
 

 
The size and spatial scale of effects of forest harvesting on 

benthic stream communities in Coastal British Columbia 
 
 

 
 
 

Bastiaan G. van Zuidam 
January 2009 

 
 
Supervision:  John S. Richardson,  

Department of Forest Sciences, University of British Columbia 
 

Instructor at WUR:  Edwin T.H.M. Peeters, 
Aquatic Ecology and Water Quality Management group, Wageningen 
University 

 
 

 
 



 

 
 



 

Table of contents 

 

Abstract v 

1 Introduction 1 

2 Methods 3 
2.1 Selection of data 3 

Invertebrate data 3 
Environmental data 3 

2.2 Data preparation 4 
Invertebrate data 4 
Environmental data 5 

2.3 Statistical analysis 5 

3 Results 8 
3.1 Invertebrate community 8 
3.2 Abiotic environment 9 

Stream geomorphology 9 
Forest harvesting 11 

3.3 The relative importance of forest harvesting and geomorphology 12 
3.4 Response of invertebrates to forest harvesting 14 

4 Discussion 17 

5 Conclusions 19 

6 References 20 

7 Appendices 22 
Appendix 1: Description of environmental variables 22 
Appendix 2: Description of the invertebrate data set 24 
Appendix 3: Detailed description of the variance partitioning 25 

 



 



 v 

Abstract 

Stream ecosystems in the Pacific Northwest are affected by forestry activities through different 
processes. Forest harvesting can alter the input of organic matter, the availability of light, stream 
discharge, sediment run-off and nutrient supply. Although it is known that forest harvesting has 
an effect, it is not clear how large this effect is.  

The spatial scale at which forest harvesting affects the stream ecosystem is another 
important issue. Conservation efforts usually aim at protecting the forest vegetation close to the 
stream. However, it is not clear to what extent the impact of forest harvesting on stream 
ecosystems results from logging close to the stream.  
 
In this study, the effect of forest harvesting on the composition of the benthic invertebrate 
community in streams of the Pacific Northwest was quantified. The impact of forestry was 
compared in size to the effect of stream geomorphology on the benthic community. Secondly, the 
relative importance of forest harvesting close to the stream and harvesting in the entire watershed 
was studied. Data from 73 streams that range widely in geomorphology and in the intensity of 
forest harvesting in their watersheds were analyzed using CCA. Variance partitioning was applied 
to quantify the relative contribution of forest harvesting and geomorphology in structuring the 
benthic community and to quantify the effect of forest harvesting close to the stream and in the 
entire watershed.  
 
About 36% of the variation in the composition of the benthic community could be explained by 
forest harvesting and stream geomorphology. The analysis showed that forest harvesting has a 
significant effect on the invertebrate community in streams. Forest harvesting significantly 
explained about 14% of the variation in the invertebrate data. The effect of forest harvesting and 
stream geomorphology were found to be similar in size.  

Forest harvesting close to the stream and forest harvesting in the entire watershed 
significantly explained 3.8 - 10.9 % and 5.4 - 7.5 % of the variation respectively. This shows that 
the effects of forest harvesting are not predominantly caused by activities close to the stream 
alone. Therefore it seems that the state of the entire watershed of a stream influences the benthic 
invertebrate community of the stream. 
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1 Introduction 

The geomorphological and hydrological characteristics of a stream are important factors in 
determining the composition of the benthic invertebrate community. The size of the stream and its 
watershed, flow regime, substrate composition and elevation largely define the physical 
environment as it is experienced by the invertebrates in a stream. As a result of this importance of 
geomorphology for the in-stream physical environment, the variation of the geomorphology often 
explains a large part of the differences in invertebrate assemblage that are observed among 
streams (e.g., Brussock and Brown, 1991; Céréghino et al., 2003).  

Land use is another factor that influences the benthic community. Forestry, a common 
form of land use in the Pacific Northwest has the potential to affect stream environments in many 
ways (Richardson and Danehy, 2007). Forest harvesting and other activities that are associated 
with logging can alter the supply of leaf litter and large wood (Bilby and Bison, 1992) and 
increase stream discharge, sediment run-off and the supply of nutrients towards the stream 
(Swank et al., 2001). Removing the forest canopy increases the availability of light, which can 
lead to higher stream water temperatures and higher primary production rates. As a result of 
clear-cut logging, the dominant energy source of the stream food web can change form 
allochthonous inputs to autochthonous production (Kiffney et al., 2003). 

The benthic community reacts to the changes in the in-stream environment caused by 
forest harvesting. Often a change from a detrivore dominated community to a grazer dominated 
community is observed, with increased abundance of especially the Chironomidae family and the 
mayfly genus Baetis (Newbold et al., 1980; Stone and Wallace, 1998). An increase of overall 
invertebrate abundance and a decrease in diversity are also thought to be typical effects of forest 
harvesting (Newbold et al., 1980; Haggerty et al., 2004). However, it is less clear how large the 
effects of forestry are compared to the natural variation of invertebrate assemblages among 
streams as a result of differences in geomorphological characteristics (but see Herlihy et al., 2005 
and Melody and Richardson, 2007).  

Riparian management has become one of the most widely accepted and applied 
conservation measures to protect the stream ecosystem and conserve the biological integrity of 
streams (Richardson, 2003). Riparian buffers strips can indeed reduce the impact of forest 
harvesting by keeping most local or in-stream factors (e.g. leaf litter input and canopy shading) 
relatively undisturbed (Richardson and Danehy, 2007). However, the composition of invertebrate 
communities has been found to respond to a multitude of environmental factors operating at 
different spatial scales (eg. Sandin, 2003; Allen et al., 1997). The processes through which forest 
harvesting affects stream ecosystems can also be expected to operate at different spatial scales. 
Logging activities at a longer distance from the stream might therefore still affect the stream 
ecosystem through processes that operate at the regional or watershed scale (e.g. through changes 
of the flow regime) irrespective of the presence or absence of a riparian buffer. It is not clear 
whether the invertebrate community in streams is mainly affected by forest harvesting close to the 
stream (local scale) or whether forest harvesting in the entire watershed affects the stream 
community (regional or watershed scale). A better understanding of how the stream ecosystem is 
affected by forest harvesting at different spatial scales is important for improving the 
effectiveness of stream conservation efforts. 

The objective of this study is to quantify the effect of forest harvesting on the composition of 
the benthic invertebrate community of forested streams. The impact of forest harvesting is 
compared with the contribution of geomorphological characteristics in structuring the invertebrate 
assemblage. A second objective is to compare the size of the effect of forest harvesting close to 
the stream with that of forest harvesting in the entire watershed.  

With the method of variance partitioning as presented by Borcard et al. (1992) the variation in 
a biological data set can be attributed to different sources, using canonical correspondence 
analysis (CCA). Variation partitioning has been successfully applied before to partition the 
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variation in invertebrate data into an ecological and a food quality component (Peeters et al., 
2004) and into an environmental, a spatial and a catchment characteristics component (Heino et 
al., 2007). Therefore, this method was considered suitable to quantify the impact of forest 
harvesting on macro invertebrate assemblages in this study. 
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2 Methods 

2.1 Selection of data 

The data for this study was selected from an earlier study on the effects of forest management on 
the benthic community of forested streams. The fieldwork of this earlier study was conducted in 
1992 and 1993, throughout Coastal British Columbia. The data that was collected consisted of 
two parts: an invertebrate data set that contained the abundances of benthic invertebrates and an 
environmental data set that described (1) the geomorphological characteristics of the streams in 
which invertebrate sampling took place and (2) the forest management in the watershed of the 
stream. 

