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The effect of anthropogenic disturbance on river systems is gaining attention, and 

concerns about the state of freshwater natural resources are increasing globally, as are 

efforts to restore habitat that has been degraded by disturbance. In rivers, non-point 

source pollution affects the physical characteristics of the habitat and the endemic 

biotic assemblages.  Aquatic macroinvertebrates are numerous and exhibit graded 

responses to various types of disturbance in the river, and may be used as indicators of 

habitat conditions.  In this dissertation, macroinvertebrates were examined as 

bioindicators in the Umatilla River in eastern Oregon. The first study is a 

bioassessment of the impacts of agriculture on the benthic macroinvertebrate 

community in adjacent streams. The results of this study show that there are physical 

differences in habitat associated with adjacent land use, and the macroinvertebrate 

communities responded to these differences with changes in taxa richness and 

evenness.  Indicator species analysis identified thirteen taxa which were indicative of 

habitat conditions associated with ideal habitat used as a reference condition, degraded 

habitat associated with agricultural land use, and transitional habitat associated with 

conservation/restoration management.  The second study is a laboratory study in 

which the effects of temperature of a common mayfly nymph, Epeorus albertae 

(McDunnough) (Ephemeroptera: Heptageniidae) were evaluated. The study showed 

that not only the developmental rate of the nymphs was affected by temperature 



treatment (within a range of 18°C and 28°C), but the location of accumulated body 

tissues over time varied by temperature, with significant difference in the type of 

growth observed for insects held at the highest temperature. The third study examined 

the response of six indicator taxa to environmental variables as predictors of 

abundance in a non-parametric multiplicative regression.  This study found that for all 

taxa examined, the two best predictors of abundance in the Umatilla River were 

turbidity and conductivity. Increased turbidity and conductivity are common effects of 

intensive agriculture in streams located in agro-ecosystems, but may potentially be 

mitigated by vegetative buffer strips and sustainable land use practices. Long term 

agricultural disturbance in the landscape has been shown to have lasting effects in the 

ecosystem which may be further exacerbated as global climate change increases 

dependence on freshwater resources. Understanding anthropogenic impacts on 

organismal communities and natural resources is vital to establishment of effective 

conservation, restoration, and maintenance of a healthy ecosystem. 
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Evaluating benthic macroinvertebrate as bio-indicators of freshwater habitat quality in 
an eastern Oregon agro-ecosystem 

 
 

Chapter 1 

Introduction 

  

The intention of this dissertation is to evaluate benthic macroinvertebrates as 

bioindicators of habitat quality in freshwater systems in an attempt to further 

understand the interactions of organisms with the aquatic environment and assess the 

influence of adjacent land use on aquatic macroinvertebrate communities. A more 

thorough understanding of these interactions and the impacts of anthropogenic 

disturbances, such as agriculture, can be used to promote the preservation of 

freshwater resources, as well as the flora and fauna dependant on this unique habitat. 

The studies conducted in this dissertation took place on the Umatilla River in 

eastern Oregon, a river flowing through a diverse landscape from the foothills of the 

Blue Mountains and across semi-arid desert, emptying into the Columbia River near 

Umatilla, Oregon (Figure 1.1). The Umatilla River is ideal for undertaking the kinds 

of studies this dissertation contains, as there is a history of intensive agriculture 

associated with the main channel, as well as several protected reaches where 

conservation easement projects have been established. The effects of agriculture on 

river systems are generally referred to as non-point source interactions, which may 

include chemical pollution, canopy removal, and habitat alterations, such as 

channelization of river beds. 

Canopy removal is an agricultural practice which is common for increasing 

available land for crops. Riparian canopy removal increased sunlight exposure, 

potentially raising water temperature and allowing filamentous algal populations to 

thrive (Hawkins et al. 1982). The effects of increased algal populations affect the 

trophic structure in the stream by increasing the primary production and food 

availability to primary consumers (Hawkins et al. 1982).   
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Channelization of the natural riverbed also has a major impact on the river 

water quality and habitat, as removing the natural meanders omits filtration of the 

water through the soil.  Channelization, the building of levees to contain the river, 

causes disconnect between the river and the associated floodplain.  The interaction 

between the active river channel and the floodplain is an integral feature of a healthy 

river system. Flooding allows the river to access vegetation and other nutrient inputs 

from the floodplain, and to remove sediment, depositing the sediment on the 

floodplain (Junk et al. 1989). Channelization heavily impacts river hydrology, in 

general preventing high flows and flooding, as well as maintaining higher flows 

during normally low-flow seasons, which in turn strongly influences the community 

composition of the endemic fauna (Sweeney et al. 1995, Lytle and Poff 2004).  

Sediment is an important component of the substrate and the interface between 

surface water and groundwater. Spatial variability of channel bed habitat influences 

the biota in the river ecosystem; microhabitats created by substrate patchiness provide 

shelter for different macroinvertebrates, depending on the particle size, organic matter 

content and availability of oxygen. Presence of fine sediments in the stream bed can 

fill interstitial pores in the substrate, reducing available refugia for macroinvertebrates, 

and disrupting visual fish predation when suspended in the water column (Wood and 

Armitage 1997, Boulton et al. 1998). Agriculturally influenced areas have the 

potential to effect the amount of sedimentation in the river, though the effects are 

particularly hard to define. Increases in sediment input due to bank erosion and 

agricultural runoff in irrigation waters is difficult to quantify.  

Non-point source (NPS) pollution is a critical consequence of agriculture 

impacting adjacent riparian systems (NRC 1996). It can be defined as pollution 

introduced diffusely into non-target systems, such as pesticide runoff effects in 

groundwater, which is ultimately introduced into the nearby river systems. The effects 

of NPS pollution in aquatic systems is yet to be quantitatively defined in many regions 

due to the complex interactions of toxicants with substrate and vegetation. Riparian 

areas have been shown to be effective nutrient sinks and to buffer chemical and 
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sedimentation runoff in agroecosystems (Barling and Moore 1994, Daniels and 

Gilliam 1996, Lorion and Kennedy 2009). 

In the Umatilla River, remedial buffer strips have been established to mitigate 

the effects of agriculture in the adjacent landscape. However, there has been little 

long-term monitoring of these land easements, and the effects of remedial buffer strips 

and conservation efforts have yet to be fully ascertained. Chapter two of this 

dissertation describes a bio-assessment of habitat quality and macroinvertebrate 

communities as a response to adjacent land use. In this study, we classified adjacent 

land use into three categories: reference condition sites as a representative of the ideal 

habitat condition, test condition sites in highly agricultural landscape, and easement 

sites, where restoration and conservation efforts were in place (Figure 1.2). 

Multivariate comparisons of abiotic characteristics of sites types were conducted, as 

well as the macroinvertebrate community structure. This chapter describes a variety of 

multivariate techniques used to quantify the response of the macroinvertebrate 

community structure, such as Non-parametric Multidimensional Scaling (NMS), 

Multi-Response Permutation Procedure (MRPP) and Indicator Species Analysis 

(ISA). Implications for restoration management are discussed. 

Chapter three of this dissertation begins the exploration of macroinvertebrate 

bioindicators in agro-ecosystems with a single taxon, Epeorus albertae 

(Ephemeroptera: Heptageniidae), a common mayfly (Figure 1.3). In this experimental 

study, we evaluated the development and behavior of this mayfly as a response to a 

single variable. Temperature was manipulated in a controlled environment in order to 

ascertain the direct relationship of the mayfly to temperature treatment. We examined 

the growth rate and accumulation of body tissues as developmental traits, and made 

observations on drift behavior as a response to thermally-induced stress.  

Chapter four of this dissertation is a study that further explored the relationship 

between indicator taxa and specific environmental variables related to abundance. In 

this chapter, we utilized a non-traditional regression technique to identify predictors of 
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taxon abundance and evaluated the relative importance of each predictor in the best-fit 

model.  

The fifth and final chapter in this dissertation reviews the major results and 

conclusions of each study and summarizes the implications for the use of 

macroinvertebrates as bioindicators of habitat quality. 
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Figure1.1. Map of the Umatilla River, as it flows west and north through northeastern 
Oregon, draining into the Columbia River near the town of Umatilla, Oregon. 
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Figure 1.2. Examples of site types selected for analysis in the bioassessment study; 
top-bottom: reference condition (ideal habitat); test condition (degraded habitat); and 
land easement. 
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Figure 1.3. Epeorus albertae (Ephemeroptera: Heptageniidae). 
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ABSTRACT 

The impacts of agriculture on river systems have been widely evaluated, and there is 

growing concern for the state of freshwater resources. Located in eastern Oregon, the 

Umatilla River drains a watershed dominated by agriculture, and as a result the river 

channel and adjacent landscape have been strongly altered. Few studies examine the 

localized effects of agriculture examining multiple sites of a single river system. In 

this study, macroinvertebrates were collected from riverine habitats associated with 

three different types of adjacent land use: disturbed sites adjacent to heavy agricultural 

use, reference sites that were relatively un-affected by agriculture, and easement sites 

with remedial riparian buffer zones. Macroinvertebrate communities and 

environmental variables were compared between these habitat types to determine the 

impacts of land use on the benthic aquatic assemblage. Several of the environmental 

variables, i.e. turbidity, depth, wetted width, proximity to disturbance, were 

significantly different between the three site types; these environmental differences 

were reflected by significant differences in the macroinvertebrate communities. 

Comparing the macroinvertebrate communities in easement sites to the communities 

found in reference and agriculturally impacted sites showed an intermediate response 

in the lower river but not in the upper river. The temporal community change was also 

compared between the site types, and results indicated that the type of community 

change reflected the relationships of the site types in the previous analysis and that the 

magnitude of change was variable by site type with longevity of the established 

management regime in the adjacent landscape. This study provides increased 

understanding of the effects of land management and restoration techniques on aquatic 

biota. It highlights the need for long-term biomonitoring of agricultural and restorative 

management techniques to better mitigate the effects of agriculture in the aquatic 

habitat and protect vital freshwater resources. 

 

Keywords: macroinvertebrate community, riparian restoration, agricultural ecosystem, 

easement, remedial buffer strips. 
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Introduction 

 

The extent of the impact of agriculture on river systems is well documented, 

and often includes decreased water quality and changes in hydrology (NRC 1996, 

USEPA 1996, Delong and Brusven 1998, Dosskey 2002). These impacts have the 

potential to alter in-stream habitat through a variety of interactions, i.e. canopy 

removal, which may be long-lasting in the landscape (Harding et al. 1998, Jiongxin 

2004, Fiener et al. 2005). Such consequences on non-target ecosystems are generally 

referred to as non-point source interactions (NRC 1996). Non-point source interactions 

affecting river systems include, but are not limited to chemical pollution, canopy 

removal, and habitat alterations, such as channelization of river beds. 

Canopy cover, channelization, sedimentation, and a multitude of other factors 

within the aquatic habitat play an important role in structuring biological communities, 

thereby influencing biodiversity (Hutchinson 1959, Menge and Sutherland 1976, 

Connell 1978).  The spatial variability of the combination of factors across a riparian 

landscape, or river bed, can result in higher survivorship of a greater diversity of 

organisms within a habitat by providing patchy refugia (Lake 2000). Alterations 

creating disturbance in the habitat, such as non-point source disturbances, have the 

potential to highly impact biotic communities (Mouvet and Bourg 1983, Young et al. 

1987, Lijklema et al. 1993,  Maher et al. 1999). There is a growing need worldwide to 

assess the current quality of aquatic habitats adjacent to agriculturally influenced 

regions and to monitor restoration attempts over time to evaluate efficacy (Clarke et 

al. 1996). 

River restoration in the form of remedial buffer zones has the potential to 

mediate the effects of agriculture on rivers (Muenz et al. 2006, Duehr and Siepker 

2008). Vegetated buffer strips increase the resilience of the river system by providing 

a physical and chemical barrier to agricultural runoff, while root systems from large 

shrubs and trees facilitate immobilization of nitrates and other fertilizing agents, and 

grasses prevent sediment in sheet flow from polluting the surface water (Castelle et al. 
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1994, Schultz et al. 1995, Daniels and Gilliam 1996, Dosskey 2001). Studies have 

examined the effects of buffer strips on endemic populations of fish, amphibians and 

macroinvertebrates, but this is still an area in need of long-term monitoring (Nerbonne 

and Vondracek 2001, Wooster and DeBano 2006, Duehr and Siepker 2008, Lorion 

and Kennedy 2009). 

Macroinvertebrates are ideal for use as bio-indicators of stream condition 

because they exhibit a graded response to a variety of disturbances (Metcalfe 1989, 

Merrit et al. 2008).There is a wide diversity of life history strategies in lotic 

environments and many are well documented. Macroinvertebrates in river systems are 

also known to have evolved survival and exploitation strategies to living in disturbed 

conditions (Lytle 2002, Lytle and Poff 2004). It has also been documented that 

invertebrates in aquatic systems can show immediate responses to alterations in the 

habitat, and that the community succession following a disturbance event can indicate 

the recovery of the system to natural processes (Robinson et al. 2004). Invertebrate 

sensitivity to pollution levels and changes in the ambient environment make them 

excellent candidates for bio-assessment models (Merrit et al. 2008). 

The goal of this study was to evaluate the effects of adjacent land use on the 

benthic macroinvertebrates of a river in Northeastern Oregon. By comparing 

macroinvertebrate communities in river reaches adjacent to three types of riparian land 

use -- agricultural, low use, and conservation easements -- we addressed the following 

questions:  

 

1) Are in-stream physical habitat characteristics correlated to adjacent agricultural 

land use?  

 

2) Is macroinvertebrate community structure correlated with adjacent agricultural land 

use? 
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3) What is the macroinvertebrate community response to easement/restoration 

management?  

 

We predicted that the macroinvertebrate communities would be responsive to 

riparian land use, and that variations in the macroinvertebrate communities would be 

correlated to land use types and the physical parameters characteristic of non-point 

source disturbance, i.e. turbidity, conductivity, water temperature and sedimentation. 

We predicted the greatest difference in macroinvertebrate community structure 

between areas with little riparian disturbance and areas with riparian zones heavily 

impacted by agricultural land use. In addition, we predicted that in areas managed for 

restoration the macroinvertebrate communities would respond to changes in the 

adjacent riparian area and reflect patterns intermediate to minimally disturbed 

locations and highly disturbed locations. 

 

Methods and Materials 

 

Study Area 

The Umatilla River in northeastern Oregon is a fifth-order river, originating in the 

foothills of the Blue Mountains in the Umatilla National Forest, and extending 

approximately 143 kilometers to the Columbia River (Figure 2.1). The main stem of 

the river and its tributaries drain roughly 5930 square kilometers of Umatilla and 

Morrow counties, with a small portion extending to Union County.  The hydrology of 

the Umatilla River is driven by snowmelt in late winter and early spring, with 

relatively low summer base flows. In the mid-reaches of the study area, average winter 

temperature is 2°C and 22°C in the summer (ODEQ 2001). The landscape adjacent to 

the Umatilla River is dominated by agriculture; approximately 39% of the land cover 

in Morrow and Umatilla counties is dedicated to both dryland and irrigated cropping.  
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Figure 2.1. The main-stem Umatilla River as it flows east to west in northeastern 
Oregon. Sample site locations are indicated by vertical markers. 
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After leaving National Forest lands, the upper and mid-reaches of the river flow 

through the croplands of the Confederated Tribes of the Umatilla Indian Reservation 

(CTUIR). The landscape in the lower river region is semi-arid, heavily agricultural, 

and reliant upon summer water withdrawals for irrigating crops.   

In addition to agricultural and National Forest lands, there are also several 

pockets of land adjacent to the river dedicated to restoration of the natural habitat of 

the Umatilla River corridor in the form of remedial buffer zones. The presence of 

anadromous salmonids (chinook, steelhead and coho) drives restoration attempts in 

areas impacted by development on the river (Phillips et al. 2000). Once abundant in 

the Umatilla River, salmonids were extirpated due to passage impediment and low 

flows with increasing irrigation in the early 1900’s (ODEQ 2001). The fish were 

absent for approximately 75 years, and re-introduction and restorative engineering 

efforts have resulted in reinstated salmonid populations (Phillips et al. 2000).  

 Since the establishment of the restoration projects (referred to in this paper as 

easement sites, or EA sites), there has been little long-term monitoring of effects on 

in-stream macroinvertebrates which provide essential functions, i.e. nutrient cycling, 

for sustaining healthy fisheries. 

 

Study Design 

Thirty sites total were selected in the upper 96 kilometers of the Umatilla River 

where the majority of the restoration easements are concentrated.  Environmental data 

and benthic macroinvertebrate samples were collected from 3 different site types along 

the Umatilla River. Reference condition (RC) sites were identified as locations with 

the least amount of human-induced disturbance. These sites represent the ideal 

condition for river and riparian habitat, according to the best professional assessment 

of the local fisheries services. RC sites were characterized by mature riparian 

vegetation (usually mixed-conifer or cottonwood), distance from human induced 

disturbance, and habitat complexity. Agriculturally impacted (AI) sites were identified 

in areas heavily influenced by agricultural activity. Adjacent riparian and upland 
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habitat was strongly altered at AI sites, with significant removal of natural vegetation. 

The river in these locations was usually highly channelized with little habitat 

complexity. Easement (EA) sites were identified using agency records and land owner 

cooperation. Habitats were characterized by various stages of re-growth of natural 

cottonwood galleries, grasses and under-growth, the extent of which depended upon 

the number of years of restoration management (Table 2.1). 

