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FOREWORD

The U.S. Geological Survey (USGS) is committed to providing the Nation with credible scientific 
information that helps to enhance and protect the overall quality of life and that facilitates effective 
management of water, biological, energy, and mineral resources (http://www.usgs.gov/). Information 
on the Nation’s water resources is critical to ensuring long-term availability of water that is safe 
for drinking and recreation and is suitable for industry, irrigation, and fish and wildlife. Population 
growth and increasing demands for water make the availability of that water, now measured in terms 
of quantity and quality, even more essential to the long-term sustainability of our communities and 
ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 to 
support national, regional, State, and local information needs and decisions related to water-quality 
management and policy (http://water.usgs.gov/nawqa). The NAWQA Program is designed to answer: 
What is the condition of our Nation’s streams and ground water? How are conditions changing over 
time? How do natural features and human activities affect the quality of streams and ground water, 
and where are those effects most pronounced? By combining information on water chemistry, 
physical characteristics, stream habitat, and aquatic life, the NAWQA Program aims to provide 
science-based insights for current and emerging water issues and priorities. From 1991-2001, the 
NAWQA Program completed interdisciplinary assessments and established a baseline understanding 
of water-quality conditions in 51 of the Nation’s river basins and aquifers, referred to as Study Units 
(http://water.usgs.gov/nawqa/studyu.html). 

Multiple national and regional assessments are ongoing in the second decade (2001–2012) of the 
NAWQA Program as 42 of the 51 Study Units are reassessed. These assessments extend the findings 
in the Study Units by determining status and trends at sites that have been consistently monitored for 
more than a decade, and filling critical gaps in characterizing the quality of surface water and ground 
water. For example, increased emphasis has been placed on assessing the quality of source water 
and finished water associated with many of the Nation’s largest community water systems. During 
the second decade, NAWQA is addressing five national priority topics that build an understanding 
of how natural features and human activities affect water quality, and establish links between 
sources of contaminants, the transport of those contaminants through the hydrologic system, and 
the potential effects of contaminants on humans and aquatic ecosystems. Included are topics on 
the fate of agricultural chemicals, effects of urbanization on stream ecosystems, bioaccumulation of 
mercury in stream ecosystems, effects of nutrient enrichment on aquatic ecosystems, and transport 
of contaminants to public-supply wells. These topical studies are conducted in those Study Units 
most affected by these issues; they comprise a set of multi-Study-Unit designs for systematic national 
assessment. In addition, national syntheses of information on pesticides, volatile organic compounds 
(VOCs), nutrients, selected trace elements, and aquatic ecology are continuing. 

The USGS aims to disseminate credible, timely, and relevant science information to address practical 
and effective water-resource management and strategies that protect and restore water quality. 
We hope this NAWQA publication will provide you with insights and information to meet your needs, 
and will foster increased citizen awareness and involvement in the protection and restoration of our 
Nation’s waters. 

The USGS recognizes that a national assessment by a single program cannot address all 
water-resource issues of interest. External coordination at all levels is critical for cost-effective 
management, regulation, and conservation of our Nation’s water resources. The NAWQA Program, 
therefore, depends on advice and information from other agencies—Federal, State, regional, 
interstate, Tribal, and local—as well as nongovernmental organizations, industry, academia, and 
other stakeholder groups. Your assistance and suggestions are greatly appreciated.

Matthew C. Larsen

Associate Director for Water

http://www.usgs.gov/
http://water.usgs.gov/nawqa
http://water.usgs.gov/nawqa/studyu.html
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Abstract 
Biotic communities and environmental conditions 

can be highly variable between natural ecosystems. The 
variability of natural assemblages should be considered in the 
interpretation of any ecological study when samples are either 
spatially or temporally distributed. Little is known about biotic 
variability in the Santa Ana River Basin. In this report, the 
lotic community and habitat assessment data from ecological 
studies done as part of the U.S. Geological Survey’s National 
Water-Quality Assessment (NAWQA) program are used for a 
preliminary assessment of variability in the Santa Ana Basin.

Habitat was assessed, and benthic algae, benthic 
macroinvertebrate, and fish samples were collected at four 
sites during 1999–2001. Three of these sites were sampled 
all three years. One of these sites is located in the San 
Bernardino Mountains, and the other two sites are located in 
the alluvial basin. Analysis of variance determined that the 
three sites with multiyear data were significantly different for 
41 benthic algae metrics and 65 macroinvertebrate metrics 
and fish communities. Coefficients of variation (CVs) were 
calculated for the habitat measurements, metrics of benthic 
algae, and macroinvertebrate data as measures of variability. 
Annual variability of habitat data was generally greater at the 
mountain site than at the basin sites. The mountain site had 
higher CVs for water temperature, depth, velocity, canopy 
angle, streambed substrate, and most water-quality variables. 
In general, CVs of most benthic algae metrics calculated 
from the richest-targeted habitat (RTH) samples were greater 

at the mountain site. In contrast, CVs of most benthic algae 
metrics calculated from depositional-targeted habitat (DTH) 
samples were lower at the mountain site. In general, CVs 
of macroinvertebrate metrics calculated from qualitative 
multihabitat (QMH) samples were lower at the mountain 
site. In contrast, CVs of many metrics calculated from RTH 
samples were greater at the mountain site than at one of the 
basin sites. Fish communities were more variable at the basin 
sites because more species were present at these sites.

Annual variability of benthic algae metrics was related 
to annual variability in habitat variables. The CVs of benthic 
algae metrics related to the most CVs of habitat variables 
included QMH taxon richness, the RTH percentage richness, 
RTH abundance of tolerant taxa, RTH percentage richness of 
halophilic diatoms, RTH percentage abundance of sestonic 
diatoms, DTH percentage richness of nitrogen heterotrophic 
diatoms, and DTH pollution tolerance index. The CVs of 
macroinvertebrate metrics related to the most CVs of habitat 
variables included the RTH trichoptera, RTH EPT, RTH 
scraper richness, RTH nonchironomid dipteran abundance 
(in percent), and RTH EPA (U.S. Environmental Protection 
Agency) tolerance, which is based on abundance. Many of the 
CVs of habitat variables related to CVs of macroinvertebrate 
metrics were the same habitat variables that were related 
to the CVs of benthic algae metrics. On the basis of these 
results, annual variability may have a role in the relationship 
of benthic algae and macroinvertebrates assemblages with 
habitat and water quality in the Santa Ana Basin. This report 
provides valuable baseline data on the variability of biological 
communities in the Santa Ana Basin.

Variability in Lotic Communities in Three Contrasting 
Stream Environments in the Santa Ana River Basin, 
California, 1999–2001

By Carmen A. Burton
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Introduction 
Biotic communities and habitat conditions are known 

to be highly heterogeneous in natural ecosystems. This 
heterogeneity is observed at multiple spatial scales ranging 
from river systems to microhabitats within stream reaches. 
Variability of natural assemblages should be considered in the 
interpretation of any ecological study when samples are either 
spatially or temporally distributed. 

Variance of community composition or habitat can be a 
factor with ecological relevance (Palmer and others, 1997). 
Many papers (some cited by Palmer and others, 1997) suggest 
three reasons why studying variance in biotic communities 
or habitat may aid in understanding stream ecosystems. First, 
factors that affect ecological processes may be identified by 
a close examination of individual data points that contribute 
to variance. Second, changes in variance with spatial scale 
may lead to a better understanding of stream ecosystems. 
And third, identification of domains, areas of scale where the 
variance of a factor does not change (Wiens, 1989), also may 
lead to better understanding of stream ecosystems.