Invertebrate data 
The benthic invertebrate data used in this study was collected during the peak of summer (end of 
June until the beginning of August) in 1992 and 1993. For each observation 5 kick samples were 
taken from 1 riffle with a Surber sampler. From these 5 samples, 2 to 3 samples were randomly 
selected and identified in the laboratory. Most invertebrates were identified to genus level (87.5% 
of all individuals), but some were identified to family, order or a higher level (4.3, 3.7 and 4.6% 
of all individuals respectively). 

Environmental data 
The environmental data consisted partly of direct measurements and estimates in the field, such as 
size and gradient of the stream, direction of exposure, substrate composition, diameter and height 
of trees in the riparian area, tree coverage over the stream, proportion CPOM and FPOM in 
organic debris and the number of logs in the stream over a fixed length. Another part of the 
environmental data was derived from forestry maps. Examples of map derived variables are: 
elevation of the sampling location, size of the watershed, the size and age of the cut block in 
which sampling took place and the area of all cut blocks in the watershed, subdivided into 13 age 
classes. Average cobble weight and the mass of periphyton and organic debris per unit of area 
were determined from field samples in the laboratory. A description of all environmental 
variables that were used in this study can be found in appendix 1. 
 
In order to remove all gaps from the environmental data matrix, some observations and 
environmental variables were eliminated. A combination of observations and environmental 
variables was selected, such that all the selected observations had data for all selected 
environmental variables. Further, two streams (lower tributary of Chehalis river and Mooyah 
river tributary) were removed, as inspection of aerial photographs showed that these streams both 
probably are connected to a small lake upstream from the sampling location. The final dataset 
consisted of 78 invertebrate samples with corresponding environmental data from 73 different 
streams (5 streams were sampled twice). Figure 1 gives an overview of the sampling locations 
from which the data used in this study originated.  
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Figure 1: Overview map of the study area, dots indicate the position of selected sites. 

An attempt was made to include data from the Chilliwack region that was collected in 1995 for a 
study on the distribution of Pacific giant salamander. However, too many environmental variables 
were missing to include this data in the analyses of this study. On top of that, it was suspected that 
the differences in sampling protocol might have been too large to allow direct comparison of the 
data from the two different studies. This seemed to be confirmed by the relatively large 
differences that were found between the invertebrate data sets from the two studies in a 
preliminary canonical variate analysis (CVA). It was decided not to use the data collected in 1995 
for this study. 

2.2 Data preparation 

Invertebrate data 
Rare species are often excluded from analyses, because it is believed they might be present or 
absent in a sample by chance. This could cause differences between invertebrate samples that 
were taken from similar environments containing similar communities. Therefore rare species are 
often thought to add noise to the data and to contribute little to community analyses. Due to 
redundancy in invertebrate data, including only abundant taxa is often enough to detect strong 
environmental gradients (Marchant, 2002). 

In this study, taxa that constituted less than the arbitrary value of 0.05% of all individuals 
that were found in the 78 selected samples were removed from the data set used for this study. In 
practice this meant that only taxa that had a total abundance of 30 individuals or more in all 
samples together were used for further analysis. 

Some taxa were not straight forward removed. If all genera of a family had a total 
abundance lower than the 30 individuals-threshold, these genera were combined and the 
abundance of the family was used. In total 6 family abundances were formed, by combining 31 
genera. Some of the rare taxa were suspected to have been misidentified. These taxa were added 
to the taxon they most probably belonged to, but this was done with only 11 taxa.  
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Taxa that occur infrequently tend to form outliers in ordination diagrams. As these 
outliers are based on very few observations, they are not very suitable to draw conclusions from 
about the environmental preference of these taxa. Therefore, taxa that occurred in less than 3 
samples were removed. This was the case for only 1 taxanomic group (Amphipoda). Finally, 
groups of Insecta that were not identified to genus level (unidentified members of orders and 
families, 15 taxanomic groups) were removed. 

The net effect of these modifications was that the number of taxa in the invertebrate data 
was greatly reduced, from 140 to 58 taxa. However, the number of individuals decreased by only 
5.10% compared to the original number of individuals that was found in the 78 selected samples. 

 
Average invertebrate abundances were calculated for each observation from the 2 to 3 samples 
that were identified for each observation. The invertebrate data were then log transformed to y’ = 
log (y + 1) to remove large differences in scale among the original variables. This resulted in the 
final invertebrate data set which consisted of one log transformed abundance for each taxon in 
each observation. 

Environmental data 
The environmental data was used without any transformation. However, additional composite 
variables were calculated from the original data.  

To supplement the description of the geomorphological characteristics of the streams, 7 
dummy variables were defined that indicated from which region and hydrologic zone each sample 
originated. Three regions were arbitrarily defined; Vancouver Island, the Lower Mainland and the 
Chilliwack region. The hydrologic zone boundaries of British Columbia as defined by the 
government of British Columbia (Government of B.C., 1996) were used. The samples were 
assigned to one of 4 hydrologic zones; Western Vancouver Island, Eastern Vancouver Island, 
Western South Coast mountains and Central South Coast mountains.  

Useful descriptors of the forest management around each sampling location were derived 
from the ages and areas of cut blocks in the watershed estimated from forestry maps. All 
environmental variables and the way they were calculated are described in appendix 1.  

2.3 Statistical analysis 

To explore the abiotic gradients that were present in the dataset, standardized PCAs were 
performed on the geomorphology and the forest harvesting data seperately. This standardized 
PCA, based on a correlation matrix, was obtained by centering and standardizing the data by the 
environmental variables. Standardized PCA was chosen, as it is especially suited to compare 
environmental variables measured in different units (ter Braak and Šmilauer, 2002). Correlation 
biplots were made, to visualize the relationships between the environmental variables. 
 
A preliminary detrended correspondence analysis (DCA) of the invertebrate data set showed that 
the gradients in the logarithmic transformed invertebrate data were rather short (1.7 SD). The 
gradient length in the untransformed invertebrate data was moderately long (2.3 SD). It has been 
noted that linear methods such as RDA are suitable to analyze data sets that are collected over a 
short gradient, as species might appear to have a linear response to environmental gradients in 
those cases. However, ter Braak and Šmilauer (2002) stress that the unimodal CCA also has a 
linear face; CCA can be used if a linear response of species to environmental gradients is 
assumed. It should be kept in mind that in these situations CCA focuses on relative abundances, 
while RDA would primarily show differences in absolute abundance. As the invertebrate data 
contained quite some zero’s (absence of taxa) the chi-squared distance that is preserved in CCA 
was thought to be more suitable to describe the invertebrate data than the Euclidean distance that 
is inherent to RDA. Therefore, canonical correspondence analysis (CCA) was chosen in this study 
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to analyze the relationship between the benthic invertebrate community and both stream 
geomorphology and forest harvesting.  

For both aspects of the abiotic environment (stream geomorphology and forest harvesting) 
a forward selection procedure was used to obtain a group of variables that explained as much 
variation as possible, while keeping both the first canonical axis and all axes combined significant 
(α = 0.05, Monte Carlo randomization test of the first axis with 10000 unrestricted permutations 
under the reduced model). With these two variable groups the relative contribution of forest 
harvesting and stream geomorphology in explaining the total variation in the composition of the 
invertebrate community was determined by using the method of partial CCA as proposed by 
Borcard et al. (1992). On top of that the relative importance of forest harvesting close to the 
stream and forest harvesting in the entire watershed was analyzed. This was done by calculating 
what part of the variation of the taxonomic structure of the invertebrate community was explained 
solely by (1) those variables in the forest harvesting variable group that describe the intensity of 
forest harvesting in the cut block in which invertebrate sampling took place and (2) those 
variables in the forest harvesting variable group that describe the intensity of forest harvesting in 
the entire watershed. 