Data were collected at selected locations in the study once per year at the end 

of June/early July for 4 years, 2005 to 2008. In 2005, preliminary data were collected 

from RC sites only. In 2006, 2007, and 2008, sites were chosen for sampling using a 

rotating-panel design implemented by the EPA Environmental Monitoring and 

Assessment Program (EMAP 2001). One of each site type was sampled every year of 

the study, while the rest of the sites sampled were chosen using a random-blocked 

assignment with site type as the blocking variable making it possible for a balanced 

design.  

 

Invertebrate sampling 

Only the riffles in each reach were sampled for benthic macroinvertebrates, as 

studies comparing the taxa in riffle-only vs. reach-wide sampling showed that there 

was not enough difference in sample composition to obscure patterns and gradients in 

statistical analysis (Herlihy et al. 2005). A 500-micron mesh kick net was used to 

collect eight randomly located benthic macroinvertebrate samples; each sample was 

taken over an area of 0.09 m2. All substrate larger than a golf ball was manually 

scrubbed in front of the net. Once all of the larger particles were removed, a 60-s kick 

sample was executed to a depth of approximately 10 cm in the sample area. The eight 

samples from each reach were combined and preserved in 70% ethanol.  
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Table 2.1 Descriptive parameters for easement sites.  
 

REACH SITE AGE*  LENGTH+ 
WIDTH 

(R, L) 
DOMINANT WOODY 
VEGETATION RESTORATION ACTIVITY 

  
(years) (m) (m) 

  Upper EA1 10 -15 100 >20, 0-10 Mixed confer and deciduous Weed control, mowing in adjacent lot 

 
EA2 10 75 >20, 5-10 Mixed confer and deciduous Some channel structuring (owners built 

      
small waterfall); no planting 

 
EA3 10 200 >20, 5-15 Mixed confer and deciduous 

Location of fish acclimation facility;  
area allowed to  

      
re-grow vegetation naturally; some large  

      
wood inputs 

 
EA4 10 200 >20,>20 Mostly cottonwood, few None 

     
Conifers 

 Lower EA7 15 >200 5-10, 5-10 Cottonwood None 

 
EA8 16 100 0, 10 Cottonwood 

Weed control, grass plugs and other 
planting, fencing 

       
 

EA9 18 >200 5-10, 5-10 Cottonwood None 
*Age of easement is median age for the duration of the study 

+Width of riparian strip is estimated for the right (R) and left (L) banks



17 
 

In the laboratory, a 500-count sub-sampling procedure was implemented (Caton 

1991). The insects in the samples were identified to genus when possible (Merrit et al., 

2008), except for beetles in the family Dytiscidae and midges in the Family 

Chironomidae, which were identified to Tribe. All non-insect taxa were identified to 

Order (Thorp and Covich 2001).  

 

Environmental data 

Within each selected site, the slope was recorded using a clinometer, and the 

features of the river stretch were mapped; features were categorized into riffles, runs 

and pool. Percent canopy cover was measured with a convex densiometer at five equal 

intervals along the reach.  Locations of gravel bars and large woody debris (> 10 cm 

diameter, 1 m length) were also noted, as well as potential sources of human 

disturbance and proximity to the wetted bank (i.e. recreational locations, agricultural 

and urban development including road and railways), scored on a scale of 0 to 5, with 

0 indicating no disturbance on a 20 m perpendicular transect, and 5 indicating intense 

disturbance.  Dominant riparian vegetation and understory vegetation were recorded. 

For analysis, disturbance type, dominant vegetation, understory, site type and year 

sampled were coded as categorical variables.  

Water quality assessment included tests for alkalinity, conductivity, and 

turbidity. Alkalinity was tested using an Orbeco-Hellige Series 942 Total Alkalinity 

Meter and conductivity with the YSI Model 30 Conductivity/Salinity Meter. Turbidity 

was read by a LaMotte 2020 Turbidimeter. Substrate was recorded in each kick-

sample location, categorized by substrate class (Bain et al. 1985).The percentage of 

each substrate class was averaged for the reach. At each kick-sample location, depth, 

wetted width, velocity (using a Marsh McBirney Digital Flo-Mate 2000), and percent 

filamentous algal cover of substrate in the 0.9 m2 plot were also measured. 

Temperature was recorded at 30 minute intervals in each reach for three days 

following the sampling event using Onset HOBO data loggers. The temperature data 

were used to calculate average daily temperature for each site, and the percentage of 
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readings above 20°C was calculated for each site, as 20°C is a critical temperature for 

developing salmonids and other native fishes (ODEQ 2001). Percentage of readings 

above 20°C was used to evaluate the difference in the length of time the temperatures 

exceeded this amount comparatively between site types. 

 

Data Analysis 

Preliminary data collected in the RC sites in 2005 were analyzed using non-

metric multidimensional scaling (NMS) to establish site relatedness in space defined 

by the macroinvertebrate community with the intention of finding longitudinal breaks 

in the river to separate reaches. The main species matrix for the 2005 data set had 12 

sample units, each representing a site on the Umatilla River, and 59 taxa.  Each 

element of the matrix contained abundance counts for each taxon at the sample 

location. Count data were log-transformed before NMS analysis. The second matrix 

was composed of the same 12 sites and 25 environmental parameters describing 

habitat conditions both in the river and directly adjacent to the channel. Sorenson 

distance was used in the ordination, as recommended by McCune and Grace (2002) 

when analyzing community data.  The resulting ordination was then rotated by the 

strongest correlating variable of the second matrix, elevation (Pearson’s R = -0.895), 

along the first axis.  This ordination revealed three regions of the river based upon 

macroinvertebrate structure: upper, mid and lower river (Figure 2.2).  

 To examine differences in macroinvertebrate community structure among the 

three site types (RC, AI and EA), the sites were first divided up into reaches based 

upon the ordination of the 2005 data; however, the mid-river sites were excluded from 

analysis due to lack of replication within site types (there was only one EA site located 

in the mid-river reach, as delineated by the 2005 NMS ordination). The upper river 

reach was composed of 12 sites (6 RC, 3 AI and 3 EA sites) sampled 1-3 times over 

the three year period, and 63 taxa; the lower river region was composed of 11 sites (3 

RC, 5 AI and 3 EA sites) sampled 1-3 times over the three year period, and 46 taxa.  
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Figure 2.2. NMS ordination of reference sites in 2005 preliminary study as defined by 
macroinvertebrate community, showing division of the river into three regions.  
 

 

 

  



20 
 

Taxa abundance data were transformed in the same manner as the 2005 abundance 

data for consistency. The second matrix for each set contained information on the 

same 25 environmental parameters as the 2005 data set, with an additional categorical 

variable coding for site type. An outlier analysis was conducted on each data set to 

identify sites with unusual combinations of abundances for more than one taxon.  

To examine whether site types differed in community composition, a Multi-

response Permutation Procedure (MRPP) analysis was conducted (using Sorenson 

distance) with pair-wise comparisons between site types on the upper and lower river 

data sets separately. MRPP analysis tests for within-group homogeneity (the 

Agreement statistic, A) and provides a p-value indicating the likelihood of the 

resulting A-statistic when compared to randomized data, with 250 iterations each for 

real data and Monte Carlo-randomized data.  Indicator Species Analysis (ISA) was 

then used to identify indicator taxa for site types in each river region. The ISA tests for 

taxa faithfulness and exclusivity to the site types, and yields an indicator value (>35 

was considered a “good” indicator for this study) and a p-value. For this analysis, 

significance was determined at α= 0.10, as it is suggested by McCune and Grace 

(2002) that this level is acceptable when considering ecological data sets.  To avoid 

confounding effects of rare taxa on the Indicator Species Analysis, taxa with a relative 

abundance of 0.1% or less were not included. 

To test for differences in environmental variables among sites types, Kruskal-

Wallis analyses were conducted on all environmental variables in the 2006, 2007, and 

2008 environmental data set. The relationship of the environmental variables to all 

three site types was examined using a bi-plot of the 06-08 NMS ordination with an 

overlay of the environmental variables represented as vectors, with vector length 

describing the magnitude of the relationship.  

To compare compositional changes in the community over time in each region, 

one of each site type (RC, AI and EA) in each region was randomly selected to be 

sampled every year of the study, 2006-2008. The data for these sites were analyzed in 

a separate NMS ordination using compositional vectors, which track the temporal 
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trajectory of the sites in space defined by the macroinvertebrate community. The main 

species matrix had 12 sites and 60 taxa, with each element containing abundance 

counts. Compositional vectors were added to the ordination to describe the cumulative 

change in communities for all three years of the study.  

Kruskal-Wallis analysis was performed in SYSTAT 12 (Wilkinson 1982). Fit 

of NMS ordinations were evaluated by stress (<10.0), instability (<10-4) and 

probability of result with randomized data (p-value= 0.05) as recommended by 

McCune and Grace (2002). All NMS ordinations, MRPP analysis, ISA and the 

compositional vector analysis were performed using the statistical software package 

PC-Ord 5.0 (McCune and Mefford 2008).  

 

Results 

 

Mean values and ranges for quantitative environmental variables are presented 

in Table 2.2. Insects and five other classes of Arthropoda were collected in this study, 

Arachnida, Bivalvia, Branchipoda, Clitellata (further separated into Oligochaeta and 

Hirundinea), and Gastropoda. Within class Insecta we identified nine orders, 35 

families, four sub-families (lowest taxonomic level of identification for those taxa), 

and 60 genera (Appendix A). Basic metrics of community composition, i.e. richness, 

evenness, Shannon-Weiner Index, and EPT richness for each site by year of study are 

represented in Appendix B. Average taxa richness for each site in this study is 

represented in Table 2.3, and the average taxa richness by site type is shown in Table 

2.4. 

 

Bioassessment 

 NMS ordination using the 2005 data yielded a two-dimensional solution with a 

final stress of 7.239 and a final instability of <10-4 after 114 iterations.  The 

probability of achieving a similar final stress with randomized data was 0.0392,  
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Table 2.2. Mean (min, max) value for environmental parameters recorded at sample 
locations, separated by upper and lower river region. 
 

  UPPER RIVER (n=30) LOWER RIVER (n=23) 
Parameter (units) Mean (min, max) Mean (min, max) 
Conductivity (µS/cm) 49.5 (30, 73.22) 82.01 (43.33, 230) 
Turbidity (NTUs) 1.18 (0, 5.08) 6.980 (0.34, 12.6) 
Alkalinity (mg/L) 105.0 (22, 234) 128.302 (39, 300.5) 
Site Slope (%) 2 (1,6) 2 (1,7) 
Percent Algal Cover 13 (0, 42) 17 (1, 51) 
Depth (cm) 34.5 (23.5, 47.5) 26.5 (10.0, 51.0) 
Width (m) 16.5 (8.5,30.0) 23.0 (10.5, 39.0) 
Percent Canopy Cover 22.0 (0.5, 44.0) 17.0 (0.5, 51.5) 
Average Temperature (°C) 16.7 (12.5, 21.5) 18.0 (12.8, 21.1) 
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Table 2.3. Average and range of taxa richness by site 

   
Taxa Richness 

REACH Site N Mean (min, max) 
UPPER RC1 2 33.5 (33, 34) 

 
RC2 4 30 (28, 34) 

 
RC3 4 28 (24, 32) 

 
RC4 4 26.8 (26, 27) 

 
RC5 4 27.8 (23, 31) 

 
AI1 3 31.3 (31, 32) 

 
AI2 3 31.0 (29, 32) 

 
AI3 3 31.0 (29, 32) 

 
EA1 3 33.7 (33, 34) 

 
EA2 1 27.0 

 
EA3 3 30.0 (26, 33) 

 
EA4 3 30.0 (27, 33) 

LOWER RC8 3 29.7 (27, 32) 

 
RC9 3 23.3 (22, 24) 

 
RC10 3 24.3 (22, 26) 

 
AI6 1 22.0 

 
AI7 2 26.5 (26, 27) 

 
AI8 1 26.0 

 
AI9 3 25.0 (25, 25) 

 
AI10 3 26.3 (24, 29) 

 
EA7 2 26.5 (25, 28) 

 
EA8 3 22.7 (21, 24) 

 
EA9 1 27.0 
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Table 2.4. Average taxa richness by site type and average richness of Ephemeroptera, 
Plecoptera and Trichoptera genera (EPT richness); RC= reference condition, AI= 
agriculturally impacted, EA= easement. 

  
Mean (min, max) 

REACH Site Type Total Richness  EPT Richness 
UPPER RC 28.72 (23, 34) 13.83 (11, 18) 

 
AI 31.11 (23, 32) 15.67 (13, 18) 

 
EA 30.80 (27, 34) 15.30 (11, 19) 

LOWER RC 25.78 (22, 32) 13.89 (12, 16) 

 
AI 25.50 (22, 27) 13.70 (10, 16) 

 
EA 24.67 (21, 28) 13.17 (12, 15) 
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Table 2.5. Differences in environmental parameters using a Kruskal-Wallis analysis 
comparing reference condition (RC) sites, agriculturally impacted (AI) sites, and 
easement sites (EA). 
 

  MEAN VALUES     

Parameter (units) RC AI EA χ2 P-value*+ 

Conductivity (mS/cm) 64.04 63.74 57.48 2.049 0.359 
Turbidity (NTUs) 1.9 4.11 4.02 6.317 0.042* 
Slope (%) 1.55 2.27 2.65 1.771 0.412 
Alkalinity (mg/L) 110.47 107.14 124.54 4.894 0.087 
Bedrock (%) 0.52 2.4 0.00 0.275 0.871 
Boulder (%) 3.54 10.89 11.54 3.879 0.114 
Cobble (%) 55.1 44.35 52.63 3.381 0.184 
Coarse Gravel (%) 32.79 37.38 32.05 0.565 0.754 
Fine Gravel (%) 6.99 5.3 3.65 2.656 0.265 
Sand (%) 0.56 0.05 0.24 2.686 0.261 
Silt (%) 0 0.02 0.14 2.186 0.335 
Algal Cover (%) 18.79 21.31 25.67 1.202 0.584 
Depth (cm)  22.96 29.23 34.53 10.252 0.006* 
Width (m) 22.09 24.21 15.18 6.314 0.043* 
Canopy Cover (%) 13.59 23.57 17.76 3.599 0.165 
Temperatures >20°C  0.3 0.3 0.26 1.092 0.579 
Average Daily Temperature (°C) 18.21 17.97 17.04 2.125 0.346 
Riffle/Pool Ratio 1.69 1.47 2.08 5.05 0.08 
Disturbance Distance (m) 17.71 5.19 15.38 6.057 0.048* 
Disturbance Type 2.29 4.62 3.00 30.461 < 0.001* 
Dominant Vegetation 2.58 3.15 1.92 5.265 0.072 
Understory 1.25 3.38 1.77 29.114 < 0.001* 
Large Woody Debris  

1.54 4.29 7.77 1.521 0.467 (total length in m) 
* P-value significant at α=0.05. 
+ d.f.= 2 
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indicating that the analysis is robust with little chance of erroneous conclusion. The 

ordination, when rotated by elevation, showed that the macroinvertebrate communities 

divided the portion of the river sampled into three main regions, referred to in this 

paper as the upper, mid, and lower river (Figure 2.2). 

There was a significant difference in measured mean turbidity, channel depth 

and width between site types for the 2006-2008 data (Kriskal-Wallis, p < 0.05) (Table 

2.5). Tests also indicated significant differences in disturbances and distance of 

disturbance from sites when comparing site types, as these were the initial criteria 

used to classify the site types (Table 2.5).   

An MRPP analysis conducted on the upper river taxa abundance data set with 

groups defined by site type indicated that the site types had a higher instance of 

homogeneity within groups than expected by chance (A = 0.042; p = 0.004). Pair-wise 

comparisons showed that macroinvertebrate community composition in RC and AI 

sites were significantly different (p < 0.001) and EA sites were significantly different 

from RC sites (p= 0.014), but that EA sites did not differ significantly from AI sites.  

There were no sites recognized as statistical outliers given a cutoff value of 2.0 

standard deviations from the grand mean. ISA identified seven genera with 

statistically significant group indication (Table 2.6). 

A similar MRPP analysis of the lower river data set indicated that the site types 

in the lower river also had a higher instance of homogeneity within groups than 

expected by chance (A= 0.029, p=0.040).  Pair-wise comparison of site types showed 

that the macroinvertebrate community in RC sites differed significantly from the 

community in AI sites (p= 0.007), but that community composition did not 

significantly differ between RC and EA sites, nor AI and EA sites. There were no sites 

recognized as statistical outliers, and six genera were found by ISA to have 

statistically significant group indication for RC and AI sites, with one significant 

indicator for upper river EA sites (Table 2.6).  

NMS ordination of all 2006-2008 data showed that the RC and AI sites occupy 

different regions of space defined by macroinvertebrate community structure (Figure  
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Table 2.6. Invertebrates identified as indicator taxa in the Indicator Species Analysis for RC, AI and EA site types in the upper 
and lower river reaches. 
 

