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Periphyton and Macroinvertebrate Communities at Five
Sites in the San Joaquin River Basin, California, during

June and September, 2001

By: Larry R. Brown and Jason T. May

Abstract

The effects of agriculture, particularly from the use of
pesticides, on aquatic ecosystems in the San Joaquin River
Basin concern many aquatic resource managers, water quality
managers, and water users. A total of five sites were sampled
once in June 2001 and once in September 2001 to docu-
ment the periphyton (attached algae) community, the benthic
macroinvertebrate (insects and non-insects) community, and
stream habitat conditions. The purposes of the study were to
document existing conditions and, to the extent possible, relate
the periphyton and macroinvertebrate community condition to
environmental conditions.

A total of 161 taxa of algae were collected during the
study. Samples from the richest targeted habitat, woody debris,
included 109 taxa. In both the June and September samples,
greater than 95 percent of the taxa collected were diatoms.
Cluster analysis and detrended correspondence analysis of
sample data showed that Orestimba Creek had a very different
periphyton community than the Merced and Tuolumne Rivers.
Salt Slough and the San Joaquin River had community com-
positions that were intermediate between the two extremes. A
total of 126 taxa of macroinvertebrates were collected during
the study. Samples from woody debris included 59 taxa. The
samples included a variety of both insect and non-insect taxa.
Cluster analysis and detrended correspondence analysis of
sample data showed that Orestimba Creek was very differ-
ent from the Merced River and Tuolumne River, similar to
the results for periphyton. Orestimba Creek was dominated
by non-insects, while the Merced and Tuolumne Rivers
were dominated by insects. Salt Slough was more similar to
Orestimba Creek because of the abundance of non-insects.
The San Joaquin River was more similar to the Merced and
Tuolumne Rivers.

There was no evidence of major differences between June
and September samples for either the periphyton or macroin-
vertebrate communities. Specific conductance (a surrogate for
salinity) and several habitat measures were associated with dif-
ferences in the periphyton and macroinvertebrate communities
at the five sites. Additional sampling at more sites over a lon-
ger period of time will likely be necessary before the effects of

water quality and habitat conditions on aquatic communities
are fully understood in the San Joaquin River Basin.

Introduction

Agriculture in California’s San Joaquin Valley is both
productive and valuable. The availability of water for irriga-
tion, the Mediterranean climate, and the long growing season
have combined to make the valley one of the most intensively
farmed and economically important agricultural regions in
the United States. In 2000, California’s agricultural industry
produced a gross cash income of 27 billion dollars and sup-
plied more than half of the nation’s fruits, nuts, and vegetables
(California Department of Food and Agriculture 2001). The
San Joaquin Valley accounted for most of this production.

This agricultural activity includes widespread and inten-
sive use of various pesticides. The occurrence and concentra-
tions of these compounds and their effects on water quality
have been a long-standing concern in the region (Domagalski
and others, 1997; Panshin and others, 1998; Kratzer, 1999;
Kratzer and others, 2002; Domagalski and Munday, 2003;
Zamora and others, 2003). The potential toxicity of dissolved
pesticides to aquatic organisms has been a particular concern
(Foe and Connor, 1991; Foe, 1995; Kuivila and Foe, 1995).
Studies addressing the potential toxicity have focused on the
results of laboratory toxicity tests (Foe and Connor, 1991;
Foe, 1995; Kuivila and Foe, 1995). Toxicity to the invertebrate
Ceriodaphnia dubia has often been observed in these studies,
and the toxicity was linked to several dissolved pesticides.
However, the effects of dissolved pesticides on the resident
aquatic communities of affected water bodies have not been
evaluated in detail.

The Central Valley Regional Water Quality Control
Board (CVRWQCB) is in the process of formulating and
applying pesticide total maximum daily loads (TMDLs) in
various water bodies of the San Joaquin River Basin. As part
of this process, biological assessments (hereinafter, bioassess-
ments) have been identified as an important tool for assessing
the success of the TMDLs in protecting or improving ben-
eficial uses of these water bodies. Most existing bioassess-
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ment procedures have been developed for small wadeable
streams with riffles. These procedures are difficult to apply in
most Central Valley streams, which tend to have fine grained
bottoms and few, if any, riffles. Protocols developed by the
National Water Quality Assessment Program (NAWQA) for
bioassessment of macroinvertebrate and algae communities
(Moulton and others, 2002) have been successfully used by
U.S. Geological Survey (USGS) personnel in the San Joaquin
River and its tributaries (Brown and May, 2000a,b; Leland and
others, 2001). A detailed NAWQA protocol for characteriza-
tion of stream habitat also has been developed (Fitzpatrick and
others, 1998).

Purpose and Scope

The purpose of this report is to present the results of
bioassessments of macroinvertebrate and periphyton com-
munities, using NAWQA protocols, in selected water bodies
of the San Joaquin River Basin. The results of stream habitat
assessments conducted in support of the bioassessments are
also reported. These results will be used to document exist-
ing conditions in the selected water bodies. The importance
of habitat quality and water quality in determining the com-
munity structure of the resident macroinvertebrate and algae
communities also was assessed.

Study Area

The perennial San Joaquin River Basin drains a total area
of 7,345 mi%. Of this area, 59 percent lies in the Sierra Nevada,
11 percent in the Coast Ranges, and 30 percent in the San
Joaquin Valley. The Sierra Nevada and Coast Ranges portions
of the drainage are predominantly forested land. Virtually all
irrigated agriculture and most pesticide applications occur in
the San Joaquin Valley portion of the drainage; thus, this study
focuses on the San Joaquin Valley portion of the perennial San
Joaquin River Basin (fig. 1).

The climate in the San Joaquin Valley is arid-to-semiarid,
characterized by hot, dry summers and cool, wet winters. Most
precipitation falls during November through April. The aver-
age annual precipitation ranges from 13 to 40 cm in the valley
and increases to amounts ranging from 102 to more than
228 cm at the higher altitudes in the Sierra Nevada (Gronberg
and others, 1998; Panshin and others, 1998). Precipitation is
highly variable from year to year. The year that was sampled
in this study, 2001, was classified as dry on the basis of a
water availability index with the categories—wet, above nor-
mal, below normal, dry, and critical (California Department of
Water Resources, 2003). Most of the precipitation in the San
Joaquin River Basin occurs as snow in the Sierra Nevada.