Effects of variability in benthic algae or habitat have 
not been studied extensively. However, Cardinale and others 
(2002) found that increased habitat heterogeneity resulted in 
increased primary productivity of stream algae. Large spatial 
variability was observed in some marine algae within similar 
habitats at the local scale (Wahl, 2001). On the other hand, 
variability in benthic macroinvertebrate assemblages has 
been studied for many years. Needham and Usinger (1956) 
studied the macroinvertebrate genera in a riffle in Prosser 
Creek, near Truckee, California, and found that most genera 
preferred moderate depths and velocities. In more recent 
studies, variation in macroinvertebrates was found at scales as 
small as groups (patches) of stones (Barmuta, 1990; Downes 
and others, 1993; Palmer and others, 2000). For example, 
in a northern Virginia stream, the spatial arrangement of 
patches or microhabitats was correlated to macroinvertebrate 
abundance (Palmer and others, 2000). In central Texas, a 
greater abundance of most macroinvertebrates was found 
toward the heads of riffles (Brown and Brown, 1984), which 
contrasts with the findings in Prosser Creek by Needham 
and Usinger (1956). In northern New Hampshire, benthic 
macroinvertebrate richness increased and macroinvertebrate 
variability decreased with increasing habitat heterogeneity 
(Brown, 2003). In two rivers with different channel forms 
in New Zealand, seasonal variation in species composition 
was lower in the river that had the less stable streambed 
substrate (Fowler and Death, 2000). Spatial variation in 
macroinvertebrates also occurs at larger scales, such as 
between streams or ecoregions, for macroinvertebrate richness 
metrics (Li and others, 2001). All these studies indicate a 
relationship between macroinvertebrate variability and habitat.

Several studies indicate that variation in fish assemblages 
is correlated to environmental variables or variation in these 
variables. Herbert and Gelwick (2003) explained variation 
in fish assemblages in a Texas stream by instream structure, 
hydrologic and physicochemical factors, and drainage 
features. In Minnesota and North Dakota, some species of 
fish were correlated with low variability in physical and 
chemical variables (Koel and Peterka, 2003). In central 
Europe, Slavik and Bartos (2001) observed decreased variation 
in fish assemblages in response to anthropogenic increases 
in variation in the physical environment, specifically for 
dissolved oxygen. Fayram and others (2005) observed higher 
variability of index of biotic integrity scores for cold-water 
fish in smaller Wisconsin streams compared with larger 
streams.

Because factors affecting variability of biota depend on 
scale (Andrew and others, 2003; Heino and others, 2003; Li 
and others 2001; Wiens, 1989), scale needs to be considered 
when changes in biological communities are assessed over 
space. This could partially explain why findings of different 
studies do not always agree (Wiens, 1989). 

Few studies of biological communities have been 
conducted in the Santa Ana River Basin. The U.S. Forest 
Service has collected biological data pertaining to forest lands, 
especially data on fish populations. The Santa Ana Watershed 
Project Authority (SAWPA) funded a study to determine 
the attainable uses of the Santa Ana River, especially in 
the inland basin. The U.S. Fish and Wildlife Service, the 
California Department of Fish and Game, and SAWPA are 
involved in a study to devise strategies to aid the endangered 
Santa Ana sucker. Very few studies of macroinvertebrates or 
benthic algae have been conducted in the basin and none have 
addressed the issues of spatial or annual variability.

The U.S. Geological Survey (USGS) incorporated 
ecological studies as part of the National Water-Quality 
Assessment (NAWQA) program (Gilliom and others, 1995). 
The Santa Ana Basin is one of more than 50 major river basins 
in the United States (U.S.) included in the NAWQA program. 
One purpose of these studies is to use the condition of aquatic 
biological communities as an indicator of the physical and 
chemical condition of water and hydrologic systems in the 
U.S. (Gilliom and others, 1995). The data from the Santa Ana 
NAWQA study was used for a preliminary assessment of 
variability in the Santa Ana Basin.

The purposes of this report are to assess (1) annual 
variability at each site for various biological measures, (2) the 
relationship of variability in biological measures to habitat 
and water quality variability, and (3) implications of any such 
relationship for biomonitoring or water management issues 
in the Santa Ana Basin. In addition, biological community 
information and habitat assessment data are listed in the 
appendixes.
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Study Design

Description of Study Area

The Santa Ana River Basin is the largest stream system 
in southern California, encompassing almost 6,900 km2 
(2,670 mi 2) of densely populated coastal area (fig. 1). The 
river begins in the San Bernardino Mountains (which reach 
altitudes exceeding 3,000 m (10,000 ft)) and flows more than 
160 km (100 mi) to the Pacific Ocean. The watershed is home 
to almost 4.8 million people, and the population is expected 
to reach 7 million by the year 2025 (Santa Ana Watershed 
Project Authority, accessed June 9, 2003).

The basin is divided between two ecoregions, the 
Southern California Mountains ecoregion and the Southern 
and Central California Chaparral and Oak Woodlands 
ecoregion (U.S. Environmental Protection Agency, accessed 
September 3, 2004). Most of the urban and agricultural land 
uses occur in the alluvium-filled valleys and coastal plains 
of the Southern and Central California Chaparral and Oak 
Woodlands ecoregion (fig. 1). 

The basin has a Mediterranean climate, characterized 
by hot, dry summers and cool, wet winters. Average annual 
precipitation ranges from about 25 to 60 cm (10 to 24 in.) 
in the coastal plains and inland valleys, and from 60 to 120 
cm (24 to 48 in.) in the San Gabriel and San Bernardino 
Mountains (U.S. Army Corps of Engineers, 1994). This 
study started at the beginning of a drought period with annual 
precipitation well below the norm (Belitz and others, 2004).

The hydrologic system of the basin has been greatly 
altered. At higher elevations in the mountains, the streams 
are relatively unaltered except for intense recreational use 
and some diversions for hydroelectric power production on 
the Santa Ana River. At the transition from the mountains 
to the valley, most streams are diverted directly to public 
drinking-water supplies or to ground-water-recharge facilities. 
As a result of these alterations to the system and the natural 
Mediterranean climate, streams generally do not flow onto the 
valley floor, except during large stormflows that exceed the 
capacity of the diversions.

Flow is re-established in many low-elevation valley 
streams by various combinations of urban runoff, ground 
water, or discharges from wastewater treatment plants. These 
streams are composed of 70–100 percent treated wastewater 
(Mendez and Belitz, 2002). All of the base-flow of the river 
is diverted to a ground-water-recharge facility several miles 
downstream of Prado Dam. During the period of this study 
(summer 1999 to summer 2001), precipation was less than the 
30-year average. Streamflows in many tributaries to the Santa 
Ana River were generally near historical lows during base-
flow conditions. 

Data Collection and Analysis

Site Selection
The Santa Ana Basin study design for NAWQA included 

seven surface-water fixed sites as part of a surface-water 
network. These sites were chosen to either represent stream 
water-quality conditions resulting from a specific land use or 
to represent stream water-quality conditions resulting from 
a combination of land uses and other influences. Ecology 
studies were not carried out at three of the fixed sites because 
the channels were completely or partially concrete-lined. The 
four remaining sites ranged from high in the San Bernardino 
Mountains near the headwaters of the Santa Ana River to just 
below Prado Dam (fig. 1). These four sites are listed in table 1.

The first site is located on the South Fork of the 
Santa Ana River near Angeles Oaks in the San Bernardino 
Mountains (hereinafter, SF). It is an alpine site located in the 
Southern California Mountains ecoregion (U.S. Environmental 
Protection Agency, accessed Sept. 3, 2004). The stream 
channel consists mostly of bedrock, boulders, and cobbles. 
Land use is undeveloped forest, mainly pines. 

The second site is located on the Santa Ana River at 
the upper powerhouse near Running Springs (hereinafter, 
UPH). This site is located near the base of the San Bernardino 
Mountains in the Southern California Mountains ecoregion 
(fig. 1). The stream channel consists mostly of large boulders 
and cobbles. Land use is mostly undeveloped chaparral forest 
with willows, cottonwoods, and alders in the riparian corridor. 
This site is located upstream of the Seven Oaks Dam, which 
was under construction during the period of this study. The 
water quality from this site is similar to that measured at a 
USGS gage located near the Seven Oaks Dam, which was part 
of the NAWQA surface-water network.