Seven different CCAs of the invertebrate data were performed: (1) CCA constrained by 
geomorphology variables and forest harvesting variables together, (2) CCA constrained by 
geomorphology variables, (3) CCA constrained by forest harvesting variables, (4) CCA 
constrained by geomorphology variables after removing the effect of forest harvesting, (5) CCA 
constrained by forest harvesting variables after removing the effect of stream geomorphology, (6) 
CCA constrained only by variables that describe forest harvesting in the cut block in which 
sampling took place, after removing the effect of geomorphology and the effect of forest 
harvesting in the entire watershed, (7) CCA constrained by variables that describe forest 
harvesting in the entire watershed, after removing the effect of geomorphology and the effect of 
forest harvesting in the cut block in which sampling took place.  

The total variation or total inertia is equal for all these seven analyses. The proportion of 
the total inertia that is explained by a set of variables is given by the sum of all canonical 
eigenvalues of a CCA constrained by that set of variables, divided by the total inertia. Based on 
these 7 analyses the total variation of the composition of the benthic community was partitioned 
into 6 components: A) variation explained solely by stream geomorphology variables (analysis 4), 
B) variation explained solely by forest harvesting variables (analysis 5), C) variation shared by 
geomorphology and forest harvesting (analysis 2 minus analysis 4 or analysis 3 minus analysis 5) 
and D) unexplained variation (total inertia minus analysis 1). The variation explained solely by 
forest harvesting variables (B) was subdivided into E) variation explained solely by forest 
harvesting variables that describe the state of the cut block in which invertebrate sampling took 
place (analysis 6) and F) variation explained solely by forest harvesting variables that describe the 
state of the forest in the entire watershed. 

The entire variance partitioning procedure was performed twice; both with and without 
downweighting of rare taxa. This was done to be able to estimate the importance of the rarest taxa 
in the data set (after removal of the truly rare taxa) in determining the results of the ordination. 
All simple and partial CCAs were done on logarithmically transformed invertebrate abundance 
data using CANOCO for Windows ver. 4.5 (ter Braak and Šmilauer, 2002). To correct for 
temporal variation, year of sampling was used as a covariable in all CCAs. The significance of 
the explanation given by the constraining variables was tested for each CCA (Monte Carlo 
randomization test of the first axis and all axes together with 10000 unrestricted permutations 
under the reduced model, α = 0.05). 
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To visualize the response of invertebrates to forest harvesting, the ordination diagram of the CCA 
constrained by forest harvesting variables after removing the effect of geomorphology was 
plotted. To keep the diagrams orderly not all taxa were plotted. The 30 taxa that scored highest on 
the first 3 canonical axes combined were selected and plotted together with the forest harvesting 
variables. In the ordination plot these high scoring taxa are far from the origin and therefore they 
are often good indicators for a certain forest type. 
The distance of each taxon from the origin of the ordination plot was calculated as the length of a 
vector from the origin to point in ordination space described by the species scores of that taxon on 
the first 3 axes. Before the calculation of the length of these species vectors, the species scores on 
each axis were first weighted by the eigenvalue of the corresponding axis to correct for the 
differences in variation explained by each axis. This was done by multiplying the species scores 

on the first axis by 
1

1
λ

λ (= 1), the scores on axis 2 by 
1

2
λ

λ (= 0.79 and 0.71 with and without 

downweighting of rare taxa respectively) and the scores on axis 3 by 
1

3
λ

λ  (= 0.72 and 0.57 with 

and without downweighting of rare taxa respectively). The distance of each taxon from the origin 
was then calculated as the root of the sum of the squared weighted species scores of that specific 
taxon. The 30 taxa furthest from the origin were selected. 
 Two ordination diagrams were plotted; one for the CCA with downweighting of rare 
species and one for the CCA without this option. These two diagrams were compared to judge the 
robustness of the results and to estimate the importance of the rarest taxa in the data set (after 
removal of the truly rare taxa) in determining the result of the ordination. The plots were based on 
CCAs with the same constraining variables and covariables. Both these CCAs were constrained 
by the forest harvesting variable group that was selected for the variance partitioning with 
downweighting of rare taxa.  
 
Indicator species analysis (Dufrêne and Legendre, 1997) was used as a second method to study 
the response of different invertebrates to forest harvesting. A classification of the samples was 
defined, based on the area weighted average age of all cut blocks in the watershed. The 
classification consisted of 5 classes (see Table 1) and was assumed to represent the gradient in 
forest harvesting intensity reasonably well. With this classification it was analyzed which 
invertebrates are associated with relatively undisturbed situations (sensitive species) and which 
invertebrates are associated with watersheds that were recently cut (taxa that benefit from 
harvesting). The IndVal program (Dufrêne and Legendre, 1997) was used to determine for each 
taxon to which forest age class it was associated. Indicator values were calculated and the 
significance of the indicator value of each taxon was tested using the randomization procedure 
with 10000 randomizations.  
 
Table 1: Classification of forest harvesting intensity that was used in the species indicator analysis 

Class Watershed averaged age 
of all cut blocks (yrs) 

Intensity of forest harvesting  

1 <15 Very high: entire watershed recently cut 
2 15 – 30 High: large part of the watershed recently cut 
3 30 – 60 Intermediate: The watershed was harvested, but several 

decades ago 
4 60-150 Low: small part of the watershed was cut or cutting 

took place long ago 
5 >150 Very low: little or no forest was harvested in the watershed 
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3 Results 

3.1 Invertebrate community 

The invertebrate data set contained 58 taxa and 27377 individuals in total (the latter is the total 
number of individuals after calculating average abundances per observation). On average 23.4 
taxa were present in each sample in the data set. The number of taxa per sample ranged from 10 
(Cox’s Creek, sample 79) to 43 (upper tributary of Statlu Creek, sample 74). On average 351 
individuals were found per sample and the number of individuals found in each sample ranged 
from 30 (Francis creek, sample 44) to 1521 (Upper tributary of Namit Lake, sample 87). 

Large differences were found in total abundance and occurance of individual taxa. Total 
abundance ranged from 9 (Isoperla) to 6587 (Orthocladiinae) individuals. Total occurance ranged 
from occurance in 3 samples for Agraylea and Setvena, to occurance in all 78 samples for the 
Orthocladiinae. Table 2 shows the general structure of the invertebrate data. The abundance and 
occurrence of all taxa in the invertebrate data set can be found in appendix 2. 
 
Table 2: Absolute and relative abundance of all orders and families in the invertebrate data set. 

Order / Family total abundance 

 
Absolute Relative 

(% of all ind.) 
Plecoptera 4461 16.3 

Nemouridae 2142 7.8 
Chloroperlidae 1220 4.5 
Leuctridae 540 2.0 
Capniidae 233 0.8 
Perlodidae 114 0.4 
Taeniopterygidae 104 0.4 
Perlidae 89 0.3 
Peltoperlidae 19 0.1 

Ephemeroptera 8499 31.0 
Baetidae 5197 19.0 
Heptageniidae 1798 6.6 
Leptophlebiidae 660 2.4 
Ephemerellidae 514 1.9 
Ameletidae 331 1.2 

Trichoptera 1156 4.2 
Rhyacophilidae 403 1.5 
Brachycentridae 128 0.5 
Hydropsychidae 125 0.5 
Glossosomatidae 122 0.4 
Limnephilidae 111 0.4 
Polycentropodidae 78 0.3 
Lepidostomatidae 57 0.2 
Hydroptilidae 54 0.2 
Uenoidae 42 0.2 
Philopotamidae 37 0.1 
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Table 3, continued: Relative and absolute abundance of all orders and families in the invertebrate 
data set. 