The surface-water hydrology of the San Joaquin River
drainage has been substantially altered to store and distribute
water derived from snowmelt in the Sierra Nevada. Every
major river in the study area has one or more reservoirs. This
water is subsequently used for irrigated agriculture and a

variety of other urban and environmental uses. USGS stream-
flow records for 1951 to 1995 show 66 percent of the flow of
the perennial San Joaquin River was contributed by the three
large eastern tributaries: the Merced River (15 percent), the
Tuolumne River (30 percent), and the Stanislaus River (21 per-
cent). Bear Creek, Mud and Salt Sloughs, ephemeral streams
draining the Coast Ranges, drainage canals that flow directly
to the San Joaquin River and occasionally the upper San
Joaquin River upstream of Bear Creek, contributed the remain-
ing 34 percent of streamflow.

Methods
Sampling Design

The CVRWQCB helped identify five sites to be
sampled in the study (table 1, fig. ). Each site was sampled
twice, once in June 2001 and once in September 2001. The
sites were sampled twice to determine if there were any
major differences in periphyton or benthic macroinvertebrate
communities related to spring (June) or summer (Septem-
ber) sampling. 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
variables were assessed according to Fitzpatrick and others
(1998) during both visits. The habitat variables and methods
of measurement are given in table 2. Individual habitat vari-
ables at a reach were measured at one of three scales—the
entire reach, at 11 equidistant transects across the stream, or
at three points each on each of the 11 equidistant transects
(table 2). We also used daily flow records to evaluate flow
variability at the sites. Data were obtained from either USGS
or California Department of Water Resources gaging sta-
tions.

Periphyton

Three different types of periphyton samples were col-
lected—richest targeted habitat (RTH), depositional targeted
habitat (DTH), and qualitative multihabitat (QMH) (Moulton
and others, 2002). The RTH sample represents a habitat that is
found at all sites, and that is expected to have a high diversity
of species. From previous studies (Leland and others, 2001),
large woody debris (snags) was selected as the RTH habitat.
The DTH sample was taken from low velocity areas with fine
substrate. The QMH sample was collected from all available
habitat types with the purpose of assembling a complete spe-
cies list for the site. All sampling procedures are described in
detail in Moulton and others (2002).

The RTH sample was collected by removing a snag from
the water and scraping a small area from the top of the snag
with a knife. All the material removed was placed in a sample
bottle and the area scraped was measured with a ruler. One
snag was sampled at each of five different locations within the
sampling reach. All samples were composited into a single
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Table 1. Sites sampled in 2001 in the San Joaquin River Basin, California.

[mi?, square mile]

USGS Site J:;?III Valley- portion
Station Station name T of basin area” Dates sampled
number area -
Number Pt (mi?)
(mi?)
11261100 1 Salt Slough at Highway 165 near Stevinson 492 492 June 27 and September 19, 2001
11273500 2 Merced River at River Road near Newman 1,276 321 June 26 and September 18, 2001
11274538 3 Orestimba Creek at River Road near Crows Landing 196 11 June 25 and September 17, 2001
11290200 4 Tuolumne River at Shiloh Road Bridge near Grayson 1,897 319 June 28 and September 20, 2001
11303500 5 San Joaquin River near Vernalis 13,536 7,395 June 29 and September 21, 2001

! Topographical drainage basin.

2 Portion of the topographical drainage basin on the valley floor with perennial flow.

Table 2. Physical habitat variables measured in June and September 2001 at five sites in the San Joaquin River Basin, California.

[m, meter; m/km, meter per kilometer; m/s, meter per second; mm, milimeter]

Variable (units)

How measured

Equipment used

Reach length (m)
Reach water-surface gradient (m/km)

Geomorphic channel units (m)

Wetted channel width (m)
Bankfull channel width! (m)

Canopy angles (degrees)

Riparian canopy closure (percent)

Bank angle (degrees)

Bank height (m)

Bank substrate?

Depth (m)

Water velocity (m/s)

Bed substrate?

Mid-channel distance from top to bottom of sampling reach
Vertical drop from top to bottom of sampling reach

Percentage of reach distance consisting of pool, riffle, and
run

Width of wetted channel at 11 equidistant transects

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

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

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

Horizontal angle (degrees) of the bank at the left bank
and the right bank, measured at each of 11 equidistant
transects

Vertical distance from the deepest part of the channel to the
top of the bank, measured for the left and right bank at
each of 11 equidistant transects

Dominant bank substrate at left and right bank at each of 11
equidistant transects

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

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

Dominant substrate at thalweg (deepest point) and two ad-
ditional evenly spaced points, at each of 11 equidistant
transects

Laser rangefinder
Surveying level and surveying rod

Laser rangefinder or measuring tape

Laser rangefinder or measuring tape

Laser rangefinder or measuring tape

Clinometer

Densiometer

Clinometer

Hand level and surveying rod

Visual estimate

Calibrated wading rod, or depth
sounder

Marsh-McBirney electronic flow
meter

Visual estimate

! In regulated rivers, the traditional concept of bank (channel formed by the 1.5 to 2 year flood) is difficult to apply. For these measurements we used visible
water marks, erosion, trash lines, and vegetation as indicators of “bank’ position.

2 The dominant 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.



bottle and preserved in a solution of 4 percent buffered forma-
lin.

The DTH sample was collected using the inverted petri-
dish method. The lid of a 47-mm petri dish is placed under-
water and all air bubbles removed from the underside. The
petri dish is then carefully pressed into the substrate, edge-side
down. A spatula is then slid under the lid and sealed against
the edge of the petri dish. This shallow core is then removed
and the material scraped and washed into the sample bottle.
As with the RTH samples, one petri-dish sample was taken at
each of five different locations within the sampling reach. All
samples were composited into a single bottle and preserved
with 4 percent buffered formalin.

The QMH sample was collected with a variety of meth-
ods including the scraping of woody debris and the petri-
dish method. In addition, a turkey baster was used to sample
periphyton from sand, aquatic macrophytes, and filamentous
algae. All the samples were composited into a single bottle
and preserved in a solution of 4 percent buffered formalin.

Periphyton were identified and enumerated at the
Philadelphia National Academy of Science (PNAS) according
to Charles and others (2002).

Benthic Macroinvertebrates

Two types of macroinvertebrate samples were collected,
an RTH and a QMH. Similar to periphyton, the RTH sample
was collected from woody debris. A section of woody debris
was removed from a larger piece using pruning shears or a
saw. The pieces were then gently removed from the water and
placed in a bucket. A 500-um mesh net was held downstream
of the snag to capture organisms that were dislodged during
snag removal. One sample was taken from a single snag at
each of five different locations within the sampling reach. The
associated macroinvertebrates were then removed by gently
brushing and hand picking with forceps. All organisms from
the snags and net were then rinsed in a 500-um sieve. All
organisms were combined in a single bottle and preserved in
a solution of 10 percent buffered formalin. The length and
average diameter of each snag was measured for calculation of
sample areas.