River 
Reach Site Type Order Family Taxa IV* P-value 
Upper AI Trichoptera Hydropsychidae Hydropsyche 38.5 0.034 
  EA Coleoptera Elmidae Ordobrevia 44.3 0.067 
  RC Coleoptera Psephenidae Psephenus 54.2 <0.001 

  RC Ephemeroptera Heptageniidae Epeorus 36.3 <0.001 
  RC Hirudinea     38 0.038 
  RC Plecoptera Pteronarcyidae Pteronarcella 52 0.009 
  RC Plecoptera Perlodidae Skwala 42 0.096 
Lower  Ag Diptera Tipulidae Antocha 54.5 0.009 
  Ag Trichoptera Glossosomatidae Glossosoma 46.7 0.024 
  RC Diptera Simulidae Simulium 45.2 0.021 

  RC Lepidoptera Crambidae Petrophila 48.8 0.03 
  RC Plecoptera Perlidae Calineuria 39.9 0.077 
  RC Trichoptera Leptoceridae Oecetis 42.9 0.027 

 
+P-value significance at α=0.10. 
 

*IV= indicator value 
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Figure 2.3. NMS ordination of 2006-2008 sites in space defined by macroinvertebrate 
community, rotated by elevation along Axis 1. Reference condition sites = RC, 
agriculturally impacted sites = AI, easement sites = EA, lines labeled RC and AI group 
sites in ordination space; envelopes drawn in by hand to show site type groupings. 
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Figure 2.4. Ordination of the 2006-2008 sites in space defined by macroinvertebrate 
community, with a bi-plot overlay of environmental variables: TURB=turbidity; 
COND= conductivity; WIDTH refers to the wetted width; CG= Percentage of coarse 
gravel; ELEV= elevation. 
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2.3). When the ordination was rotated by elevation along the first axis, 87.1% of the 

variation was explained on the first axis and an additional 7.1% along the second axis; 

the ordination shows that the separation of RC and AI sites occurs along the second 

axis for the upper river sites, and in the lower river the RC sites are less variable than 

the TC sites along the second axis. In the lower river, the two site types still appear to 

occupy different regions of “species space”. A bi-plot showing the ordination with 

overlaying environmental variables showed that turbidity was also closely associated 

with the first axis, along with percentage of coarse gravel, width, and conductivity to 

lesser degrees (Figure 2.4).  

 

Temporal Trajectory 

 The NMS ordination for three site types in each reach sampled every year of 

the study yielded a 2-dimensional solution with a final stress of 7.851 and a final 

instability of <10-4 after 56 iterations.  

The temporal trajectories for the sites sampled from 2006-2008 describe a 

response of EA site more intermediate in space defined by the macroinvertebrate 

community (taxa space) in the upper river reach than was described by the MRPP 

(Figure 2.5). From 2006 to 2007 the trajectories of RC and AI sites seems to be more 

similar, though originating in different regions of taxa space, and EA trajectory 

appears to be unique, moving through taxa space in the opposite direction compared to 

RC and AI sites. The magnitude of change from 2006 to 2007 (indicated by the length 

of the vectors) is more similar between AI and EA sites than the RC site; however 

from 2007 to 2008, the magnitude of change of macroinvertebrate communities is 

more similar between the RC and EA sites than the AI site. Between 2007 and 2008, 

the changes in the macroinvertebrate communities in the upper river also appear to be 

more similar between RC and EA sites, though neither appear dissimilar from AI sites. 

However, in 2008, the communities described in RC and EA sites are more similar 

than communities in the AI site, indicated by the relative proximity in the ordination 

plot.  
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Figure 2.5. NMS ordination of three site types (RC, AI, and EA) in both the upper and 
lower river (U and L), sampled yearly from 2006-2008. Compositional vectors 
indicate temporal trajectory of sites in space defined by macroinvertebrate community. 
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In the lower river, the trajectory of the EA site appears very different from both 

the RC and AI sites, though overall reflecting the intermediate response described by 

the MRPP (Figure 2.5). The change in EA community structure between 2006 and 

2007 appears to be the most different from the other site types, as is the magnitude of 

change. From 2007 to 2008 the trajectory of the RC and AI sites again appears to be 

more similar than the EA site trajectory, though again occurring in more widely 

separated regions of taxa space when compared to the intermediate EA site. The 

magnitude of change from 2007 to 2008 for all three sites varies, though it appears 

that the EA site has a greater magnitude of change than either the RC or AI site. Taxa 

with a Pearson’s coefficient of 0.500 or higher on Axis 1 and Axis 2 are presented in 

Table 2.7, and environmental variables with Pearson’s coefficient of 0.500 or higher 

on each axis are presented in Table 2.8 The greatest temporal change in the upper river 

macroinvertebrate community occurred along Axis 2, while the greatest community 

changes in the lower river occurred along Axis 1. 

 

Discussion 

 

Land Use Impacts 

The benthic macroinvertebrate samples collected in the Umatilla River showed 

that overall the taxa observed were well-represented throughout the system, with less 

than a third of the macroinvertebrate taxa found in only the upper or the lower reach 

(25 of 73 total taxa, 21 of 64 insect taxa), e.g., Heterlimnius (Coleoptera: Elmidae) in 

the upper reach, and Leucotrichia (Trichoptera: Hydroptilidae) in the lower river 

reach, not including taxa that were identified in only one site over the course of the 

four year study (Appendix A). With the extent of the differences in landscape between 

the upper and lower river, it was not expected that the macroinvertebrate communities 

in the upper and lower reaches would share so many taxa. Delong and Brusven (1998) 

also found that in a highly impacted agricultural stream the taxa remain somewhat 

constant along the longitudinal gradient, due to the similarity of allochthonous input 
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Table 2.7. Pearson’s R coefficient values for taxa highly correlated (R ≥ 0.50 0) to the 
temporal trajectory ordination axes (see Figure 2.5). 
 

 
Pearson's R 

Taxa Axis 1 Axis 2 
Acari 0.520 NA* 
Baetis 0.640 -0.819 
Brachycentrus NA -0.613 
Caudatella NA 0.638 
Cinygmula -0.627 0.705 
Diphetor NA -0.571 
Epeorus NA 0.639 
Gastropoda NA -0.520 
Hirudinea NA 0.667 
Hydropsyche 0.655 -0.645 
Optioservus 0.587 -0.731 
Orthocladiinae 0.754 -0.658 
Paraleptophlebiidae NA -0.631 
Psephenus NA 0.587 
Pteronarcys NA 0.728 
Serratella NA 0.646 
Tanypodinae 0.676 -0.574 
Tricorythodes 0.514 NA 
Zaitzevia NA 0.665 

 
*NA= Taxon was not associated with Axis 
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Table 2.8. Pearson’s R coefficient values for environmental parameters highly 
correlated (r ≥ 0.500) to the temporal trajectory ordination axes (see Figure 3.5). 
 

 
Pearson's R 

Variable Axis 1 Axis 2 
Conductivity NA* -0.604 
Turbidity 0.617 -0.679 
% Boulder NA 0.691 
% Coarse Gravel NA -0.647 
Channel Width NA -0.513 
Temp. exceeding 20°C NA -0.501 
Distance to disturbance NA 0.638 

 

*NA= Taxon was not associated with Axis  



35 
 

from the adjacent landscape. The high degree of similarity in taxonomic composition 

observed in this study is most likely the reason the agreement statistic (A) measuring 

within group homogeneity among land use types was small. The range for A is 

between -1 and 1, with 0.3 considered a very large value (McCune and Grace 2002); 

with similar taxa between all sites and one site type which was intermediate in 

community structure by comparison, a smaller A-statistic was considered adequate 

with the significant p-value. Though there is similarity in taxonomic composition 

along the longitudinal gradient of the Umatilla River, the changes in relative 

abundance and the taxa associated with the upper and lower river reaches are 

correlated to habitat and the adjacent landscape.  

The Oregon Department of Environmental Quality (ODEQ) has listed the 

Umatilla River as “water quality-limited” based on Oregon water quality standards in 

the categories of temperature, pH, aquatic weeds and algae (related to pH listing), 

sedimentation, turbidity, habitat (low pool frequency and decreased large wood), toxic 

ammonia, toxic nitrate, bacteria, and flow modification (based on in-stream water 

rights not being met; ODEQ et al. 2001). Of these variables, this study found 

significantly higher turbidity in the agriculturally impacted (AI) sites when compared 

to reference condition (RC) sites, along with differences in depth, width, disturbance 

type and distance from the bank, and the category of understory vegetation type. The 

sites were selected based on local disturbance and proximity to the river, so the 

outcome of significant difference in disturbance type and distance between site types 

was expected.  

Increased channelization near cultivated croplands has made the river wider 

and deeper in the AI sites compared to RC sites, and in many places, the river has been 

moved from the natural floodplain to make use of the fertile soil deposits for crop 

production. The ODEQ-TMDL (2001) considers the upper Umatilla River, from 

Pendleton, OR, to the N-S forks confluence below benchmarks for pool frequency and 

large woody debris. The presence of pool and large wood add complexity to the in-

stream habitat, an ecosystem trait that has also been shown to be beneficial for winter 
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cover and overall survivorship of anadromous salmonids (McMahon and Hartman 

1989, Fausch and Northcote 1992, Johnson et al. 2005). The significant differences in 

width and depth on the Umatilla mainstem observed in this study are related to a 

decrease in overall channel complexity in these areas, and have the potential to 

continue to impact fish populations. 

Understory vegetation received a higher categorical score in AI sites when 

compared to RC sites, which is indicative of increased flow disturbance in areas with 

high agricultural pressure (Jannson et al. 2000). Increases in channelization at the 

agricultural sites has resulted in the down-cutting of the stream bed (ODEQ et al. 

2001), and in many cases the steep banks on either side have intermittently-spaced 

young trees, but the soils are unable to sustain the grasses and smaller vegetation that 

would comprise the understory throughout high-flow seasons. This may be due to the 

lowered water table, caused by down-cutting of the active channel bed. Instead of the 

moist soils usually associated with riparian areas, the lowered water table in 

channelized reaches results in drier soils which are unable to support usual, riparian 

vegetation (Poff et al. 1997).  

The increased turbidity in AI sites when compared to RC sites is indicative of 

exposure to non-point source pollution of sediment and other particles in areas 

adjacent to agriculture. Increased turbidity is a well-documented effect of agriculture 

in landscapes adjacent to rivers, as are the effects of increased turbidity on local biota 

(Cordone and Kelly 1961, Lemly 1982, Chapman 1988, Richards and Minshall 1992, 

Lenat and Crawford 1994, Wang et al. 1997). In many locations in the cultivated 

regions upland from the Umatilla River, there is no vegetative buffer between 

croplands and the river, and the crops extend to the river bank, often with visible 

erosion into the active channel. As a result, the Umatilla River is also water quality-

limited by sedimentation, which alters the habitat creating poor conditions for many 

fish and macroinvertebrates, which are reliant on interstitial spaces in the substrate for 

survival (Cordone and Kelly 1961, Lemly 1982, Chapman 1988). Only the riffle 

features of the channel were sampled in this study, limiting the sediment collected in 
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the samples; however, the presence of increased sediment in the habitat may be 

reflected in the turbidity measurements, and may be impacting the macroinvertebrates 

by limiting availability of habitat in the river stretch.  

Conductivity is also affected by run-off pollution, and although the Kruskal-

Wallis analysis did not identify it as significantly different between site types (at a 

level of α= 0.05), conductivity appeared in the bi-plot ordination as a variable 

correlating to distribution of sites in space defined by the macroinvertebrate 

community. Although not a direct measure of solutes in the water, conductivity 

provides an estimate of suspended solutes in the water column. In arid agricultural 

regions, the soil has a naturally high salt content; with rain and irrigation, these solutes 

are mobilized and can be found in higher amounts in adjacent rivers and streams 

(Allan and Castillo 2007). Correlation of macroinvertebrate community changes to 

conductivity is an indication that agriculture in the adjacent landscape is a factor 

contributing to habitat conditions (Mesa 2009). 

It has been shown that buffer zones may be key features for providing barriers 

to particles by absorbing nitrogen and other fertilizers, and by providing a physical 

barrier to the movement of sediment caused by sheet flow of rain or irrigation across 

the landscape (Barling and Moore 1994, Schultz et al. 1995, Daniels and Gilliam 

1996, Lorion and Kennedy 2009). The significance of both the measured habitat 

parameters and the endemic macroinvertebrate communities among the site types 

indicates that the effects of surface runoff and non-point source disturbance due to 

agricultural practices are contributing factors to the distribution of the endemic biota 

in the Umatilla River. 

 Macroinvertebrates are frequently used bioindicators of habitat quality in 

stream systems (Hynes 1970, Wright et al. 1984, Merrit et al. 2008). Previous studies 

examining differences in sites with local disturbances have found correlations to EPT 

(Ephemeroptera, Plecoptera, and Trichoptera) families, Coleopterans, and other 

groups including fish and amphibians (Muenz et al. 2006, Duehr and Siepker 2008, 

Lorion and Kennedy 2009). Models using trophic groups have been used, as have 
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tolerance values, which indicate taxa tolerance to disturbance (Barbour et al. 1998, 

Merrit et al. 2008). All of the macroinvertebrates collected from the study sites were 

analyzed without specific consideration to taxonomic or functional groups. Indicator 

taxa identified in the ISA and taxa correlated to NMS ordination axes indicate that the 

changes in community assemblages observed in the Umatilla River are not specific to 

any group of macroinvertebrates. Most, but not all of the invertebrates with significant 

indicator values according to the ISA for RC sites are taxa with low tolerance values, 

as assigned by Merrit, et al. (2008). However, these were not the only taxa with low 

tolerances identified from the samples taken. Less than half (4/9) of the taxa identified 

as indicators of RC sites are sensitive taxa, as defined by tolerance value (0-2). 

Comparatively, slightly more than half of the taxa in the data set with tolerance values 

(25/48) were considered sensitive at the same level.  

The taxa with low tolerance for disturbance which were identified as indicator 

taxa in the data set were Epeorus (Ephemeroptera: Heptageniidae), Pteronarcella 

(Plecoptera: Pteronarcyidae), and Skwala (Plecoptera: Perlodidae). Epeorus is a 

widespread clinging insect with a flattened body plan allowing for rapid yet secure 

movement over and between the substrate (Meyer and McCafferty 2007). It is a 

grazing feeder, with wide, blade-like mandibles used for scraping the biofilm from the 

substrate. Pteronarcella is a stonefly nymph found under the substrate, and is a 

shredder which feeds on coarse organic material found in the streambed (Branham and 

Hathaway 1975). Skwala is relatively small compared to Pteronarcella and is a 

predator, feeding on smaller invertebrates. Both Pteronarcella and Skwala are 

common western stoneflies and are generally found in similar habitat conditions 

(Merrit et al. 2008).  

Hirudinea (sub-class of Clitellata; leeches) was also identified as indicative of 

RC sites in this data set, though these are usually considered to be indicative of 

degraded habitat conditions in general. The emergence of Hirudinea as an indicator of 

RC sites is difficult to interpret for these data; for example, it is generally accepted 

that Hirudinea disperse passively, either carried by a host species or by the river 
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current (Thorp and Covich 2001); however, it has also been shown that some species, 

especially benthic predators, form aggregations to ameliorate predation and to enhance 

mating and food intake opportunities (Smith and Davies 1996). Hirudinea are 

predatory on benthic macroinvertebrates, and may benefit in the upper river or in sites 

with relatively increased vegetation in the riparian zone by the increased 

allochthonous input, which provides habitat and food for prey items and thus may 

increase available prey (Thorp and Covich 2001).  

The Coleoptera genera Psephenus (Psephenidae) and Ordobrevia (Elmidae) 

were also identified as indicator taxa in the upper river; Psephenus as an indicator of 

RC sites, and Ordobrevia as an indicator of EA sites. Psephenus, also known as 

“water penny”, was expected to have an intermediate response to disturbance due to 

an intermediate tolerance value (4; Merrit et al. 2008), thus it was not expected to be 

identified as an indicator of RC sites. The larvae of this genus are clinging insects and 

are characterized by the expanded terga of the thorax and abdomen which give the 

insect a rounded, sucker-like appearance. The EPA has listed Psephenus spp. as 

indicators of high oxygen availability and fast flows (McDonald et al. 1990), both of 

which may be expected in reference conditions in the upper river. Ordobrevia are also 

considered by McDonald et al. (1990) to be indicators of well-oxygenated, fast 

flowing waters, but the larvae are morphologically very different from those of 

Psephenus. We collected both the adults and the larvae of Ordobrevia; the adults are 

climbers found on exposed rock surfaces, and the floating ends of filamentous algae, 

and the larvae are found underwater, also associated with algae. Both the adults and 

larvae feed on plant material, such as algae and diatoms (Merrit et al. 2008). In this 

study, Ordobrevia was identified as an indicator of EA sites. It is one of five Elmidae 

genera identified with similar ecologies and equal tolerance value, however it is the 

only one identified as an indicator for site type in the ISA. Two Trichoptera genera 

were identified as indicators; in the upper river, Hydropsyche (Hydropsychidae) is an 

indicator of AI sites and in the lower river, Oecetis (Leptoceridae) is an indicator of 

RC sites. Both genera have the same intermediate tolerance value as the 
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aforementioned Psephenus and Ordobrevia, 4 (Merrit et al. 2008), which is the highest 

tolerance value observed for an indicator taxa in the upper river, and intermediate in 

the lower river. Hydropsyche larvae are net-spinning, attaching a filtering “net” to the 

open end of a retreat constructed of mineral and plant material. For this reason, they 

are functionally collector-filterers. The material and construct of the larval case 

constructed by the insect is usually dependant on the targeted food source (Hynes 

1970). Oecetis larvae are predatory, spinning cone-shaped retreats made of small rock 

fragments, and are well distributed in North America. These larvae prey on small 

crustaceans and immature insect larvae, such as chironomids and simuliids (Merrit et 

al. 2008).  