Order / Family total abundance 

 
Absolute Relative 

(% of all ind.) 
Diptera 11352 41.5 

Chironomidae 9593 35.0 
Simuliidae 1054 3.8 
Tipulidae 337 1.2 
Ceratopogonidae 220 0.8 
Empididae 123 0.4 
Dixidae 26 0.1 

Coleoptera 70 0.3 
Elmidae 70 0.3 

Collembola 42 0.2 
Non-hexapodal lnvertebrates 1797 6.6 

Oligochaeta 998 3.6 
Turbellaria 460 1.7 
Annelida 140 0.5 
Hydracarina 119 0.4 
Zooplankton 81 0.3 

 

3.2 Abiotic environment 

Stream geomorphology 
In the correlation biplot based on the standardized PCA of the geomorphology variables, several 
groups of environmental variables were formed (Figure 2, for a description of the variables in the 
graph see appendix 1). These groups of environmental variables can be seen as separate aspects 
of which the geomorphological characteristics consisted. The variables within each group or 
aspect are correlated with each other (arrows with a group have similar directions), while the 
correlation between the aspects is weaker. Three aspects were distinguished in the 
geomorphological characteristics. The variables that describe the location of samples (longitude, 
latitude, regions, hydrologic zones, elevation and gradient) form the first group. These variables 
are all pointing in (nearly) horizontal direction, the first axis is strongly correlated with these 
variables. Substrate composition seems to form a second aspect. The arrows of the variables 
describing substrate composition are all in the same diagonal, from the top left to the bottom right 
in Figure 2. Variables that describe the size of the stream system (width, depth and size of the 
watershed) scored high on the second axis. The stream measures are correlated with each other 
and with the size of the watershed.  
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Figure 2: Correlation biplot (first two axes), based on a standardized PCA of the environmental data 
that describes the geomorphology of the sampled streams. Axes I and II explain 23.8% and 14.9% of 
the variation in the forest harvesting variables respectively. 



 11 

Forest harvesting 
The correlation biplot shows that variables that are indicative for the same forest age are 
correlated with each other (Figure 3, for a description of the variables in the graph see 
appendix 1). Three clearly distinguishable groups were formed: variables indicating recent 
harvesting (pointing to the top left), variables related with forest of intermediate age (pointing to 
the left and downwards) and variables indicating old, undisturbed forest (pointing to the right).  

The variables describing the part of the watershed that consists of non-production forest 
(PaO 0-20, PaO 0-40, PaO21-40 and PaO 100+) all point towards the bottom left. Apparently, the 
presence or absence of non-production forest each watershed forms the strongest gradient in these 
variables, as the different age classes of non production forest are not separated in the correlation 
biplot. The graph further shows that the size of the cut block in which sampling took place 
(AreaSamp and PartSamp) is not related with any of the forest age groups. Big riparian trees and 
high tree coverage typically occurs in old forests. The amount of organic debris and the 
proportion CPOM seem to increase due to forest harvesting.  
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Figure 3: Correlation biplot (first two axes), based on a standardized PCA of the environmental data 
that describes the intensity of forest harvesting. Axes I and II explain 19.7% and 13.9% of the 
variation in the forest harvesting variables respectively. 
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3.3 The relative importance of forest harvesting and geomorphology 

The relative importance of forest harvesting and geomorphology in determining the composition 
of the benthic stream community was quantified by means of variance partitioning. For this 
variance partitioning, groups of variables were first defined with the forward selection procedure. 
 
The variables that were selected to describe the geomorphology and forest harvesting regime in 
the CCA analysis are shown in Table 3. The forward selection procedure resulted in one group of 
geomorphology variables that was used in both analyses (with and without downweighting of rare 
taxa). However, it was not possible to use one group of forest harvesting variables in both 
analyses. This would have resulted in a lower than maximum explained variation and a non 
significant total effect of forest harvesting for the CCA without downweighting of rare taxa 
(results not shown here). Therefore, two forest harvesting variable groups were selected; one for 
the analysis with downweighting of rare taxa and one for the analysis without using that option. 
 
Table 3: Description of the geomorphology and forest harvesting variable groups that were used in 
the variance partitioning. The forest harvesting variables that were used in only 1 of the 2 analyses 
are underline to indicate difference between the two forest harvesting variable groups. 

Label Description 
   Geomorphology 
Latitude Latitude 
Longitud Longitude 
Reg Chil Region Chilliwack 
H WVancI Hydrologic zone Western Vancouver Island 
Elevatio Elevation 
AspectS Southern aspect 
Width Bankfull width of the stream 
BoulderCov Part of the substrate covered by boulders 
GravCov Part of the substrate covered by gravel 
SandCov Part of the substrate covered by sand 
  
 Forest harvesting with downweighting of rare taxa 
   Related to the state of the sampled cut block 
PSa21-50 The part of the watershed that consists of sampled cut blocks that were harvested 

21-50 yrs before sampling 
Periphyt Periphyton biomass 
  

 Related to the state of the entire watershed 
ArW 0-20 Total area of cut blocks in the watershed that were harvested 0-20 yrs before 

sampling 
PaW 100+ Part of the watershed that is older than 100 yrs 
AgeTotCu Area weighted average age of all cut blocks in the watershed 
PaO 0-40 Part of the watershed that consists of non-production forest that is 0-40 yrs old 
  
 Forest harvesting without downweighting of rare taxa 
  
 Related to the state of the sampled cut block 
ArS21-50 Area of sampled cut blocks that were harvested 21-50 yrs before sampling 
PSa21-50 The part of the watershed that consists of sampled cut blocks that were harvested 

21-50 yrs before sampling 
AS51-100  Area of sampled cut block that were harvested 51-100 yrs before sampling 
OrgDebri Organic debris biomass 
Periphyt Periphyton biomass 
  
 Related to the state of the entire watershed 
PaW 100+ Part of the watershed that is older than 100 yrs 
AgeTotCu Area weighted average age of all cut blocks in the watershed 
PaO 0-40 Part of the watershed that consists of non-production forest that is 0-40 yrs old 
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With these variable groups the total variation in the invertebrate data was divided into 6 partitions 
as shown in Figure 4 and Table 4. In all CCAs that were conducted for the partitioning of the 
variation, the explanation of the biotic variation given by the constraining variables was 
significant (Monte Carlo test of the first axis and all axes, α = 0.05). The inflation factors were 
low for all variables in all CCAs (VIF < 10). The results of all CCAs that were conducted for the 
partitioning of the variation and the significance of all CCAs can be found in appendix 3. 
 
With the limited set of environmental variables (16 variables with and 18 variables without 
downweighting of rare taxa) about 36% of the variation could be explained in total. The 
proportion of the variation explained solely by forest harvesting and solely by geomorphology 
was of comparable size (Figure 4). This shows that forest harvesting has a considerable effect on 
the composition of the benthic stream community; its effect is about as large as that of the 
variation of the geomorphology of streams. The variation shared by forest harvesting and 
geomorphology was small. Most of the total explained variation was uniquely associated with one 
of the two variable groups. 
 

A
20.26

2.32

11.34

66.08

   

B
19.39

2.59

16.4161.61

Geomorphology

Shared variation

Forest harvesting

Unexplained

 
Figure 4: Graphical representation of the partitioning of the biotic variation into 4 independent 
components, with (fig. 4A) and without (fig. 4B) downweighting of rare taxa.  

 
Table 4: Partitioning of the variation in the taxonomic composition of the benthic invertebrate 
community with and without downweighting of rare taxa (DW of RT). 