The QMH sample was collected from all available habitat
types within the reach. All sampling was conducted with a
500-um mesh D-frame net. Woody debris and other hard sub-
strates (concrete and rock) were sampled by brushing material
into the net. The net was swept through aquatic macrophytes,
filamentous algae, overhanging terrestrial vegetation and areas
with fine substrates. All organisms from the net were then
rinsed in a 500-um sieve. All organisms were combined in a
single bottle and preserved in a solution of 10 percent buffered
formalin.

Macroinvertebrates were identified and enumerated at the
USGS’s National Water Quality Laboratory using the proce-
dures of Moulton and others (2000).

Methods 5

Data Analysis

Habitat variables were summarized as mean and stan-
dard deviation for each sampling event at each site. Daily
flow records were summarized graphically, and as mean,
standard deviation, and coefficient of variation. Periphyton
and macroinvertebrate species lists were constructed using all
taxa collected in all sample types. Quantitative analyses (see
below) were conducted on RTH algae data (cells/cm?) and
RTH macroinvertebrate data (organisms/m?). DTH algae data
were not analyzed quantitatively (see below) because accu-
rate counts of diatoms were not possible in the samples from
Orestimba Creek. A combination of low diatom density and
excessive fine sediment in Orestimba Creek made it unfea-
sible to concentrate the sample to the extent needed to obtain
accurate diatom counts. The taxa present in the DTH samples
from sites other than Orestimba Creek were included in the
taxa lists for those sites.

RTH macroinvertebrate and RTH algae data were ana-
lyzed using cluster analysis and ordination (detrended corre-
spondence analysis). Data were analyzed as presence—absence
and as densities. Only species found at two or more sites were
included in these analyses. This was a compromise between
the value of rare species in characterizing sites (Cao and oth-
ers, 2001), and the uncertainty regarding the capability of sam-
pling procedures to detect rare species. Presence—absence data
were analyzed using Jaccards similarities followed by a group
average linkage method cluster analysis. Jaccards similarity is
calculated as, 2C/(A + B + C), where A is the number of taxa
found only at site 1, B is the number of taxa found only at site
2, and C is the number of taxa found at both sites. Jaccards
similarity varies from 1 (all taxa shared) to O (no taxa shared).
Clustering, in general, is a group of methods that produce a
hierarchical arrangement of samples that are based on similari-
ties between samples (see Gauch, 1982). The method starts
with each sample assigned to a cluster with a single member
and then uses a distance measure to group similar clusters
into larger clusters until a final single cluster contains all the
samples. Thus, more similar sites are closer in distance and
cluster together. The results are portrayed graphically as a
dendrogram (see fig. 3 as an example). The similarity of dif-
ferent groups can be assessed by observing the “percentage of
information remaining” at branching points. All information is
present when individual sites are considered and no informa-
tion remains when all sites have been combined into a single
group.

Detrended correspondence analysis (DCA), a special case
of correspondence analysis, is an indirect ordination tech-
nique. This means that community structure at specific sites
(the group of taxa found there) is determined independently
of environmental variables. The basic idea behind correspon-
dence analysis is that species are assigned weighted scores
depending on their interrelationships and then the samples are
scored on the basis of the abundance of each species in that
sample. The result of the analysis is a set of species scores and



6 Periphyton and Macroinvertebrate Communities at Five Sites in the San Joaquin River Basin, June and September, 2001

600 T T T T T .

L Orestimba Creek at River Road

400 -

200 -

0 . )

800 : : : : : :
B Salt Slough at Highway 165

600

400

200

1,200 - Merced River at River Road

800

400 -

3,000 T T T T T T

Discharge, in cubic feet per second

L Tuolumne River at Modesto

2000

1,000

6,000 - San Joaquin River near Vernalis

4,000

2,000

Mar. Apr. May June July Aug. Sept.

Figure 2. Discharge records from March through April for sampling sites in the San Joaquin River Basin, California. Some site names
are abbreviated from those in table 1. The Tuolumne River at Shiloh Road site is replaced by the Tuolumne River at Modesto site
USGS gaging station 11290000), which is located several miles upstream from the Tuolumne River at Shiloh Road site. Periods when
the gage atthe Merced River site was not operating properly are indicated by the broken line.
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Figure 3. Cluster dendrogram showing the results of a group average linkage cluster analysis of periphyton presense—absense data.
The firsttwo letters of the site codes refer to the river (OC, Orestimba Creek; SS, Salt Slough; SJ, San Joaquin River; MR, Merced
River; TR, Tuolumne River). The third letter indicates the month of sampling (J, June; S, September).

a set of sample scores that can be used to understand ecologi-
cal relationships between species and samples (see fig. 4 as

an example). Relationships of communities to environmental
variables must be determined after the ordination, for example,
by correlating sample scores with values for environmental
variables, such as specific conductance.

Relationships of RTH algae and RTH invertebrate com-
munities to environmental variables were explored using cor-
relation analysis. Pearson product-moment correlations were
calculated between the environmental variables and the sample
scores on DCA axis 1. Data were then plotted for all correla-
tions with r > 0.5. Significance values are not reported because
the data likely violate several assumptions of correlation.

Most importantly, the June and September samples collected
from each site would not be expected to be independent. Taxa
present in June have a high probability of also being present in
September. However, the plots might be useful in identifying
variables of interest for future studies.

Results and Discussion

Environmental Variables

The sites sampled ranged from a small agricultural drain,
Orestimba Creek, to a large river, the San Joaquin River, and
these differences are reflected in the values for habitat vari-
ables (table 3, at back of report). Orestimba Creek is notable
for having a much steeper gradient, steeper banks, and a more
closed canopy than the other sites (fable 3).

There are differences between June and September for
several sites, related to discharge (table 3). Discharge was
similar in June and September at the Merced River, Tuolumne
River, and San Joaquin River sites. September discharge was a
quarter or less of June discharge at Salt Slough and Orestimba
Creek. These changes in discharge were associated with
declines in mean water depth and water velocity (fable 3).
There were some differences in specific conductance between
June and September, especially for Salt Slough and Orestimba
Creek, both of which had increases of about 50 percent from
June to September (table 3).

There are also differences in discharge patterns among
the sites (fig. 2 and rable 4). All the streams exhibited an early
March high flow, likely related to rainfall. All sites except
Salt Slough, had elevated flows from mid-April to mid-May
related to water releases made for salmon management activi-
ties in the San Joaquin River. Flows in the Merced, Tuolumne,
and San Joaquin Rivers were relatively constant during June
through September. Flows in Salt Slough and Orestimba Creek
were more variable during this time (table 4). Orestimba
Creek was the most variable stream during the summer, with a
coefficient of variation of 51 percent. Flow at Orestimba Creek
varied between 1 and 41 ft*/s.