The third site is located upstream of the Metropolitan 
Water District’s pipeline crossing of the Santa Ana River 
in the inland basin (hereinafter, MWD). This site is located 
within the Southern and Central California Chaparral and Oak 
Woodlands ecoregion (fig. 1). The river at this site is a broad, 
shallow, sand channel constricted by bedrock outcrops on both 
banks. Baseflow is primarily treated wastewater supplemented 
with ground water forced upward by the bedrock outcrops. 
The riparian vegetation was primarily Arundo donax (an 
invasive, non-native cane), with small amounts of cattails, 
rushes, willows, and cottonwoods. The A. donax was removed 
during the second and third years of the study. Outside of the 
riparian corridor, land use is primarily urban.
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The fourth site is located on the Santa Ana River below 
Prado Dam (hereinafter, PRD). This site is also located in 
the Southern and Central California Chaparral and Oak 
Woodlands ecoregion (fig. 1). The stream channel consists of 
mainly cobbles and gravel. Prado Dam is operated for flood 

control and a permanent pool is not maintained behind the 
dam. Baseflow is primarily treated wastewater. Upstream of 
Prado Dam, a series of wetlands were constructed to act as a 
treatment facility for the removal of nitrate from the Santa Ana 
River.
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Sample Collection
Benthic algae, benthic macroinvertebrate, and fish 

community data were collected and stream habitat assessed 
at all sites during low-flow conditions (July to August) from 
1999 to 2001 (table 1) to minimize variability resulting from 
seasonality. Three sites, PRD, MWD, and SF were sampled 
each year; one site, UPH, was sampled for macroinvertebrates 
and benthic algae in 1999, and fish and habitat conditions 
were assessed in 1999 and 2000. All sampling activity was 
conducted within a reach of stream defined as 20 times 
the mean channel width and within the range of 150 m to 
1,000 m long. Habitat conditions were assessed along 11 
transects in the reach as described by Fitzpatrick and others 
(1998). Habitat variables, such as channel width, velocity and 
substrate variables, and their method of collection, are listed in 
table 2.

Water-quality samples were collected monthly at PRD 
(1999–2001) and MWD (1999–2000) as part of the surface-
water fixed-site network for NAWQA (Gilliom and others, 
1995; Kent and Belitz, 2004). Water-quality samples were 
collected monthly at SF for the first year (1999) and then 
quarterly for the next two years. Water-quality samples were 
collected at the UPH site once in August 2000, but were 
collected monthly at the USGS gage located about 2 mi 
downstream for all three years. Only samples collected during 
the summer months (June–September) were used for analysis 
to minimize seasonal effects in variability. Water samples were 
analyzed for major ions, nutrients, and organic carbon at the 
USGS’s National Water Quality Laboratory (NWQL).

Benthic algae samples were collected according to 
NAWQA protocols (Porter and others, 1993; Moulton and 
others, 2002) and are briefly summarized below. Three 
types of samples were collected, one qualitative and two 

quantitative. Qualitative benthic algae samples were collected 
from each microhabitat available in the reach using a variety 
of methods. The subsamples from each microhabitat were 
composited in a single container. 

The quantitative benthic algae samples were collected 
from five representative areas in each of two different types 
of microhabitats: depositional-targeted habitat or DTH 
(which refers to the habitat in the stream where sediments 
are deposited) and the richest-targeted habitat or RTH (which 
refers to the habitat where the highest number of taxa is 
expected to be found). DTH benthic algae samples were 
collected from the surficial (5–7 mm) layer of epipelic (silt 
or mud) or epipsammic (sand) microhabitat at five locations 
within the reach. One-half of a 47-mm Petri dish was gently 
pushed upside down into the sediment. A stainless-steel 
spatula was slipped underneath the Petri dish to seal the algae 
subsample inside the Petri dish. The five subsamples were 
composited in a single container. 

The RTH benthic algae samples were collected from 
rocks at all stream reaches, except for MWD where the 
sample was collected from woody snags. Rocks or snags 
were selected from five areas within a reach at each site. The 
top-rock scrape method was used except for the sample at 
UPH. This sample was collected from the top of rocks using 
the SG-92 benthic algae sampler as described by Porter and 
others (1993). These methods remove the benthic algae from 
the rock surface by scrubbing with a small brush. AT MWD, 
submerged woody snags (5 to 10 snags) were collected and 
scraped, and the area measured as described by Moulton 
and others (2002). The subsamples from each area were 
composited in a single container.

Sample 
 identification

USGS station no. Station name
Total basin area 

(mi2)
Ecology sampling 

dates

SF99 341014116494801 South Fork of the Santa Ana River  7 July 21−22, 1999

SF00     July 10−11, 2000

SF01      July 23−25, 2001

UPH99 340843117032501 Santa Ana River at upper powerhouse 154 July 19−20, 1999

UPH00         Sept. 15 and 21, 20001

MWD99 11066460 Santa Ana River at MWD crossing 825 July 26−27, 1999

MWD00      July 11−12, 2000

MWD01       July 26−27, 2001

PRD99 11074000 Santa Ana River below Prado Dam 1,439 July 28−29, 1999

PRD00      July 13−14, 2000

PRD01       July 29−Aug. 2, 2001
1 Sampled fish and habitat only.

Table 1. Sites sampled for benthic algae, macroinvertebrates, fish, and habitat assessment during the summers of 1999, 2000, and 2001 
in the Santa Ana River Basin, California.

[mi2, square mile; MWD, Metropolitan Water District; no., number; USGS, U.S. Geological Survey]
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All three types of composited benthic algae samples were 
preserved in 4-percent formalin. Benthic algae was identified 
and(or) enumerated at the National Academy of Sciences in 
Philadelphia, Pennsylvania, according to Charles and others 
(2002).

Benthic macroinvertebrate samples also were collected 
according to NAWQA protocols (Cuffney and others, 1993; 
Moulton and others, 2002). Two types of samples were 
collected, qualitative and semiquantitative. The qualitative 
multihabitat (QMH) macroinvertebrate samples were collected 
using a D-frame kick net equipped with a 210-µm mesh net. 
All habitat types present at each site were sampled. 

The semiquantitative macroinvertebrate samples were 
RTH samples collected from five representative areas of 
riffles at PRD, UPH, and SF. Woody snags were used for RTH 
samples at MWD because riffles were not present at this site. 
Samples were collected using a modified slack sampler (mesh 
size 425 µm) with an area of 0.25 m2. These five subsamples 
were composited in a single container. The RTH and QMH 
samples were preserved with 10-percent formalin and sent to 
the Biological Unit of the NWQL for identification and(or) 
enumeration according to Moulton and others (2000).

Fish community data were collected following NAWQA 
protocols (Meador and others, 1993; Moulton and others, 
2002). Fish were collected using a Smith-Root Model 12B 
backpack electrofisher. Additional fish were collected at 
PRD by seining. Fish were identified to species, weighed, 
measured, and checked for external anomalies, then returned 
to the stream.

Data Analysis
Habitat variables were summarized as mean and 

standard deviation for each year at each site. Water-quality 
data from samples collected from June to September in each 
year were summarized as mean and standard deviation. 
Discharge and water temperature were summarized using 
data from continuous monitors when possible; otherwise, 
discrete samples were used. Data for habitat and water-
quality variables can be found in appendix 1. To assess the 
annual habitat variability, coefficients of variation (CV) were 
calculated from the annual means of habitat variables at sites 
with multiyear data.

Variable (units) Method of measurement Equipment used

Reach length (m) Mid-channel distance from top to bottom of sampling reach Measuring tape

Reach water-surface gradient Vertical drop from top to bottom of sampling reach Surveying level and rod

Wetted channel width (m) Width of wetted channel at 11 equidistant transects Measuring tape

Bankful width (m) 
 

Channel width from top of left bank to top of right bank,  
measured at each of 11 equidistant transects

Measuring tape 
 

Depth (m) 
 

Depth at thalweg (deepest point) and two additional evenly  
spaced points, measured at each of 11 equidistant transects

Calibrated wading rod 
 

Water velocity (ft/s) 
 

Velocity at thalweg and two additional evenly spaced points,  
measured at each of 11 equidistant transects

Marsh-McBirney  
electronic flow meter

Shape index Calculated1 na

Canopy angles (degrees) 
 

Degrees of open sky, measured from the midpoint of each of  
11 equidistant transects

Clinometer 
 

Riparian canopy closure (percent) 
 

Percentage of canopy at the left and right banks, measured at  
each of 11 equidistant transects

Densiometer 
 

Geomorphic channel units (percent) Percentage of reach distance consisting of pool, riffle, and run Measuring tape

Streambed substrate2

 

Dominant substrate at thalweg and two additional evenly  
spaced points, measured at each of 11 equidistant transects

Visual estimate 
 

Heterogeneity index Calculated3 na

1 w/(dd/dmax) at 11 equidistant transects, where w = wetted channel width, d = mean depth of water along transect, and dmax = maximum depth of water along 
transect. 