 
Source of variation 

With DW of RT 
Explained variation 
(% of total inertia) 

Without DW of RT 
Explained variation 
(% of total inertia) 

Geomorphology 20.26 19.39 
Forest harvesting 11.34 16.41 

Sampled cut block 3.81 10.89 
Entire watershed 7.53 5.38 

Shared variation 2.32 2.59 
Unexplained 66.08 61.61 
Total 100 100 
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The relative importance of forest harvesting close to the stream (variation explained by variables 
describing the cut block in which sampling took place) and forest harvesting in the entire 
watershed (variation explained by variables describing the whole watershed) depends strongly on 
the downweigthing of rare taxa (Table 4). This is mainly due to the difference between the forest 
harvesting variable groups that were used to for the analyses with and without downweighting of 
rare taxa (Table 3). The results show that both forest harvesting close to the stream and forest 
harvesting in the entire watershed can significantly explain an important part of the variation in 
the invertebrate data. 

3.4 Response of invertebrates to forest harvesting 

The reaction of invertebrate taxa to forest harvesting was studied by plotting species and 
environmental variables in an ordination plot of a CCA constrained by forest harvesting variables 
after removing the effect of geomorphology. The plots of the analysis with and without 
downweighting of rare taxa were compared. 
 
In the ordination plot of the CCA with downweighting of rare taxa (Figure 5) the variables that 
are associated with old forest (Part watershed 100+ and Average age production forest) and the 
variable that describes recently cut forest (Area watershed 0-20y) point into opposite directions. 
The arrow associated with second growth forest took and intermediate position (Part sampled 
cutblock 21-50y, pointing to the left). In the ordination plot of the CCA without downweighting 
of rare taxa (Figure 6), the variables associated with different forest age classes were not 
separated that well. In the latter plot, the arrows of “Area in watershed 0-20y” and “Average age 
production forest” do not differ much in direction. 
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Figure 5: The position of the 30 taxa that scored highest on the first 3 canonical axes in an ordination 
plot of a partial CCA with downweighting of rare taxa, in which the invertebrate data were 
constrained by forest harvesting variables after removing the effect of geomorphology.  
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Figure 6: The position of the 30 taxa that scored highest on the first 3 canonical axes in an ordination 
plot of a partial CCA without downweighting of rare taxa, in which the invertebrate data were 
constrained by forest harvesting variables after removing the effect of geomorphology.  

 
The two ordination plots show great similarity. The set of 30 invertebrate taxa that scored highest 
on the first three axes was almost the same for both plots. The two plots together contain only 6 
taxa that occur in only one of the two plots, the other 27 taxa occur in both graphs. 
Also the position of the taxa relative to the explanatory variables was similar for most species. In 
both graphs, Moselia, Oreogeton and Yoroperla seem to be associated with old forest. Annelida, 
Isoperla, Moselyana, Polycentropus and Setvena and to a lesser extend Capniidea and 
Chironomini are likely to be associated with forest of intermediate age according to both plots. 
Calineuria, Heterlimnius, Other Elmidae and Zooplankton are probably associated with streams in 
recently cut forest. So are Micrasema and Chelifera, but they also seem to be associated with 
higher periphyton biomass. 
 
There were quite some differences between the results of the CCAs and those of the indicator 
species analysis. The indicator species analysis found only 10 taxa that were significantly 
associated with one of the 5 classes of forest harvesting intensity (Table 5). Seven of these 10 
taxa were also present in the ordination plots. According to the indicator species analysis, 
Annelida, Calineuria, Hydropsyche and Moselyana are associated with high forest harvesting 
intensities, which corresponds with their position in the ordination plots, especially in the plot 
with downweighting of rare taxa. Ecclisomyia and Ironodes were also associated with high 
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intensities of forest harvesting, but in the ordination plots these two taxa did not seem associated 
with young forest. The Capniidae are associated with low intensities of forest harvesting 
according to the indicator species analysis. This is not shown clearly by the ordination plots. 
 
Table 5: Results of the indicator species analysis, most indicative taxa, with their indicator values, the 
degree of disturbance due to forest harvesting they are associated with and the significance of the 
indicator value. The 5 classes in average age of cut blocks in the watershed were assumed to describe 
a gradient in disturbance due to forest harvesting (Table 1). Names of taxa that are also present in 
the Figure 5 and 6 are bolded. 

Taxon Indicator 
value (%) 

Associated with intensity 
of forest harvesting  

Annelida 19.17* High 

Calineuria 19.25* High 

Capniidae 41.94** Very low 

Ecclisomyia 27.44** Very high 

Hydracarina 39.09* Very high 

Hydropysche 26.5** Very high 

Ironodes 35.46** High 

Moselyana 33.77** High 

Orthocladiinae 33.74* Low 

Rhithrogena 44.07** Very low 
*  : significant at the α= 0.1 level 
**: significant at the α=0.05 level 
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4 Discussion 

Variance partitioning showed that about 36% of the variation in the composition of the benthic 
invertebrate community in 73 streams could be explained by forest harvesting intensity and 
variation in geomorphology. This total explained variation is quite low compared to the variation 
explained in other studies (eg. Arscott et al., 2005; Peeters et al., 2000). Variables describing the 
intensity of forest harvesting in the watershed significantly explained about 14% of the variation 
in the invertebrate community. Thereby, this study demonstrates that forest harvesting has a 
significant impact on the benthic invertebrate community of streams. 

The large unexplained variation (about 64%) suggests that other factors not taken into 
account in this study were important in structuring the benthic invertebrate community. For 
example, disturbance by peak discharges, differences in flow regime, the input rate of leaf litter 
from the riparian area, the composition of the riparian vegetation, temperature and the availability 
of light and nutrients in the stream might all play a role. However, there was not enough data 
available to take these factors into account in this study. 
 
In this study both forest harvesting close to the stream and forest harvesting in the entire 
watershed significantly explained an important part of the variation in the invertebrate data. This 
indicates that the benthic community is influenced by logging activities throughout the entire 
watershed. This result is of importance for the planning of conservation measures as it indicates 
that riparian buffer strips alone are probably not sufficient to fully protect stream ecosystems 
from the impacts of forest harvesting activities. 

The effect of logging close to the stream on the benthic community was comparable in 
size to the effect of logging in the rest of watershed. This is surprising as some of the most 
important factors in structuring the benthic community such as leaf litter input and the degree of 
shading are mainly determined at the local scale; they are the result of the state of the forest close 
to the stream (Richardson and Danehy, 2007). The results of this study suggest that there might 
be other processes that take place at the regional/watershed scale that influence the stream 
ecosystem. Flow regime, sediment and organic debris input and nutrient availability are examples 
of factors that can be altered by land use at a regional scale (Swank et al., 2001) and could 
influence the invertebrate community. 
 
Variables that describe the amount of intermediate aged forest (20 to 50 yrs old) in the watershed 
formed an important part of the forest harvesting variable groups that were selected by the 
forward selection procedure, especially in CCAs without downweighting of rare taxa. These 
variables explained a part of the variation in the invertebrate data, so apparently the invertebrate 
community in streams in these second growth forests differs from the community associated with 
the undisturbed situation. This might indicate that recovery of the stream ecosystem after a 
disturbance due to logging requires a lot of time and that the effects of forest harvesting on the 
benthic community are still noticeable decades after harvesting. 
 