There were two indicator taxa with higher tolerance values assigned by Merrit 

et al. 2008; black fly larvae in the genus Simulium (Simuliidae) with a tolerance value 

of 6, and an aquatic Lepidoptera, Petrophila (Crambidae) with a tolerance value of 5. 

Simulium are filterers and require shallow, fast flowing water (Hynes 1970). In the 

lower river Umatilla, these conditions are rare outside of the braided channels more 

characteristic of RC sites; the AI sites are generally wide and deep due to 

channelization. Petrophila is a scraping insect, which adheres to the underwater 

substrate and grazes on biofilm (Merrit et al. 2008). This may have been identified as 

an indicator of RC sites in the lower river for similar reasons as Simulium; because of 

the feeding habits of Petrophila, the deep channels associated with AI sites would be 

unsuitable because of a lack of food availability on the substrate, however, the RC 

sites in the lower river are characterized with shallower channels, increasing food 

availability for a functional grazer. 

The remaining RC site indicator taxon is a stonefly of the genus Calineuria 

(Perlidae), a commonly occurring insect in the Umatilla River. Calineuria is a 

relatively large predatory stonefly, and is common in western North America (Sheldon 

1980). 

Two taxa were identified as indicators of AI sites in the lower river, Antocha 

(Diptera: Tipulidae) and Glossosoma (Trichoptera: Glossosomatidae). The genus 
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Antocha is functionally a collector-gatherer, feeding on plant material. It has been 

assigned a tolerance value of 3 (Merrit et al. 2008), which is lower than all of the RC 

indicators except Calineuria. Glossosoma has the lowest tolerance value of all the taxa 

identified as indicators in the lower river, with an assigned value of 1 (Merrit et al. 

2008), and is generally considered an indicator of good water quality. This insect is a 

scraping insect, and is highly abundant in the Umatilla River. This result may be due 

to the inherent method of ISA, which is reliant only on the data in the given data set; 

in other words, Glossoma is an indicator taxon for the AI sites in this data set, but 

would probably not be found as an indicator of degraded conditions beyond the scope 

of this study. 

The results of the ISA did not consistently yield the predicted response to site 

types when considering the tolerance values for all of the indicator taxa. However, 

lack of response of low-tolerance taxa in RC sites does not indicate overall 

macroinvertebrate non-response to habitat characteristics of the RC sites. In general, it 

was observed that the invertebrate taxa identified as indicators of reference condition 

with a variety of life history strategies, though all of the taxa seemingly favoring 

localities where the river is fast-flowing. Several functional feeding classifications 

were identified as RC indicators as well, possibly indicating greater habitat 

heterogeneity. The presence of several predatory invertebrates among the RC indicator 

taxa indicates a greater availability of prey items as well.  

In general, the results suggest that scale should be considered when applying 

broad scope methods which employ taxonomic groupings by trophic level, or other 

organizations incorporating ecosystem functions, and they may not be viable when 

looking for impacts within a single river system. The ISA does not test for changes in 

relative densities with relationship to the grouping variable (site type), but faithfulness 

(always present in the group) and exclusivity (absence in other groups; McCune and 

Grace 2002). A significant indicator of AI sites, the genus Hydropsyche (Trichoptera: 

Hydropsychidae), is a member of EPT (generally considered indicative of good water 

quality), but also has an intermediate tolerance to disturbance (4 on a scale of 1-10; 
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Merrit et al. 2008). It has also been shown that aquatic macroinvertebrates exhibit 

phenotypic plasticity, altering appearance, behavior and life history traits in variable 

environments (Hall 1975, Newell and Minshall 1978, Sweeney et al. 1995, Dahl and 

Peckarsky 2002). This plasticity can potentially influence the sensitivity and tolerance 

of taxa at specific locations resulting in responses by these taxa to human disturbances 

that are not necessarily predicted from broad scope methods.  Based on the results of 

this study and others examining plasticity and indicators of water quality (Dahl and 

Peckarsky 2002, Meunz et al. 2006, Deuhr and Siepker 2009), we conclude that 

methods for identifying indicator species in any system must be flexible, as the 

inherent conditions of each system and the life history strategies of the biota will vary.   

 

Easement Restoration 

One objective of this study was to quantify the relationship between the EA 

and the RC and AI sites, with the expectation that sites managed for restoration would 

exhibit an intermediate response in community structure to RC and AI sites.  This was 

the case in the lower river; however, in the upper river, there was evidence that the 

response of the macroinvertebrate community to restoration may not be as expected in 

areas where adjacent land use is very different not only between the AI sites and the 

EA sites, but also between the EA and RC sites.  

In the upper river, MRPP analysis showed that the macroinvertebrate 

communities found in EA sites were significantly different from RC sites but not AI 

sites. The EA sites in the upper river are on lands historically tied to either livestock 

grazing, which may have impacts on vegetation on the river banks (Jansson et al. 

2000), or are conservation areas near government property. The NMS ordination of all 

sites from 2006-2008 data reflects a closer association between AI sites and EA sites, 

though the appearance of the pattern of EA sites is scattered. However, the protective 

management on the adjacent areas of the river at these locations may be altering the 

temporal path of the macroinvertebrate community in EA sites in such a way that 
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makes them difficult to compare to either AI or RC macroinvertebrate patterns, i.e. 

creating novel trajectories.   

The novel trajectories of the EA sites are further illustrated in the NMS 

ordination with compositional vectors comparing the three site types through time 

(Figure 2.5).  The temporal trajectories illustrate the relationship of RC, AI and EA 

sites over time, as well as magnitude of change. In general, the taxa positively 

correlated with Axis 1 were negatively correlated with Axis 2, and these taxa are 

tolerant to disturbed conditions. The taxa positively correlated with Axis 2 are 

generally associated with good habitat quality.  

Interestingly, the EA site selected for this analysis in the upper river had an 

unusually high population of Simulium sp. (Diptera: Simulidae) in 2006 and 2007 

(from 500 count: extrapolated to 268/m2 in 2006 and 192/m2 in 2007), but not in 2008 

(from 500 count: extrapolated to 1/ m2) when compared to all other sites in the region. 

Simulium, however, was not identified as one of the taxa with a significant Pearson’s 

R coefficient correlating to either axis of the NMS, though it was found to be an 

indicator taxon by the 2006-2008 ISA for RC sites. This result is interesting because it 

has been shown that Simulium inhabit environments with increased nutrient inputs 

(McDonald et al. 1990, Peterson 2008), and the increased presence at this location 

may indicate that the physical attributes of this location are changing over time 

differently than expected compared to the physical attributes of the RC sites. An 

overlay of environmental variables on the 2006-2008 NMS (Figure 2.4) showed that 

turbidity was found to be an important environmental factor correlating to the site 

arrangement in space defined by the macroinvertebrate community, as it was shown to 

be an important environmental factor separating RC and AI sites based on 

macroinvertebrate community.  

In the lower river, MRPP analysis showed that the macroinvertebrate 

communities found in the easement sites were not statistically different from either the 

RC or AI sites; however the agriculturally impacted sites were statistically different 

from reference condition sites, indicating the predicted intermediate response of 
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macroinvertebrate communities to adjacent land management. This relationship was 

also reflected in the 2006-2008 NMS with compositional vectors (Figure 2.5). The 

lower Umatilla River has had a greater amount of intense agricultural pressure for a 

longer amount of time when compared to the upper river (ODEQ 2001), and as such 

any attempt at restoration would be expected to require more intensive restoration 

attempts (i.e. weed removal, planting) for a longer amount of time in order to see 

quantitative results, as longevity has been tied to buffer efficacy in agroecosystems 

(Muenz et al. 2006). The easement properties evaluated in the lower river in this study 

had all been in place longer than 15 years, which may be the reason why the easement 

sites appear more intermediate than in the upper river, where easement sites have been 

in place for around 10 years on average. At the same time, the length of time of 

agricultural pressure in the lower river would be expected to influence the in-stream 

invertebrates as well.  

The addition of compositional vectors to an ordination of the three different 

site types in both river regions indicates that the easement sites may have a very 

different magnitude of change of macroinvertebrate communities through time in both 

the upper river and the lower river when compared to the reference condition. 

Combining the information from the MRPP analysis, NMS and trajectory vectors, 

these data seem to indicate that there are processes at work in the easement sites in the 

upper region of the river that have yet to be quantified, and are not well understood. 

The results of this study indicate that the protection of the river in these locations and 

the surrounding landscape may have altered the temporal trajectory of the 

macroinvertebrate communities in these locations in novel ways which are not always 

similar to the response in a reference condition site.  

 

Data Analysis  

There are drawbacks for utilizing multivariate techniques for assessing 

macroinvertebrate responses to habitat conditions, due mostly to the difficulty of 

comparing results between rivers; because multivariate kinds of analyses require high 
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resolution input, the output is very specific to the data set. There are methods which 

provide much more simplified results, such as a comparable index number, that may 

be better used for comparisons at a large scale. Also, because of the specificity of the 

result to the input, it is difficult to infer causation directly or to make predictions. 

There are many benefits of using multivariate analysis to evaluate 

macroinvertebrate community structure in this study (vs. IBI or O/E predictive models 

often used in agency assessment). Not only is there an enhanced ability to examine not 

only the relationship of habitat characteristics to the macroinvertebrate communities, 

but it is also possible to be able to examine the shifts in community structure with 

greater resolution. Analyses like IBI provide a single statistic which can be compared 

between sample locations; however, this may be an over-simplification of the complex 

interactions of the macroinvertebrates within the community and with the habitat, and 

this analysis cannot indicate the loss or gain of taxa (Hubler 2008). Analyses using 

presence/absence data, such as O/E predictive models, do not have the added 

sensitivity of magnitude of response, which is reflected in relative abundance. This 

may be a particular hindrance when making observations within one river system, as 

the changes in macroinvertebrate community and habitat parameters may have more 

subtle shifts which may be lost utilizing only calculation of ratios and means for 

descriptive statistics (Townsend et al. 1997). In a study comparing results from both 

univariate and multivariate analysis, Mesa (2009) showed that univariate analysis did 

not consistently identify differences in community composition when compared to 

multivariate analysis. In this study we were also interested in the associations of 

abiotic factors in the environment as they relate to the adjacent landscape, and the 

types of multivariate analyses used are able to evaluate both the macroinvertebrate 

community and correlations to the environmental variables.  

 

Conclusion 

 It has been shown that disturbance may have persistent effects in the landscape 

for as many as fifty years (Harding et al. 1998), and as such, long-term monitoring of 
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the effects of restoration management in riparian and river systems.  Future research 

needs include studies examining responses of individual taxa to changes in the 

physical environmental variables for better understanding of life history strategies and 

potential insight into phenotypic plasticity and shifts in community structure. A more 

comprehensive body of knowledge will allow for better mitigation of human impacts 

on river habitat and move toward a balance between preservation of riverine 

ecosystems and use of a vital natural resource. 
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Chapter 3 

 

Effects of Temperature on Growth Rate and Behavior of Epeorus albertae 
(Ephemeroptera: Heptageniidae) Nymphs 
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Abstract 

Anthropogenic disturbance can affect temperature in river systems. Temperature may 

potentially affect life histories of macroinvertebrates and alter behavior and biological 

functions. Temperature preferences and tolerance ranges for key taxa are therefore 

critical for understanding the impact of human-induced changes to water temperatures 

on river ecosystems. The objective of this study was to examine the effect of water 

temperature on the growth rate and behavior of Epeorus albertae (McDunnough) 

nymphs. The nymphs were collected from the Umatilla River in eastern Oregon, and 

exposed to the following temperatures: 18, 22 and 28˚C. Nymphs held at 28̊ C 

exhibited increased growth rates compared to individuals held at 18 and 22̊C. 

However, at 28°C the accumulation of nymphal tissues was not consistent with that of 

nymphs held in lower temperatures; ratios of head capsule width to total body length 

were significantly lower in individuals at 28ºC compared to those held at the lower 

temperatures. This indicates that the nymphs held at the high temperature had longer 

total body length relative to the developmental stage, represented by head capsule 

width, when compared to insects in cooler temperatures. To examine the effect of 

water temperature on behavior, active drift of mayflies was examined in experimental 

chambers held at 12, 18, 22 and 28̊ C. The number of drifting insects observed was 

significantly higher at 28ºC compared to 22, 18 and 12˚C. These results indicate that 

temperature is a factor influencing growth and behavior of E. albertae and is likely to 

lead to limitations in habitat use of this mayfly. 

Keywords: temperature, growth rate, drift behavior 
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Introduction 

 

A multitude of factors affect spatial heterogeneity, and the resulting variability 

plays an important role in structuring faunal communities and influencing biodiversity 

(Hutchinson 1959, Menge and Sutherland 1976, Connell 1978). In freshwater systems, 

fine balances between food availability, substrate composition, water quality, physical 

characteristics, hyporheic exchange and interspecific interactions influence habitat 

niche (Vodopich and Cowell 1984, Death and Winterbourn 1995, Palmer et al. 2000, 

Nakano and Murakami 2001, Brooks et al. 2005). Anthropogenic alterations to these 

factors, either individually or in combination, can impact the abundance and 

distribution of organisms, potentially affecting the structure of biotic communities. 

As awareness of impacts on freshwater ecosystems by human activities and as 

reliance on freshwater resources increase, it also becomes increasingly necessary to 

understand the effects of changes to the environment on biological processes and 

functions. Research needs extend from examination of community responses in the 

natural environment to the examination of the effects of individual environmental 

factors on freshwater fauna, especially benthic macroinvertebrates, which are 

commonly used as bioindicators of habitat quality because of the gradient of responses 

to environmental conditions (Metcalfe 1989). 

Water temperature is an important factor in aquatic habitat and is a driver of 

community dynamics, as aquatic organisms have different temperature preferences 

and tolerances (Bret 1952, Hall 1975, Newell and Minshall 1978, Sweeney 1978, 

Burgmer et al. 2006). In general, increasing temperature speeds metabolism and 

development in macroinvertebrates following a curvilinear relationship (Figure 3.1; 

Wigglesworth 1965). After the maximum rate of development has been reached and 

surpassed, increasing temperatures then have a negative effect, causing stress to the 

organism and decreased ability to develop, eventually resulting in mortality. Aquatic 

macroinvertebrates are ectothermic, and must thermoregulate by positioning 

themselves in an area within a tolerable temperature range (Klowden 2007).  
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Figure 3.1. General form of the predicted change in the rate of growth with 
temperature, modified from Wigglesworth (1965). 
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Studies of life history patterns of macroinvertebrates show influences of temperature 

on energy budgets, body size and fecundity (Newell and Minshall 1978, Sweeney and 

Vannote 1982, Flecker et al. 1988, Sweeney et al. 1995). Sweeney and Vannote 

(1982) found that increased temperatures decreased the body size of emergent Dolania 

mayflies (Family: Behningiidae), and indicated that this might be due to the rapid 

growth of the insects and a decreased ability to develop and accumulate adult tissues 

at the more rapid speed of growth. This has the potential to affect fecundity; for 

example, female body size is positively correlated with the number of eggs produced 

in Tricorythodes mayflies (Newell and Minshall 1978) and larger male Epeorus 

longimanus mayflies have greater mating success than smaller males (Flecker 1988). 

Sweeney (1978) also observed that temperature was the best indicator of egg 

development in Isonychia mayflies (Family: Baetidae) and that the larger nymphs 

(also dependent on temperature regime) emerged earlier, potentially having greater 

mating success; in addition, he noted that food availability was not a determining 

factor in body size, and that at a temperature maximum of 16.5̊ C, fecundity of 

Isonychia mayflies was depressed. These studies examined the effects of temperature 

on emergent adults; however, it is the nymphal stage where critical development 

occurs, and though this stage is much longer-lived than the adult stage, it has been 

studied less. 

Temperature also has the potential to drive community assemblage, as it has 

been suggested that macroinvertebrates in stream habitats may actively drift to avoid 

unsuitable temperature conditions (Hynes 1970, Brittian and Eikeland 1988, Allan and 

Castillo 2007). Though several factors influencing drift, such as population density 

(Mueller 1954), predator presence (Brittan and Eikeland 1988), diurnal periodicity and 

accidental drift (Waters 1965) have been studied, there has been very little research 

examining the role of temperature on drift behavior.  The effects of large-scale 

temperature differences have been examined in the literature in terms of geographic 

distributions (Hawkins et al. 2003), but examining the effects of temperature as a 

single factor are more practical on a smaller, local scale. However, it is difficult to 
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isolate temperature as a factor influencing habitat selection in river systems because of 

the multiple factors correlated to changes in temperature and multiple other factors 

influencing habitat selection. For example, Wiley and Kohler (1980) were able to 

show that four different genera of mayflies in different families changed positions in 

the substrate due to decreased oxygen availability, a factor that may be correlated to 

water temperature since warmer water carries less oxygen (Dodson 2004). Wiley and 

Kohler’s (1980) study indicated that the movement of the mayflies may have also 

caused a higher occurrence of accidental drift, as the nymphs moved from low oxygen 

areas into areas of the river with increased velocities and current-exposed surfaces. 

These studies did not directly manipulate temperature when examining drift behavior, 

as such, it is difficult to infer causality (Shiozawa 1983). 

Despite the thoroughness of studies concerning life histories, community 

structure and the effects of temperature on bioenergetics, there is still a need to explore 

temperature tolerance ranges and the effects on growth, development and behavior of 

aquatic macroinvertebrates.  Here we report the results of a study that examined the 

effects of different temperature regimes on a common western mayfly nymph, 

Epeorus albertae. We addressed the following questions: 

• Will growth rates of the nymphs follow an expected curvilinear growth rate 

pattern (Figure 3.1)? 

