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The goal of this study was to characterize and discuss the relationships among water
quality, physical habitat, and benthic community data collected annually over a three-
year period (2000-2002) in an impaired agricultural stream {Orestimba Creek) in
California’s San Joaquin River watershed. Conductivity, pH, and turbidity were the
most important water quality conditions influencing the various benthic metrics. Sig-
nificantly higher flow conditions and lower dissolved oxygen values were reported in
Orestimba Creek in 2001; increased turbidity conditions were reported in 2002, Chan-
nel alteration, riparian buffer, sediment deposition, and channel flow were the most
important physical habitat metrics influencing the various benthic metrics. Higher to-
tal physical habitat scores were reported in 2001 when compared with 2002. The most
dominant benthic taxa collected during all three years of sampling were oligochaetes
and chironomids. Oligochaetes are found in stressful environments while chironomids
can be either gensitive or tolerant to environmental stressors depending on the species.
Populations of both daphnids and the exotic clam Corbicula were reported to increase
over time, Both of these taxa are generally tolerant to most types of environmental
degradation. The exception is that daphnids are highly sensitive to organophosphate
insecticides. The % filterers increased over time, which suggests an increase in envi-
ronmental disturbance. The % collectors decreased from 2000 to 2002, which suggests
an improvement in environmental conditions. The presence of ~100 taxa in Orestimba
Creek during each of the three years of sampling implies that benthic communities in
this stream are fairly diverse, considering their ephemeral environment, but without
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a clear definition of benthic commumnity expectations based on established reference
conditions it is unknown if this water body is actually impaired.

Key Words: San Joagquin River watershed; Agricultural stream; Benthic communities;
Physical habitat. '

INTRODUCTION

Abundant water and long growing seasons are critical factors responsible for
the highly productive agricultural economy in California’s San Joaquin Val-
ley. Approximately 10.2% of the total value of agricultural production in the
United States originated from California in 1987—approximately half of this
total valued at $6.82 billion came from the San Joaquin Valley.!!! Intense agri-
cultural development in the San Joaquin Valley has modified many of the nat-
ural lotic systems in this area!? The changing landscape coupled with vari-
ous other anthropogenic factors hag created stressful conditions for resident
aquatic biological communities. The following factors may have contributed to
the decline of aquatic resources in California’s Central Valley: water diversion,
changes in basin hydrology, loss of habitat, introduction of exotic species, and
contaminants (e.g., organophosphate insecticides).”] Activities such as diking,
dredging, filling of wetlands, and significant diversion of freshwater flows for
irrigated agriculture and urban use have also altered fish habitat and resulted
in adverse impacts on fish populations.!4
~ Due to the various stressors reported in California’s San Jeaquin River
Valley, it is imperative fo understand how freshwater aquatic ecosystems
are affected by these stresses and how they respond {0 management actions
aimed at alleviating such insults. The use of benthie invertebrates for examin-
ing the effects of anthropogenic disturbance in freshwater streams has been
endorsed throughout the country because these assemblages have tremen-
dous diversity, longevity, and sensitivity, and provide critical roles in ecosys-
tem function.’®! In recent years, assessments of benthic invertebrate assem-
blages and physical habitat (bioassessments) have been initiated in wadeable
streams in California’s Central Valley!?5-10! Thege efforts are valuable for de-
termining the status of aquatic biological communities across large spatial
scales and land use types (agricultural and urban). Information on the sta-
tus of resident biological communities is particularly useful for determining
impaired water bodies, developing total maximum daily loads (TMDLs), and
measuring success of voluntary or regulatory actions. Bicassessments serve
monitoring needs through three primary functions: (1) sereening or initial as-
sessment of conditions; (2) characterization of impairment and diagnosis; and
(8) trend monitoring to evaluate improvements from mitigation practices or
further degradation.
The primary goal of this study was to characterize water quality, physi-
cal habitat, and benthic communities over a three-year period at 10 sites in
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a representative agricultural stream (Orestimba Creek) in California’s San
Joaquin Valley. The relationship among these three types of data was discussed
on both a spatial and temporal scale. Orestimba Creek has been listed as an
impaired water body (303 d list) due fo the presence of chlorpyrifos, diazinon,
azinphos methyl, and DDE (www.swrcb.ca.gov); therefore, biological expecta-
tions are somewhat low.

MATERIALS AND METHODS

Site Selection

Ten sites in Orestimba Creek were sampled during late spring of 2000, 2001,
and 2002 (Fig. 1). Orestimba Creek is an agricultural stream approximately 13
miles in length located on the west side of the San Joaquin River watershed in
Stanislaus County. The upstream site in Orestimba Creek (ORE 10) is located
above agricultural activity while the other nine sites are in areas dominated
by agriculture. All sites were selected using a stratified random design with
approximate equal spacing among sites. '

Water Quality and Flow Measurements

The following water quality parameters in Table 1 were measured at each
stream site using procedures described in Kazyak:'!! temperature, specific con-
ductance, pH, dissolved oxygen, salinity, and turbidity. Flow (m/s) was mea-
sured using at all sites using a Swoffer flow meter (Table 2). Cross-sectional
area (m?) was also determined annually at each site during sampling (Table 1).

Physical Habitat Assessments

Physical habitat was evaluated at each site concurrently with benthic col-
lections and water quality evaluations (Table 2). The physieal habitat evalu-
ation methods followed protocols described in Harrington*?! and Harrington
and Born.'3! The physical habitat metrics used for this study are based on
nationally standardized protocols described in Barbour et al.?4! A total of 10
continuous metrics scored on a 0-20 scale as well as noncontinuous metrics in-

cluding percent canopy, % gradient, and substrate composition were evaluated
as described previously.[”!

