.;������� ����  �������������������������������������� ������ �%������������

�������� �������� :#������� 9�3�3�;� ���� ������������������ ���������� ���������� ����

����������#��������������������������������������������(���	���%�������������������

� ��0� �������������3AAB�

/�



Two regions were selected for investigation from several regions in the UK 

known to be historically contaminated with heavy metals (Appendix B). The first 

eight sites were located around the town of Leadhills, Lanarkshire in south west 

Scotland (henceforth ‘the Leadhills’), with the remaining twelve sites located in 

Cornwall, south west England. Four site pairs were selected in the Leadhills 

(Figures 3.1 & 3.2a) and six in Cornwall (Figures 3.1 & 3.2b). Site pair dossiers, 

which were compiled a priori, are detailed in Appendices C and D respectively. 

For basic site descriptions see Table 3.2 and environmental data see Table 3.3. 

Sites were selected using information detailed in previous studies and from 

routine monitoring programmes of the Environment Agency (EA) and the Scottish 

Environmental Protection Agency (SEPA).

Contaminated sites had to fulfil all of the following criteria:

1. There was information which indicated contamination, primarily by heavy 

metals, e.g. water chemistry data from the EA or from a previous study 

(Appendices C & D).

2. There was information which indicated no secondary contamination, e.g. 

no organic pollution, acidic deposition (pH of sites had to be > 6), acid 

mine drainage, coal mine effluent, or agricultural influence.

3. There was a nearby reference site.

4. The site was independent of the other contaminated sites.

5. That there were several contaminated sites (minimum of 4) all located in 

close proximity to each other (< 1 hour driving distance of each other).

It was preferable that some background information was available of the 

macroinvertebrate community at both contaminated and reference sites and that 

there was the potential for detritus processing (i.e. that macroinvertebrate 

shredders were present) (Appendices C & D).

������� ���!�����	� �	 	������

Following identification of suitable contaminated sites, it was necessary to locate 

a nearby partner reference site. Reference sites were selected to minimize 

variation in environmental and abiotic factors, separate from the heavy metal
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Figure 3.1: M ap of the UK  ©  (Crow n Copyright/database right 2007 An O rdnance  
S urvey /E D IN A  supplied service). T h e  location of the 20 sam ple sites a re  indicated bv?ed  
circles and labelled with either a capital L = Leadhills, or a capi a ? C  = Co nwalf h  he 
Leadhllls, sites w ere  num bered 1-8; in Cornwall, sites w ere  p a te d  (site S T c s - C  O  ̂
and w ere  e ither denoted small letter c  =  contam inated or small letter r L  reference site
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Table 3.2: Summary of site descriptive information for the twenty streams used in the field study. Sites 1-8 were in the Leadhills, and sites 9-20 were in Cornwall. 
Sites in Cornwall were paired (contaminated ���  reference): odd numbered sites were contaminated with heavy metals and even numbered sites were reference 
sites. Tr. = tributary. Data for site 1-8 was estimated from an OS Explorer 1: 25,000 map. Stream order was estimated using the Strahler method (Dobson & Frid 
1998). All data for sites 9-20 came from the Environment Agency central database, using the procedure documented in Murray-Bligh � 	����  (1997), with the exception 
of stream order and land use type, which were extracted from a CEH online database (http://www.ceh.ac.uk/sections/seo/lcm2000_home.html). Mean annual

Site
no.

Site
pair
no.

Site name NGR Altitude
(m

above
sea

level)

Distance
from

source
(km)

Mean
annual

discharge
(m3/s)

Slope
(m/km)

Land use type Stream
order

1 - Glengonnar Water NS887177 330 8.0 - - - 2
2 - Tr. Elvan Water NS901157 380 0.25 - - - 1
3 - Wanlock Water A NS873129 390 0.75 - - - 1
4 - Allershaw Burn NS955132 290 1.0 - - - 1
5 . Wanlock Water B NS855146 310 3.0 - - - 1
6 - Tr. Camps Water NS973224 265 2.0 - - - 3
7 - Mennock Water NS843103 195 6.1 - - - 3
8 - Tr. Mennock Water NS853102 225 4.3 - - - 3
9 Twelveheads SW 76154206 20 4.5 2 12 Arable cereals 3
10 0 Trenarth Bridge SW75772830 5 3.6 1 18.2 Coniferous woodland 2
11 £ Crow’s Nest SX26406938 195 1.8 1 5 Improved grassland 1
12 o Harrowbridge SX20667440 210 8.25 3 9.9 Broad-leaved/mixed woodland 3
13 Porthtowan Stream SW69544740 5 3.2 1 19.5 Suburban/rural development 2
14 { Polwheveral Bridge SW73772900 12 6.6 1 50 Broad-leaved/mixed woodland 3
15 Godolphin Stream SW60433208 39 1.95 1 4.6 Broad-leaved/mixed woodland 2
16 o Treqolls Bridge SW72953605 120 5.3 1 8.7 Acid grassland 3
17 East Wheal Rosey Bridge SW834552 49 1.4 1 14.3 Improved grassland 1
18 Rosecliston SW81715877 17 2.55 1 18.2 Improved grassland 2
19 Haye Farm SW  346 701 95 1.2 1 16.7 Broad-leaved/mixed woodland 2
20 1U Trebartha Road