The analyses with and without downweighting of rare taxa showed similar results; the variance 
was partitioned in a similar way by the two methods (figures 4A and 4B) and the two methods 
produced a comparable pattern in the ordination of species relative to the explanatory variables 
(figures 5 and 6). This shows that the results of the analyses are quite robust in the sense that they 
do not react strongly to the way in which the rarest species in the data set are dealt with. The 
result of the CCAs is not predominantly determined by the rarest species that are left in the data 
set. This is not surprising as the truly rare taxa were removed from the data before the analysis. 
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In this study rare taxa were excluded from the analysis rather drastically. However, the correct 
way of dealing with rare species in community analyses is controversial. Excluding rare taxa has 
been criticized because possibly valuable information is lost (Cao et al., 1998; 2001; Lenat and 
Resh, 2001 and Nijboer and Schmidt-Kloiber, 2004). Rare species can be good indicators for 
specific conditions (Lenat and Resh, 2001; Nijboer and Schmidt-Kloiber, 2004).  
Although using only abundant species usually is sufficient to find strong environmental gradients, 
more subtle gradients and human impacts are possibly only detected if rare species are included in 
analyses (Cao et al., 2001). Deleting rare species can reduce the sensitivity of community 
analyses and reduce their ability to detect and quantify ecological effects at impaired sites (Cao et 
al., 1998; Cao et al., 2001). The exclusion of many rare taxa from the analysis in this study might 
have led to an underestimation of the impact of forest harvesting. With the removal of rare taxa, 
useful indicative species might have been lost. 
 
Other distance measures, such as the Bray-Curtis distance measure and the chord distance, might 
be more suitable to describe the invertebrate data in this study (Legendre and Legendre, 1998). 
An additional analysis, using these distance measures in a distance-based RDA, as proposed by 
Legendre and Anderson (1999) and described by Legendre and Gallagher (2001) could give more 
insight in the response of invertebrates to forest harvesting and the robustness of the results of the 
multivariate analyses. 
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5 Conclusions 

Forest harvesting has a significant effect on the composition of the invertebrate community of 
streams in the Pacific Northwest. Variance partitioning based on a set of partial CCAs showed 
that the size of the effect of forest harvesting was comparable to that of stream geomorphology. 
 
Probably, the state of the entire watershed of a stream influences the benthic invertebrate 
community of the stream. The partitioning of variation among watershed scale and cut block scale 
forest harvesting variables indicated that the effects of forest harvesting are not predominantly 
caused by activities close to the stream. 
 
The invertebrate taxa Micrasema, Heterlimnius, Calineuria, Chelifera and Hydropsyche are 
probably associated with streams in recently cut forests. Annelida, Isoperla, Moselyana, 
Polycentropus and Setvena are probably associated with streams in second growth forest. 
Yoroperla, Oreogeton, Moselia and Capniidae are probably typical for streams in relatively 
undisturbed forest.  



 20 

6 References 

 
Allan JD, Erickson DL and Fay J, 1997. The influence of catchment land use on stream integrity across 

multiple spatial scales. Freshwater Biology Vol. 37, no. 1, pp. 149-161. 
Arscott DB, Tockner K and Ward JV, 2005. Lateral organization of aquatic invertebrates along the corridor 

of a braided floodplain river. Journal of the North American Benthological Society: Vol. 24, No. 4 
pp. 934–954 

Bilby RE and Bisson PA, 1992. Allochthonous versus autochthonousorganic matter contributions to the 
trophic support of fish populations in clearcut and old-growth forested streams.Canadian Journal of 
Fisheries and Aquatic Science 49: 540–551. 

Borcard D, Legendre P and Drapeau P, 1992. Partialling out the spatial component of ecological variation. 
Ecology 73: 1045-1055 

Brussock PP and Brown AV, 1991. Riffle-pool geomorphology disrupts longitudinal patterns of stream 
benthos. Hydrobiologia 220: 109-117 

Cao Y, Williams DD and Williams NE, 1998. How important are rare species in aquatic community 
ecology and bioassessment? Limnology and Oceanography 43(7), 1998, 1403-1409  

Cao Y, Larsen DP and Thorne R St.-J, 2001. Rare species in multivariate analysis for bio-assessment: some 
considerations. Journal of the North American Benthological Society 20: 144–153. 

Céréghino R, Park Y, Compin A and Lek S, 2003. Predicting the species richness of aquatic insects in 
streams using a limited number of environmental variables. Journal of the North American 
Benthological Society 22: 442–456 

Dufrene M and Legendre P, 1997. Species Assemblages and Indicator Species: The Need for a Flexible 
Asymmetrical Approach. Ecological Monographs, Vol. 67, No. 3, pp. 345-366 

Government of British Columbia, Integrated Land Management Bureau 1996. Hydrologic zone boundaries 
of British Columbia, GIS shape file, publicly available at: 
http://aardvark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=43231&recordSet=ISO19115. 

Haggerty SM, Batzer DP and Jackson CR, 2004. Macroinvertebrate response to logging in coastal 
headwater streams of Washington, U.S.A. Canadian Journal of Fisheries and Aquatic Sciences, 61: 
529–537. 

Heino J, Mykrä H, Kotanen J and Muotka T, 2007. Ecological filters and variability in stream 
macroinvertebrate communities: do taxonomic and functional structure follow the same path? 
Ecography, 30, 217–230. 

Herlihy AT, Gerth WJ, Li J and Banks JL, 2005. Macroinvertebrate community response to natural and 
forest harvest gradients in western Oregon headwaterstreams. Freshwater Biology 50: 905-919 

Kiffney PM, Richardson JS and Bull JP, 2003. Responses of periphyton and insects to experimental 
manipulation of riparian buffer width along forest streams. Journal of Applied Ecology 40: 1060-
1076.  

Legendre P and Anderson MJ, 1999. Distance-based redundancy analysis: testing multispecies responses in 
multifactorial ecological experiments. Ecol Monogr 69:1-24.  

Legendre P and Gallagher ED, 2001. Ecologically meaningful transformations for ordination of species 
data. Oecologica 129: 271-280. 

Legendre P, Legendre L, 1998. Numerical ecology, 2nd English edn. Elsevier, Amsterdam 
Lenat DR and Resh VH, 2001. Taxonomy and stream ecology – the benefits of genus and species-level 

identifications. Journal of the North American Benthological Society 20: 287–298. 
Marchant R, 2002. Do rare species have any place in multivariate analysis for bio-assessment? Journal of 

the North American Benthological Society 21: 311– 313. 
Melody KJ and Richardson JS, 2007. Riparian forest harvesting and its influence on benthic communities 

of small streams of sub-boreal British Columbia. Canadian Journal of Forest Research 37: 907-918. 
Newbold JD, Erman DC and Roby KB, 1980. Effects of logging on macroinvertebrates in streams with and 

without buffer strips. Canadian Journal of Fisheries and Aquatic Sciences 37: 1076-1085. 
Nijboer RC, Schmidt-Kloiber A, 2004. The effect of excluding taxa with low abundances or taxa with 

small distribution ranges on ecological assessment. Hydrobiologia 516: 347–363, 2004. 



 21 

Peeters ETHM, Gardeniers JJP and Koelmans AA, 2000. Contribution of trace metals in structuring in situ 
macroinvertebrate community composition along a salinity gradient. Environmental Toxicology and 
Chemistry 19:1002–1010.  

Peeters ETHM, Gylstra R and Vos JH, 2004. Benthic macroinvertebrate community structure in relation to 
food and environmental variables. Hydrobiologia, 519, 103–115. 

Richardson JS, 2003.Riparian management along headwater streams in coastal British Columbia. 
Streamline 7(3): 19-21. 

Richardson JS and Danehy RJ, 2007. A synthesis of the ecology of headwater streams and their riparian 
zones in temperate forests. Forest Science 53:131-147. 

Sandin L, 2003. Benthic macroinvertebrates in Swedish streams: community structure, taxon richness, and 
environmental relations. Ecography 26: 269–282. 

Swank WT, Vose JM and Elliott KJ 2001. Long-term hydrologic and water quality responses following 
commercial clearcutting of mixed hardwoods on a southern Appalachian catchment. Forest Ecology 
and Management 143: 163-178. 