Benthic Macroinveriebrate Assessments

Benthic macroinvertebrates were collected in the late spring of 2000, 2001,
and 2002 from three replicate samples at the 10 sample sites in Qrestimba
Creek. The sample site selections and sampling procedures were conducted
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ORE 10

2 [¢] 2 4 Miles

Site Latitude TongHude
OREI 372310 121 00 909
CREZ 372512 1210021
ORES3 37 24 47 121 00 %9
ORE 4 37 24 19 121 01 28
ORES 3723 54 121 02 02
ORES 3723 21 121 62 34
ORE7 372250 121 83 00
ORES 372237 121 03 31
ORES 372153 121 03 48
OREI10 371908 121 07 18

Figure 1: Qrestimba Creek sample sites.

in accordance with methods described previously.!1213] Sampling reaches were
approximately equally spaced (except for the reach between ORE 9 and ORE 10)
along the stream starting at the confluence with the San Joaquin River. Within
each of these sample reaches, a riffle was located (if possible) for the collection
of benthic macroinvertebrates. A tape measure was placed along the riffle and
potential sampling transects were located at each meter interval of the {ape,
Using a random numbers table, three transects were randomly selected for
sampling from among those available within the riffle. Benthic samples were
then taken using a standard D-net with 0.5 mm mesh starting with the most
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downstream portion of the riffle. A 1 x 2 foot section of the riffie immediately
upstream of the net was disturbed to a depth of 4-6 inches fo dislodge and collect
the benthic macroinvertebrates. Large rocks and woody debris were scrubbed
and leaves were examined to dislodge organisms clinging to these substrates.
Within each of the randomly chosen transects, three replicate samples were col-
lected to reflect the structure and complexity of the habitat within the transect.
If habitat complexity was lacking, samples were taken near the side margins
and thalweg of the transect and the procedures desceribed above were followed.
All samples were preserved with 95% ethanol.

Due to the physical nature of these agricultural stream gites, it was often
difficult to locate a substantial number of riffleg to sample. In various cases,
there was only a single section of riffle available within a selected reach to
sample, and in some instances there were no riffles present. In cases where
riffles were lacking, alternative sampling methods for non-riffle areas were
used as outlined in Harrington and Born.['¥ This involved sampling the best
available 1 x 2 foot sections of habitat throughout the reach using the same
procedures described above. Nine 1 x 2 foot sections were randomly selected for
sampling. Groups of three 1 x 2 foot sections were composited for each replicate
for a total of three replicates per site.

Taxonomy of Benthic Macroinveriebrates

The goal of this study was to identify all benthic samples to the species level
if possible. Species level identifications will be particularly useful when indices
of biotic integrity (IBIs) are developed for wadeable streams in California’s
Central Valley. For taxa such as oligochaetes and chironomids, family and genus
level, respectively, were often the lowest level of identification possible.

The benthic macroinvertebrate subsampling (resulting in a maximum of
300 individuals) and identifications were supervised by California’s Depart-
ment of Fish and Game (CDFQ) in Rancho Cordova, California. The benthic
macroinvertebrate samples were subsampled and sorted by personnel at the
CDFG Laboratory located at Chico State University campus. Level 3 identifi-
cations (species level identifications) followed protocols outlined in Harrington
and Born.'3! Stide preparations and mounting for species such as midges and

- oligochaetes followed protocols from the United States Geological Survey Na-
tional Quality Control Laboratory described in Moulton et al.[!5]

Statistical Analysis

Spearman’s rank correlation analysis was used to determine: (1) the rela-
tionship between physical habitat metries and benthic metrics, and (2) the re-
lationship between water quality conditions and benthic metrics, The Wileoxon
signed rank test and the Friedman test were used to compare physical habitat
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and benthic metrics among vears in Orestimba Creek. Cluster analysis, using
the cluster pracedure of SAS software systems,*® was used to determine site
grouping (spatial analysis) for both physical habitat and benthic metrics av-
eraged over the three-year period.'"¥! Comparisons among sites using habitat
and benthic metrics were conducted using Euclidean distance.[!™]

RESULTS

Water Quality and Flow

A temporal comparison of water quality data for the 10 Orestimba Creek
sites sampled annually in 2000, 2001, and 2002 in Table 1 showed the following:
(1) temperature was lower at 6 of the sites in 2002; (2} specific conductance was
lower for half of the sites in 2002; (3) pH was fairly consistent among all sites for
the three years; (4) dissolved oxygen was substantially less at all sites in 2001
except ORE 1; (5) salinity was consistent among all sites for 2002 and 2001; and
(6} turbidity was higher at 9 of the 10 sites in 2002. The mean site values for
water quality parameters by year were consistent for most of the parameters
except dissolved oxygen (lower in 2001) and turbidity (higher in 2002).

Flow was consistently higher at all sites in 2001 when compared with either
2000 or 2002 (Table 1). Mean flow for all sites was approximately four to five
times greater in 2001. The mean flow for all sites for both 2000 and 2002 was
similar. As expected based on the flow data, the cross-sectional stream area
was greater at all sites (except ORE 10} in 2001 when compared with 2000 and
2002. The mean cross-sectional area for all sites was similar for 2000 and 2002.

Physical Habitat

The total physical habitat scores (maximum of 200) in Orestimba Creek
for the three years ranged from 74 at ORE 1 in 2000 tc 158 at ORE 5 in 2000
(Table 2). Total habitat scores by site were consistently lower for 6 of the 10
gites in 2002 when compared with 2000 or 2001.

Total physical habitat scores across the three years were variable for most
of the sites except ORE 6 and ORE 8 (Table 2). Mean. scores for all gites for chan-
nel flow, stream width, and stream depth were significantly higher (p < 0.05)
between 2000 and 2001 (Table 3). The increase in channel flow, stream width,
and stream depth between the two years implies that available aquatic habi-
tat for benthic species increased between the two years as supported by the
cross-sectional area data presented in Table 1. Although the mean total phys-
ical habitat score across all sites in Table 4 was similar between 2000 (122)
and 2001 (131), the most significant changes in habitat by site occurred at
both the downstream (ORE 1) and upstream (ORE 10) site (Table 2). A signif-
icant improvement occurred in physical habitat at ORE 1 between 2000 and
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Table 3: Mean scores for. each physical habitat metric, total score, and streom
measurement for years 2000, 2001, and 2002 for Orestimba Creek. The p-value Is
based on Friedman’s test and the pairwise comparisons are based on the
Wilcoxon signed rank test,
O TR

2000 2000 2001

Habitat Friedman Vs, Vs. V5.
mefric 20060 2001 2002 p-value 2001 2002 2002
EPi SUB 11.700 12.100 @100 0.0583