Bridge SX 2629 7782 130 10.1 3 8.7 Improved grassland 3

http://www.ceh.ac.uk/sections/seo/lcm2000_home.html


Table 3.3: Summary of environmental data collected for the twenty streams used in the field study (mean and SE in parentheses). Sites 1-8 were in the Leadhills,�
and sites 9-20 were in Cornwall. Sites in Cornwall were paired (contaminated vs. reference): odd numbered sites were contaminated with heavy metals and even�
numbered sites were reference sites. Tr. = tributary. Flow rate was measured using a Valeport Electromagnetic Flow Meter. Canopy cover and substrate types were
estimated using a visual judgement (see text).

Site
no.

Site
pair
no.

Site name NGR Width
(m)

Depth
(cm)

Flow rate
(m/s)

Canopy
cover

(%)
Boulders/
Cobbles

Substrate type (%)
Pebbles/ Sand�

gravel
Silt

1 � Glengonnar Water NS887177 2.7 (0.19) 21.5(2.89) 0.41 (0.08) 0 (0 ) 22.5 (10.5) 63.3 (11.5) 11.7(4.6) 2.5 (1.7)
2 � Tr. Elvan Water NS901157 3.2 (0.67) 26.7 (5.94) 0.30 (0.04) 0 (0 ) 50 (15.3) 48.3 (15.5) 0 (0 ) 1.7 (1.7)
3 � Wanlock Water A NS873129 1.4(0.21) 8.5 (1.68) 0.23 (0.05) 20 (17) 75 (9.6) 38.3 (13.8) 0(0) 0 (0 )
4 � Allershaw Bum NS955132 0.7 (0.14) 11.2 (1.42) 0.10(0.05) 0 (0 ) 63.3 (12.0) 36.7 (12.0) 0 (0 ) 0 (0 )
5 � Wanlock Water B NS855146 0.7 (0.08) 4.4 (0.72) 0.24 (0.07) 0 (0 ) 11.7 (5.4) 81.7(4.0) 6.7 (2.1) 0 (0 )
6 � Tr. Camps Water NS973224 1.4(0.21) 13.8 (3.50) 0.22(0.10) 0 (0 ) 94.2 (3.3) 4.2 (3.3) 1.7 (1.1) 0 (0 )
7 � Mennock Water NS843103 5.9 (0.19) 13.7(2.96) 0.42 (0.08) 0 (0 ) 65 (7.3) 29.2 (4.7) 5.8 (2.7) 0 (0 )
8 � Tr. Mennock Water NS853102 2.1 (0.20) 14.7 (3.49) 0.49(0.11) 0 (0 ) 60.8 (7.5) 28.3 (3.8) 7.5 (3.6) 0 (0 )
9 Twelveheads SW76154206 2.3 (0.43) 14.4 (1.91) 0.22 (0.05) 16.7 (8.82) 0 (0 ) 42.5 (14.8) 42.6 (12.0) 16.7 (7.6)
10 5 Trenarth Bridge SW75772830 2.4 (0.12) 12.5 (1.87) 0.06(0.01) 33.3 (33.3) 41.7 (14.0) 27.2 (9.5) 19.2 (7.2) 10.0(3.9)
11 Crow’s Nest SX26406938 1.9(0.16) 10.7(0.72) 0.23 (0.06) 100.0 (0) 56.7 (12.8) 36.7 (11.4) 3.8 (1.5) 2.8 (1.8)
12 o Harrowbridge SX20667440 5.7 (0.25) 22.7 (2.33) 0.21 (0.02) 95.0 (5.0) 45.83 (9.87) 16.7(7.6) 35.0 (3.2) 2.5 (1.1)
13 Porthtowan Stream SW69544740 1.3(0.09) 21.6(2.40) 0.14 (0.06) 0 (0 ) 30.8 (17.6) 45.0 (12.5) 19.2 (6.8) 7.5 (4.0)
14 7 Polwheveral Bridge SW73772900 2.7 (0.23) 9.9 (1.25) 0.14 (0.03) 80.0 (10.0) 33.3 (10.8) 62.5 (12.3) 0.8 (0.8) 0 (0 )
15 8 Godolphin Stream SW60433208 1.8(0.05) 24.7 (2.39) 0.10(0.01) 100.0(0) 0 (0 ) 11.7(5.9) 20.0 (9.0) 66.7 (15.0)
16 Tregolls Bridge SW72953605 2.7 (0.06) 11.6 (1.22) 0.08 (0.02) 100.0(0) 32.5 (10.5) 35.0 (12.8) 21.7(6.0) 10.8 (7.9)
17 9 East Wheal Rose�

Bridge
SW834552 0.9 (0.20) 20.7 (2.31) 0.05 (0.02) 0 (0 ) 13.3(8.43) 29.2 (6.4) 27.2 (2.3) 25.0 (6.8)

18 Rosecliston SW81715877 2.6 (0.49) 14.5 (2.85) 0.11 (0.03) 100.0(0) 0 (0 ) 12.0(7.4) 40.0 (15.7) 48.0 (16.5)
19 10 Haye Farm SW 346 701 2.9 (0.17) 9.4 (0.72) 0.13(0.03) 100.0(0) 57.5 (11.4) 26.7 (7.9) 10.8 (2.4) 5.0 (1.8)
20 Trebartha Road�

Bridge
SX 2629 7782 5.8 (0.45) 28.2 (1.41) 0.10(0.02) 100.0 (0) 46.7(6.15) 28.3 (4.0) 17.5 (1.7) 5.8 (2.7)
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number of taxa may be conservative because not all taxa were identified to species 

level, e.g. large numbers of dipteran larvae.

3.2.4. Quantifying leaf processing.

The rate of leaf processing is usually measured at the time of peak leaf-fall (i.e. 

autumn in the UK) (Boulton & Boon 1991). In this study it was measured in the 

summer months, because this is the time when stressors were predicted to have 

the largest impact on the stream biota, due to low flow rates and nutrient 

limitations.

A single leaf type was used to quantify leaf processing rates. Alder �,���	  

�������	�  (L.) Gaertner) is a common riparian tree species whose leaves are highly 

palatable to macroinvertebrate shredders (Leroy & Marks 2006) and known for 

their relatively fast breakdown rates (Chamier 1987). Leaves were collected from 

two locations close to Sheffield: Rivelin Valley (NGR: SK313878) and Harper 

Lees (NGR: SK234806). Leaves were collected just prior to abscission in autumn 

2001 and air-dried at room temperature for one week prior to storage.

Mesh bags to hold the alder leaf material were constructed (roughly 20 x 10 cm). 

This relatively large size ensured that the leaf-material contained within the bags 

was exposed as much as possible to exogenous processing, such as abrasion and 

macroinvertebrate shredding (Benfield ������  1977; Boulton & Boon 1991). There 

were two different mesh sizes: coarse and fine mesh. Coarse mesh was standard 

greenhouse shelter netting, whose aperture was 3.5 x 7 mm. This was large 

enough for most macroinvertebrates to pass through (i.e. allowing bacteria, fungi 

and macroinvertebrates access to the alder leaves). The fine mesh was a nylon 

mesh made by Plastok®, whose aperture was 400 x 600 pm. This aperture was 

large enough to allow the largest fungal spores to fit through sideways, but narrow 

enough to exclude macroinvertebrate shredders.

Each mesh bag was filled with 4 g (± 0.05 g) of alder material, along with some 

small pebbles to weigh it down. Twelve coarse and twelve fine mesh bags were
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deployed at each site on the first visit. Litter bags were strung together in groups 

of four on fishing line (breaking strength 80 lb), leaving a gap of 0.5 m between 

each bag. Each string of bags was secured to a brick and placed on the river bed. 

Cobbles or boulders found in situ were used as additional anchors. At each site, 

the six strings of litter bags were positioned within the stream at intervals of 

approximately 5 m apart on alternating sides of the stream. I ensured that all litter 

bags were fully submerged.

Litter bags were deployed in situ for a period of 3 weeks. This provides enough 

time for micro-organisms to have colonised leaf bags (Bermingham et al. 1996a), 

but not so long that leaf processing would reach 100% mass loss. On the second 

visit to sites, each individual litter bag was detached from the fishing line, and 

placed into a labelled polythene bag. Litter bags were frozen and processed in the 

laboratory at a later date. After thawing, macroinvertebrates were removed from 

the leaves. Leaf material was sieved (through sieves constructed from the same 

mesh as used for the litter bags) to remove any small fragments of leaf material 

that may have been washed into the litter bag or retained after fragmentation by 

shredders, and to remove any silt. Leaves were then air dried at room temperature 

until a constant mass was achieved.

Leaf processing was expressed as both percentage leaf mass loss (L) and as the 

leaf breakdown coefficient (k). Both measures were calculated for both fine and 

coarse mesh leaf bags. Percentage leaf mass loss (L) was calculated as:

1  =  100 f^YI1- WJ Equation 3.1.

where Wt was the initial mass of leaf material (mg, air dried) and Wz was the final 

mass of leaf material (mg, air dried).

I estimated the amount of leaf processing attributable to shredders as (NB: this is 

oversimplification as there will be other confounding differences between fine and
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