Stone MK and Wallace JB, 1998. Long-term recovery of a mountain stream from clearcut logging: the 
effects of forest succession on benthic invertebrate community structure. Freshwater Biology 39: 
151–169. 

ter Braak CJF and Šmilauer P (2002). CANOCO Reference Manual and CanoDraw for Windows User's 
Guide: Software for Canonical Community Ordination (version 4.5). Microcomputer Power (Ithaca 
NY, USA), 500 pp. 



 22 

7 Appendices 

Appendix 1: Description of environmental variables 

Table 6: Description of all environmental variables in the environmental data set, including their 
units, method of measurement or calculation. 

Label  Description, unit and derivation 
 
Geomorphological characteristics 
Latitude 
 

Latitude of the sampling location, direct map readings (1992 samples) and converted UTM coordinates that were read from 
maps (1993 samples) 

Longitud Longitude of the sampling location, direct map readings (1992 samples) and converted UTM coordinates that were read from 
maps (1993 samples) 

Reg Isla Region Vancouver Island, a dummy variable that indicates wheter a sample originates from Vancouver Island (1) or not (0)  

Reg Vanc Region Vancouver mainland, a dummy variable that indicates whether a sample originates from the Lower Mainland (1) or 
not (0) 

Reg Chil Region Chilliwack, a dummy variable that indicates whether a sample originates from Chilliwack (1) or not (0) 

H W VanI Hydrologic zone Western Vancouver Island, a dummy variable that indicates whether the sampled location lies within the 
Western Vancouver Island hydrologic zone (1) or not (0) 

H E VanI Hydrologic zone Eastern Vancouver island, a dummy variable that indicates whether the sampled location lies within the 
Eastern Vancouver Island hydrologic zone (1) or not (0) 

H W SCMt Hydrologic zone Western South coast mountains, a dummy variable that indicates whether the sampled location lies within 
the Western South coast mountains hydrologic zone (1) or not (0) 

H C SCMt Hydrologic zone Central South coast mountains, a dummy variable that indicates whether the sampled location lies within 
the Central South coast mountains hydrologic zone (1) or not (0) 

Elevation Elevation of the sampling location (m above sea level), estimated from maps 

AspectS Degree of exposure to the South (-), based on field compass reading, increases lineairly with “southness”, from 0 (Northern 
aspect), through 90 (Eastern or Western aspect) to 180 (slope in Southern direction).    

AspectW Degree of exposure to the West (-), based on field compass reading, increases lineairly with “westness”, from 0 (Eastern 
aspect), through 90 (Northern of Southern aspect) to 180 (slope in Western direction). 

Gradient Stream Gradient (%), measured in the field with an inclinometer 

Watershd Total area of the watershed of the stream (ha), measured from maps 

Width Bankfull width (m), measured in the field 

Depth Bankfull depth (m), average of 5 field measurements  

ChanArea Bankfull area of the stream channel (m2), calculated by multiplying the width by the average depth 

Cobble wt Average weight of cobbles (g), average weight of 6 cobbles 

BouldCov Part of the streambed covered by boulders (%), visual estimate 

CobblCov Part of the streambed covered by cobbles (%), visual estimate 

GravlCov Part of the streambed covered by gravel (%), visual estimate 

PebblCov Part of the streambed covered by pebbles (%), visual estimate 

SandCov Part of the streambed covered by sand (%), visual estimate 

  
Characterization of forest management 
Characteristics of the cut block in which sampling took place 
TreeCov Tree coverage, percentage forest cover over the stream, derived from 20 densiometer readings 

Tree dbh Diameter of the stems of trees in the riparian area, average of 3 measurements 

Tree ht Height of trees in the riparian area, average of 3 measurements  

DensLogs Density of logs in the stream, the number of logs per unit of stream length: DensLogs = NumLogs / sampled length 

NumLogs Number of logs in the stream, counted over a stream reach of recorded length  

CPOM Proportion of organic debris that consists of Course Particulate Organic Matter (%), visual estimate 

FPOM Proportion of organic debris that consists of Fine Particulate Organic Matter (%), visual estimate 

OrgDebris Organic debris standing stock, the average  biomass of organic debris per unit of area, 2 or more replicates 

Periphyt Periphyton standing stock, biomass of periphyton per unit of area, derived in the lab from the biofilm on 5 cobbles; 1 from 
each of the 5 invertebrate subsamples. 

AreaSamp Area of the cut block in which sampling took place (ha), measured from forestry maps 
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PartSamp Part of watershed that the sampled cut block makes up (-); PartSamp = AreaSamp / Watershd 

AgeSamp Age of the forest (time since last harvest) in the sampled cut block (y), read from forestry maps 

Area/Age interaction sample area / sample age 

ArS 0-20 Area of the sampled cut block if this block was cut 0-20 yrs before sampling (ha); ArS 0-20 = AreaSamp if AgeSamp ≤20, 
variable takes the value 0 if the sampled cut block does not belong to the specified age class 

PSa 0-20 Part of watershed made up by the sampled cut block, if this block was cut 0-20 yrs before sampling (-);  
PSa 0-20 = ArS 0-20 / Watershd 

ArS11-20 Area of the sampled cutblock if this block was cut 11-20 yrs before sampling (ha); ASa11-20 = AreaSamp if 10 < AgeSamp 
≤ 20, variable takes the value 0 if the sampled cut block does not belong to the specified age class  

PSa11-20 Part of the watershed that is made up by the sampled cut block, if this block was cut 11-20  yrs before sampling (-); PSa11-20 
= ASa11-20 / Watershd 

ArS21-50 Area of the sampled cut block, if this block was cut 21-50  yrs before sampling (ha); ArS21-50 = AreaSamp if 20 < AgeSamp 
≤ 50, variable takes the value 0 if the sampled cutblock does not belong to the specified age class 

PSa21-50 Part of the watershed that is made up by the sampled cutblock, if this block was cut 21-50  yrs before sampling (-); PSa21-50 
= ASa21-50 / Watershd 

AS51-100 Area of the sampled cut block, if this block was cut 51-100  yrs before sampling (ha); AS51-100 = AreaSamp if 50 < 
AgeSamp ≤ 100, variable takes the value 0 if the sampled cut block does not belong to the specified age class 

PS51-100 Part of the watershed that is made up by the sampled cut block, if this block was cut 11-20  yrs before sampling (-); 
PS51-100 = AS51-100 / Watershd  

ArS 100+ Area of the sampled cut block, if this block was not cut for more than 100 yrs (ha); ArS 100+ = AreaSamp if AgeSamp >100, 
variable takes the value 0 if the sampled cut block does not belong to the specified age class 

PSa 100+ Part of the watershed that is made up by the sampled cut block, if this block was not cut in the last 100 yrs (-); PSa 100+ = 
ArS 100+ / Watershd 

 
Characteristics of the whole watershed 
AgeTotCut Average age of the production forest within the watershed (yrs); The area of all forest blocks in the watershed (both 

production forest and the area not used for forestry) was devided over age classes, based on ages and areas read from forestry 
maps. AgeTotCut was calculated as the area weighted average of the age class-middles of the production forest within the 
watershed. 

AgeWtrsh Average age of all the forest within the watershed (yrs); AgeWtrsh was calculated as the area weigted average of the age 
class-middles of all the forest (including non-productive forest) within the watershed. 