EMBEDDED 11.400 12.900 @.800 0.0720

VEL DPTH 12.100 15.500 @.600 0.0033 *
SED DEP 11.900 11.000 12.800 0.3872

CH FLOW 14.000 17.300 14000 0.0405 *

CHAN ALT 18.700 14.700 13.400 0.0102 ®

BENRIFF 12.700 13.800 9.700 0.0203 *
BANKSTAB 11.400 12.000 11.300 0.7674

BANKVEG 11.300 12.700 11.700 0.5580

RIPBUFF 10.100 8.800 7.800 0.0458

TOTAL 122,300 130.800 109.200 -0.0450 *
WIDTH 3.860 6.170 4680 0.0202 * *
DEPTH 0.220 0.479 0.200 0.0231 * ®
VELOC 0.445 0.514 0.351 0.0449 *
CANOPY 32.900 28.900 50.100 0.2359 *

2001 (an increase in total score from 74 to 128). Improved epifaunal substrate,
velocity/depth/diversity, bank stability, and vegetative protection were critical
metrics that improved over the one-year period. In contrast to the improved
habitat at the downstream site, the total physical score at the most upstream
site (ORE 10) declined from 2000 to 2001 (112 to 83). Qualitative observations
by the field crew during the 2001 sampling noted the presence of wading cows
in this stream site. We therefore speculate that the presence of cows (which
were not observed in 2000) may have contributed to impaired physical habitat.

In contrast to the differences in various mean physical habitat metrics
between 2000 and 2001, mean habitat metrics were similar in Orestimba Creek
between 2000 and 2002 (Table 3}. The exception was a significant decrease in
channel alteration between 2000 and 2002.

The highest number of significant annual differences between mean
site metrics in Orestimba Creek occurred between 2001 and 2002 (Table 3).
The following habitat metrics were significantly higher in 2001: velocity/
depth/diversity, bend/riffle frequency, width, depth, and velocity. The increase
in stream width and depth suggests that the volume of available habitat was
greater in 2001 when compared with 2002 as reported above. The increase
in available habitat in 2001 also corresponds with a significantly higher total
habitat score in 2001 when compared with 2002,

A comparison of noncontinuous annual mean habitat characteristics for
stream sites in Table 4 shows that the following characteristics are consistent
for the three years: % gradient, % gravel, % bolder, and % bedrock. The mean
% canopy across all stream sites was higher in 2002 when compared with the
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15.94

10.04
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5.0

Minirum Distance Between Clusters

0.0

ORE Sites

Figure 2: Cluster dendogram of Orestimba Creek sites based on Euclidean distance of
average habitat scores for the three-year period of observation.

other two years (Table 3). The mean % fine sediment was somewhat lower in
2001 when compared with 2000 and 2002. In 2000, the % cobble was lower
when compared with the other two years.

Spatial analysis of physical habitat metrics in Orestimba Creek over the
three-year period showed a distinet grouping for ORE 6, ORE 8, ORE 7,
and ORE 9 (Fig. 2). All the other gites were somewhat different from each
other following a gradient of habitat heterogeneity. The dendogram in Fig-
ure 2 shows this chaining over a gradient. Physical habitat in sites ORE 1
(downstream site) and ORE 10 (upstream site) were most different from each
other.

Benthic Communities

Approximately 5,400, 5,500, and 6,600 individual invertebrates were picked
and identified from the 10 Orestimba Creek sites sampled in 2000, 2001, and
2002, respectively (Table 5). The total number of taxa collected by year were
98 taxa in 2000, 108 taxa in 2001, and 107 taxa in 2002. The following taxa
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Table 5: Total faxon abundance (~75% curmulative %) for benthic
macroinvertebrates collected in Orestimboa Creek in 2000, 2001, and 2002. A
detailed presentation of all taxa for 2000, 20017 and 2003#! is avaitable.

Cumuiative

Year Lowest taxa Highertaxa  TolalN Total % %

2000 Noiclidae Ollgochaeta 1586 29.35 29.35
Undetermined tubificidae Qligochaeta 850 10.18 39.63
Cricofopus bicinctus gp. Chironomidae 474 8.77 48.30
Cricotopus sp. Chironomidae 358 6.62 5492
Prostorna Enopla 213 3.94 58.86
Undetermined oligochaeta  Oligochaeta 201 3.72 62.58
Physa/physsila Gastropoda 183 3.39 6597
Gammarus lacustris Amphipoda 152 2.81 468.78
Megadrle Oligochaeta 137 254 71.32
Corbicula fluminea Pelecypoda 122 226 73.58
Nematoda Nematoda 107 1.98 75.56

2001 Undetermined enchylraeidae Oligochaeta 836 15.079 15.079
Ophidonals serpentina Oligochaeta 57¢ 10444 25.623
Simulium sp. Chironomidae 457 8.135  33.658
Gammearus lacustris Amphipoda 380 4854 40812
Corbicula flurninea Pelecypoda 337 6079 46.591
Cricotopus sp. Chironomidae 304 ~ 5483 52.074
Cricofopus bicinctus gp. Chironomiciae 267 4816 56.890
Nais communis/variabilus Oligochaeta 228 4113 61,003
Torrenticolc sp. Arachnida 215 3.878 64.881
Dicrotendipes sp. Chironomidae 198 3.571 68.452
Prostomcr sp. Enopla 160 2.886 71.338
Meguadriile Cligochaeia 157 2.832 74170
Undetermined fublficidae Cligochaeta 121 2.183 76.352

2002 Ophidonais serpentina Cligochaeta 685 10417 10.417
Sirnulium sp. Chironomidas 661 10062 20,468
Orthocladius complex Chironomidae 614 2.337 29.805
Corbicula sp. Pelecypoda 594 2033 38.838
Cricotopus sp. Chircnomidae 588 8942  47.780
Daphnidae Cladocera 305 4638 52418
Cricofopus bicinctus gp. Chironomidae 294 4471 56.889
Physa/physalia Gastropoda 277 4212 61701
Dugesia tigrina Platyhelminthes 244 3710 - 648110
Slavinia appendiculata Oligochaeta 223 3391 . 682030 .
Undetermined enchytraeldae Oligochaeta 213 3239 71442000
Nais communis/variabilus Cligochaeta 187 2.387 73.829 .1
Dicrotendipes sp. Chironomidoe 132 2.007 . 75.836.;. B

comprised slightly over 50% of the total number of individuals collected mf- '