• Will different types of growth be expressed when nymphs are exposed to 

different temperature treatments? 

• Will higher temperatures induce greater drift occurrence? 

We predicted that temperature regime would have a significant effect on rate of 

growth, demonstrating least rapid growth at the coldest temperature, and altered 

growth at the highest temperature, following Figure 3.1. It was anticipated that 

although nymphs in higher temperatures would be larger, there would be a discernable 

difference in the type of growth express according to by temperature.  Finally, it was 

predicted that E. albertae nymphs held at the highest temperature would exhibit drift 

behavior with greater frequency than those held in cooler temperatures. 
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Materials and Methods 

Epeorus albertae nymphs were identified using identification keys developed 

for mayflies in the western U.S. (Jacobus and Webb 2005, Meyer and McCafferty 

2007).  

The Umatilla River, in northeastern Oregon, originates in the foothills of the 

Blue Mountains and flows roughly northwest, across semi-arid desert in the lower 

reaches, emptying into the Columbia River near Umatilla, Oregon. The watershed is 

dominated by agriculture, but the river also flows through areas of urban development 

(Pendleton and Hermiston, Oregon), as well as areas protected by the U.S. Forest 

Service. Nymphs were collected from minimally-disturbed sites in the upper Umatilla 

River mainstem. The sites selected for collection of E. albertae nymphs were chosen 

due to high abundances of the mayfly species (Scherr unpublished data, Chapter 2). In 

this region, E. albertae exhibits bivoltinism, with an overwintering nymphal stage 

which emerges in the spring, and a more rapidly developing nymph which emerges in 

the late summer; collection of nymphs for this study was focused on the latter 

developmental group. Only insects with non-darkened wingpads were used in this 

study, as the stage of development indicated by darkened wingpads has been shown to 

be associated with pre-emergent gut atrophy (McCullough et al. 1979).  

Growth Study. The insects were transferred to plastic tubs measuring 6” high, 

6” wide and 12” in length, filled to an approximate depth of 3” with river water taken 

from the collection site and held at 18̊ C (average daily summer temperature for the 

Umatilla River at collection location; Scherr unpublished data, Chapter 2) for 24 hours 

prior to commencement of the experimental period. One algae disc (Wardly 

Premium®), approximately 1.5 cm in diameter, was provided as a food source, and a 

carbon filter was placed into each tub.   The insects were held for a full 24 hours to 

ensure the same opportunity for gut fullness at the time of initial measurements. After 

24 hours, total body length (TBL), width of head capsule (HC), and width of the 

abdomen at the widest point (ABD) were measured for each individual using SPOT 
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Basic digital imaging software (SPOT Basic, Diagnostic Instruments 2005). 

Individuals were then separated randomly into groups of thirty insects and placed in 

plastic tubs (with the same previous dimensions) with an algae disc, air pump and 

carbon filter. Each tub of thirty insects represented a replicate, and three replicates 

were placed into each of four environmental chambers (Model 2015-ZZMFG, Sheldon 

Manufacturing, Inc., Cornelius, OR) set to four different temperatures: 12, 18, 22 and 

28˚C. Light and dark regimes within the temperature chambers were set to mimic 

summer daylight hours with 15 hours of light and 9 hours of dark. Two-thirds of the 

river water in each tub was changed twice weekly for the duration of the study to 

minimize nitrogenous material build-up. Weekly measurements of TBL, HC and ABD 

of each surviving individual were recorded over the 2-week study duration (T0= initial 

measurement, T1= measurements at the end of week 1, T2= measurements at the end 

of week 2). To randomize the sample, ten individual sets of measurements from each 

replicate were selected using a random number table, and a mean value was calculated 

for each parameter (i.e. n=3 for each measurement in each temperature treatment).  

Ratios between HC: TBL and ABD: TBL were calculated to assess type of growth. 

The difference between T0 and T2 measurements was calculated for each 

temperature treatment and used in a one-way ANOVA to assess differences in growth 

rates. The differences in type of growth, described by the ratios calculated from HC: 

TBL and ABD: TBL, were analyzed in two ways: first, to assess differences within 

each temperature treatment from week to week (T0 v. T1, T1 v. T2, and T0 v. T2); 

second, to assess differences in ratios between the temperature treatments at T2.  

Drift Behavior Study. Four plexiglass flow tanks were constructed 

(dimensions 18” long, 12” high and 6” wide) with a 6”x 12” baffle approximately 6” 

above the base of the tank. Aeration bars were placed at one end of each tank to 

provide uni-directional flow over the baffle, with a recapture net fixed at the furthest 
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Figure 3.2. Diagram of flow tank constructed for use in drift behavior study. 
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point from the aeration source at the end of the baffle (Figure 3.2). A thin layer of fine 

gravel was placed along the top of the baffle to offer substrate. The tanks were filled 

with river water taken from the same location as the mayflies at the time of collection. 

The water level in the flow tanks was raised two inches above the baffle. Each of the  

four flow tanks was placed in one of the four environmental chambers, set to 12, 18, 

22 and 28˚C. 

Thirty randomly selected mayfly nymphs were placed in tubs (with the same 

dimensions as growth study), equipped with an algae disc as a food source, an air 

pump and filtration. Each tub was placed into one of the four environmental chambers. 

The chambers were set to mimic typical summer light and dark regimes, with 15 hours 

of light and 9 hours of dark. The nymphs were held for 24 hours at the selected 

temperature to allow temperature acclimation, as sudden introduction to any change in 

water temperature has the potential to cause catastrophic drift (Tsuda 1972). 

Subsequently, the insects were released in groups of ten (yielding three replicates per 

treatment) into the flow tank. The mayflies were released with the flow tanks inside 

the environmental chambers during full daylight hours to minimize drift due to diel 

periodicity (Waters 1972).  

The insects were left in the flow tanks for only 10 minutes; the absence of a 

food source in the flow tank may influence behavior with longer periods of exposure, 

and it has been suggested that searching behaviors may increase the occurrence of 

accidental drift (Waters 1965).  After 10 minutes, the recapture net was removed and 

the insects caught in the “drift” were counted. The numbers of drifting mayflies were 

used in a one-way ANOVA to test for difference in mean response between 

temperature treatments. 

Data Analysis. For the growth experiment, data collected from the lowest 

temperature treatment, 12˚C, was excluded from analysis in this study due to 

extremely low survivorship attributed to complications with the environmental 

chamber, which resulted in frozen cooling coils and extreme temperature fluctuations.  

All four temperature treatments were analyzed for the drift experiment. 
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Data for all experiments were analyzed using one-way ANOVA (α=0.05). 

When significant differences were found, multiple comparisons using Tukey’s method 

were conducted with a 95% confidence interval. All ANOVA and Tukey tests in this 

study were conducted using S-PLUS software (TIBCO 2008).  

 

Results 

Growth study. Initial measurements (time T0) for TBL, HC and ABD showed 

no significant difference between temperature treatment groups (Figure 3.3), 

indicating that the populations in each replicate were sufficiently similar that any 

changes may be inferred as a result of experimental conditions.  

One-way ANOVA tests conducted at T2 comparing temperature treatment 

groups showed that ABD and TBL were significantly different (ABD: F= 11.124, 

p=0.101; TBL: F= 10.912, p= 0.010; Table 1), indicating that the body size of the 

nymphs at the end of the experimental period was influenced by temperature (Figure 

3.3). Tukey tests showed that for parameters ABD and TBL, there was a significant 

difference between the 18̊  and the 28˚C treatment groups, and a significant difference 

in TBL between the 18˚ and the 22˚C group (Table 3.1). HC was not found to be 

significantly different between the temperature treatment groups (Table 3.1).  

ANOVA tests conducted at the end of the two-week experimental period on 

the difference between measurements of the nymphs at T0 and T2 indicated that the 

change in size for ABD differed between temperature treatments (F=8.886, p=0.020); 

there was no significant difference in HC or TBL size change between temperature 

treatments (Table 3.1). Tukey tests showed that ABD size change in the 18̊ C group 

was significantly less than the size change 28̊ C group, but that size change in the 

22˚C group was not significantly different from the 18˚C group or the 28˚C group 

(Figure 3.4). 

ANOVA tests comparing weekly development within each temperature 

treatment for ABD:TBL ratios showed that there was no significant weekly change in 

ratios in 18˚ and 22˚C treatment groups, but significant weekly changes in the 
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*F= 10.912; P= 0.010 

+F= 11.124; P=0.010 

 

Figure 3.3. Mean response of parameters (y-axis) in each temperature treatment (x-
axis) by week (columns: T0= initial, T1=week 1, T2= week 2). ABD = Abdominal 
width; HC= Head Capsule width; TBL= Total Body Length; bars indicate standard 
error. “A” and “B” denote significant differences between temperature treatments at 
T2.  
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Table 3.1. Results of ANOVA comparison of abdominal width (ABD), head capsule 
width (HC) and total body length (TBL) measurements between temperature 
treatments. 
 
Test     Parameter  F-Stat  P-value* 
_____________________________________________________________________ 
Size at T2 (mm)   ABD   11.124  0.010* 
     HC   3.404  0.103 
     TBL   10.912  0.010* 
Change in size    ABD   8.886  0.020* 
(T2-T0; mm)    HC   1.986  0.218 
     TBL   3.092  0.119  
 
*P-value is significant at a level of α=0.05. 
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*F=8.886, p= 0.020 

Figure 3.4. Mean change in size (in mm) for ABD, HC and TBL between temperature 
treatments. “A” and “B” denote significant differences based on Tukey tests. Upper 
and lower bounds indicate standard error. 
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Table 3.2. Results of ANOVA comparisons between weekly development ratios 
within each temperature treatment.  
 
Response ratio   Temperature       
(T2-T0)    Treatment  F-Stat   P-value 
 
ABD: TBL   18˚C   0.088   0.917 
    22˚C   0.916   0.450 
    28˚C   26.357   0.001* 
HC: TBL   18˚C   11.127   0.010* 
    22˚C   3.225   0.112 
    28˚C   3.953   0.080 
 
*P-value is significant at α=0.05  
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ABD:TBL ratios in the 28˚C treatment group (F=26.357, p= 0.001; Table 3.2). 

Analysis of HC:TBL ratios within each temperature treatment showed significant 

change in ratios in the 18̊ C  group (F=11.127, p= 0.010) and non-significant trends in 

the 22˚ and the 28˚C groups (Table 3.2).  

 ANOVA comparisons of change in growth ratios between the temperature 

treatments show that at the end of the first week, there was no significant difference in 

ABD: TBL or HC: TBL ratios (Table 3.3). At the end of the second week, change in 

ABD: TBL ratios did not differ significantly between temperature treatments; 

however, the change in HC: TBL ratios at the end of the second week was significant 

(F= 8.379, p= 0.018; Table 3.3). Multiple comparison Tukey tests showed that there 

was a significant difference between the mean change in ratios for the 18̊C group and 

the 28˚C group. There was no significant difference found in change in ratios between 

the 18˚ and 22˚C group, or the 22˚ group and the 28˚C group (Figure 3.5). 

Drift Behavior Study. One-way ANOVA comparison of the number of 

drifting mayflies showed that there was significant difference between temperature 

treatments (F= 7.690; p= 0.009; Figure 3.6). A Tukey test for multiple comparisons 

showed that the 12, 18 and 22˚C groups were not significantly different in drift 

response; however, the 28˚C treatment group was significantly different from all three 

previous groups in drift response (F= 7.690, p= 0.009).  

 

Discussion 

Growth Study. The effect of temperature on the growth rate of insects has 

been well documented (Daly et al. 1998) and in some cases used to predict emergence 

of insects using degree day models (Pedigo and Rice 2008). It is expected that the 

response of growth rate to temperature is curved (Figure 3.1), with a maximum and 

minimum temperature requirement for developmental progression. Beyond these 

thresholds, temperature extremes are unfavorable, and the insect cannot develop. It 

was expected in this study that the highest temperature, 28̊ C, wou ld cause this kind of  
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Table 3.3. ANOVA comparison of changes in growth ratios (T1,2-T0) between  
temperature treatments. 
 
Response Ratio  Week  F-Stat   P-value 
 
ABD: TBL   T1-T0  4.580   0.056 
    T2-T0  2.426   0.169 
HC: TBL   T1-T0  0.285   0.761 
    T2-T0  8.379   0.018* 
 

*P-value is significant at α=0.05 
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*F=8.379, p= 0.018 
 
Figure 3.5. Mean change of ABD:TBL (top) and HC:TBL (bottom) ratios between 
temperature treatments. Results labeled “A” are significantly different from results 
labeled “B”. Upper and lower bounds indicate standard error. 
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*F= 7.690, p= 0.009 

Figure 3.6. Mean number (± SE) of drifting mayflies by temperature treatment group; 
results labeled “A” are significantly different from result labeled “B” based on 
Tukey’s tests.  
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“extreme” stress on the mayflies, and that growth would be negatively affected. The 

stress created at higher temperatures may also be related to decreased oxygen 

availability. In this study, the oxygen source for all treatments was the same; however, 

available oxygen may have influenced the growth rates of the mayflies as well as 

temperature, although the results at 28°C do not appear to indicate detrimental effects 

of lowered oxygen, as this temperature produced the most rapid growth in the mayfly 

nymphs. These results also indicate that no temperature threshold was reached, 

suggesting that the temperature tolerance of E. albertae is higher than 28°C. 

It was predicted that both ratios HC: TBL and ABD: TBL would be 

significantly different between temperature treatments; however, only the ratio 

comparing HC: TBL was different between temperature treatments. The ratios 

comparing ABD: TBL may be non-significant due to addition of nymphal tissues 

around the abdomen at the same pace as length-wise growth with the increased food 

resource availability (also related to gut fullness). It is possible that an increase in 

temperature also stimulated an increased feeding and metabolism for nymphs held at 

higher temperatures allowing for the maintenance of body proportions of the abdomen 

when compared to the total body length. The head capsule, however, would not 

accumulate tissue with growth in the same manner; it changes size with advancement 

to the next successive instar, whereas the cuticle of the abdomen is sufficiently elastic 

to allow some increase in size between ecdysis events (Klowden 2007). Thus, the ratio 

comparing HC: TBL may be a better metric for indicating development between 

temperature treatment groups.  

The significant difference in change of HC:TBL between temperature 

treatments indicates that the type of growth exhibited by the nymphs is different 

according to temperature regime. As temperature increased in the study, the values for 

the HC:TBL ratios decreased, indicating that as temperature increased, TBL increased 

at a greater rate than HC. TBL was not shown to have significantly increased as an 

individual parameter in the 28̊C treatment at T 2 as previously stated, and the 
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difference in proportional growth, as measured by HC:TBL, indicates a difference in 

the overall proportional development of the nymphs according to temperature regime.  

The effect of temperature on the HC:TBL ratio indicates that at the lowest 

temperature, insects were developing with less growth between developmental stages. 

Past studies have suggested the opposite: that higher temperatures may not allow for 

the time required to develop adult tissues because of the rapid development of the 

nymphs (Sweeney 1978, Sweeney and Vannote 1982). The rapid shifts between 

nymphal instars induced by increased development may be faster than the growth in 

mass of the insect, resulting in a smaller adult. If the nymphs had experienced lower 

temperatures, allowing more time for each instar to develop fully before ecdysing to 

the next successive instar, the resultant adult would be larger at emergence (Sweeney 

1978).  However in this study, as the highest temperature did not appear to be 

sufficient to suppress growth, it may also not have been high enough to reflect the 

same developmental results as the aforementioned studies. On the contrary, it appears 

that the highest temperature (28°C) allowed the insects to grow and develop at a much 

higher rate than insects held at 18̊ C. This indicates that E. albertae nymphs have a 

range of temperature tolerances extending into temperatures higher than originally 

predicted.  

Though the individual measurement of HC and TBL were not significantly 

different between temperature treatments, Figure 3.3 shows a slight trend for increased 

values as temperature increased. By combining the information for both of these 

parameters in a ratio, the standard error of the individual measurements was 

decreased, and the trends were composited. The results of the ratio combining HC and 

TBL as a description of type of growth are intriguing, considering observations that 

HC and TBL were both correlated with increased mating success for E. longimanus 

males in mating swarms (Flecker et al. 1988). It has also been shown that for females, 

total body length has been linked to the number of eggs produced (Newell and 

Minshall 1978).  
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  Drift Behavior Study. Invertebrate drift and factors affecting drift have been 

closely examined in the literature, as well as many factors that may influence drift. 

There are different types of drift, i.e. catastrophic drift, which occurs in pulses in 

response to a point source disturbance; active drift, which is movement of the insect 

into the water column to escape predation or to seek resources; and passive drift, 

which has also been labeled “accidental drift” (Brittian and Eikeland 1988, Waters 

1965). Drift has been attributed in the literature to a number of environmental factors, 

including diel periodicity, resource availability, population density, and water 

temperature (Brittian and Eikeland 1988, Waters 1965, Waters 1972, Wiley and 

Kohler 1980, Mueller 1954).  Previous studies have examined drift in the field, where 

numerous factors change in concert making it difficult to determine the importance of 

any single factor.  It is likely that drift occurs in response to a variety of factors in a 

natural setting, and our results indicate that water temperature is an important 

influence on drift of E. albertae. Our study was designed to examine drift of E. 

albertae as a specific response to water temperatures; however, as explained in the 

discussion of growth rates and temperature, oxygen availability cannot be separated 

from temperature effects in this study. Although there is a wide range in oxygen 

availability at the temperatures evaluated in this study, the continued development of 

the mayflies in each temperature treatment indicates that the decrease in oxygen was 

not detrimental. 