Periphyton

A total of 161 taxa of algae were collected during the
study (table 5, at back of report). All but three taxa were
identified to species. Two of the three taxa are the cyanophytes
(bluegreen algae) Oscillatoria and Lyngbya, and the third is
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Figure 4. Plots of site scores and taxa scores on the first two
axes of a detrended correspondence analysis (DCA) of periphy-
ton abundance data. The first two letters of the site codes refer
to the river (OC, Orestimba Creek; SS, Salt Slough; SJ, San
Joaquin River; MR, Merced River; TR, Tuolumne River). The third
letter indicates the month of sampling (J, June; S, September).
Taxa codes are listed in table 6. (A) Site scores. (B) Taxa scores.

an unidentified diatom in the genus Caloneis. The periphyton
were dominated by diatoms. Of the 161 taxa collected, 155
(96 percent) were diatoms. Many of the taxa were rare, with
67 (42 percent) found in only one sample. The number of taxa
found in each sample varied from 39 to 67. Orestimba Creek
had the lowest number of taxa, with 39 in June and 40 in Sep-
tember. Salt Slough had more taxa than Orestimba Creek (52
in June and 50 in September) but fewer than the other sites,
which ranged from 58 to 67 taxa. The differences between

seasons were minor, with a maximum difference of four taxa
at the San Joaquin River site. The low number of taxa found at
Orestimba Creek was at least partially due to the low density
of algae cells in the DTH sample. The high concentration of
fine sediment in these samples made it unfeasible to concen-
trate the samples so that accurate counts could be conducted,;
however, the PNAS did state that there were very few algae of
any kind in these samples.

The RTH samples collected from snag habitat included
109 taxa, including 106 species of diatoms (97 percent)

(table 6, at back of report). In addition, the samples included
one species of Chlorophyta (green algae) and two taxa of
Cyanophyta (blue-green algae). Forty-eight taxa (43 percent)
were found in only one sample and were not included in the
quantitative analyses.

Jaccards similarities vary from 0.255 to 0.636 among
the samples. This means that after removing the taxa found in
only one sample, any two samples shared from 25 percent to
63 percent of the total taxa found in those two samples. The
cluster analysis (fig. 3) indicates that samples collected from
the same site in June and September tend to be more similar to
each other than to samples collected from other sites; how-
ever, there are some exceptions. The highest similarity (0.636)
is found between the June sample from the Tuolumne River
and the September sample from the Merced River. The June
sample from the San Joaquin River is more similar to the two
Salt Slough samples (0.535 and 0.512) than to the September
sample from the San Joaquin River (0.413).

The first four axes of the DCA explain 28, 7, 4, and 1 per-
cent of the variance, respectively. A plot of sample scores on
the first two DCA axes (fig. 4) generally supports the results of
the cluster analysis. Scores on DCA axis 1 of samples from the
same site tend to be similar between the two months sampled.
DCA axis 1 scores show that Orestimba Creek was most dif-
ferent from the Merced and Tuolumne Rivers with Salt Slough
(SSJ and SSS on fig. 4A) and the San Joaquin River (SJJ and
SJS) having intermediate scores (fig. 4A). DCA axis 2 mainly
separates samples from different months (fig. 4A). September
samples tend to have higher scores on DCA axis 2 compared
with June samples, except for Orestimba Creek, which has the
opposite pattern.

Interpretation of the taxa score plot (fig. 4B) is difficult
because there are few environmental preference and tolerance
data available for species of algae. Basically, taxa located to
the left in the taxa plot (fig. 4B) tend to be more abundant
in samples with low scores on DCA axis 1 (fig. 4A), and
taxa located to the right in the taxa plot (fig. 4B) tend to be
more abundant in samples with higher scores on DCA axis 1
(fig. 4A).

Specific conductance, water temperature, and several
habitat variables appear to be related to periphyton DCA axis
1 site scores (fig. 5). The habitat relationships of gradient,
open canopy, and shade are dependent on Orestimba Creek
being very different from the other sites (fig. 5). High vari-
ability in flow (tables 3 and 4) at Orestimba Creek is probably
also an important factor affecting ecological communities,
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Table 4. Discharge statistics for the periods from March 1, 2001 to the date of the June 2001 sample (spring) and from the June sample

to the September 2001 sample (summer).

[ft*/s, cubic feet per second]

Minimum Maximum Mean _

Station name Time discharge discharge discharge Stapd:ixrd Coeﬂl_cu_ent

period (ft¥s) (fts) (f6s) deviation of variation
Salt Slough at Highway 165 near Stevinson Spring 106 717 241 120 50
Summer 48 223 53 53 38
Merced River at River Road near Newman' Spring 150 1,284 440 317 72
Summer 38 176 110 29 27
Orestimba Creek at River Road near Crows Landing Spring 1 488 47 59 126
Summer 1 41 13 7 51
Tuolumne River at Shiloh Road Bridge near Grayson' Spring 182 2,670 732 495 68
Summer 178 329 268 37 14
San Joaquin River near Vernalis Spring 1,310 5,900 2,900 1,232 42
Summer 1,150 1,600 1,365 86 6

! Discharge calculated from data provided by the California Department of Water Resources.

especially because the low flows probably resulted in much
of the habitat for periphyton and invertebrates being exposed
to air for some amount of time. Bank angle could be related
to the degree of shading as indicated by a low value for open
canopy angle and a high percent canopy cover (table 3). It is
unclear how bank substrate would directly affect periphyton
communities on woody debris. It seems likely that bank angle,
water temperature, and the other habitat variables simply
indicate that Orestimba Creek is a unique habitat among the
five sites—a relatively steep, incised stream receiving mainly
agricultural drainage water—which favors a different periphy-
ton community compared with the other sites. It is unclear
whether inclusion of a wider variety of water bodies in the
analysis, with a wider range of habitat characteristics, would
strengthen or weaken these habitat relationships.

Leland and others (2001) found that specific conductance
(a surrogate for salinity) was a major determinant of periphy-
ton community structure in the lower San Joaquin River drain-
age. In addition, dissolved inorganic nitrogen concentration
was found to be a good predictor of periphyton communities
as long as sufficient numbers of tributary sites with low con-
centrations of inorganic nitrogen were included in the model
(Leland and others, 2001). The importance of specific conduc-
tance in structuring the periphyton community is supported by
the plot of DCA axis 1 site scores against specific conductance
(fig. 5). We did not collect nutrient data as part of this study;
therefore, we cannot comment on the potential effects of inor-
ganic nitrogen on the periphyton community.