2000: naididae, undetermined tubificidae, Cricotopus bicinctus, and C‘rzcoto-_:

pus sp. In 2001, the taxa comprising slightly over 50% of the total number

of individuals collected were: undetermined Enchytraeidae, Ophzdonazs ser-'_ L
pentina, Simulium sp., Gammarus lacustris, Corbicula fluminec, and Crzco-_ : :.' '
topus sp. The following taxa comprised over 50% of the total number of in= L
dividuals collected in 2002: Ophidonais serpentina, Simulium 8p., Orthocla— G

dius complex, Corbicula sp., Cricotpus sp., and Daphnidae. Ohgochaetes andf-

chironomids were the most dominant taxa collected dunng all three years Of{:': el =

sampling.
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A shift in dominant benthic taxa oceurred from 2000 to 2002 for Daphnidae
(water fleas) and the exotic clam Corbicula fluminea. For both 2000 and 2001,
few if any daphnids were collected at the 10 Orestimba Creek sites. However, in
2002 daphnids were the sixth most dominant species in this stream comprising
4.6% of the total taxa abundance. The abundance of the exotic clam Corbicula
also increased steadily in QOrestimba Creek from 2000 to 2002. The annual
percent of the total taxa represented by Corbicula was as follows: 2.3% in 2000,
6.1% in 2001, and 9% in 2002.

A temporal comparison of taxa richness for the 10 Orestimba Creek sites
sampled over the three years showed highest richness for four sites in 2001
(Fig. 3). Lowest benthic macroinvertebrate richness was reported for the down-
stream sites in 2000 when compared with the other two years. The highest
macroinvertebrate richness occurred for the two downstream sites (ORE 1 and
ORE 2) in 2001 when compared with 2002 (Fig. 8). For all three years, taxa
richness was always greater at the upstream site (ORE 10).

Atemporal comparison of taxonomic abundance for the 10 Orestimba Creek
sites sampled in 2000, 2001, and 2002 showed highest abundance for seven
of the sites in 2002 (Fig. 4). There was no clear temporal pattern by site for
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Figure 4: Macroinverfebrate abundance for all fransects (site fotals) for the 10 Orestimba
Creek sites sampled in 2000, 2001, and 2002.

the lowest taxonomic abundance. The three upstream sites (ORE 8, ORE 9,
and ORE 10) generally showed the greatest benthic abundance for the three-
year period, while the three downstream sites generally showed the lowest
abundance over the same time period.

Mean benthic metrics are summarized in Tables 6-8 for the 10 Oreshmba
Creek sites sampled in 2000, 2001, and 2002, respectively. Collectors—a feed-
ing guild that dominates in stressed environments—were the dominant feeding:_ .
group for the various benthic taxa collected in 2000 (Table 6). The lowest % col-
lectors were reported at upstream site ORE 10, The following other metrics were -
also noteworthy at ORE 10 in 2000 when compared with the other 9 sites: taxa .. . P
richness was highest, the % dominant taxa were lowest, EPT taxa (mayflies, =~ -
stoneflies, and caddisflies generally associated with nonstressed environments) et
were more dominant, the % tolerant taxa were lowest, and abundance was..f ST
highest. D

Various benthic metrics summarized in Table 7 from the 2001 samphng-3"' SRR
were fairly consistent among sites. The mean % dominant taxa, mean % tolerant : SHORE
taxa, mean % collectors, and abundance were higher at ORE 9 when compared" SR
with the other sites. The most upstream site (ORE 10) also had a higher percent =~ -
of Baetidae (tolerant mayflies). The % chironomidae were higher at one of the i
downstream sites (ORE 2) when compared with the other sites. As reported'-_ :
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above for 2000, collectors were the dominant feeding group for the various
benthic taxa collected in Orestimba Creek in 2001.

Various benthic metrics summarized in Table 8 for Orestimba Creek sites
sampled in 2002 are as follows: (1) % dominant taxa were lower at ORE 1,
ORE 7, and ORE 8; (2) EPT taxa were primarily found at ORE 10; (3) % tolerant
taxa were highly variable among sites; and (5) % chironomidae were higher at
downstream site ORE 1. The % collectors were higher at ORE 1, ORE 8, and
ORE 10. The % shredders—taxa associated with nonstressed environmentg—
were low (<27%) at all sites.

A statistical comparison of mean benthic metrics across all 10 Orestimba
Creek sites for 2000, 2001, and 2002 showed significant (p < 0.05) changes for
two trophic measures: percent collectors and percent filterers (Table 9). Collec-
tors are macrobenthos that collect or gather fine particulate matter. Filterers
are macrobenthos that filter fine particulate matter. Our analysis showed that

Table 9: Mean scores for each benthic medric by year for Orestimba Creek with

p-values for among year means comparison and pairwise comparisons between

yeaQrs.

T
2000 2006 2001

VS, Vs, VS,

Benthic metric 2000 2001 2002 p-volue+ 2001 2002 2002

Abundance (#/ sample) 101200 588.03 1456.92 0.2725

Cumulaiive EPT taxa — 1.90 130 0.4609

Cumulative faxa -~ 35.30 33.20 05234

Dipteran taxa o 1.53 e —

EPT index (%) 2.03 423 1.37 (.7855

EPT toxa 0.93 1.00 0.3 09017

Ephemeroptera taxa Q.60 0.57 0.40 05045

Non-insect taxa — 11.63 — —_

Percent baetlidae —_ 2.33 0.23 0.8000

Parcent chironomidae — 18.37 3440 008578

Percent coliectors 75.83 5657 3543 0.0007 * * »

Percent diptera - 9.07 e —

Percent dominant taxon 4420 3213 35.10 0.0450

Percent filterers 7.07 1643 30,90 0.00585 * *

Percent grazers 3.73 3.37 8.10 0.4516
Percent hydropsychidae o 0.13 0.53 0.2500
Percent intolerant taxa 0.30 0.23 003 0.3679
Percent non-nsect taxa — 64.60 — e
Percent predaiors 7.0 1040 1377 1.0000
Percent shredders 6.07 673 11777  G.2231
Percent tolerant taxa 52.57 52.67 30.87 0.0608
Plecoptera taxa 0.00 G.00 0.00

Sensitive EPT index (%) 0.43 0.00 0.17 0.3679
Shannon diversity 1.84 225 217 00608
Taxonomic richness 17.33 2237 2190 02847
Tolerance vaiue 6.82 46.80 672  0.3872
Trichoptera taxa 033 043 0.53 08777

+Friedman fest If three years, Wilcoxon signed rank fest if fwo years,
*<0.05 by Wilcoxon signed rank fest.
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percent collectors were higher in 2000 than in 2001 and 2002 (Table 9). Peicent
collectors were also higher in 2001 than in 2002. The percent filterers were
higher in 2001 than in 2000 and were also higher in 2002 than in 2000.