 The increased drift observed in this study at 28°C is interesting when applied 

to the previous study findings that the same high temperature resulted in increased 

growth of nymphs. It has been suggested that early emergence may be beneficial to 

increase mating success in mayflies (Sweeney et al. 1995), yet the mayflies in this 

study were entering the current,  escaping the conditions which would speed the 

transition between instars and increase size.  It is possible that although increases in 

temperature induce more rapid development, there may be other negative factors 

related to temperature increases, such as increases in overall stress or indirect effects 

influencing habitat selection, e.g. increases in parasite populations. The reduction in 
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available oxygen associated with increased temperatures may also play a role in the 

drift phenomenon; though the decreased availability is not apparently detrimental to 

the continued development of the insect, it may still increase stress and induce drift 

behavior as an indirect effect of temperature. 

The results of this study suggest that temperature may be a factor influencing 

the distribution of E. albertae nymphs in the Umatilla River, as daytime temperatures 

in the lower river may meet and sometimes exceed 28̊C  for several weeks during the 

summer months. It has been observed that while this particular species is in high 

abundance in the upper and mid river (where the water temperatures average between 

16-20˚C), it is infrequent in the warmer lower reaches (Scherr unpublished data, 

Chapter 2). The lower Umatilla River flows through Pendleton, Oregon, and has high 

agricultural pressure in adjacent landscapes, as well as the inflow from tributaries 

which may have warmer water temperatures. There may also be other factors 

influencing the distribution of E. albertae in the Umatilla River, as it is difficult to 

attribute habitat selection to any single factor; however, the results of this experiment 

indicate that temperature may be one of the factors indirectly and interactively 

influencing abundance and distribution of these mayflies. 
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Interactions between macroinvertebrate taxa and complex environmental gradients 
influencing abundance and distribution in the Umatilla River, Northeastern Oregon 
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ABSTRACT 

 

Agricultural effects on river systems are gaining attention globally, and it is 

increasingly important to understand the non-target impacts of agricultural land 

management practices in order to mitigate the effects on in-stream biota. Aquatic 

macroinvertebrates are useful as indicators of river habitat quality, and have been used 

to describe local conditions and indicate ecosystem recovery from disturbance.  In 

order to make more precise statements about the response of bio-indicator taxa to 

environmental variables, as well as the causes and extent of habitat degradation, the 

impacts of multiple interacting environmental factors on abundance and distribution 

need to be examined. In this study, non-parametric multiplicative regression was used 

to develop regression models for six macroinvertebrate genera present in the Umatilla 

River in northeastern Oregon. For all taxa, elevation, turbidity and conductivity were 

identified as predictors. They described between 25.5% and 63.4% of the variation in 

the data. Sensitivity analysis of the parameters showed the relative importance of the 

model parameters as predictors of abundance, with conductivity having a broader 

range of sensitivity values than either elevation or turbidity. Daily average 

temperature, percent algal cover, depth and width were also shown to be possible 

predictors for taxa abundance. As all of the variables examined in this study are 

potentially impacted by non-target effects of agriculture in rivers, these results 

indicated that agriculture disturbance in the adjacent landscape affects the abundance 

and distribution of benthic indicator taxa. Evaluating the interactions between 

macroinvertebrate taxa and complex environmental gradients influencing abundance 

and distribution is important for enhanced understanding of the effects of agriculture 

on river systems.  
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INTRODUCTION 

 The decreasing quality of water and available habitat in river systems closely 

associated with agricultural ecosystems have received increasing attention as a global 

concern (NRC 1992, NRC 1996, USEPA 1996).  The effects of agriculture on in-

stream ecology have been widely examined, including effects on hydrology, landscape 

effects and impacts on the biota (Goodwin et al. 1997, Harding et al. 1999, Duehr and 

Siepker 2008). Many of the studies examining the effects of agriculture make 

comparisons between site “types” using a reference condition (Stoddard et al. 2006) 

for comparisons to altered habitat, evaluating environmental factors such as water 

quality and chemical pollution, canopy removal, and sedimentation.  

 Among the comparative studies are many which examine the effects of 

agriculture on the benthic macroinvertebrate communities, as the invertebrates may be 

utilized as indicators of habitat conditions (Wright et al. 1984, Metcalfe 1989, Merritt 

et al. 2008).  These studies have been conducted at the level of the macroinvertebrate 

community (Wright et al. 1984, Richards and Minshall 1992, Robinson et al. 2004) 

and at the level of single taxon responses (Newell and Minshall 1978, Vodopich and 

Cowell 1984).  These studies suggest that macroinvertebrates are useful as 

environmental indicators due to gradients of responses among taxa to environmental 

variables (Metcalfe 1989), and can also be used to describe system recovery following 

local disturbance (Robinson et al. 2004). However, it is difficult to use bioindicators to 

precisely identify the source and extent of degradation in the habitat due to the 

multiple factors influenced by anthropogenic disturbances. These multiple factors in 

turn interact in a complex fashion with the biota, influencing abundance and 

distribution. 

Agriculture as an anthropogenic disturbance to freshwater ecosystems is a 

model system for examining complex interactions since agriculture may involve a 

variety of changes to the adjacent and in-stream habitat (e.g. reduced riparian 

vegetation, increased influx of chemical pollutants, increased sedimentation and 

increased temperatures), often having a cumulative effect proceeding downstream 
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(Harding et al. 1999). Laboratory studies have examined invertebrate response to 

single gradients, like temperature (Newell and Minshall 1978, Sweeney 1978, 

McCullough et al. 1979); however, it is difficult to draw inference and apply results to 

the natural system, as the conditions in a controlled laboratory environment are very 

different from a natural river system. Considering taxa response to single gradients in 

situ is not practical because of the interaction of multiple environmental factors along 

the longitudinal gradient of the river (Allan 2004). Studies attempting to quantify 

single taxa responses to multiple interacting environmental gradients in situ are 

problematic as well, since traditional statistical models fit pre-assumed responses (e.g. 

simple linear regression which fits a linear response, and logistic regression which fits 

a sigmoidal response). These may not be appropriate to capture taxa responses which 

are bimodal, hump-shaped, or non-linear in general (McCune 2006). 

Non-parametric multiplicative regression (NPMR) is a relatively new 

regression technique that has been used in few studies describing the spatial and 

temporal dynamics of an insect taxon (DeBano et al. 2010), though there have been 

applications of the technique in the plant sciences (McCune et al.  2003, Antoine and 

McCune 2004, Ellis and Coppins 2007, Wellstein et al. 2007), river ecology (Miller 

2007), and in government agency reporting (Vander Haegen et al. 2004). NPMR 

avoids the requirement of pre-specified responses inherent in linear and logistic 

regression models, and incorporates a non-parametric smoothing technique which 

makes modeling interactions between predictors multiplicatively much more 

parsimonious than in traditional mathematical models (McCune 2006). 

 The objective of this study was to use non-parametric multiplicative regression 

as an alternative to traditional statistical modeling techniques in order to 1) determine 

which environmental variables are best predictors of taxa abundance in the Umatilla 

River, an agriculturally impacted river; and 2) determine the relative importance of the 

model parameters as they relate to each taxon.  
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MATERIALS AND METHODS 

Study Area 

 The Umatilla River drains approximately 5930 square kilometers of Umatilla, 

Morrow and Union County in northeastern Oregon (ODEQ 2001). The headwaters of 

the river converge in the foothills of the Blue Mountains in the Umatilla National 

Forest and flow out of the canyon across semi-arid desert, emptying into the Columbia 

River outside of the town of Umatilla, Oregon, approximately 143 km from the origin. 

In this region, daily average temperature is approximately 2°C in the winter and 22°C 

in the summer. The hydrology of this river is reliant on snow melt in the winter and 

spring months, with low base flows in the summer (ODEQ 2001).  

Approximately 39% of the landscape adjacent to the river is utilized for 

agriculture, including crop production and livestock grazing (ODEQ 2001). The upper 

river flows through the croplands of The Confederated Tribes of the Umatilla Indian 

Reservation (CTUIR), who have also created land easements intermittently along the 

river to aid in conservation and restoration of riparian and river habitat. These efforts 

are part of a larger effort to re-establish anadromous salmonid populations in the 

Umatilla River, once extirpated due to impediments to passage and the effects of 

heavy agricultural irrigation (ODEQ 2001). Anadromous salmonids were absent from 

the river for approximately 75 years before successful re-introduction in the 1980s 

(Phillips et al. 2000).  

 Little long-term monitoring of restoration and easement efforts has been 

conducted since the establishment of these measures, especially with regard to benthic 

macroinvertebrates and their role in restoring essential river functions and healthy 

fisheries. 

Study Design 

 The data for this study were extracted from a larger body of data collected 

during a previous bio-assessment study on benthic macroinvertebrate communities in 

the upper 96 km of the Umatilla River between 2005 and 2008. Sites were selected 

along the Umatilla River in three categories: areas considered minimally-disturbed 
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reference condition sites (ideal habitat); areas adjacent to intense agricultural use 

(degraded habitat); and in easement/conservation-protected areas. Annual selection of 

sample sites followed the rotating-panel design implemented by the EPA (EMAP 

2001), with all of the sites sampled at least once over the course of the 4-year study. 

Data were collected at each of the randomly-selected locations once a year at the end 

of June/beginning of July. 

Macroinvertebrate Sampling and Selection 

 In each sample site, eight randomly selected 0.9m2 plots were selected from 

the riffle habitat, and benthic macroinvertebrates were sampled using a 500-µm mesh 

kick net. All substrate larger than 3cm in diameter was manually scrubbed in front of 

the net, followed by a 60-second kick-sample to an approximate depth of 10cm. The 

benthic samples from the eight plots were combined to provide a representative 

sample for the entire site, and preserved in 70% ethanol. 

 In the laboratory, a 500-count sub-sampling method was implemented (Caton 

1991). All non-insect macroinvertebrates were identified to order (Thorp and Covich 

2001), and the insect macroinvertebrates identified to genus, with the exception of the 

family Dytiscidae (Coleoptera) which were identified to sub-family, and the 

Chironomidae (Diptera) which were identified to tribe (Merritt et al. 2008). 

 Six invertebrate taxa were selected for this study. Four of the taxa were 

selected because we found they were indicators of different land use types in a related 

bio-assessment study (Scherr et al. unpublished data, Chapter 2). The additional two 

taxa were selected based on high relative abundance or an ecological relationship to 

taxa identified as indicators in the previous study (Table 4.1).   

Nymphs of the genus Epeorus (Ephemeroptera: Heptageniidae) were selected 

for examination in this study, as it is a common taxon in the Umatilla River. This 

mayfly is designated by functional feeding group (FFG) as a collector/gatherer, found 

commonly on the surfaces of rocks and in the interstitial spaces of the substrate 

(Merritt et al. 2008). In a previous bio-assessment study (Scherr et al. unpublished 

data, Chapter 2), it was identified as an indicator of ideal habitat, which is supported 
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by the designation of the relatively low tolerance value of 1.5 by Merritt et al. (2008). 

To compare with Epeorus, two other collector/gatherers, Petrophila  (Lepidoptera: 

Crambidae) and Tricorythodes (Ephemeroptera: Leptohyphidae), were selected for 

evaluation.  Petrophila has a tolerance value of five (Merritt et al. 2008), and is also 

common on rock surfaces in the Umatilla River, though a general trend of occurrence 

where Epeorus is not abundant has been observed. The third taxon, Tricorythodes, has 

also been most often observed in higher numbers where Epeorus does not occur. 

Tricorythodes is considered to be tolerant to increased levels of sedimentation in the 

habitat (Hall 1975), but has not yet been assigned a tolerance value. Also identified as 

an indicator of ideal habitat with Epeorus was the genus Psephenus (Coleoptera: 

Psephenidae) (Scherr et al. unpublished data, Chapter 2), a scraper with a tolerance 

value of four (Merritt et al. 2008). This insect is also relatively common in the 

Umatilla River, and it has been suggested that members of Coleoptera may be viable 

indicators of habitat quality in other systems (Duehr and Siepker 2008). The genus 

Ordobrevia (Coleoptera: Elmidae) is an indicator of the transitional conditions found 

in easement/restoration sites (Scherr et al. unpublished data, Chapter 2). A common 

insect in the Umatilla River, Ordobrevia has life history comparable to Psephenus, 

also a scraper with a tolerance value of four (Merritt et al. 2008). Lastly, the genus 

Hydropsyche (Trichoptera: Hydropsychidae) was selected as an indicator of degraded 

habitat (Scherr et al. unpublished data, Chapter 2). Hydropsyche is found in very high 

numbers in the mid and lower regions of the river, and is functionally a 

collector/filterer with a tolerance value of four (Merritt et al. 2008), also intermediate 

for the taxa collected in the Umatilla River. 

Environmental Variables 

Slope, canopy cover, habitat complexity and channel and riparian zone 

characteristics were measured at each site. Slope of the channel was measured with a 

clinometer, and the percent canopy cover was evaluated using a convex densiometer. 

The following habitat features were mapped: pool and riffle habitat locations, side  
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Table 4.1. Order and family for each of the taxa selected for NPMR model selection, 
with status as bio-indicators of local land use. 
 

TAXA   
ORDER FAMILY GENUS INDICATOR* FFG/Tol. Val.+ 
Ephemeroptera Heptageniidae Epeorus Reference habitat Collector/gatherer; 

1.5 
Lepidoptera Crambidae Petrophila N/A Collector/gatherer; 5 
Ephemeroptera Leptohyphidae Tricorythodes N/A Collector/gather; NA 
Coleoptera Psephenidae Psephenus Reference habitat Scraper; 4 
Trichoptera Hydropsychidae Hydropsyche Degraded habitat Filterer/collector; 4 
Coleoptera Elmidae Ordobrevia Restoration 

habitat 
Scraper; 4 

*Scherr et al., unpublished data, Chapter 2 
+Merrit et al. 2008 

  



80 
 

channels, gravel bars and the presence/quantity of large wood (>10 cm in diameter) in 

the channel. Dominant and understory riparian vegetation was categorically scored, as 

was any local disturbance, including agriculture and development, railways, bridges, 

or recreational use, along a 50m transect perpendicular to the river. Temperature at 

each reach was recorded every half hour over three days following the kick-sample, 

using Onset HOBOTM data loggers.  

Alkalinity, conductivity and turbidity measurements were measured as 

parameters of water quality; alkalinity was measured with an Orbeco-Hellige Series 

942 Total Alkalinity Meter, and conductivity was measured with a YSI Model 30 

Conductivity/Salinity Meter. A LaMotte 2020 Turbidimeter was used to assess 

turbidity levels. At each kick-sample location, width, depth, and velocity (McBirney 

Digital Flo-Mate 2000) were measured. Substrate in the channel bed was quantified 

using Bain’s substrate classes (Bain et al. 1985), and filamentous algal cover on the 

substrate was recorded as a percentage.  

Of the environmental variables recorded, turbidity, conductivity, percent algal 

cover, daily average temperature, channel depth and width, and elevation were 

considered as candidates for regression models in this study. The variables were 

selected based on correlations to macroinvertebrate community structure or 

correlations to agricultural disturbance in the adjacent landscape based on a previous 

study (Scherr et al. unpublished data, Chapter 2).  

Data Analysis 

 Separate non-parametric multiplicative regression models were fit for each 

taxon response to the environmental variables. This type of regression was used 

because traditional models, i.e. general linear models and logistic regression models, 

assume a linear or sigmoidal response shape to environmental gradients and additive 

interactions among interacting variables. A non-parametric multiplicative model is 

more intuitive for describing the abundance response of organisms than traditional 

models because it assumes no response shape, inherently describes the interaction of 

the environmental variables in a multiplicative fashion, and builds the model based on 
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a local mean, fitting the model to each data point and using a locally-derived 

smoothing function to weight the responses (McCune 2006). 

 For this study, a local mean estimator with Gaussian weighting was used in a 

forward step-wise regression, and a method of cross-validated R2 (xR2) was 

implemented to evaluate fit of the model and to prevent over-fitting. Evaluating the 

model using xR2 is a “leave-one-out” approach, excluding a data point in the 

calculation of the response, then comparing the residual sum of squares (RSS) to the 

total sum of squares (TSS) (McCune 2006). 

 The abundance of each taxon was evaluated as a response to the available 

predictors twice, once with elevation as an available predictor in the step-wise model 

search, and once without elevation as an available predictor. The elevational gradient 

describes a good deal of variation in the physical habitat, capturing the changes that 

occur from the headwaters of the river in the canyon region transitioning into the very 

different habitat in the semi-arid desert landscape of the lower river. However, as a 

predictor in a regression model, the change in elevation may be representative of 

several other basic factors that change along the longitudinal river gradient, such as 

decrease in mean substrate size, increases in depth and width, and general decrease in 

the size of particulate organic matter, as illustrated by the River Continuum Concept 

(Vannote et al. 1980). Because it is not possible to isolate the specific factors 

represented by the change in elevation, a second model which excluded elevation was 

also evaluated for each taxon. The best fit models with and without elevation as an 

available variable were reported. 