2The dominant streambed substrate was characterized as: 1, concrete; 2, silt, mud, or detritus; 3, sand (>0.063−2 mm); 4, fine/medium gravel (>2−16 mm); 5, 
coarse gravel (>16−32 mm); 6, very coarse gravel (>32−64 mm); 7, small cobble (>64−128 mm); 8, large cobble (>128−256 mm); 9, small boulder (>256−512 
mm); 10, large boulder, irregular bedrock, irregular hardpan, or irregular artificial surface (Fitzpatrick and others, 1998).

3 Geometric mean of the coefficients of variation for shape index, water velocity, riparian canopy closure, and streambed substrate.

Table 2. Physical habitat variables measured and method of measurement, during the summers of 1999, 2000, and 2001, at four sites in 
the Santa Ana River Basin, California.

[ft/s, feet per second; m, meter; mm, millimeter; na, not applicable; >, greater than]
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Benthic algae and macroinvertebrate species lists were 
constructed using all taxa collected in all sample types. 
Benthic algae were identified to species in most cases. Benthic 
algae taxa and their densities, where applicable, can be found 
in appendixes 2, 3, and 4. To assess similarity in taxa among 
sites and years, the taxa lists for QMH, RTH, and DTH data 
for all sites were analyzed using an unweighted group average 
linkage clustering analysis of percentage of similarities. 
Metrics were calculated using autecological and tolerance 
information (Van Dam and others, 1994; Bahls, 1993; Lange-
Bertalot, 1979). Metrics calculated from the benthic algae data 
can be found in appendix 5. 

Benthic macroinvertebrates were generally identified to 
genus. Ambiguous individuals identified at a higher taxonomic 
level (usually family) were distributed among the lower taxa 
(usually genera) in accordance with the relative abundance 
of each genus when more than half of the individuals were 
identified at the lower level. Otherwise, data were aggregated 
at the higher level of taxonomy. Benthic macroinvertebrates 
and their densities, where applicable, can be found in 
appendixes 6 and 7. To assess similarity in taxa among sites 
and years, the taxa lists for QHM, RTH, and DTH data for 
all sites were analyzed using an unweighted group average 
linkage clustering analysis of percentage of similarities. The 
taxa data also were summarized as biological metrics using the 
Invertebrate Data Analysis System (IDAS) program developed 
by the USGS (Cuffney, 2003). The metrics calculated from 
macroinvertebrate data can be found in appendix 8.

Analysis of variance (ANOVA) was used to determine 
which benthic algae and macroinvertebrate metrics were 
significantly different (P < 0.05) between the three sites with 
multiyear data. CVs were calculated for each metric that was 
significantly different between sites. The CV was used as a 
measure of temporal variance to compare sites with multiyear 
data. Biplots were used to examine the relationships between 
the CVs of benthic algae or macroinvertebrate metrics and 
the CVs of habitat variables. Metrics of benthic algae or 
macroinvertebrates that were not present at all three sites were 
not used in comparisons involving variance.

Fish data were summarized as relative abundance of 
fish species and the mean and range of the weight and length 
of individuals measured for each species. Appendix 9 gives 
the summary of fish data. Fish abundance data for all sites 
were analyzed using an unweighted group average linkage 
clustering analysis of percentage of similarities among fish 
samples.

Variability of Benthic Algae, 
Macroinvertebrates, and Fish

Benthic Algae

The cluster dendrogram of benthic algae data indicates 
that, for each site, the 2000 and 2001 samples were more 
similar to each other compared with the 1999 sample (fig. 2). 
This pattern was observed with QMH, RTH, and DTH 
samples. This may be a result of a storm that occurred in the 
mountains two weeks before sampling in 1999. The higher 
flows from the storm may have disturbed the benthic algae, 
especially those in depositional zones. Some benthic algae 
species, such as stalked diatoms (Gomphonema) (Burkholder, 
1996; Kutka and Richards, 1996; Peterson, 1996) or prostrate 
diatoms with mucilaginous forms (Achnanthes, Cocconeis) 
(Goldsborough and Robinson, 1996; Hill, 1996; Kutka and 
Richards, 1996), recover more quickly from high flows. 
Higher abundances of these types of diatoms in the 1999 
samples support the hypothesis that the storm was responsible 
for the differences. 

Of the 116 metrics calculated, CVs were calculated for 
the 41 metrics (table 3) that were significantly different among 
sites. In general, CVs of most benthic algae metrics calculated 
from the RTH samples were higher at SF than at MWD or 
PRD (table 3). In contrast, CVs of most metrics calculated 
from DTH samples were lower at SF. MWD generally had 
the highest CVs for metrics from DTH samples. CVs of most 
metrics that were calculated for both RTH and DTH samples 
were in the same ranges (<30, 30–100, >100). This suggests 
that, in general, annual variability was not strongly related to 
different microhabitats (pools vs. riffles or woody snags).

 Differences in annual variability may be a result of 
comparing the smaller SF site with the larger MWD and PRD 
sites (Vannote and others, 1980). Only four RTH metrics 
and two DTH metrics had CVs greater than 100 percent, 
indicating relatively low annual variation at all three sites for 
most benthic algae metrics. This may be a result of the study 
occurring during drought years (Belitz and others, 2004).
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Macroinvertebrates

The cluster dendrogram of benthic macroinvertebrate data 
indicates that the similarities between samples for each site is 
much higher than was observed in the benthic algae samples, 
suggesting little effect from the 1999 storm (fig. 3). Of the 
167 metrics calculated for macroinvertebrates, CVs were 
calculated for the 65 metrics (table 4) that were significantly 
different among sites.

Differences in annual variation among sites were 
observed for both richness and abundance metrics in the 
Santa Ana River Basin. In general, CVs of macroinvertebrate 
metrics calculated from QMH samples were lower at SF than 
at MWD or PRD. In contrast, CVs of many metrics calculated 
from RTH samples were higher at SF than at MWD. PRD 
and SF had about the same number of high values for metrics 
from RTH samples; this is similar to the trend that was 
observed for benthic algae. MWD generally had lower CVs 

for RTH richness metrics than PRD, but had higher CVs for 
RTH abundance metrics. The higher CVs for abundance at 
MWD may be due to the unstable sand streambed. However, 
in a New Zealand study, Fowler and Death (2000) found 
less monthly variability at the site with the most unstable 
streambed substrate. They attributed this to the fewer number 
of species present at that site. In contrast, MWD had higher 
taxa richness than PRD during this study. The differences in 
temporal variability between this study (annual) and the New 
Zealand study (monthly) may have been due to the different 
temporal scales. Similar to algae, the CVs for almost all of 
the macroinvertebrate metrics were relatively low. Only six 
metrics, mainly abundance metrics, had CVs greater than 
100 percent. This suggests that during the period of this study, 
annual variability in macroinvertebrate assemblages was low 
for all three sites. This low variability may be the result of 
fewer scouring events from stormflows because of the drought. 
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PRD01

MWD01

MWD00

SF99

SF00
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UPH99
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Figure 2. Cluster dendrogram showing the results of an unweighted group average linkage cluster analysis of benthic algae data 
collected from four sites (SF, UPH, MWD, and PRD) in the Santa Ana River Basin, California, 1999–2001. 
See table 1 for sample codes.
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Table 3. Coefficients of variation for benthic algae metrics that showed significant differences between sites, Santa Ana River 
Basin, California, 1999-2001.—Continued

[Coefficients of variation are given in percent; significance is at P<0.05. CV, coefficient of variation ; MWD, Metropolitan Water District; QMH, qualitative 
habitat; RTH, richest targeted habitat; DTH, depositional habitat; nd, not detected]