There were no other significant temporal differences among benthic metries
at the sites using a significance level of p < 0.05. However, using a cutpoint of
p < 0.07 percent chironomidae taxa were higher in 2002 than 2001 and percent
dominant taxa were higher in 2000 than 2001. Using the same cutpoint (p <
0.07), percent tolerant taxa were lower in 2002 than 2000 or 2001. Shannon
diversity index was lower in 2000 than in 2001 and 2002 (p < 0.07).

Spatial analysis of benthic community metries from 2000 to 2002 showed
the following site groupings: ORE 1, ORE 2, ORE 3, ORE 5; ORE 4 and ORE
7; ORE 6 and ORE 9; ORE 8; and ORE 10. (Fig. 5). ORE 6 and ORE 9 were
also in the same group based on physical habitat metrics presented previously
(Fig. 2). The grouping for ORE 1, ORE 2, and ORE 3 based on benthic com-
munify metrics corresponds with their location in the stream as these are the
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Figure 6: Cluster dendogram of Qrestimba Creek sites based on Euclidean distance of

average benthic mekic scores for the three-year period using the 18 metrics collected in
ali years.
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three most downstream sites. Benthic communities at ORE 10 were distinctly
different from the three downstream sites and ORE 5.

Relationship of Physical Habitat and Benthic Communities

Spearman’s rank correlation analysis showed that channel alteration, ri-
parian buffer, sediment deposition, and channel flow were the most important
physical habitat metrics influencing the various benthic metrics (Table 10).
Channel alteration was negatively correlated with % shredders and positively
correlated with % collectors. Riparian buffer was negatively correlated with %
filterers and positively correlated with % collectors. Sediment deposition was
negatively correlated with % collectors and tolerance values and positively cor-
related with % filterers. Channel flow was negatively correlated with % intol-
erant taxa and EPT index,

Relationship of Water Quality and Benthic Communities

Spearman’s rank correlation analysis showed that conductivity, pH, and
turbidity were the most important water quality conditions influencing the var-
ious benthic metrics (Table 11). Conductivity was negatively correlated with %
filterers and positively correlated with abundance and % intolerant taxa. pH
was negatively correlated with % filterers and positively correlated with abun-
dance, % collectors, and % intolerant taxa. Turbidity was negatively correlated
with EPT index, % collectors, and % intolerant taxa.

DISCUSSION

Waier Quality and Flow

Mean annual water guality conditions for all sites combined were similar
among years with the exception of lower dissolved oxygen values in 2001 and
higher turbidity values in 2002. The consistently low dissolved oxygen values
for all sites in 2001 (<5.0 mg/L: except for ORE 1) were potentially stressful to
aquatic life based on thresholds discussed by Lee and Jones-Lee.*®! However,
the benthie cormmunity data collected at all Orestimba Creek sites in 2001 did
not suggest any drastic changes in community composition that would suggest
greater environmental stress in 2001 compared fo the other two years when
dissolved oxygen values were consistently greater than 5.0 mg/L. Dissolved
oxygen was not reported to be one of the more significant water quality condi-
tions influencing the various benthic metrics based on Spearman’s correlation
analysis (Table 11).

Turbidity is generally considered a surrogate measure for sediment loading.
The U.S. EPA has listed sediment as the number one source of impairment
nationwide on its list of impaired water bodies.'¥! Turbidity was reported tobe




979

(28nd pxau U0 panuUIUo])
! i L 1 L L i t L L { o

DX

0 0 g 0 0 4] 0 g 0 0 ¢ 9&%&00%&
OL-8

94090 €89Y'0  8VES0  ZELOD- 99900  4LLLO0 96600 PPSB0 L6400 #ZSP0 289C0 DX} JURISIOf -
90600 19/€L'0 €BOZL'0  ¥9000 €81S€0— 629620 S90E0 66vEQC G220 PSTPL'O— L/80C°G— JUsdiad

8y9L°0 GeS80  /[926°C 2L8L0 [ZLU0 95280 90660 SL91'0  [ZI00  LLLLO S4800 siBpPpalUs
L0L50°0 P00~ 896LL'0 68900~ L9G5T°0 Zr00 2000~ LLBST O~ LLEPY 0~ €206T°0 LELLE0 uB0Iad

#090°0 99¥00 Y0090 28LL'0 29080 L0480 ZeLiQ  98eS0  ¢G080 65800 ¥90C0 siopopaid
L8OVE'0—  QLO9E0— 96600 LErSe0— ¥Z92L0 [E0'0— 925620~ 889LL'0~ LyQ0 ¥LEETT0— vrieT0~ A uwcwohma

&—0) DXIoY

£820°0 grbz’ 0 €ECO0  OLL0 29080  8/290 ¥i800 SeerQ  9Ces0  LLZ00 895890 JUDISION
QS00r'0—  6L612°0— LE81G0~ 124620~ 900080~ P66L1°0— €682€°0— €210 Z88LL'C SQEe0r0— Z/00~— HeDIB

168/°0 ZLign ZEL'0  8EG60 pZE90 Q080 6G9L0  €6e€°0  ZL090  Z8rS0  E6V60 siezpIb
860600  €99y00 [E18C0— LLLOO—- 201600 SO99L0 296520 1/08L'0— w6600 ElPLLO €LCLOD {usdiad