 The model evaluated for each taxon was selected based on a 5% minimum 

improvement to xR2 value. A Monte-Carlo randomization was used to evaluate 

significance of the selected model; this method randomly shuffles the response 

variable and fits the random responses to the selected model in multiple iterations to 

calculate a probability of fit (p-value) as good as or better than the actual data 

(McCune 2006). For this study, the randomization was simulated 250 times. 
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 Sensitivity analysis was used to evaluate the relative importance of the model 

predictors on the response in the selected models. For this analysis, the observed 

environmental variables at each data point are adjusted by a small amount and the 

resultant change in the estimated response value is indicative of the impact of that 

environmental variable on the model. A value of 1.0 indicates a change in the response 

equal in magnitude to the change in the environmental variable, and a value of 0.0 

indicates no change in the response with change in the environmental variable 

(McCune 2006). 

 All analyses in this study were conducted using HyperNiche, version 2.0 

(McCune and Mefford 2004). 

RESULTS 

 The results of the forward step-wise model searches conducted for each taxon 

are displayed in Table 4.2, with the sensitivity values for each of the selected 

environmental variables.  When elevation was included as a predictor variable, the xR2 

values for the best fit models ranged from 0.301 to 0.634. For best fit models which 

excluded elevation as a predictor, xR2 values ranged from 0.255 to 0.430 (Table 4.2).   

All taxa evaluated had a significant best fit model when elevation was included 

in the pool of variables; however, only five of the six taxa included elevation as a 

selected predictor in the best-fit model. Inclusion of elevation in the Tricorythodes 

model search yielded similar results as the model search which excluded elevation. In 

both models, the best fit model for Tricorythodes abundance included conductivity, 

turbidity and channel width as model parameters (Table 4.2). The number of 

predictors selected in best fit models for the five remaining taxa ranged from one to 

three predictors. Of the five models including elevation as a variable available in the 

model search, one best fit model included depth as an additional parameter, three 

included channel width, and one included daily average temperature as an additional 

parameter in the best fit model (Table 4.2).  

Only four of the taxa were found to have significant models without elevation 

available in the pool of variables; the response surfaces of the four taxa to the two 
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common predictors, turbidity and conductivity, are represented in Figure 4.1. For these 

models, conductivity and turbidity were always among the best predictors for taxa 

abundance (Figure 4.1), width as a third predictor in two of the models, and average 

daily temperature and percent algal cover as third predictors once for each of the two 

remaining models (Figure 4.2, Table 4.2).  In general, Epeorus and Psephenus 

decreased in abundance as conductivity and turbidity increased, indicating habitat 

selection in areas with less suspended solutes and solids in the water column. This 

contrasts the responses of Hydropsyche and Tricorythodes, which showed a general 

trend of increased abundance with increasing turbidity and conductivity (Figure 4.1). 

Additionally, the abundance of Epeorus decreased as the percent of substrate covered 

by filamentous algae increased, and in general the abundance of Psephenus increased 

with temperature (Figure 4.2).  Ordobrevia and Petrophila did not have a significant 

best fit model when evaluated without elevation as an available predictor (Figure 4.3). 

DISCUSSION 

 The effects of agriculture on macroinvertebrates and community diversity have 

been studied extensively (Lenat and Crawford 1993, Dance and Hynes 2003, Duehr 

and Siepker 2008). Macroinvertebrates are bio-indicators of habitat conditions, and 

changes in the communities are reflective of changes in the physical environment 

(Scherr et al., unpublished data, Chapter 2). Changes in the environment as a result of 

agriculture in the adjacent landscape include removal of riparian canopy, alterations to 

the channel, such as channelization, and increases in sedimentation.  

The objective of this study was to use non-parametric multiplicative regression 

(NPMR) to identify the environmental parameters that were the best predictors of the 

abundance of important macroinvertebrate taxa in the Umatilla River, and to evaluate 

the relationship of indicator taxa to environmental variables which are related to 

agricultural disturbance. Although the xR2 values show that the best fit models 

account for only 25.5% to 43% of the variation in the data without elevation as a 

predictor, all models showed significant interactions between the taxa, turbidity and 

conductivity These two predictors were consistently identified as predictors for all  
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Table 4.2. Forward step-wise regression model search results with elevation as an 
available predictor (identified by Taxon name), and without elevation as an available 
predictor (Taxon name').  
 

Taxa/Model xR2 P-value* Model Parameters Sensitivities 
Epeorus 0.634 0.004 Elevation, depth, width 0.731, 0.119, 0.015 

Epeorus' 0.303 0.010 
Conductivity, turbidity, % algal 
cover 0.352, 0.239, 0.304 

Hydropsyche 0.618 0.004 Elevation, % algal cover, width 0.380, 0.141, 0.209 
Hydropsyche' 0.430 0.004 Conductivity, turbidity, width 0.414, 0.147, 0.086 
Ordobrevia 0.406 0.004 Elevation, avg. temp 0.826, 0.275 
Ordobrevia' 0.079 0.135 Width, avg. temp N/A+ 
Petrophila 0.514 0.008 Elevation, % algal cover, width 0.506, 0.043, 0.197 
Petrophila' 0.088 0.155 Conductivity, % algal cover N/A+ 
Psephenus 0.537 0.004 Elevation 1.474 

Psephenus' 0.255 0.028 
Conductivity, turbidity, avg. 
temp 1.790, 0.153, 2.256 

Tricorythodes 0.301 0.040 Conductivity, turbidity, width 0.778, 0.214, 0.069 
Tricorythodes' 0.301 0.032 Conductivity, turbidity, width 0.778, 0.214, 0.069 

*α = 0.05 
+sensitivity values were not considered for non-significant models 
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Figure 4.1. Response surfaces of taxa in the Umatilla River to environmental 
variables for significant models produced by NPMR, evaluated without elevation as an 
available predictor for data collected between 2005-2008 (ABD= Abundance). 
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Figure 4.2. Responses of Epeorus and Psephenus to the two predictors with the 
highest relative importance, as determined by the sensitivity analysis. ABD= 
Abundance; % ALGAE= filamentous algal cover of substrate; AVG.TEMP= average 
daily temperature. 
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Figure 4.3. Response surfaces of two taxa in the Umatilla River to best-fit NPMR 
models for data collected from 2005-2008 including elevation as a predictor. ABD= 
Abundance; % ALGAE= filamentous algal cover of substrate; AVG.TEMP= average 
daily temperature. 
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taxa evaluated.  

 Turbidity is a measure of the suspended solids in the water column, and is 

commonly associated with soil erosion and non-point source runoff in rivers 

associated with agricultural landscapes (Cordone and Kelly 1961, Lenat and Crawford 

1994, Wang et al. 1997). The effects of turbidity on river systems and the endemic 

biota have been examined in many studies, including impacts on fish populations 

(Lemly 1982, Chapman 1988, Richards and Minshall 1992). Increased suspended 

solids in the water column limit the availability of light for primary production in the 

river, impacting populations of primary consumers, and potentially altering the food 

web interactions at higher trophic levels. It has been shown that increased turbidity in 

the habitat is associated with a decrease in the diversity of macroinvertebrates, as well 

as decreases in fish species richness, predation and reproductive success (Lloyd et al. 

1989, Henley et al. 2000, Van de Meutter et al. 2005). According to the Oregon 

Department of Environmental Quality (ODEQ), the Umatilla River exceeds 

benchmarks in turbidity measurements, making it water quality-limiting (ODEQ 

2001). In many regions of the river, the riparian zone has been partially or completely 

removed, and crops extend to the river bank. Without a vegetative buffer between 

upland agriculture and the river, increased sediment inputs and turbidity are expected 

(Barling and Moore 1994, Daniels and Gilliam 1996, Lorion and Kennedy 2009). As 

only the riffle habitats were sampled for the macroinvertebrates evaluated in this 

study, there is no clear connection with increased sedimentation; however, the 

significant relationship of the insects to turbidity quantifies at least part of the effects 

of sediment runoff and soil erosion in areas of the river heavily impacted by 

agriculture.  

 Conductivity is an approximate measure of total ionic concentration of the 

water. In arid regions especially, the ionic concentration of the soils is higher due to 

less rainfall and increased evaporation; runoff in these regions, like the lower river 

region of the Umatilla River, would be expected to increase ionic concentration in the 

river by mobilizing solutes with irrigation (Allan and Castillo 2007). Increases in 
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conductivity may also be expected at points of irrigation return flow (Silva et al. 

1997). In the lower Umatilla River, where the river flows through semi-arid desert, 

there is a shift in agriculture to irrigated cropping which creates point-source 

fluctuations at return flow locations. As with turbidity, removal of riparian vegetation 

may increase the input of solutes to adjacent streams as they are less likely to be taken 

up by plants (Likens et al. 1967). Increase in suspended solutes has also been 

associated with overall decreased habitat quality, and has been shown to negatively 

affect abundance, drift and emergence of aquatic invertebrates (Allan 2004, Mesa 

2009). Rivers and streams in general have highly variable conductivity comparatively, 

though as this study examines the interactions within one system, the results indicating 

a close relationship of turbidity and conductivity may be evidence that conductivity is 

also linked to agriculture in the Umatilla River. 

 The responses of the taxa to turbidity and conductivity are generally what we 

would predict based on their relationships to habitat quality from a related 

bioassessment study and their relative tolerance values. Sensitive taxa which were 

indicators of high quality habitats showed negative responses to increasing 

disturbance. The relationship describing the abundance of Epeorus as a response to 

turbidity and conductivity by the best fit regression model shows an expected pattern 

of decreased abundance with increasing values for both predictors, following the 

previous identification as an indicator of ideal habitat and low tolerance (Merritt et al. 

2008,  Scherr et al. unpublished data, Chapter 2). This and other studies in rivers in 

this region of the Pacific Northwest have shown a relationship between decreases 

water quality and increases in turbidity and conductivity, and the impacts on the 

endemic biota, specifically decreases in macroinvertebrate richness (Gregory and 

Levings 1998; Scherr et al., unpublished data, Chapter 2). 

The taxa in this study were also related to other environmental variables. The 

two most important model predictors for Epeorus abundance, measured by the 

sensitivity values, were conductivity and percent algal cover though turbidity was also 

a model parameter (Table 4.2).  Psephenus, also considered an indicator of ideal 
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habitat in a previous study (Scherr et al, unpublished data, Chapter 2), responded to 

increasing turbidity and conductivity with decreased abundance. However, this taxon 

was assigned a higher tolerance value (four) by Merritt et al. (2008). The model 

describing Psephenus abundance had the highest sensitivity to daily average 

temperature and a higher sensitivity to conductivity than Epeorus (Table 4.2). 

 In a previous study (Scherr et al. unpublished data, Chapter 2), the genus 

Ordobrevia was an indicator of the transitional conditions found in restoration habitat, 

having an intermediate tolerance value assigned by Merritt et al. (2008). Without 

elevation as an available environmental variable, best fit models were not significant 

(Table 4.3). Ordobrevia in the Umatilla River do not seem to be strongly responding 

to the variables found in this study to be closely linked to both agriculture and taxa 

abundance in general. Petrophila also did not have a significant best-fit model 

predicting taxon abundance without elevation as a predictor. It is most likely that the 

distribution of these two taxa is driven by environmental variables other than those 

selected for this study.  

 In contrast to Epeorus and Psephenus, abundance of the tolerant taxa, 

Hydropsyche and Tricorythodes, increased as turbidity and conductivity increased. 

This is expected for Hydropsyche, as it has been identified previously as an indicator 

of degraded habitat (Merritt et al. 2008). Best fit models for both taxa identified 

channel width as a third predictor for abundance, though the sensitivity of each taxa to 

this predictor was low (Hydropsyche= 0.086; Tricorythodes= 0.069). In general, the 

overall similarity of results for Hydropsyche and Tricorythodes indicates similar 

tolerance for habitat conditions.  

We originally expected daily average temperature and algal cover to have more 

significant contributions as predictors to the abundance of the taxa; temperature 

especially has been found to be a driver of aquatic invertebrate community 

composition and taxa abundance (Newell and Minshall 1978, Sweeney 1978, Burgmer 

et al. 2006). However, average daily temperature was only identified as a predictor for 

Psephenus without elevation. Though the sensitivity value for temperature was high in 
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this model, the model described only 25.5% of the variation in the data. The graph of 

the response surface (Figure 4.2) describes an irregular response of Psephenus to 

temperature as well, though in general it can be seen that as temperatures increase, the 

abundance of Psephenus also increases, which may contribute to the habits of this 

genus which indicate intermediate tolerance to disturbance (Table 4.1).  Algal cover 

was expected to be important predictors for taxa sensitive to temperature and pollution 

disturbance; increase in filamentous algae is associated with high temperatures and 

nutrient inputs in degraded habitat (Welch et al. 1998), as well as loss of riparian 

vegetation (Hawkins et al. 1982). 

Though the abundance of both Hydropsyche and Tricorythodes were modeled 

with channel width as a predictor in the best fit model, inferring changes in abundance 

as a result of increasing or decreasing channel width would be unreasonable. Channel 

width is certainly altered in the Umatilla River as a result of agriculture in the adjacent 

landscape (ODEQ 2001), with increased channelization of the stream bed in these 

locations. However, the variable for channel width may also be similar to elevation; 

the increase in channel width proceeding downstream may also be indicative of other 

habitat variables such as increases in discharge or decreases in the size of particulate 

organic matter as it naturally occurs according to the River Continuum Concept 

(Vannote et al. 1980).  

 Additional abiotic effects, such as those related to nutrient inputs, runoff of 

chemical pesticides, river hydraulics, and others not examined in this study may 

further elucidate the interactions between benthic macroinvertebrates in agriculturally 

impacted ecosystems. Using NPMR to evaluate taxa response to environmental 

gradients is an effective method for describing the relationships; however, there is 

difficulty associated with the use of NPMR for several environmental variables and is 

dependent on the sample size. Attempting to fit models with too many available 

predictors increases the potential for over-fitting a regression model, especially with a 

relatively small number of sampling events. Larger sample size may allow for further 

examination of the environmental variables not examined in this study. 
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Long-term agricultural production and other anthropogenic disturbances have 

been shown to have long lasting effects in the landscape (Harding et al. 1998), and the 

effects of climate change are projected to further exacerbate water resources 

(Vorosmarty et al. 2000, Middelkoop et al. 2001, Hayhoe et al. 2004). The consistent 

selection of conductivity and turbidity as predictors of taxa abundance in this study 

indicates a strong influence of agriculture on the in-stream habitat as it relates to 

habitat selection by macroinvertebrates. As these factors increased, the abundance of 

sensitive taxa decreased while the abundance of tolerant taxa increased, indicating that 

the changes in the adjacent landscape have a significant impact on the 

macroinvertebrate assemblage. Using NPMR we were able to show not only the 

specific variables altered by agricultural disturbance affecting the taxa, but the 

sensitivity of the individual taxon to each predictor.  

Understanding the complex interaction of environmental variables which drive 

bioindicators organism abundance and distribution patterns in natural ecosystems is 

vital for guiding sustainable management practices and preserving freshwater 

resources.  
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Chapter 5 

Conclusions 

 

The structure of benthic macroinvertebrate communities is reflective of 

underlying factors at work in the surrounding landscape, such as regional diversity, 

climate and hydrology. Community structure is further driven at the local scale by 

habitat characteristics such as substrate heterogeneity, disturbance and interspecific 

interactions (Hynes 1970, Allan and Castillo 2007, Merrit et al. 2008). Examination of 

changes in community structure can indicate disturbance in the river and the 

surrounding landscape, and knowledge of indicator taxa responses to stressors 

enhances understanding of how these disturbances change the river habitat. Niche 

partitioning and functional roles are recurring themes when examining the interaction 

between aquatic organisms and the environment, and understanding of life history 

strategies and behavioral traits is critical for reliance on macroinvertebrates as 

indicators of habitat quality (Allan and Castillo 2007, Merrit et al. 2008). 

The intention of the studies in this dissertation is to increase the knowledge of 

macroinvertebrates utilized as bioindicators of habitat quality, to assess the 

relationship between benthic organisms and environmental characteristics, and to use 

this knowledge to examine the influence of adjacent land use on macroinvertebrate 

communities.  The preceding chapters address these topics from a variety of 

perspectives, beginning with a large-scale bioassessment of the response of 

macroinvertebrate community structure in an agriculturally impacted river (Chapter 

2), and then focusing on individual taxon responses to abiotic variables in the 

environment in a laboratory study (Chapter 3) and in a statistical modeling study 

(Chapter 4). The evaluation of multiple aspects of macroinvertebrate responses to the 

physical environment and the combination of analytical techniques in the studies of 

this dissertation allowed for increased resolution when considering the responses of 

the macroinvertebrate taxa to physical parameters. The analytical techniques used 

provide a powerful tool for habitat assessment and monitoring. 
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A common premise in the three prior chapters is that concern for the state of 

freshwater resources is increasing on a global scale, and it has been stated that in 

human-impacted freshwater systems, alterations to habitat are the most important 

disturbance to the endemic biota (Allan and Castillo 2007). Alterations to habitat are 

exemplified in rivers associated with agro-ecosystems, as modifications are made not 

only to the adjacent landscape, often including the riparian zone, but also to the river 

itself when channelization and the building of dams, levees, diversions, etc. is a 

common practice. The Umatilla River is an example of the kind of alterations to the 

landscape which occurs as a result of heavy agricultural pressure, and is a model for 

studies like the ones contained in this dissertation for understanding the impacts of 

agricultural disturbance on the benthic biota. 