Macroinvertebrates

A total of 126 taxa of macroinvertebrates were identified
from a least one sample during the study (table 7, at back of
report). Specimens were reported at a variety of taxonomic

levels for various reasons. Most often, small or damaged
individuals of insect larvae could not be identified to species.
Some non-insect taxa are also difficult to identify because of
size, or poorly known or difficult taxonomy.

A total of 59 taxa were found in the RTH samples col-
lected from snag habitat (table 8, at back of report). Twenty
taxa were found in only one sample. Taxa per sample ranged
from 10 in the September sample from Salt Slough to 27 in the
September sample from Merced River. Orestimba Creek and
Salt Slough had fewer species in September compared with
June. The Merced, Tuolumne, and San Joaquin Rivers had the
same or more species in the September samples compared to
the June samples (table 8).

Jaccards similarities vary from 0.115 to 0.652 among the
samples. This means that after removing the taxa found in only
one sample, any two samples shared from 11 to 65 percent
of the total taxa found at those two sites. The cluster analysis
(fig. 6) indicates that the June and September samples from
Orestimba Creek are very similar to each other and the June
and September samples from Salt Slough are very similar to
each other. The macroinvertebrate communites of Orestimba
Creek and Salt Slough were very different from each other and
from the other sites. In contrast, June samples from the Mer-
ced and Tuolumne Rivers have the highest similarity (0.636),
and September samples from these sites have the second
highest similarity (0.630). The San Joaquin River samples are
more similar to the Merced and Tuolumne River samples than
to the Orestimba Creek and Salt Slough samples (fig. 6). The
June sample from the San Joaquin River is more similar to
the Merced and Tuolumne River samples than the September
sample from the San Joaquin River.

The first four axes of the DCA explain 32, 9, 3, and
1 percent of the variance, respectively. A plot of sample scores
on the first two DCA axes (fig. 7A) generally supports the
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Figure 5. Plots of periphyton detrended correspondence analysis (DCA) axis 1 site scores with selected environmental variables.
The first two letters of the site codes refer to the river (OC, Orestimba Creek; SS, Salt Slough; SJ, San Joaquin River; MR, Merced
River; TR, Tuolumne River). The third letter indicates the month of sampling (J, June; S, September). For bank substrate, 2 = silt and
3 =sand.
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Figure 6. Cluster dendrogram showing the results of a group average linkage cluster analysis of macroinvertebrate presence—
absence data. The first two letters of the site codes refer to the river (OC, Orestimba Creek; SS, Salt Slough; SJ, San Joaquin River;
MR, Merced River; TR, Tuolumne River). The third letter indicates the month of sampling (J, June; S, September).

results of the cluster analysis. DCA axis 1 scores show that
samples from Orestimba Creek and Salt Slough are distinct
from samples from the other streams. The more intermediate
position of the September San Joaquin River sample is con-
sistent with the position of this sample in the cluster dendro-
gram (fig. 6). There is no obvious pattern to the distribution of
samples along DCA axis 2 (fig. 7A).

Examination of the taxa plot (fig. 7B) shows two groups
of taxa, similar to the two groups of sample scores. One group,
with scores of less than one, is dominated by non-insect taxa,
except for several groups of dipterans including ceratopogo-
nids (21), dolichopodids (39), and several genera of chirono-
mids (29 and 30). The group with scores greater than one
is dominated by insects with the only non-insects being the
amphipod, Hyallela azteca (13), and the water mites (11). The
two plots together show that samples from Orestimba Creek
and Salt Slough were characterized by high abundances of
non-insects. Samples from the Merced, Tuolumne, and San
Joaquin Rivers were characterized by high abundances of
insects.

These results are consistent with earlier work in the
Central Valley. Brown and May (2000a,b) found that envi-

ronmentally stressful agricultural drains and urban streams
were dominated by the same tolerant non-insect taxa observed
in this study. Brown and May (2000a) found that tributar-

ies draining the Sierra Nevada (including the Stanislaus,
Tuolumne, and Merced Rivers) had similar benthic macroin-
vertebrat communities characterized by high abundances of
insects. Brown and May (2000a) defined two groups of “drain
sites” that included samples from agricultural drains, includ-
ing Orestimba Creek and an urban stream. Further analysis

by Brown and May (2000a) found that specific conductance
and the percentage of agricultural and urban land use in the
basins are important variables that explain the differences in
macroinvertebrates among sites, with the drain sites represent-
ing the most stressful environments and the tributary sites
representing the least stressful environments. Similarly, Leland
and Fend (1998) found that tributary rivers—Stanislaus,
Tuolumne, and Merced Rivers—had different macroinverte-
brate communities than sloughs or sections of the San Joaquin
River influenced by large inputs of agricultural drainage water.
Leland and Fend (1998) also identified salinity as an important
explanatory variable for understanding benthic macroinverte-
brate communities in the Central Valley.
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Figure 7. Plots of site scores and taxa scores on the first two
axes of a detrended correspondence analysis (DCA) of macroin-
vertbrate abundance data. The first two letters of the site codes
refer to the river (OC, Orestimba Creek; SS, Salt Slough; SJ, San
Joaquin River; MR, Merced River; TR, Tuolumne River). The third
letter indicates the month of sampling (J, June; S, September).
Taxa codes are listed in table 8. (A) Site scores. (B) Taxa scores.

Examination of plots of DCA axis 1 scores against envi-
ronmental variables (fig. 8) supports the importance of specific
conductance, a surrogate for salinity. Similar to the results
for periphyton, values for Orestimba Creek samples appear
to be responsible for the relationships between DCA axis 1
and water temperature, gradient, shade, and open canopy.

The differences in bank substrate are small, basically indicat-
ing a slightly higher occurrence of silt (a score of 2) along
with sand (a score of 3) at Orestimba Creek and Salt Slough
compared with the other sites. As noted earlier for periphyton,
the relationship of DCA axis 1 to bank angle may be related to
canopy cover. Channel width and bankfull width (not plotted,
but similar to channel width) also appear to have relationships
to DCA axis 1 sample scores; however, it seems unlikely this
relationship is real because the widest channel at the San Joa-
quin River site actually had intermediate DCA axis 1 scores.
As mentioned earlier for periphyton, flow fluctuation and low
flows at Orestimba Creek (fable 3) are also probably important
in determining composition of the periphyton and macroinver-
tebrate communities.