Metric
CV for  

South Fork of  
Santa Ana River

CV for  
Santa Ana River  

and MWD Crossing

CV for  
Santa Ana River  

below Prado Dam

Metrics from QMH data

Taxon richness 3.4 10.6 9.5
Phylum richness 26.6 21.7 34.6

Metrics from RTH data

Simpson's diversity index 15.2 1.1 4.3
Taxon richness 13.3 12.5 7.1
Taxon abundance 60.9 138.2 60.5
Diatom richness 16.1 10.6 3.8
Blue-green algae abundance 173.2 122.2 173.2
Obligative nitrogen autotrophic diatom richness (in percent) 70.3 98.2 37.9
Halophobic (fresh) diatom richness (in percent) 9.7 nd 5.1
Sestonic diatom richness (in percent) nd 9.7 59.3
Motile diatom richness (in percent) 12.5 7.9 11.7
Tolerant taxon richness (in percent) 38.0 15.6 12.7
Intolerant taxon richness (in percent) 14.5 55.5 20.9
Nitrogen heterotrophic diatom abundance (percent) 69.9 35.5 37.6
Facultative nitrogen autotroph abundance (in percent) 7.9 22.1 0.9
Halophilic diatom abundance (percent) 127.5 12.1 22.0
Halophobic (fresh-brackish) diatom abundance (in percent) 3.8 3.7 10.2
Sestonic diatom abundance (in percent) nd 37.9 39.7
Motile diatom abundance (percent) 67.5 4.1 11.0
Bahl's tolerance index based on abundance 5.8 10.5 5.3
Tolerant taxon abundance (in percent) 51.0 5.7 6.0
Intolerant taxon abundance (in percent) 19.3 108.2 15.7
Siltation index 60.6 12.8 5.2
Pollution tolerance index 8.1 20.6 6.0

Table 3. Coefficients of variation for benthic algae metrics that showed significant differences between sites, Santa Ana River Basin, 
California, 1999-2001.

[Coefficients of variation are given in percent; significance is at P<0.05. CV, coefficient of variation ; MWD, Metropolitan Water District; QMH, qualitative 
habitat; RTH, richest targeted habitat; DTH, depositional habitat; nd, not detected]
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Table 3. Coefficients of variation for benthic algae metrics that showed significant differences between sites, Santa Ana River 
Basin, California, 1999-2001.—Continued

[Coefficients of variation are given in percent; significance is at P<0.05. CV, coefficient of variation ; MWD, Metropolitan Water District; QMH, qualitative 
habitat; RTH, richest targeted habitat; DTH, depositional habitat; nd, not detected]

Metric
CV for  

South Fork of  
Santa Ana River

CV for  
Santa Ana River  

and MWD Crossing

CV for  
Santa Ana River  

below Prado Dam

Metrics from DTH data

Simpson's diversity index 5.5 9.1 3.8
Nitrogen heterotrophic diatom richness (in percent) 29.5 9.3 8.8
Obligative nitrogen autotrophic diatom richness (in percent) 25.5 72.2 51.7
Eutrophic diatom richness (in percent) 9.9 8.8 4.4
Halophilic diatom richness (in percent) 13.5 21.8 28.6
Alkaline diation richness (in percent) 1.8 3.5 3.1
Sestonic diatom richness (in percent) 173.2 173.2 23.4
Motile diatom richness (in percent) 5.4 8.7 8.5
Intolerant taxon richness (in percent) 12.7 17.4 30.8
Facultative nitrogen autotroph abundance (in percent) 1.1 48.7 31.7
Obligative nitrogen autotroph abundance (in percent) 22.1 38.3 81.9
Eutrophic diatom abundance (in percent) 25.6 6.0 11.4
Halophobic (fresh-brackish) diatom abundance (in percent) 80.0 173.2 102.8
Motile diatom abundance (in percent) 22.7 16.1 11.0
Bahl's tolerance index based on abundance 5.7 15.6 5.4
Siltation index 11.4 34.6 14.4
Pollution tolerance index 17.2 22.9 6.6
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The difference in CV between SF and MWD or PRD 
for a particular metric is generally greater than the difference 
in CV between MWD and PRD. This trend may be partially 
a result of ecoregion differences because SF is located 
in a different ecoregion than MWD and PRD. It is also 
possible that differences in stream size may also be a partial 
explanation for differences in variability between SF and the 
basin sites, as was suggested for benthic algae.

Fish

The cluster dendrogram for fish data shows that the 
samples from each site were generally similar, indicating low 
annual variability (fig. 4). However, fish samples from SF and 
UPH were less variable from year to year than the samples 
from PRD and MWD. The main reason for the low variability 
at SF and UPH is the low number of species (1 or 2) present 
compared with several species found at either MWD or PRD. 
For this reason, variability between sites or between years 
was not further investigated. More detailed information on 
the distribution of fish in the basin can be found in Brown and 
others (2005).

20 36 52 68 84 100
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Figure 3. Cluster dendrogram showing the results of an unweighted group average linkage cluster 
analysis of macroinvertebrate data collected from four sites (SF, UPH, MWD, and PRD) in the Santa Ana 
River Basin, California, 1999–2001. See table 1 for sample codes.
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Table 4. Coefficients of variation for benthic macroinvertebrate metrics that showed significant differences among three sites, 
Santa Ana River Basin, California, 1999–2001.—Continued

[Coefficients of variation are given in percent. Significance is at P < 0.05; CV, coefficient of variation; EPA, Environmental Protection Agency; EPT, sum 
of Ephemeroptera, Plecoptera, and Trichoptera; MWD, Metropolitan Water District; nd, not detected; QMH, qualitative multihabitat; RTH, richest-targeted 
habitat]

Metric
CV for 

South Fork of 
Santa Ana River

CV for 
Santa Ana River 

at MWD Crossing

CV for 
Santa Ana River  

below Prado Dam

Metrics from QMH data

Taxon richness 7.7 8.9 15.6

Ephemeroptera richness 15.8 25.0 21.7

Trichoptera richness 20.8 21.7 0.0

EPT richness 11.3 8.7 12.4

EPT/Chironmid richness 12.1 23.3 11.1

Diptera richness 9.2 7.5 9.4

Chironomid richness 13.3 15.8 5.6

Nonchironomid dipteran richness 19.9 10.2 50.0

Noninsect richness 0.0 17.3 20.0

Nonmidge dipterans and noninsect richness 12.1 4.7 24.7

Odonate richness nd 0.0 114.6

Ephemeroptera richness (percent) 14.4 33.3 8.2

Trichoptera richness (percent) 20.9 16.1 16.8

EPT richness (percent) 3.6 16.6 4.5

Diptera richness (percent) 1.8 11.7 7.2

Chironomid richness (percent) 10.7 15.1 13.7

Noninsect richness (percent) 7.6 9.6 6.2

Nonmidge dipterans and noninsect richness (percent) 10.3 5.3 11.5

Oligochaete richness (percent) 7.6 44.8 16.7

Average EPA tolerance value based on richness 2.2 2.2 1.6

Filterer richness 20.0 0.0 25.0

Gatherer richness 14.0 14.5 17.6

Scraper richness 21.7 43.3 0.0

Filterer richness (percent) 13.1 7.1 15.3

Scraper richness (percent) 18.0 46.0 17.0

Metrics from RTH data

Taxon richness 5.1 13.9 30.7

Ephemeroptera richness 19.9 17.3 34.6

Trichoptera richness 39.0 0.0 0.0

EPT richness 12.5 10.8 15.7

EPT/Chironmid richness 11.6 50.2 23.4

Orthoclad richness 20.0 0.0 49.5

Odonate richness nd 0.0 nd

Coleoptera richness 173.2 100.0 nd

EPT richness (percent) 16.2 10.2 44.1

Odonate richness (percent) nd 14.7 nd

Table 4. Coefficients of variation for benthic macroinvertebrate metrics that showed significant differences among three sites, Santa 
Ana River Basin, California, 1999–2001.

