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Abstract 
 This study was undertaken to assess the impact of land features on 
benthic macroinvertebrate community metrics, using stepwise multiple 
regressions, in order to look for trends worthy of future research. 
Multivariate analyses have been used for generating predictive models and 
analyses when many variables are involved. Fourteen benthic community 
metrics were calculated from data collected over a four year period from 59 
unique stream sites across Vermont. A GIS system was used to collect land 
feature data. I found that percent of catchment forested had a significant 
correlation with 7 of the 14 metrics analyzed, signifying the impact of land 
use on these metrics. The study looked at both correlation coefficients and 
beta-coefficients, which are both important to consider when assessing 
impact of a variable on metrics. Metrics with larger beta-coefficients did not 
necessarily have large correlation coefficients. 

Background 
•Benthic communities are influenced by complex relationships between 
organisms and their habitat. Geographically distinct catchments have 
differing macroinvertebrate communities (Kratzer et al, 2006) 
•A combination of different land features together is  measured when 
macroinvertebrate communities are assessed, making it difficult to assess 
their individual impacts (Sponseller et al, 2001) 
•Multivariate statistical analyses are most useful when little is known 
about a particular habitat, and are a good starting point to generate 
testable hypothesis (Fore et al, 1996) 
•Multiple regressions are equations based on a combination of 
correlations of individual components.  
•The objective of this study was to compile a data set, spanning four 
years, of benthic macroinvertebrate communities in Vermont streams to 
generate a regression model that could identify possible geographic 
influences on these communities 

Methods 
•Samples collected during the summers of 2008-2011 from 59 stream 
sites throughout Vermont. Data from each site were sorted into lowest 
practical taxonomic unit. 
• GIS data were collected during the summers of 2008 and 2009.  
•I calculated 14 of the “best candidate benthic metrics” for measuring 
macroinvertebrate response to their environment (Barbour et al, 1999) 
for each of the 59 sites (Table 1, Table 2). 
•Stepwise multiple regressions were  generated to fit models in steps, 
first selecting the variable that has the greatest correlation, followed by 
the second greatest, and so on. The independent variables are then fit 
into a linear regression equation.  
•All variables that were not already presented as a percentage or a 
ranking scale were modified using a correlation transformation to correct 
for the varying differences in magnitude between variables. 
 

Discussion 
  The strong correlation between forested land and the metrics is in 
agreement with the results of Richards and Holt (1994), although other 
studies found that human influenced factors such as this do not have as 
great an impact as geological ones (Eyre et al, 2005). Also worth 
mentioning is the finding of a correlation coefficient of 0.311 between 
average catchment elevation and number of Plecoptera taxa (Table 1; 
Figure 3). This was the strongest correlation found that did not involve 
human  influence. It makes sense that elevation would affect benthic 
communities because it would affect factors such as temperature. Also 
larger urban areas are more often located at lower elevations, so higher 
elevations would correspond with less of the influence associated with 
urban and agricultural land use. This further highlights the point that 
these variables should be considered in combination with each other. 
 Percent forest also had strong B-coefficients, e.g. 0.818 for 
number of EPT taxa (Table 2). B-coefficients show the magnitude of  
impact the variable has on the metric. Some variables that did not have 
strong correlations with a metric did have stronger impacts on the metric 
in my models; for example, monitoring site elevation with the percent 
filterers metric, in which the B-coefficient is 0.686 (Table 2), but the 
correlation coefficient is only 0.069 (Table 1). Therefore multivariate 
analyses provide a means to compare magnitudes of effect amongst 
variables to provide some perspective as to how much impact they really 
have on variation. 

Results 
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Figure 1: Correlation between building density in a catchment 
and proportion of specimens belonging to dominant taxa in that 

catchment 

y = 0.0064x + 0.8295 
R² = 0.3111 
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Figure 2: Correlation between average catchment elevation and 
Plecoptera richness found in that catchment 

Table 1: correlation coefficients (R^2) for each individual variable on a metric and for the total of all variables on each metric. Only correlations considered significant are included (p<0.05) 

  Richness Measures Composition Measures Tolerance Measures Feeding 
Measures   

Habit  
Measure
s 

  

  
Total 
Taxa 

# EPT 
Taxa 

# 
Ephemeroptera 

Taxa 

# Plecoptera 
Taxa 

# Trichoptera 
Taxa % EPT %Ephemeroptera # Intolerant 

Taxa 
% Tolerant 
Organisms 

% Dominant 
Taxon % Filterers % Grazers and 

Scrapers 
# Clinger 

Taxa % Clingers 

Agricultural Acres                     0.118       

Percent Catchment Forested 0.32 0.49 0.455   0.16 0.445 0.267 0.427             
Upstream Distance Lake Pond 
(m)                           0.138 

Upstream Distance Dam (m)                     0.052       

Upstream Distance Bridge (m)                           0.076 

Upstream Distance Culvert (m)         0.061                   

Percent Catchment Highly 
Erodible Soils                 0.086   0.074       

Stream Order     0.122               0.067       

E911 Structures per Acre                   0.263         

E911 New 2008   0.05                         

Aspect for 100m Stream 
Segment Buffer                     0.084       

Dominant Bedrock Class 0.06 0.05     0.059     0.062             

Average Catchment Area 
Elevation (m)     . 0.311               0.129     

Monitoring Site Elevation (ft)               0.035     0.069   0.162 0.059 

Total R^2 0.38 0.58 0.577 0.311 0.28 0.445 0.267 0.524 0.086 0.263 0.464 0.129 0.162 0.273 

Table 4: summary of predictive models for each metric. Refer to equation 1 for the multiple regression equation. 

Metric   Total Taxa # EPT Taxa 

# 
Ephemero
ptera Taxa 

# 
Plecoptera 

Taxa 

# 
Trichopter

a Taxa % EPT 

% 
Ephemero

ptera 

# 
Intolerant 

Taxa 
% Tolerant 
Organisms 

% 
Dominant 

Taxon % Filterers 

% Grazers 
and 

Scrapers 
# Clinger 

Taxa % Clingers 

Y-intercept   16.064 4.247 -2.96 2.966 4.213 8.066 -0.676 2.536 1.608 39.564 35.423 17.651 106.576 52.774 
Coefficients Agricultural Acres                     0.497       

  Percent Catchment Forested 0.632 0.818 0.617   0.453 0.667 0.529 0.546             
  Upstream Distance Lake Pond (m)                           0.408 
  Upstream Distance Dam (m)                     -0.237       
  Upstream Distance Bridge (m)                           -0.344 
  Upstream Distance Culvert (m)         0.272                   
  Percent Catchment Highly Erodible Soils                 -0.294   -0.522       
  Stream Order     0.353                       
  E911 Structures per Acre                   0.513         
  E911 New 2008   0.259                         
  Aspect for 100m Stream Segment Buffer                     0.364       
  Dominant Bedrock Class -0.252 -0.237     -0.254     -0.243             
  Average Catchment Area Elevation (m)       0.558               0.36     
  Monitoring Site Elevation (ft)               0.257     0.686   0.402 0.249 
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