We did not sample pesticides in this study, despite
concerns regarding potential toxicity of dissolved pesticides
to aquatic life (Foe and Connor, 1991; Foe, 1995; Kuivila and
Foe, 1995). However, dissolved pesticide concentrations were
measured at these sites as part of another study, covering the
period from April to August 2001 (Domagalski and Munday,
2003). In general, dissolved pesticides were most frequently
detected and at the highest concentrations at Orestimba Creek.
Unfortunately, Orestimba Creek also had the most unique
habitat, so the relative effects of dissolved pesticides and
other habitat and water-quality variables, particularly specific
conductance, cannot be separated. This is a common problem
when evaluating bioassessment data (Brown and others, 1999).
Further, the ecological risks associated with dissolved pesti-
cides are typically assessed for single pesticides (Giddings and
others, 2000) rather than for complex mixtures found in San
Joaquin Basin streams.
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variables. The first two letters of the site codes refer to the river (OC, Orestimba Creek; SS, Salt Slough; SJ, San Joaquin River; MR,

Merced River; TR, Tuolumne River). The third letter indicates the month of sampling (J, June; S, September). For bank substrate,

2 =siltand 3 =sand.
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Summary and Conclusion

The widespread and intensive use of agricultural pes-
ticides in the San Joaquin River Basin is a long standing
concern in relation to potential toxicity to aquatic organisms.
Data on the periphyton and macroinvertebrate communities
and physical habitat were collected at five sites in the San
Joaquin River Basin in June and September 2001 to provide
background on existing conditions and to provide initial
information on environmental factors that might be affecting
the communities. A total of 161 taxa of algae and 126 taxa
of macroinvertebrates were collected. Cluster analyses and
detrended correspondence analysis of the data showed that the
periphyton community of Orestimba Creek was different from
the periphyton communities of the Merced and Tuolumne Riv-
ers. Periphyton communites of Salt Slough and the San Joa-
quin River had compositions that were intermediate between
Orestimba Creek and the Merced and Tuolumne Rivers. With
regard to macroinvertebrates, community composition of Salt
Slough was similar to Orestimba Creek, and community com-
position of the San Joaquin River was similar to the Merced
and Tuolumne Rivers.

Examination of data plots suggested that specific conduc-
tance, a surrogate for salinity, might be an important variable
affecting the composition of periphyton and macroinvertebrate
communities, as had been found in earlier studies. Several
physical measures of the environment also appeared to be
related to the composition of periphyton and macroinvertebrate
communities; however, several of these apparent relationships
were mainly related to the unique communities and habitat
conditions in Orestimba Creek. Orestimba Creek also had very
different flow characteristics from the other sites. This study
did not include extensive measures of water quality, including
pesticides, that might also be influencing biological communi-
ties. Data from another study indicated that Orestimba Creek
was the stream most affected by dissolved pesticides; however,
there is no way to separate the effects of pesticides from those
of other water quality and habitat variables.

This study provides valuable baseline data for the San
Joaquin River Basin. However, the data collected have a lim-
ited temporal and spatial scope. Continued sampling at more
sites over several years will likely be needed to more fully
understand the composition of periphyton and macroinverte-
brate communities in the San Joaquin River Basin. Habitat and
water quality assessments should be conducted in concert with
biological sampling to provide the necessary data to better
understand the effect of land and water use on those communi-
ties.
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Table 3. Values for environmental variables measured during June and September 2001 at five sites in the San Joaquin River Basin,
California.

[Values are mean + standard deviation unless n = 1; m, meter; n, sample size; ft*/s, cubic feet per second; °C, degrees Celsius; uS/cm, microsiemens per centime-

ter; m/km, meter per kilometer; mg/L, milligram per liter; m/s, meter per second; —, not measured]
. Specifc Dis- Reach
Reach Dis- Water conduct- solved water-sur- Water Water
Stati charge temper- pH .
tation name length (#/s ature (n=1) ance oxygen face depth velocity
(m, n=1) n—1)' (°C, n=1) - (nS/cm, (mg/L, gradient (m, n=33) (m/s, n=33)
. A n=1) n=1) (m/km, n=1)
June 2001

Salt Slough at Highway 165 600 204 24.4 7.3 1,009 7.5 0.14 0.99 +0.49 0.36 £0.14
near Stevinson

Merced River at River Road 600 225! 28.7 7.4 322 8.8 0.31 0.57+0.29 0.30+0.13
near Newman

Orestimba Creek at River 150 29 23.6 7.7 715 8.2 2 0.42+0.17 0.47 £0.19
Road near Crows Landing

Tuolumne River at Shiloh 500 224! 26.5 7.5 342 8.2 0.17 0.60 +£0.22 0.35+0.09
Road Bridge near Grayson

San Joaquin River near 1,000 1,510 25.6 8.3 667 12 0.19 091+045 047x0.12
Vernalis

September 2001

Salt Slough at Highway 165 600 52 26.5 8.1 1,630 9.4 — 0.59+0.33 0.21 £0.08
near Stevinson

Merced River at River Road 600 176! 24.8 7.5 212 9.5 — 0.62 +£0.23 0.38 £0.15
near Newman

Orestimba Creek at River 150 6 21.7 8 1,071 9.7 — 0.26 +0.13 0.24 +£0.20
Road near Crows Landing

Tuolumne River at Shiloh 500 287! 23.9 7.7 263 9.2 — 0.75 +£0.25 0.36 £0.10
Road Bridge near Grayson

San Joaquin River near 1,000 1,370 25.6 8.3 667 12 — 0.94 +0.53 0.39 +£0.14
Vernalis

! Discharge calculated from data provided by the California Department of Water Resources.
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Table 3. Values for environmental variables measured during June and September 2001 at five sites in the San Joaquin River Basin,

California—Continued.

[Values are mean + standard deviation unless n = 1; m, meter; n, sample size; ft*/s, cubic feet per second; °C, degrees Celsius; uS/cm, microsiemens per centime-