ArW 0-20 The area of forest that was cut in the watershed 0-20 yrs before sampling (ha); ArW 0-20 is the sum of the area of all 
cutblocks in this age class, which includes ArS 0-20 

PaW 0-20 Part of the watershed that was cut 0-20 yrs before sampling (-); PaW 0-20 = ArW 0-20 / Watershd 

ArW21-50 The area of forest that was cut in the watershed 21-50 yrs before sampling (ha); ArW21-50 is the sum of the area of all 
cutblocks in this age class, which includes ArS21-50 

PaW21-50 Part of the watershed that was cut 21-50 yrs before sampling (-); PaW21-50 = ArW21-50 / Watershd 

AW51-100 The area of forest that was cut in the watershed 51-100 yrs before sampling (ha); AW51-100 is the sum of the area of all 
cutblocks in this age class, which includes ArS51-100 

PW51-100 Part of the watershed that was cut 51-100 yrs before sampling (-); PW51-100 = AW51-100 / Watershd 

ArW 100+ The area of forest in the watershed that has not been cut for over 100 yrs (ha); ArW 100+ is the sum of the area of all 
cutblocks in this age class, which includes ArS 100+ 

PaW 100+ Part of the watershed that has not been cut for over 100 yrs (-); PaW 100+ = ArW 100+ / Watershd 

OtherAre The total area within the watershed that is not owned by forestry companies; non-productive forest (ha), measured on forestry 
maps 

PaO 0-20 Part of the watershed that consists of non-production forest that was 0-20 yrs old at the moment of sampling (-), PaO 0-20 is 
the sum of the area of all non-production forest in this age class, based on forestry maps. 

PaO21-40 Part of the watershed that consists of non-production forest that was 21-40 yrs old at the moment of sampling (-), PaO21-40 
is the sum of the area of all non-production forest in this age class, based on forestry maps. 

PaO 0-40 Part of the watershed that consists of non-production forest that was 0-40 yrs old at the moment of sampling (-), PaO 0-40 is 
the sum of the area of all non-production forest in this age class, based on forestry maps. 

PaO 100+ Part of the watershed that consists of non-production forest that was more that 100 yrs old at the moment of sampling (-), 
PaO 100+ is the sum of the area of all non-production forest in this age class, based on forestry maps. 

  
Temporal variation  
Year A dummy variable that indicates whether a sample was taken in 1992 (0) or in 1993 (1) 
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Appendix 2: Description of the invertebrate data set 

Table 7: Abundance and frequency of occurrence of all taxa in the invertebrate data set. Note the 
metrics in this table were based on the average abundance per observation (average of 2 - 3 samples) 
while the selection and removal of rare species was based on all individuals observed in all samples.  

Taxon Total abundance Occurrence 

 
Absolute Relative  

(% of all ind.) 
Absolute Relative  

(% of all samp) 
Orthocladiinae 6587 24.06 78 100.00 
Baetis 5197 18.98 77 98.72 
Tanytarsini 2277 8.32 72 92.31 
Zapada 1990 7.27 72 92.31 
Chloroperlidae 1220 4.46 75 96.15 
Simuliidae 1054 3.85 49 62.82 
Oligochaeta 998 3.64 74 94.87 
Leptophlebiidae 660 2.41 68 87.18 
Rhithrogena 641 2.34 54 69.23 
Tanypodinae 564 2.06 64 82.05 
Epeorus 561 2.05 63 80.77 
Cingymula 542 1.98 57 73.08 
Despaxia 524 1.91 52 66.67 
Turbellaria 460 1.68 61 78.21 
Rhyacophila 403 1.47 71 91.03 
Tipulidae 337 1.23 74 94.87 
Ameletus 331 1.21 49 62.82 
DrunelA 270 0.99 47 60.26 
Capniidae 233 0.85 28 35.90 
Ceratopogonidae 220 0.81 50 64.10 
Serratella 212 0.77 43 55.13 
Chironomini 147 0.54 20 25.64 
Annelida 140 0.51 5 6.41 
Micrasema 128 0.47 8 10.26 
Glossosoma 122 0.44 29 37.18 
Hydracarina 119 0.43 34 43.59 
Malenka 117 0.43 31 39.74 
Taeniopterygidae 104 0.38 8 10.26 
Hydropysche 89 0.33 10 12.82 
Zooplankton 81 0.30 7 8.97 
Polycentropus 78 0.28 14 17.95 
Megarcys 74 0.27 26 33.33 
Chelifera 73 0.26 20 25.64 
Doroneuria 69 0.25 25 32.05 
Apatania 59 0.21 16 20.51 
Lepidostoma 57 0.21 27 34.62 
Agraylea 54 0.20 3 3.85 
Oreogeton 50 0.18 28 35.90 
Neophylax 42 0.15 13 16.67 
Collembola 42 0.15 20 25.64 
Wormaldia 37 0.14 12 15.38 
Parapsyche 36 0.13 24 30.77 
Visoka 35 0.13 16 20.51 
Setvena 32 0.12 3 3.85 
DrunelB 31 0.12 25 32.05 
Ironodes 31 0.11 17 21.79 
Heterlimnius 29 0.10 5 6.41 
Ecclisomyia 28 0.10 23 29.49 
Dixa 26 0.09 13 16.67 
Moselyana 24 0.09 8 10.26 
Cingyma 23 0.08 4 5.13 
Other Elmidae 23 0.08 10 12.82 
Calineuria 20 0.07 9 11.54 
Yoroperla 19 0.07 4 5.13 
Narpus 18 0.07 9 11.54 
Podonominae 18 0.06 8 10.26 
Moselia 17 0.06 10 12.82 
Isoperla 9 0.03 4 5.13 
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Appendix 3: Detailed description of the variance partitioning 

Table 8: Results of all CCAs that were performed to partition the variation among the different 
aspects of the abiotic environment, without downweighting of rare taxa. The CCA numbers refer to 
the numbering in the paragraph ‘statistical analysis’ in methodology, see Table 3 for a description of 
the variable groups that were used for these analyses. 

Aspect Explained variation 
(% of total inertia) 

P-value  
axis I 

F-ratio  
axis I 

CCA 

Pure geomorphology 19.39 0.0054 2.972 (4) 
Pure forest harvesting 16.41 0.0171 3.149 (5) 

Pure sampled cut block 10.89 0.0290 2.956 (6) 
Pure entire watershed 5.38 0.0165 2.370 (7) 

Shared variation 2.59 n/a n/a (2)-(4) or (3)-(5) 
Unexplained 61.61 n/a n/a 100% - (1) 
Total 100    
     
Total explained 38.39 0.0054 3.607 (1) 
Total geomorphology 21.98 0.0134 3.053 (2) 
Total forest harvesting 19.00 0.0236 3.254 (3) 
Variation removed by correction for 
year 

4.22 0.0001 3.315 
Removed before all 

CCA’s 

 
 

 

Table 9: Results of all CCAs that were performed to partition the variation among the different 
aspects of the abiotic environment, with downweighting of rare taxa. The CCA numbers refer to the 
numbering in the paragraph ‘statistical analysis’ in methodology, see Table 3 for a description of the 
variable groups that were used for these analyses. 

Aspect Explained variation 
(% of total inertia) 

P-value  
axis I 

F-ratio  
axis I 

CCA 

Pure geomorphology 20.26 0.0001 3.569 (4) 
Pure forest harvesting 11.34 0.0128 2.506 (5) 

Pure sampled cut block 3.81 0.0091 2.182 (6) 
Pure entire watershed 7.53 0.0026 2.395 (7) 

Shared variation 2.32 n/a n/a (2)-(4) or (3)-(5) 
Unexplained 66.08 n/a n/a 100% - (1) 
Total 100    
     
Total explained 33.92 0.0001 4.163 (1) 
Total geomorphology 22.58 0.0001 3.806 (2) 
Total forest harvesting 13.66 0.0004 3.203 (3) 
Variation removed by correction for 
year 

4.65 0.0001 3.773 
Removed before all 

CCA’s 

 