62090 9e01'0 LSO €040 €0e0°0 250070 68L°0 €L960 ¥s0'0  9L0L0 8860 sialoly
[9860'0 662080 /[ZPLL'0 G0L820 ©6G6E°0C POLOFO— 660500 6000 €950~ ¥1Z00— 62000 Us2Iad

880F'0 TES6'0 69090 66080  wELVFO  LEPP0  6lev'0 18640 L1950 G66€°0  €00E’0  UOXD) JUDUIWIOD
26981°0— TLLOQ— 64600~ 8l6L'0— wZrel’0— /2S¥1'0 €2Z51°0— 8800~ 8POLL0  €96GL°0— L9G61°0~ {usaiad

ANANY 869G Sy080 /90 SEG00  /SPO0Q 65120 828¢°0C £el00  6E960 %980 SI0Lo9loD
yee9L0  [SBLOO BLLPOD 66L0L0 G6SGC0— G980 ZLLET0 S9C0T0 <L9vr 0 600'0— 81£00— jusdiad

1600 66LP0  Ze2L'0  Sl600 yo8'0 €810 96800 61S60 89l90 (9500 92580 XD}

ZR6ZE0— 8LySL'0— 89,820~ GGELE'0— 9ZEQ0— GIPE0— 694L€0— SLLO0~ GLECL'0— 89160~ £15E0°0 visjdosweydy
QL¥e0 €0LE0  €9290 16860 GEEE0  86l¥0  88LLC  9p6l'0  8F9€0  LegL0  8O9CO

99C0'0— 8G69L0— 680210~ €000~ ¥8Z8L'0 €661 °0— 122820~ 686V 0 ¥L0LE0— ve90'0— L6LiZ0 DXBY [dd
£899°0 G08e0 g6 LSvL0 1860 TB/S0 20620 1882’0 20090 €E260 68670
GLED0— 9099L'0— GLOSL'O £L190°0 S6POL'0  1/901°0— ¥9661°0— 1S00C0 6600~ ¥8L00— [F8ZL0 % Xepul 1d3
GL2C0 0900 660 960L0  PZ98'0 {890 9800 vE9S'0  €G600 65060 L2900 (e|dwios/#)
(OLZT0— VLIPSO GLI9L°0— L0B6Z0— GOEE00 PPLLL'O ¥LOZE'0— €860L°0— PLOLE'0— 94200~ £Qrpe0 aouppuUNgyY
TVIOL qiqaa MOT HidG d3d 44nd ans 44 v 93A GVIS dalidben
Jeing HO A a3s di¥ 143 N3¥ NVHO ANV ANVY Jypuog

o EEEEEEEERRRE=_-=-=uonul th ne s
(e =N) NoelD) DAUIISSIO WOl DIOR JO SiIDaA aauyl

UO pesng SOOI 0JIGDY "SA SOJISUL DIULUSG JO) (LIOHOC) senoa-d pup (o)) SiUSIOIe0D UOHDISLOD UDULDSdS gl @iael




£2Ce0 L6490  PESY0  GLLE0  60SL0 WeLD  §94L0 kPl LOZ'0 ARy 1600 OXD4
704810 98/0°0~ 9vS80'C 688810 Z889C0  9¥900~ 999070~ £82/20 SITOVZ0— Z6OSL'0 8OrLE0  ©ieidoyoll

8S6°0 PBGC0 62880 §929°0 19500 w6690 €LE10 PEYD 96890 60920  6LLED enjoa
80LO'0~ SOELZ0 €£9800  9T600— £FESE0— 66600  BL/Z0 90600~ v8E800 L6L1C0— VOGPLC—  SOUDISIOL

/820 gerLl’0  G9ES0 €890 9840  9E9E’d €99€°0 808°'C 98080 89050 §T6°0 ss2ULOY
GROOZ'0—  GEVLZ0— VLLL0— L4400~ 861900  GSLLO~ 860410~ €9V0'0— 6PE6L'0— 809ZL°0— ¥6LLOQ  ORUOUOXDL

ere6'Q 12880 L9960  60VL0 [GR'0  88SF0  €9Z8°0  GE98'0  QL8S0 L8860 614L0 Alisionp
260100 QGe00— [OLO'0— 862900 PEPEQ0Q GSOFL'0— €81PO0 842800 AyOLU'0— L2000  8L900 uouunyg

£8L1°0 BELLO 9200 £080 6280 1960  LClE0  9L&Y0  STLL0 ZyB00  Ly890 (%) Xepul
CL6Z0—  6690°0— L680W0~ LGpsL'0— ZereL'0— [S000 wL061°0— 660EL'0  60850°0 ©SOCE'0— 8LL00— ldd SAysusg
WIOL qaqq MO Hidd d43d ddng ans i v O3A gavis Eiad g
Jgna HO 1A Qa3s did 143 N3g NVHO JINvE YNve Jjjuey

[

(penuUUCD) (08 =N) #9917 DAUILSSIO WO DIDP JO SIDBA 82U}
UO POSOC $OLIBW JDUCOU 'SA SOULIBW DIUIIST 10} (UOHOM) senpa-d pun (doy) SiUS|0Ye00 UOIDIeN0D UbuLoeds 6L eian]

980



Water Quality in Impaired Agricuitural Streoms Q8]