ter; m/km, meter per kilometer; mg/L, milligram per liter; m/s, meter per second; —, not measured]
Bed Pool Run Rif- Wetted Bankfull Canopy Riparian Bank Bank Bank
. fle channel channel angle canopy angle . sub-
Station name substrate  (per- (per- idth idth d | d height
(n=33) cent) cent) (per- widt| widt] (degrees, closure (degrees, (m, n=22) strate
cent) (m, n=11) (m, n=11) n=11) (percent) n=22) ! (n=22)
June 2001
Salt Slough at 20+0 0 100 0 19.6 £ 1.8 21.7+ 1.8 1519 29 + 31 38 +27 0.33 2.7
Highway 165 +0.09 +23
near Stevinson
Merced River at 3.0+x0 0 100 0 205+5.6 30.3+5.6 141 + 21 15+22 28 +22 0.42 3.0+0
River Road near +0.08
Newman
Orestimba Creek at 3.5+1.0 13 84 3 6.7+1.4 73+14 45 +42 78 £23 60 + 28 0.29 20+0
River Road near +0.05
Crows Landing
Tuolumne River 3.0x0 0 100 0 42347 43.5+49 148 16 27 x22 22 +17 0.52 2.7
at Shiloh Road +0.06 +2.3
Bridge near
Grayson
San Joaquin River 3.1+03 0 100 0 109.6 1120+ 185 1653 2+4 30 +25 0.59 3.0+0
near Vernalis +18.6 +0.11
September 2001
Salt Slough at 26x14 0 100 0 13.9+3.0 20429 14113 19=zx16 47 £32 0.58 2.4
Highway 165 +0.06 +1.7
near Stevinson
Merced River at 3.0+x0 0 100 0 20.6+59 464+122 14518 21+26 27+27 061+0.1 3.0+0
River Road near
Newman
Orestimba Creek at 3.4 +1.0 13 84 3 6.1+24 8.6+2.3 53 +38 74 £24 52+ 16 0.69 2.4
River Road near +0.06 +1.7
Crows Landing
Tuolumne River 3.0x0 0 100 0 432 +5.1 47.6+3.9 14916 42x32 28 + 17 0.70 3.3
at Shiloh Road +0.09 +1.5
Bridge near
Grayson
San Joaquin River 3.0x0 0 100 0 112.5 1157229 1635 6x11 32+24 0.69 3.0x0
near Vernalis +23.3 +0.24

! Discharge calculated from data provided by the California Department of Water Resources.
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Tables 33

Table 7. Macroinvertebrate taxa collected from each of five sites in June and September 2001 in the San Joaquin River Basin,
California.

[Frequency of occurrence refers to the number of samples in which a taxon was found.]

Frequency Salt Slough Merced River Orestimba Creek Tuolumne River San Joaquin River

Taxon of
occurrence June September June September June September June September June September

Total taxa per sampling 19 24 49 49 33 24 54 51 40 54
site

Platyhelminthes
Turbellaria 3 0 0 0 0 1 1 0 1 0 0
Nemertea
Enopla
Hoplonemertea
Tetrastemmatidae
Prostoma sp. 5 0 0 0 1 1 1 1 1 0 0
Nematoda 3 0 0 0 0 1 1 0 0 0 1
Bryozoa
Phylactolaemata

Urnatella gracilis 3 0 0 0 0 1 0 1 0 0 1
Leidy

Mollusca
Gastropoda
Basommatophora
Ancylidae
Ferrissia sp. 3 0 0 1 0 1 0 0 1 0 0
Lymnaeidae 2 0 0 0 0 0 1 0 0 0 1

Pseudosuccinea 2 0 0 1 0 0 0 0 1 0 0
columella (Say)

Fossaria sp. 1 0 0 0 1 0 0 0 0 0 0
Physidae
Physella sp. 9 1 1 1 1 1 1 0 1 1 1
Planorbidae
Menetus sp. 3 0 0 1 0 0 0 0 1 0 1
Bivalvia
Veneroida
Corbiculidae
Corbicula sp. 9 0 1 1 1 1 1 1 1 1 1
Annelida
Oligochaeta
Megadrile 3 0 0 0 1 1 1 0 0 0 0
Lumbriculida
Lumbriculidae 1 0 0 0 0 1 0 0 0 0 0
Tubificida
Naididae 10 1 1 1 1 1 1 1 1 1 1
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Table 7. Macroinvertebrate taxa collected from each of five sites in June and September 2001 in the San Joaquin River Basin,

California.—Continued

[Frequency of occurrence refers to the number of samples in which a taxon was found.]

Frequency Salt Slough Merced River Orestimba Creek Tuolumne River San Joaquin River
Taxen occu(r]rfence June September June September June September June September June September
Tubificidae 4 1 0 0 0 1 1 0 0 0 1
Enchytraeida
Enchytraeidae 2 1 1
Polychaeta 1 0 1
Sabellida
Sabellidae 2 0 0 0 0 1 1 0 0 0 0
Arthropoda
Arachnida
Acari 8 0 0 1 1 1 1 1 1 1 1
Malacostraca
Isopoda 1 0 0 0 0 0 0 0 0 1 0
Decapoda
Cambaridae 1 1 0
Amphipoda 1 0 1
Corophiidae
Corophium sp. 4 1 1 0 0 0 0 0 0 1 1
Gammaridae
Gammarus sp. 2 1 0 0 0 0 1 0 0 0 0
Hyalellidae
Hyalella azteca 5 1 0 1 1 1 0 0 0 1 0
(Saussure)
Insecta
Collembola 1 0 0 0 0 0 0 0 1 0 0
Ephemeroptera
Baetidae 7 1 1 1 1 1 1 1
Baetis sp. 1 1
Baetis tricauda- 1 1
tus Dodds
Callibaetis sp. 5 1 1 1 1 1 0
Camelobaetidius 3 0 0 1 0 1 1
sp.
Centroptilum/ 4 0 0 0 0 0 0 1 1 1 1
Procloeon sp.
Fallceon quilleri 7 0 1 1 1 0 0 1 1 1 1
(Dodds)
Heterocloeon sp. 2 0 0 0 1 0 0 1 0 0 0
Caenidae
Caenis sp. 2 0 0 0 1 0 0 0 1 0 0
Ephemerellidae
Ephemerella sp. 1 1 0 0
Heptageniidae 3 1 1 1



Tables 35

Table 7. Macroinvertebrate taxa collected from each of five sites in June and September 2001 in the San Joaquin River Basin,
California.—Continued

[Frequency of occurrence refers to the number of samples in which a taxon was found.]

Frequency Salt Slough Merced River Orestimba Creek Tuolumne River San Joaquin River
Taxen occu(r]rfence June September June September June September June September June September
Heptagenia sp. 2 0 0 0 0 0 0 0 0 1 1
Leptohyphidae
Tricorythodes sp. 3 0 0 1 0 0 0 1 1 0 0
Odonata
Zygoptera

Calopterygidae
Hetaerina sp. 3 0 0 1 1 0 0 1
Hetaerina 1 0 0 1 0 0 0 0

americana
(Fabricius)

Coenagrionidae 6 1 1 1 1 0 0 1 1 0 0
Argia sp. 2 0 0 0 0 0 0 1 0 0 1
Argia emma 1 0 0 0 0 0 0 0 1 0 0

Kennedy
Coenagrion/ 3 0 1 0 1 0 0 1 0 0 0
Enallagma
sp.
Anisoptera

Aeshnidae
Anax sp. 1 0 0 0 0 0 0 1

Gomphidae 1 0 0 0 1 0 0 0 0 0

Hemiptera
Corixidae 1 0 0 0 0 0 1 0 0 0 0

Palmacorixa sp. 1 1 0 0 0 0 0 0 0 0 0

Trichocorixa sp. 7 1 1 1 1 0 0 1 0 1 1

Corisella sp. 2 0 0 1 0 0 0 1 0 0 0

Gelastocoridae

Gelastocoris 2 0 0 0 0 0 0 0 1 1 0
oculatus
(Fabricius)