[Coefficients of variation are given in percent. Significance is at P < 0.05; CV, coefficient of variation; EPA, Environmental Protection Agency; EPT, sum of 
Ephemeroptera, Plecoptera, and Trichoptera; MWD, Metropolitan Water District; nd, not detected; QMH, qualitative multihabitat; RTH, richest-targeted habitat]
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Table 4. Coefficients of variation for benthic macroinvertebrate metrics that showed significant differences among three sites, 
Santa Ana River Basin, California, 1999–2001.—Continued

[Coefficients of variation are given in percent. Significance is at P < 0.05; CV, coefficient of variation; EPA, Environmental Protection Agency; EPT, sum 
of Ephemeroptera, Plecoptera, and Trichoptera; MWD, Metropolitan Water District; nd, not detected; QMH, qualitative multihabitat; RTH, richest-targeted 
habitat]

Metric
CV for 

South Fork of 
Santa Ana River

CV for 
Santa Ana River 

at MWD Crossing

CV for 
Santa Ana River  

below Prado Dam

Noninsect richness (percent 34.6 34.2 15.4

Oligochaete richness (percent) 37.7 24.3 32.5

Taxon abundance 35.0 19.5 48.1

Ephemeroptera abundance 33.9 21.3 111.7

Nonchironomid diptera abundance 74.5 21.8 39.7

Nonmidge dipterans and noninsect abundance 3.9 110.9 46.3

Mollusc and crustacean abundance 173.2 nd 155.4

Oligochaete abundance 76.1 17.8 35.1

Ephemeroptera abundance (percent) 25.1 41.4 79.3

Trichoptera abundance (percent) 36.5 44.5 12.7

Tanytarsinii abundance (percent) 51.0 173.2 91.9

Nonchironomid dipteran abundance (percent) 46.2 31.3 80.4

Nonmidge dipterans and noninsect abundance  
(percent)

19.9 118.7 41.3

Coleoptera abundance (percent) 173.2 93.7 nd

Mollusc and crustacean abundance (percent) 173.2 nd 166.0

Average EPA tolerance value based on richness 8.5 5.7 1.6

EPA tolerance value (average, abundance-weighted) 12.7 5.5 5.1

Percentage of most abundant taxon 2.1 60.0 14.0

Percentage of two most abundant taxon 10.2 32.6 4.3

Simpson’s diversity index 2.7 7.9 43.1

Predator richness 37.8 17.3 50.0

Scraper richness 21.7 43.3 43.3

Shredder richness 21.7 50.0 0.0

Filterer richness (percent) 34.6 14.7 15.1

Scraper richness (percent) 20.1 62.2 23.4

Predator abundance 33.4 41.4 45.8

Gatherer abundance 41.7 13.6 42.8

Predator abundance (percent) 22.7 48.7 85.9

Gatherer abundance (percent) 19.8 27.5 45.3

Filterer abundance (percent) 34.2 22.8 14.7
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Variability in Habitat and Water Quality 
Differences in CV between sites were observed for many 

habitat and water-quality variables. Annual variability was 
greater at SF than at the basin sites for most of the habitat 
and water-quality variables (table 5). SF had higher CVs for 
water temperature, depth, velocity, canopy angle, streambed 
substrate, and most water-quality variables. The CVs for 
these variables ranged from 10 to 105 percent. In general, the 
CVs at SF were higher than those for wilderness streams in 
Idaho (Robinson and others, 2000). This suggests the physical 
environment was more dynamic at SF than at the Idaho 
streams. The CV for the heterogeneity index was low (three 
percent) suggesting little change in channel complexity during 
the three years.

The multiyear CVs (table 5) for the habitat and water-
quality variables, such as channel width, water temperature, 
and specific conductance, for PRD and MWD were generally 
low (frequently less than 30 percent). The CVs for riparian 
canopy closure and the heterogeneity index were higher 
at MWD. This increase was due to the removal of Arundo 
donax, an invasive cane species, which began during summer 
2000. As a result, shading at the channel margins was greatly 
reduced during the last two years of the study.
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Figure 4. Cluster dendrogram showing the results of an unweighted group average linkage cluster analysis of fish data collected from 
four sites (SF, UPH, MWD, and PRD) in the Santa Ana River Basin, California, 1999–2001. 
See table 1 for sample codes.
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Relationship of Biological Variability 
to Habitat Variability

Benthic Algae

Many studies have shown that benthic algae assemblages 
are correlated to a variety of environmental variables (Leland, 
1995; DeNicola, 1996; Hill and others, 2000; Sherwood and 
others, 2000; Kennen and Ayers, 2002). In the Santa Ana 
River Basin, many benthic algae metrics were associated with 
habitat and water-quality variables (Burton and others, 2005). 
However, it may be just as important to investigate the role 
variability may have in the interaction of benthic algae and 
habitat as suggested by Palmer and others (1997).

Associations of CVs of benthic algae metrics with the 
CVs of habitat variables suggest a relationship between the 
variability in benthic algae metrics and habitat variables (see 

fig. 5 for examples). Of the 41 benthic algae metrics that were 
significantly different among sites, the CVs of 22 showed a 
relationship with the CV of at least one habitat variable. One 
QMH metric, four RTH metrics, and two DTH metrics were 
related to the CVs of three habitat variables (table 6). The 
QMH metric is taxon richness. The RTH metrics included 
percentage richness and abundance of tolerant taxa (tolerant 
taxa as defined by Lange-Bertelot [1979]), percentage richness 
of halophobic diatoms, and percentage abundance of sestonic 
diatoms. The DTH metrics included percentage richness of 
nitrogen heterotrophic diatoms and the pollution tolerance 
index. The habitat variables that were related most often to 
benthic algae metrics included water temperature, water depth, 
streambed substrate, the percentage of the reach consisting of 
run, specific conductance, and concentrations of chloride and 
orthophosphate. 

Variable
CV for South Fork  

of Santa Ana River
CV for Santa Ana River  

at MWD Crossing
CV for Santa Ana River 

below Prado Dam

Discharge 46.8 19.6 11.6

Water temperature 15.4 5.9 5.2

Reach gradient 0.9 0.0 40.3

Wetted channel width 24.6 26.5 25.5

Bankfull width 21.6 25.9 24.5

Depth 44.3 37.9 39.3

Velocity 100.8 35.2 63.9

Shape index 17.7 22.2 7.2

Canopy angle 105.4 7.5 57.0

Riparian canopy closure 12.9 63.6 16.1

Streambed substrate1 40.5 3.4 38.9

Run 66.4 0.0 9.1

Riffle 5.4 0.0 18.1

Pool 55.4 0.0 93.0

Heterogeneity index2 3.3 139.5 40.9

Specific conductance 9.8 2.6 2.0

Oxygen, dissolved 8.0 9.5 4.8

Chloride, dissolved 41.8 5.1 3.8

Nitrite + nitrate, dissolved 15.4 12.1 7.4

Orthophosphate, dissolved 66.1 7.2 15.5

Total organic carbon 53.3 16.0 38.0

Table 5. Coefficients of variation of habitat variables for the three summers of 1999−2001 for three sites in the Santa Ana River Basin, 
California.

[CV, coefficient of variation; mm, millimeter; MWD, Metropolitan Water District; >, greater than]

1The streambed substrate size was characterized as: 1, concrete; 2, silt, mud, or detritus; 3, sand (>0.063−2 mm); 4, fine/medium gravel (>2−16 mm); 
5, coarse gravel (>16−32 mm); 6, very coarse gravel (>32−64 mm); 7, small cobble (>64−128 mm); 8, large cobble (>128−256 mm); 9, small boulder  
(>256−512 mm); 10, large boulder, irregular bedrock, irregular hardpan, or irregular artificial surface (Fitzpatrick and others, 1998).

2The heterogeneity index is the geometric mean of the coefficient of variation of shape index, riparian canopy closure, stream velocity, and streambed 
substrate.
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This study suggests that variability of benthic algae 
metrics is related to variability of habitat variables in the Santa 
Ana River Basin. However, ecoregion differences and the 
stream size also may have effects. This study included three 
sites with only three years of data. Additional studies that 
would include more sites over a longer time period would be 
needed to better understand the relationship between benthic 
algae variability and the variability of habitat. Also, this 
study addresses temporal variability on only an annual scale. 
Variability on shorter (seasonal) or longer (decadal) temporal 
scales may also occur. 