Table 11: Spearman correlation coefficients (fop) and p-values (bottom) for
benthic meitrics vs. water quality conditions based on three years of dato from
Orestimba Creek (N=230).
b ]

bo Temperature  Turbidity
Metric Conductivity  {mg/L) pH (< (NTU)
Abundance 0.584 0.1289 0.50913 0.10684 —0.23278
#/sample) #] 0.5074 0.Co41 0.5741 0.2158
EPT 0.222 0.06 ~0.01999 -0,0789¢ —0.34773
index (%) 0.238 0.7509 0.9165 0.6782 0.0597
EPT 0.289 0.037 0.02532 -0.10625 —{.33432
taxa 0.121 0.8446 0.8943 0.5763 0.07M
Ephemeroptera 0.184 0.0585 0.08036 —0.10768 -~{.26632
taxa 0.331 0.7742 0.6729 0.57 11 0.1549
Percent 0.255 -0.04 0.35516 0.57569 —0.37202
collectors 0.1758 0.853¢ 0.0547 0.0009 0.0429
Percent 0.169 01116 0.31874 0.26736 0.1669
dominant faxon 0373 0.657 0.086 0.1532 0.4076
Percent —(.56 -0.08 —0.53994 ~,43107 0.28424
filterers 0 0.6746 0.0021 00174 0.127¢9
Percent 0.227 ~0.135 01569 —0.02565 -0.06244
grazers 0.228 0.4766 0.4077 0.893 0.7431
Percent intolerant 0.47 -0.07 0.39945 0.12438 —0.52093
taxa (-2) 0 0.7075 0.0288 0.5125 0.0032
Percent 0.318 0.15614 0.14133 —0.14972 -(.07629
predators 0.09 0.4244 0.4563 0.4297 0.6887
Percent -0.13 0.2455 --0.16107 ~0.2G797 0.13127
shredders 0.481 c.19N 0.3952 0.1098 0.4893
Percent tolerant 0.245 —0.423 -0.05025 0.11013 -0.18014°
taxa (8-10) 0.192 0.02 0.792 0.5623 0.3408
Plecoptera 0 0 0 0 0
taxa 1 } ] 1 1
Sensitive 0.341 0.015 0.30997 —-0.02547 041777
EPT index (%) 0.07 0.9375 0.0955 0.8937 0.0216
Shannon 0 0,234  -0.24261 ~0,34303 —0.29737
diversity 0.859 0.213¢ 0.1964 0.0635 0.1105
Taxcnomic 0.128 -(,13 -0.03076 --0.34184 —0.24532
richness 0.51 0.4946 0.8718 0.0645 0.1913
Tolerance 0.151 -0.39 -0.10672 0.04442 0.03874
value 0.425 0.033 0.5746 0.8187 0.839
Trichoptera 0.248 -0.03 —0.06513 —0.0639 ~0.29677
taxa 0.186 0.8754 0.7324 0.7373 0.1113

negatively correlated with both the EPT index and intolerant taxa in Orestimba
Creek. Various other investigators have also documented the negative effects of
sediment to benthic invertebrates.'?” Therefore, increased turbidity for most of
the Orestimba Creek sites in 2002 would suggest increased stress for benthic
communities. For example, an increase in % chironomidae—taxa associated
with stressed conditions—would suggest degrading environmental conditions
in 2002. A significant increase in % filterers—a trophic guild that dominates
in stressed environments-—also suggest that benthic communities were some-
what more stressed in 2002. The exotic clam species Corbicula (a filterer) was
particularly dominant in 2002 comprising 9% of the taxa collected and ranking
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as the fifth most dominant species. Harrington and Born''®! have reported that
most of the clam and mussel species remaining in California streams and rivers
are relatively pollution tolerant and tend to be concentrated in warm waters
with high nutrient loads. These authors have also reported that Corbicula has
spread throughout streams and rivers in the United States displacing native
species.

The spatial differences in turbidity were clear during all three years of sam-
pling as the upstream site (ORE 10} had turbidity values more than 100 times
lower than the other nine sites. ORE 10 is located above all agricultural activity
g0 the low turbidity values at this site are not surprising because there is no sus-
pended sediment coming from eroded soil in irrigated agricultural fields. Two
critical benthic metrics that increase in nonstressed environments—-species
richness and EPT taxa—were consistently higher at ORE 10 when compared
with the other nine sites. Therefore, the low turbidity at ORE 10 is likely a
factor contributing to higher benthic community condition at this site during
all three years of sampling.

The increased flow and cross-sectional area by site in 2001 does not appear
to be related to any of the eritical benthie metrics such as richness, abundance,
and the various trophic measures. However, physical habitat metries such as
velocity/depth/diversity and bend/riffle frequency were higher in 2001 when
compared with the other two years. Total physical habitat scores were also
statistically higher in 2001 than 2002.

Physical Habitat

Critical stressors to aquatic life in California sireams are water augmenta-
tion, sediment loading, and impaired physical habitat. Altered physical habi-
tat structure is also considered one of the major stressors of aquatic sys-
tems throughout the United States.”?!! Identifying degraded physical habitat
in streams is critical for bioassessments as failure to do so can sometimes hin-
der investigations on the effects of toxic chemicals or other water quality re-
lated stressors. There is a small but still significant risk of reporting a water
quality related impact when one does not exist (false positive) when habitat
assessments are insufficient or abgsent.?? Physical habitat evaluations are not
intended to replace biological assessments but rather to add an additional line
of evidence about the status of lotic systems when conducted in concert with
biological assessments. Evaluation of physical habitat in agricultural streams
in California’s Central Valley is particularly important due to the intensive
development and landscape modifications in these areas. '

Temporal comparison of physical habitat metrics in Orestimba Creek
showed differences {declining scores) for a greater number of metrics hetween

across all sites, is that physical habitat in Orestimba Creek has declined.

2001 and 2002. The general pattern, as supported by the final habitat score: 3
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between 2001 and 2002. Benthic metrics that increased concurrently with de-
clining physical habitat in Orestimba Creek in 2002 were % chironomidae
and % filterers. Both of these metrics increase in response to environmental
disturbance."® The increase in % filterers was influenced by the increase in
abundance for the exotic clam Corbicula in 2002 as discussed above. These
benthic data suggest a decline in community assemblages with a concurrent
decline in physical habitat conditions, This finding is in agreement with other
studies that have documented the importance of physical habitat for benthic
communities,[10-22.23]

Historical comparisons of our Orestimba Creek physical habitat data with
other streams in the San Joaquin watershed is problematic due to both limited
available data and consistent methods of habitat assessment. The total phys-
ical habitat score for all sites combined in Orestimba Creek was significantly
higher than another stream. in the San Joaquin watershed (Salt Slough) based
on physical habitat assessments conducted in 2001 and 2002.[%8 Various met-
rics such as epifaunal substrate, sediment deposition, and embeddedness were
significantly higher in Orestimba Creek when compared with Salt Slough in
both 2001 and 2002. In contrast, total physical habitat scores in Orestimba
Creek were similar to another nearby San Joaquin stream (Del Puerto Creek)
sampled in 2001 and 2002.[78

Griffith et al.% evaluated physical habitat in 95 wadeable streams in
California’s Central Valley in 1994 and 1995 using protocols described by
Lazorchak, Klemm, and Peck.!%! However, exact comparisons with our physical
habitat data are not possible due to different field methods. The general con-
clusion from Griffith et al.l'% was that physical habitat in most of these altered
streams in the Central Valley is poor due to insufficient substrate heterogeneity
and instream habitat. Qur physical habitat data from three years of sampling
in Orestimba Creek would generally support this finding.