Gerridae 2 0 0 0 1 0 0 0 1 0 0
Naucoridae

Ambrysus sp. 1 0 0 0 0 0 0 0 0 1 0
Saldidae

Saldula sp. 1 0 0 0 0 0 0 1 0 0 0
Veliidae

Rhagovelia sp. 3 1 1 1

Rhagov- 2 0 1 1
elia distincta
Champion

Trichoptera

Hydroptilidae 3 0 0 0 1 0 0 1 0 1 0
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Table 7. Macroinvertebrate taxa collected from each of five sites in June and September 2001 in the San Joaquin River Basin,
California.—Continued

[Frequency of occurrence refers to the number of samples in which a taxon was found.]

Taxon

Frequency
of
occurrence

Salt Slough

Merced River

Orestimba Creek

Tuolumne River

San Joaquin River

June

September

June

September

June

September

June

September

June  September

Hydroptila sp.
Hydropsychidae
Hydropsyche sp.

Hydropsyche
californica
Banks

Leptoceridae
Nectopsyche sp.

Nectopsyche
gracilis (Banks)

Lepidoptera
Pyralidae
Petrophila sp.
Coleoptera
Dytiscidae
Oreodytes sp.
Laccophilus sp.
Elmidae
Microcylloepus
Sp.
Hydraenidae
Ochthebius sp.
Hydrophilidae
Enochrus sp.
Tropisternus sp.
Diptera
Nematocera
Ceratopogonidae
Dasyheleinae
Dasyhelea sp.
Chironomidae
Chironominae

Chironomini
(tribe)

Apedilum
sp.

Chironomus
sp.

Cryptochi-
ronomus
sp.

7

6
8
8

b— (D

D 9

0

0
1
1

o oS O o O
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0
0
1
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1
1
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0
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Table 7. Macroinvertebrate taxa collected from each of five sites in June and September 2001 in the San Joaquin River Basin,
California.—Continued

[Frequency of occurrence refers to the number of samples in which a taxon was found.]

Frequency Salt Slough Merced River Orestimba Creek Tuolumne River San Joaquin River
Taxon of
occurrence June September June September June September June September June September
Dicrotendi- 9 1 1 1 1 0 1 1 1 1 1
pes sp.
Endotribelos 1 0 1 0 0 0 0 0 0 0 0
hesperium
(Sublette)
Glyptotendi- 2 0 0 1 0 0 0 0 0 0 1
pes sp.
Goeldichi- 1 0 1 0 0 0 0 0 0 0 0
ronomus
sp.
Nilothauma 2 0 0 0 1 0 0 1 0 0 0
sp.
Parachi- 1 0 0 0 0 0 0 0 0 0 1
ronomus
sp.
Paraclado- 1 0 0 0 0 0 0 1 0 0 0
pelma sp.
Paralauter- 2 0 0 1 0 0 0 0 1 0 0
borniella
nigrohal-
terale
(Malloch)
Polypedilum 5 0 0 1 1 0 0 1 1 1 0
sp.
Robackia sp. 1 0 0 0 0 0 0 0 1 0
Stenochi- 4 0 0 1 1 0 0 0 1 1
ronomus
sp.
Tanytarsini 4 0 0 1 0 0 0 1 0 1 1
Cladotany- 5 0 1 1 1 1 1
tarsus sp.
Micropsec- 6 0 0 1 1 0 0 1 1 1 1
tra/Tany-
tarsus sp.
Paratanytar- 1 1 0 0 0 0 0 0 0 0 0
SUs sp.
Rheotany- 6 0 0 1 1 0 0 1 1 1 1
tarsus sp.
Tanytarsus 6 0 0 1 1 0 0 1 1 1 1
sp.
Orthocladiinae 6 0 0 1 1 1 0 0 1 1 1
Psectrocla- 1 0 0 0 0 0 0 1 0 0 0
dius sp.
Pseudosmittia 1 0 0 0 0 1 0 0 0 0 0

sp.
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Table 7. Macroinvertebrate taxa collected from each of five sites in June and September 2001 in the San Joaquin River Basin,
California.—Continued

[Frequency of occurrence refers to the number of samples in which a taxon was found.]

Frequency Salt Slough Merced River Orestimba Creek Tuolumne River San Joaquin River
Taxon of
occurrence June September June September June September June September June September
Cricotopus/ 8 0 1 1 1 1 1 1 0 1 1
Orthocla-
dius sp.
Cricotopus sp. 10 1 1 1 1 1 1 1 1 1 1
Cricotopus 10 1 1 1 1 1 1 1 1 1 1
bicinctus
group
Nanocladius 4 0 1 0 0 1 0 1 0 0 1
sp.
Parakiefferi- 4 0 0 0 1 0 0 0 1 1 1
ella sp.
Rheocricoto- 2 0 0 0 0 1 0 0 0 1 0
pus sp.
Synorthocla- 1 0 0 1 0 0 0 0 0 0 0
dius sp.
Thieneman- 3 0 0 1 0 0 0 1 1 0 0
niella sp.
Tanypodinae
Pentaneurini 1 0 0 1 0 0 0 0 0
Ablabesmyia 4 0 0 1 1 0 0 1 1
sp.
Thiene- 4 0 1 0 0 0 1 1 0 0 1
mannimyia
group sp.
(Coffman
and Fer-
rington)
Tanypodini
Tanypus sp. 3 1 1 0 0 0 0 0 0 0 1
Psychodidae
Psychoda sp. 1 0 0 0 0 0 1 0 0 0 0
Simuliidae 5 0 0 0 1 0 0 1 1 1 1
Simulium sp. 4 0 0 0 0 0 0 1 1 1 1
Tipulidae 1 0 0 0 1 0 0 0 0 0 0
Antocha sp. 1 0 0 0 0 0 0 0 0 1 0
Limonia sp. 1 0 0 0 0 0 0 0 1 0
Brachycera 3 0 0 0 0 1 1 1 0 0
Tabanidae
Tabanus sp. 1 0 0 0 0 1 0 0 0
Empididae 1 0 0 0 0 0 0 1
Hemerodromia 5 0 0 1 0 1 0 1 0 1 1
sp.
Neoplasta sp. 2 0 0 0 0 0 0 1 1 0 0

Dolichopodidae 3 0 0 0 1 1 0 0 0 0 1
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