Macroinvertebrates

Many studies have shown that macroinvertebrate 
assemblages are correlated to a variety of environmental 
variables (Brown and Brown, 1984; Barmuta, 1990; Fore 
and others, 1996; Leland and Fend, 1998; Brown and May, 
2000). Brown and Brown (1984) showed correlations of 
macroinvertebrate assemblages with streambed substrate size, 
velocity, depth, dissolved oxygen, and water temperature. 
Correlations of specific conductance with macroinvertebrates 
assemblages have also been found (Leland and Fend, 1998; 
Brown and May, 2000). Higher abundance and richness of 
different types of functional feeding groups (FFG) have been 

observed in riffles (high velocity) even though more detritus 
(food) was available in pools (low velocity) with different 
substrate sizes (Barmuta, 1990). Similar relationships have 
also been observed in the Santa Ana River Basin (Brown 
and others, 2005; Burton and others, 2005). However, as 
with benthic algae, it may be just as important to investigate 
the interaction of habitat variability and variability in 
macroinvertebrate assemblages. 

Of the 65 macroinvertebrate metrics that showed 
significant differences between sites, the CVs of 44 
macroinvertebrate metrics showed a relationship with the 
CV of at least one habitat variable (see fig. 6 for examples). 
The CVs of six RTH metrics showed a relationship with the 
CVs of more than two habitat variables (table 7). The RTH 
metrics included the sum of Ephemeroptera, Plecoptera, 
and trichoptera (EPT) and scraper richness, percentage 
abundance of trichoptera and nonchironomid dipteran, and 
U.S. Environmental Protection Agency (EPA) tolerance 
(as described in Barbour and others, 1999), which is based 
on abundance. The habitat variables with CVs related to 
the most CVs of macroinvertebrate metrics included water 
temperature, water depth, riparian canopy closure, streambed 
substrate, percentage of the reach consisting of run, specific 
conductance, and orthophosphate concentrations. 

CV SPECIFIC CONDUCTANCE

10

15

20

25

30

35

40

CV ORTHOPHOSPHATE

2

4

6

8

10

12

0 2 4 6 8 10 12 0 10 20 30 40 50 7060

CV WATER TEMPERATURE

0

10

20

30

40

50

60

70

4 6 8 10 12 14 16

CV
 O

F 
RT

H 
SI

LT
AT

IO
N

 IN
DE

X

CV WATER DEPTH

2

4

6

8

10

12

37 38 39 40 41 42 43 44 45

CV
 O

F 
QM

H 
TA

XA
 R

IC
HN

ES
S

CV
 O

F 
RT

H 
TO

LE
RA

N
T 

TA
XA

 R
IC

HN
ES

S

CV
 O

F 
QM

H 
TA

XA
 R

IC
HN

ES
S

PRD

PRD

SF

SF

PRD

SF

MWD

MWD

MWD

PRD

SF

MWDRTH

Figure 5. The relationships of the coefficient of variation of selected habitat variables to the coefficient of variation of selected benthic 
algae metrics collected at three sites (SF, MWD, and PRD) in the Santa Ana River Basin, California, 1999–2001.
See table 1 for sample codes and list of Abbreviations and Acronyms for definitions.
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Table 6. Benthic algae metric coefficients of variation that show a positive or negative association with the coefficient of variation of 
at least one habitat variable.—Continued

[(+), suggests a positive association with the algae metric; (–), suggests a negative association with the algae metric. CV, coefficient of variation;  
DTH, depositional-targeted habitat; QMH, qualitative multihabitat; RTH, richest-targeted habitat; mm, milimeter; nd, not detected]

QMH and RTH algae metric CVs and associated habitat variable CVs 
QMH taxon richness Halophobic (fresh) diatom richness (percent) Sestonic diatom abundance  

(percent)

Depth (–) Wetted channel width (–) Water temperature (–)

Run (–) Canopy angle (+) Specific conductance (–)

Orthophosphate, dissolved (–) Total organic carbon (+) Chloride, dissolved (–)

QMH phylum richness Tolerant taxon richness  
(percent)

Motile diatom abundance  
(percent)

Oxygen, dissolved (–) Water temperature (+) Run (+)

Specific conductance (+) Orthophosphate, dissolved (+)

Chloride, dissolved (+)

Simpson’s diversity index Nitrogen heterotrophic diatom abundance (percent) Tolerant taxon abundance (percent)

Depth (+) Run (+) Water temperature (+)

Orthophosphate, dissolved (+) Specific conductance (+)

Chloride, dissolved (+)

Taxon abundance Halophilic diatom abundance (percent) Siltation index

Riparian canopy closure (+) Run (+) Water temperature (+)

           Streambed substrate1 (–) Orthophosphate, dissolved (+) Specific conductance (+)

Blue-green algae abundance Halophobic (fresh-brackish) diatom abundance 
(percent)

Riparian canopy closure (–) Wetted channel width (+)

Streambed substrate (+)

DTH algae metric CVs and associated habitat variable CVs 
Nitrogen heterophic diatom 

richness (percent)
Sestonic diatom richness (percent) Siltation index

Water temperature (+) Reach gradient (–) Riparian canopy closure (+)

Specific conductance (+)

Chloride, dissolved (+)

Obligative nitrogen autotrophic 
diatom richness (percent)

Facultative nitrogen autotroph abundance (percent) Pollution tolerance index

Velocity (–) Bankfull width (+) Shape index (+)

Canopy angle (–) Riffle (–)

Oxygen, dissolved (+)

Alkaline diation richness (percent) Halophobic (fresh-brackish) diatom  
                abundance (percent)

Depth (–)            Heterogeneity index2 (+)

Table 6. Benthic algae metric coefficients of variation that show a positive or negative association with the coefficient of variation of 
at least one habitat variable.

[(+), suggests a positive association with the algae metric; (–), suggests a negative association with the algae metric. CV, coefficient of variation;  
DTH, depositional-targeted habitat; QMH, qualitative multihabitat; RTH, richest-targeted habitat; mm, millimeter; nd, not detected]

1The streambed substrate size was characterized as: 1, concrete; 2, silt, mud, or detritus; 3, sand (>0.063−2 mm); 4, fine/medium gravel (>2−16 mm); 
5, coarse gravel (>16−32 mm); 6, very coarse gravel (>32−64 mm); 7, small cobble (>64−128 mm); 8, large cobble (>128−256 mm); 9, small boulder  
(>256−512 mm); 10, large boulder, irregular bedrock, irregular hardpan, or irregular artificial surface (Fitzpatrick and others, 1998).

2 The heterogenieity index is the geometric mean of the coefficient of variation of the shape index, the riparian closure, stream velocity, and streambed 
substrate.
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This study suggests that annual variability of habitat 
variables may be related to variability of macroinvertebrate 
metrics in the Santa Ana River Basin. However, it is also 
possible that ecoregion differences and stream size may have 
effects on macroinvertebrate variability. As noted previously, 
this study included three sites with only three years of 
data. Additional studies would be needed to better define 
this relationship. More sites over a longer time period are 
necessary to better understand the role of variability in the 
relationship between habitat and macroinvertebrates and at 
what scales these relationships exist. Studies using individual 
taxa, in addition to metrics, may need to be investigated to 
determine some of these relationships.

Implications of Variability to 
Biomonitoring or Water Management 
Issues

Aquatic ecosystems are naturally dynamic and vary 
over space and time. This report shows the annual variability 
for habitat, water quality, and biological communities. The 
differences in biological communities at small and large 

temporal scales need to be documented in the Santa Ana River 
to determine if observed changes in communities are within 
the range of natural variability or if human activities may 
be the cause. This information would be important for any 
biomonitoring program that evaluates whether the ecosystem 
is improving or degrading in quality.