Many studies in the past have examined the impacts of agriculture and local 

land use on macroinvertebrate communities; however, because of the interactive 

nature of the physical habitat parameters and the relationship between organisms and 

the environment coupled with interspecific interactions of the biota, it is difficult to 

isolate specific changes in the habitat that are causative in macroinvertebrate 

community shifts. The benefit of the multivariate approach utilized in the second 

chapter of this dissertation is the ability to evaluate these relationships simultaneously, 

looking at the relative similarity of localities based on macroinvertebrate community 

structure as well as the environmental gradients with strong correlations to the patterns 

identified. This is further strengthened by experimental examination of taxa responses 

to specific variables and the use of non-parametric regression techniques, as employed 

in chapters three and four of this dissertation, to further isolate the specific gradients 

which can best be used to predict abundance of indicator taxa.  

Evaluation of the benthic macroinvertebrates in the Umatilla River showed that 

there are several taxa sensitive to disturbance, which may be able to serve as indicator 

taxa for ideal habitat conditions, as well as tolerant taxa which appear to be indicative 

of degraded habitat conditions. These indicator taxa have strong associations with the 

physical environment, and were correlated to the differences in abiotic factors between 
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ideal and degraded habitat conditions. The lab study in particular showed that changes 

to a single variable, temperature, may impact macroinvertebrate taxa in a variety ways, 

altering physiological processes, indicated by shift in body tissue accumulation, 

causing stress to the insect by indirectly affecting available oxygen concentrations, 

and by influencing drifting behavior.   

Important factors examined which were directly associated with disturbance 

from agricultural land use in the adjacent terrain were turbidity and conductivity, 

which were shown to be associated with overall community structure, as well as being 

identified as significant predictors of indicator taxa abundance in the Umatilla River. 

Both turbidity and conductivity have been linked to decreased water quality in 

agricultural ecosystems in previous studies (Henley et al. 2000, Mesa 2009), as well as 

decreased success in locally important fish populations, such as salmon (Gregory and 

Levings 1998). The studies in this dissertation have shown that the benthic 

macroinvertebrate community structure in the Umatilla River is affected by the 

heavily agricultural adjacent land use. The increased knowledge of specific parameters 

influencing community structure and the patterns of key indicator taxa abundance in 

response to physical habitat variables examined in this dissertation provide useful 

tools for further monitoring and assessment of habitat conditions. 

The increasing concern for surface waters has lead to increased interest in 

conservation and restoration of freshwater resources. Restoration efforts on the 

Umatilla River have resulted in several reaches with protected riparian zones, 

however, there has been little opportunity or resources for long-term monitoring 

projects for assessing efficacy of restoration endeavors. It has been suggested that 

once a system has been altered for a long period of time, the restoring to a previous 

condition is no longer reasonable, owing to changes in the landscape and connectivity, 

available species pools and shifts in the interspecific interactions of the biota (Suding 

et al. 2004).The results of the studies in this dissertation provide an assessment of 

restoration projects more than a decade after establishment, and have given evidence 

that restoration sites may have created an “alternate” ideal habitat condition, with 
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novel macroinvertebrate community compositional changes over time when compared 

to non-restoration locations on the Umatilla River. If this is indeed the case, 

management of restoration locations should be focused on improving the processes 

and functions vital for a healthy ecosystem in the Umatilla River, i.e. protecting 

riparian zones and increasing bank stabilization to minimize run-off and non-point 

source pollution from adjacent agriculture. 

The effects of disturbance may be long lasting in the landscape (Harding 

1998), and understanding the changes to the landscape made as a result of human-

induced disturbance is essential for restoration efforts and mitigation of negative 

impacts. Further studies similar to the ones described in this dissertation have the 

potential to provide useful insight on indicator taxa which are reach-specific, as well 

as defining quantitative relationships between the environmental gradients impacted 

by disturbance and the endemic organisms. In order to direct policies and land 

management in a sustainable course a more thorough understanding of the complex 

interactions between biota and the environment must be achieved.  
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All taxa, tolerance values (TV), functional feeding group (FFG) (Merrit et al. 2008) and presence by study year and site type: 
RC= Reference condition, AI= agriculturally impacted, EA= easement site. 
 

              Upper River Lower River 

Class Order Family Tribe/Genus TV FFG Year RC AI EA RC AI EA 

Arachnida Araneae         2005 X     X     
            2006             
            2007     X   X X 
            2008 X X X   X   
Arachnida Trombidiformes         2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Bivalvia Veneroida         2005             
            2006         X   
            2007             
            2008       X     
Branchipoda Cladocera         2005             
            2006       X X   
            2007             
            2008             
Clitellata Hirudinea         2005 X     X     
            2006 X X X X X X 
            2007 X X X   X   
            2008 X X X       
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Clitellata Oligochaeta         2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Gastropoda Mesogastropoda         2005 X     X     
            2006     X X X X 
            2007       X X X 
            2008         X X 
Insecta Collembola Sminthuridae Dicyrtoma NA NA 2005             
            2006 X   X       
            2007             
            2008             
Insecta Coleoptera Dytiscidae Hydroporinae     2005       X     
            2006       X     
            2007             
            2008             
Insecta Coleoptera Elmidae Heterlimnius 3 NA 2005 X X         
            2006   X X       
            2007 X X X       
            2008   X X       
Insecta Coleoptera Elmidae Microcylloepus 1 NA 2005 X           
            2006             
            2007 X   X       
            2008   X         
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Insecta Coleoptera Elmidae Optioservus 8 NA 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Insecta Coleoptera Elmidae Ordobrevia 4 NA 2005 X     X     
            2006 X X X X X X 
            2007 X X X   X X 
            2008 X X X   X X 
Insecta Coleoptera Elmidae Zaitzevia 4 NA 2005 X     X     
            2006 X X X X X X 
            2007 X X X   X X 
            2008 X X X X X X 
Insecta Coleoptera Hydrophilidae Tropisternus 5 NA 2005             
            2006             
            2007             
            2008     X       
Insecta Coleoptera Psephenidae Psephenus 4 SG 2005 X   X       
            2006 X X X   X X 
            2007 X X X       
            2008 X X   X X   
Insecta Diptera Athericidae Atherix 2 P 2005 X           
            2006 X X X     X 
            2007 X X X       
            2008 X X         
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Insecta Diptera Ceratopogonidae Bezzia 6 P 2005 X           
            2006 X X         
            2007 X   X       
            2008             
Insecta Diptera Chironomidae Chironominae 6 CG 2005 X     X     
            2006 X X         
            2007 X X X X X X 
            2008 X X X X X X 
Insecta Diptera Chironomidae Orthocladiinae 6 CG 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Insecta Diptera Chironomidae Tanypodinae 7 P 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X   
Insecta Diptera Deuterophlebiidae Deuterophlebia 0 SH 2005             
            2006             
            2007             
            2008     X       

Insecta Diptera Empididae 

Metachela/ 
6 P 2005 X           Chelifera 

            2006 X   X   X X 
            2007 X X X X     
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            2008 X X X       
Insecta Diptera Psychodidae Maruina 6 SH 2005             
            2006     X       
            2007             
            2008   X X       
Insecta Diptera Simulidae Simulium 6 CF 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Insecta Diptera Stratiomyidae Myxosargus 2 CG 2005             
            2006             
            2007             
            2008   X         
Insecta Diptera Tipulidae Antocha 3 CG 2005 X     X     
            2006 X X X X X X 
            2007 X X X   X X 
            2008 X X X       
Insecta Diptera Tupulidae Tipula 4 SH 2005 X     X     
            2006 X     X X   
            2007 X     X     
            2008   X X       
Insecta Ephemeroptera Ameletidae Ameletus 0 CG 2005 X           
            2006             
            2007             
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            2008             
Insecta Ephemeroptera Baetidae Acentrella 4 CG 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X   X X X 

Insecta Ephemeroptera Baetidae Baetis 
1.0-
5.0 SG 2005 X     X     

            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Insecta Ephemeroptera Baetidae Diphetor 5 NA 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Insecta Ephemeroptera Ephemerellidae Attenella 3 CG 2005             
            2006 X   X X X X 
            2007         X X 
            2008   X X   X X 
Insecta Ephemeroptera Ephemerellidae Caudatella 1 CG 2005 X           
            2006 X           
            2007   X X       
            2008 X X X       
Insecta Ephemeroptera Ephemerellidae Dannella NA CG 2005             
            2006 X           
            2007     X       
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            2008             
Insecta Ephemeroptera Ephemerellidae Drunella 0 CG 2005 X           
            2006 X X X       
            2007 X X X       
            2008 X X X       
Insecta Ephemeroptera Ephemerellidae Ephemerella 1.5 SH 2005             
            2006             
            2007 X   X       
            2008     X       
Insecta Ephemeroptera Ephemerellidae Serratella 1 CG 2005 X           
            2006 X X X       
            2007 X X X       
            2008 X X X       
Insecta Ephemeroptera Heptageniidae Cinygma 4 SG 2005 X     X     
            2006 X   X X X X 
            2007 X X X X X X 
            2008 X     X X X 
Insecta Ephemeroptera Heptageniidae Cinygmula 4 SG 2005 X           
            2006 X X X       
            2007 X X X       
            2008 X X X       
Insecta Ephemeroptera Heptageniidae Epeorus 0 SG 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
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            2008 X X X X X X 
Insecta Ephemeroptera Leptohyphidae Tricorythodes NA CG 2005 X     X     
            2006       X X X 
            2007 X     X X X 
            2008 X     X X X 

Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia 
1.0-
4.0 CG 2005 X     X     

            2006   X X X X X 
            2007 X     X X X 
            2008       X X X 
Insecta Lepidoptera Crambidae Petrophila 5 SG 2005 X     X     
            2006       X X   
            2007       X X   
            2008 X X X       
Insecta Megaloptera Sialidae Sialis 4 P 2005             
            2006         X   
            2007             
            2008             
Insecta Odonata Coenagrionidae Argia 7 P 2005       X     
            2006             
            2007             
            2008             
Insecta Plecotera Chloroperlidae Plumiperla NA NA 2005 X           
            2006   X X       
            2007     X       
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            2008   X X       
Insecta Plecotera Chloroperlidae Suwallia 1 P 2005 X           
            2006     X       
            2007             
            2008   X         
Insecta Plecotera Nemouridae Amphinemura 2 SH 2005 X           
            2006 X X         
            2007 X   X       
            2008     X       
Insecta Plecotera Perlidae Calineuria 2 P 2005 X     X     
            2006 X X X X X X 
            2007 X X X X   X 
            2008 X X X X     
Insecta Plecotera Perlidae Claassenia 3 P 2005       X     
            2006         X X 
            2007 X         X 
            2008         X   
Insecta Plecotera Perlidae Doroneuria 1 NA 2005             
            2006 X           
            2007 X           
            2008             
Insecta Plecotera Perlodidae Perlinoides 2 NA 2005 X           
            2006 X X X       
            2007 X X X       
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            2008             
Insecta Plecotera Perlodidae Skwala 2 P 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X   X X X X 
Insecta Plecotera Pteronarcyidae Pteronarcella 0 SD 2005 X           
            2006 X   X       
            2007 X   X       
            2008 X X         
Insecta Plecotera Pteronarcyidae Pteronarcys 0 SD 2005 X           
            2006 X X X       
            2007 X X X       
            2008 X X X       
Insecta Trichoptera Brachycentridae Brachycentrus 1 CF 2005 X     X     
            2006 X X X X X X 
            2007 X     X X X 
            2008 X X X X X X 
Insecta Trichoptera Glossosomatidae Glossomosa 1 SG 2005 X           
            2006 X X X   X X 
            2007 X X X   X   
            2008 X X     X   
Insecta Trichoptera Helicopsychidae Helicopsyche 0 SG 2005             
            2006       X     
            2007             
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            2008             
Insecta Trichoptera Hydropsychidae Cheumatopsyche 6 CF 2005 X     X     
            2006 X     X X X 
            2007 X     X X X 
            2008 X     X X X 
Insecta Trichoptera Hydropsychidae Hydropsyche 4 CF 2005 X     X     
            2006 X X X X X X 
            2007 X X X X X X 
            2008 X X X X X X 
Insecta Trichoptera Hydroptilidae Hydroptila 6 P 2005 X     X     
            2006 X X X X X X 
            2007 X X   X X X 
            2008       X     
Insecta Trichoptera Hydroptilidae Leucotrichia 4 SG 2005             
            2006         X   
            2007         X   
            2008             
Insecta Trichoptera Hydroptilidae Ochrotrichia NA P 2005 X           
            2006 X   X X X X 
            2007 X X   X X X 
            2008       X X   
Insecta Trichoptera Leptoceridae Oecetis 4 P 2005       X     
            2006             
            2007             
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            2008 X     X     
Insecta Trichoptera Philopotamidae Chimarra NA CF 2005 X           
            2006             
            2007   X X       
            2008             
Insecta Trichoptera Rhyacophilidae Rhyacophila 1 P 2005 X           
            2006   X X   X   
            2007 X X X       
            2008   X X       
Malacostraca Amphipoda         2005 X           
            2006 X   X   X X 
            2007     X       
            2008   X X   X   
Malacostraca Decapoda         2005             
            2006 X X X       
            2007 X X X       
            2008 X X X   X   
Malacostraca Isopoda         2005             
            2006   X X       
            2007   X         
            2008 X X         
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Macroinvertebrate community metrics for each site by year. RC= reference condition, AI= agriculturally impacted, EA= 
easement site; H´= Shannon-Weiner index; Evenness = H´/H´max; Richness= total number of genera; EPT= number of genera 
belonging to the orders Ephemeroptera, Plecoptera and Trichoptera. 

REACH Site GPS Elevation Year H´ Evenness Richness  EPT Genera 
    N W (m)           
UPPER RC1 45 43'51 118 16'09 621 2005 2.607 0.739 34 16 
  RC1       2006 2.754 0.788 33 18 
  RC2 45 42'14 118 21'33 535 2005 2.243 0.666 29 15 
  RC2       2006 2.655 0.797 28 12 
  RC2       2007 2.842 0.806 34 17 
  RC2       2008 2.386 0.709 29 12 
  RC3 45 41'06 118 27'09 483 2005 2.181 0.648 29 14 
  RC3       2006 2.226 0.675 27 13 
  RC3       2007 2.123 0.613 32 17 
  RC3       2008 1.893 0.596 24 11 
  RC4 45 41'10 118 27'31 476 2005 1.819 0.558 26 11 
  RC4       2006 2.287 0.694 27 15 
  RC4       2007 1.84 0.558 27 12 
  RC4       2008 2.059 0.625 27 11 
  RC5 45 41'05 118 30'42 446 2005 1.859 0.593 23 11 
  RC5       2006 2.411 0.709 30 15 
  RC5       2007 1.788 0.521 31 15 
  RC5       2008 1.995 0.605 27 14 
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  AI1 45 69'00 118 20'49 687 2005 2.661 0.768 32 18 
  AI1       2006 2.786 0.811 31 18 
  AI1       2008 2.517 0.733 31 13 
  AI2 45 44'52 118 14'47 649 2006 2.773 0.8 32 18 
  AI2       2007 2.289 0.66 32 15 
  AI2       2008 2.739 0.813 29 13 
  AI3 45 43'07 118 18'32 589 2006 2.765 0.821 29 17 
  AI3       2007 2.645 0.763 32 16 
  AI3       2008 2.524 0.728 32 13 
  EA1 45 44'44 118 13'30 667 2006 2.509 0.718 33 17 
  EA1       2007 2.628 0.745 34 19 
  EA1       2008 2.735 0.776 34 17 
  EA2 45 43'07 118 19'26 568 2006 2.606 0.791 27 11 
  EA3 45 42'40 118 21'11 541 2006 2.723 0.793 31 17 
  EA3       2007 2.724 0.779 33 15 
  EA3       2008 2.51 0.77 26 11 
  EA4 45 41'16 118 25'41 493 2005 2.163 0.656 27 14 
  EA4       2006 2.533 0.745 30 15 
  EA4       2007 2.581 0.738 33 17 
LOWER RC8 45 41'46 119 08'27 207 2005 2.263 0.665 30 14 
  RC8       2006 2.509 0.724 32 16 
  RC8       2007 2.238 0.679 27 15 
  RC9 45 77'80 119 22'50 186 2006 2.049 0.645 24 13 
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  RC9       2007 2.29 0.721 24 13 
  RC9       2008 2.26 0.731 22 14 
  RC10 45 46'97 119 14'30 174 2005 1.985 0.642 22 12 
  RC10       2006 2.166 0.673 25 13 
  RC10       2008 2.286 0.702 26 15 
  AI6 45 39'62 118 53'56 279 2006 1.935 0.626 22 10 
  AI7 45 40'47 119 00'32 253 2006 2.172 0.659 27 15 
  AI7       2007 2.213 0.679 26 13 
  AI8 45 40'63 119 02'19 233 2006 2.418 0.742 26 15 
  AI9 45 40'38 119 03'75 229 2006 2.194 0.682 25 12 
  AI9       2007 2.256 0.701 25 14 
  AI9       2008 2.433 0.756 25 13 
  AI10 45 41'08 119 05'58 222 2006 2.439 0.724 29 16 
  AI10       2007 2.353 0.722 26 16 
  AI10       2008 2.461 0.774 24 13 
  EA7 45 39'44 118 57'85 261 2006 2.186 0.656 28 12 
  EA7       2007 2.219 0.689 25 14 
  EA8 45 39'61 118 59'22 257 2006 2.228 0.701 24 15 
  EA8       2007 2.137 0.682 23 12 
  EA8       2008 1.963 0.645 21 12 
  EA9 45 40'24 119 00'34 250 2006 2.107 0.639 27 14 
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