The effects of physical variability on aquatic life are 
important considerations for water management and stream 
improvement projects. Biological communities are composed 
of species adapted for some measure of variability in the 
hydrologic system during their life cycle. However, large 
differences in flow, such as floods, at the wrong time can 
have a detrimental effect on aquatic organisms. Streams with 
homogeneous habitat will not provide preferred habitat or 
necessary food resources for some species. Concrete channels 
with shallow flow may be highly productive for algae and 
can reduce nitrate concentrations (Kent and others, 2005), but 
such channels usually provide habitat for few species of algae, 
macroinvertebrates, or fish (Brown and others, 2005; Burton 
and others, 2005). 
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Figure 6. The relationships of the coefficient of variation of selected habitat variables to the coefficient of variation of selected 
macroinvertebrate metrics collected at three sites. (SF, MWD, and PRD) in the Santa Ana River Basin, California, 1999–2001. 
CV, coefficient of variation; EPA, U.S. Environmental Protection Agency; EPT, sum of Ephemeroptera, Plecoptera, and Trichoptera;  
RTH, richest-targeted habitat; DTH, depositional-targeted habitat; QMH, qualitative multihabitat.



Implications of Variability to Biomonitoring or Water Management Issues  19

Table 7. Macroinvertebrate metric coefficient of variations that show a positive or negative association with the coefficient of 
variation of at least one habitat variable.—Continued

[(+), suggests a positive association with the macroinvertebrate metric; (–), suggests a negative association with the macroinvertebrate metric. CV, coefficient 
of variation; EPA, Environmental Protection Agency; EPT, sum of Ephemeroptera, Plecoptera, and Trichoptera; QMH, qualitative multihabitat; RTH, richest- 
targeted habitat; mm, milimeter]

QMH macroinvertebrate metric CVs and associated habitat variable CVs 
Ephemeroptera richness Nonmidge dipterans and noninsect 

richness
Chironomid richness (percent)

Bankfull width (+) Shape index (–) Bankfull width (+)

Riffle (+)

Trichoptera richness Odonate richness Noninsect richness (percent)

Reach gradient (–) Reach gradient (+) Pool (–)

Chironomid richness Trichoptera richness (percent) Oligochaete richness (percent)

Shape index (+) Run (+)            Heterogeneity index2 (+)

Riffle (–) Orthophosphate, dissolved (+)

Nonchironomid dipteran richness EPT richness (percent) EPA tolerance value (average, richness-
weighted)

Shape index (–) Riparian canopy closure (+) Reach gradient (–)

Riffle (+)            Streambed substrate1 (–)

Noninsect richness Diptera richness (percent) Scraper richness (percent)

Water temperature (–) Velocity (–) Streambed substrate (–)

Specific conductance (–) Canopy angle (–)

RTH macroinvertebrate metric CVs and associated habitat variable CVs 
Taxon richness Coleoptera richness Taxon abundance

Nitrite + nitrate, dissolved (–) Nitrite + nitrate, dissolved (+) Pool (+)

Trichoptera richness Noninsect richness (percent) Nonchironomid diptera abundance

Water temperature (+) Reach gradient (–) Bankfull width (–)

Specific conductance (+)

Chloride, dissolved (+)

EPT richness Odonate richness (percent) Nonmidge dipterans and noninsect  
abundance

Shape index (–) Riparian canopy closure (+) Wetted channel width (+)

Riffle (+) Streambed substrate (–) Total organic carbon (–)

Oxygen, dissolved (–)

EPT/Chironmid richness Oligochaete richness (percent) Mollusc and crustacean abundance

Heterogeneity index (+) Wetted channel width (–) Riparian canopy closure (–)

Total organic carbon (+) Streambed substrate (+)

Table 7. Macroinvertebrate metric coefficient of variations that show a positive or negative association with the coefficient of 
variation of at least one habitat variable.

[(+), suggests a positive association with the macroinvertebrate metric; (–), suggests a negative association with the macroinvertebrate metric. CV, coefficient of 
variation; EPA, Environmental Protection Agency; EPT, sum of Ephemeroptera, Plecoptera, and Trichoptera; QMH, qualitative multihabitat; RTH, richest- 
targeted habitat; mm, milimeter]
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Table 7. Macroinvertebrate metric coefficient of variations that show a positive or negative association with the coefficient of 
variation of at least one habitat variable.—Continued

[(+), suggests a positive association with the macroinvertebrate metric; (–), suggests a negative association with the macroinvertebrate metric. CV, coefficient 
of variation; EPA, Environmental Protection Agency; EPT, sum of Ephemeroptera, Plecoptera, and Trichoptera; QMH, qualitative multihabitat; RTH, richest- 
targeted habitat; mm, milimeter]

RTH macroinvertebrate metric CVs and associated habitat variable CVs —Continued
Oligochaete abundance Mollusc and crustacean abundance 

(percent)
Scraper richness

Bankfull width (–) Riparian canopy closure (–) Water temperature (–)

Depth (+) Streambed substrate (+) Specific conductance (–)

Chloride, dissolved (–)

Trichoptera abundance (percent) EPA tolerance value (average, richness-
weighted)

Shredder richness

Shape index (+) Nitrite + nitrate, dissolved (+) Pool (–)

Riffle (–)

Oxygen, dissolved (+)

Tanytarsinii abundance (percent) EPA tolerance value (average, abundance-
weighted)

Filterer richness (percent)

Heterogeneity index (+) Water temperature (+) Water temperature (+)

Specific conductance (+) Chloride, dissolved (+)

Chloride, dissolved (+)

 

Nonchironomid dipteran abundance 
(percent)

Percentage of most abundant taxon Scraper richness (percent)

Shape index (–) Heterogeneity index (+) Riparian canopy closure (+)

Riffle (+) Streambed substrate (–)

Oxygen, dissolved (–)

Nonmidge dipterans and noninsect 
abundance (percent)

Predator richness Gatherer abundance

Heterogeneity index (+) Pool (+) Streambed substrate (+)

Coleoptera abundance (percent) Predator abundance (percent)

Nitrite + nitrate, dissolved (+) Nitrite + nitrate, dissolved (–)
1The streambed substrate size was characterized as: 1, concrete; 2, silt, mud, or detritus; 3, sand (>0.063−2 mm); 4, fine/medium gravel (>2−16 mm); 

5, coarse gravel (>16−32 mm); 6, very coarse gravel (>32−64 mm); 7, small cobble (>64−128 mm); 8, large cobble (>128−256 mm); 9, small boulder  
(>256−512 mm); 10, large boulder, irregular bedrock, irregular hardpan, or irregular artificial surface (Fitzpatrick and others, 1998).

2The heterogenieity index is the geometric mean of the coefficient of variation of the shape index, the riparian closure, stream velocity, and streambed 
substrate.
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Summary and Conclusions
Understanding variability of natural assemblages is 

important in the interpretation of any ecological study. Data 
from an ecological study conducted during the summers 
1999–2001 by the Santa Ana River Basin study unit of the 
USGS’s NAWQA program were used to do a preliminary 
assessment of variability in the Santa Ana River Basin. 
Twenty-two habitat and water-quality variables were measured 
at three sites in the basin. The appendixes list the 233 taxa of 
benthic algae, 144 taxa of macroinvertebrates, and 16 taxa 
of fish that were collected. Significant differences in benthic 
algae metrics, macroinvertebrate metrics, and fish assemblages 
and variability were observed among the three sites. Annual 
variability in most habitat and water-quality variables was 
higher at the alpine site located in the mountains (SF) than at 
the basin sites (MWD and PRD). In general, annual variability 
in RTH benthic algae metrics was higher at SF, but annual 
variability in DTH metrics was lower. Annual variability 
in RTH macroinvertebrate metrics was higher at SF and 
PRD than at MWD. In contrast, annual variability in QMH 
macroinvertebrate metrics was lower at SF than at MWD or 
PRD. Annual variability in fish assemblages was higher at 
MWD and PRD primarily because of the higher number of 
species present at these sites. The CVs of seven benthic algae 
metrics and six macroinvertebrate metrics were correlated to 
the CVs of many of the habitat variables measured.

The variability of physiochemical variables is likely to 
have a role in structuring the annual variability of aquatic 
communities in the Santa Ana River Basin. However, some of 
the differences observed in habitat and aquatic communities 
between sites may be attributed to differences in ecoregions or 
stream size rather than variability. Although the data collected 
have a limited temporal scope, this report provides valuable 
baseline data on the variability of biological communities in 
the Santa Ana River Basin. Additional sampling at more sites 
over several years to address variability would be needed 
to better understand the variability in the composition of 
biological communities in the Santa Ana River Basin.
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