Benthic Communities

Oligochaetes and chironomids were the most dominant taxa collected dur-
ing all three years of sampling in Orestimba Creek. Oligochaetes are generally
found in stressful environments while chironomids can be either sensitive or
tolerant to environmental stressors depending on the species.'®23 Temporal
shifts in taxa were reported for both daphnids and the exotic elam Corbicula
during the three years of sampling in Orestimba Creek. For both 2000 and 2001,
few if any daphnids were collected at the 10 Orestimba Creek sites. However,
in 2002 daphnids were the sixth most dominant species in this stream compris-
ing 4.6% of the total taxa abundance. Harrington and Born*¥] have reported
that daphnids generally have a high tolerance value to most environmental
stressors (except organophosphate insecticides as discussed below). Therefore,
increased numbers of this tolerant taxa are generally associated with stressful
conditions. The abundance of the clam Corbicula also increased in Orestimba
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Creek from 2000 (2.2% of the total abundance) to 2002 (9% of the total abun-
dance). Increased numbers of exotic (tolerant) species such as Corbicula are
generally a sign of impairment.

Two trophic measures reported to significantly change over the three-year
sampling period in Orestimba Creek were % collectors and % filterers. Both of
these trophic measures increase in response to environmental disturbance.!3]
The % collectors were reported to decrease over the three-year period, which
suggests some improvement in environmental conditions. In contrast, % filter-
ers were reported to increase significantly over the three-year period, which
suggests an increase in environmental disturbance. The temporal pattern of
increasing numbers of filterers in Orestimba Creek and associated increased
environmental degradation would support the daphnia and Corbicula abun-
dance data presented above that also suggests an increase in environmental
degradation over time.

Due to imited historical benthic data in the San Joaquin River watershed,
comparisons with our Orestimba Creek data were limited. In 1993, the US.
Geological Survey collected benthic macroinvertebrates at one site in Ores-
timba Creek that was approximately halfway between our stations ORE 2
and ORE 3.2% Dominant taxa reported by these investigators were mayflies,
oligochaetes, and gastropods. The dominant taxa we reported in Orestimba
Creek (particularly at ORE 2 and ORE 3) over the three-year period were
oligochaetes and chironomids. Mayflies were not collected at ORE 2 or ORE 3
during our three years of sampling. Gastropods were collected in low numbers
at ORE 2 and ORE 3 over the three-year period. Due to the seven-to nine-year
time period between the two sampling events, it is difficult to explain possible
factors confributing to the differences in dominant taxa.

Benthic data comprising 27 metrics from sampling Orestimba Creek in
2001 can be compared with benthic data collected in two other San Joaquin
streams—=Salt Slough and Del Puerto Creek—using the same sampling meth-
ods in the same year.”’ Taxonomic richness was similar among three streams
in 2001. The % non-insect taxa and % diptera were significantly higher in
Orestimba Creck when compared with Salt Slough. The % collectors and %
non-insect taxa were also higher in Orestimba Creek when compared with Del
Puerto Creek. In general most of these benthic metrics were not significantly
different among Orestimba Creek, Del Puerto Creek, and Salt Slough sampled
in 2001.

Twenty-three benthic metrics resulting from sampling Orestimba Creek in
2002 can also be compared with the same set of metrics collected from Salt
Slough and Del Puerto Creek in the same year!®! In contrast to the results
reported above, none of the benthic metrics were significantly different (p <
0.05) among the three streams in 2002. These results suggest that benthic
communities in Orestimba Creek are similar to two other agricultural streams
in San Joaquin River watershed.
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A comparison of benthic community data collected from an urban creek in
Sacramento (Arcade Creek) in 2000 with our Orestimba Creek data collected
in the same year showed significant differences for various metrics.®! Shannon
diversity and taxonomic richness were significantly higher in Orestimba Creek
compared to Arcade Creek; % collectors were significantly higher in Arcade
Creek. These data would suggest that the condition of benthic communities
in Orestimba Creek (an agricultural stream) is higher than Arcade Creek (an
urban stream). :

Griffith et al’% used community metric and multivariate statistical ap-
proaches to assess the relationship between benthic eommunities and environ-
mental variables in 95 wadeable streams in California’s Central Valley in 1994
and 1995, Although these authors did not present benthic community by site
their summary of benthic community data for all sites is in general agreement
with our Orestimba Creek data as follows: (1) oligochaetes and chironomids
were the dominant taxa; (2) percent tolerant taxa were generally dominant; (3)
collectors were the dominant feeding guild; and (4) the abundance of EPT taxa
was generally low for most sites.

Regulatory and Ecological Implications

The state of California has classified Orestimba Creek as an impaired wa-
ter bedy (303d list) due to the presence of chlorpyrifos, diazinon, azinphos
methyl, and DDE (www.swrcb.ca.gov). This water body was listed as impaired
based on measured pesticide concentrations exceeding a threshold (water qual-
ity criteria). Unfortunately, the status of resident bioclogical communities was
not considered when this water body was classified as impaired because these
data were not available. The benthic community data presented in this paper
is therefore useful for providing another line of evidence for determining the
biological condition of agricultural streams such as Orestimba Creek. A recent
report by the National Research Council®®! addressing various issues asso-
ciated with TMDLs and impaired water bodies stated that biological eriteria
should be used in conjunction with physical and chemical criteria to determine
whether a water body is meeting its designated use. This National Research
Council report further supports the use of biological data for determining the
status (or potential impairment) of water bodies by stating that biological crite-
Tia are more closely related to designated uses of a water body than are chem-
ical or physical measurements. A recent EPA report clearly supports the uge
of bioassessments for determining attainment of aquatic life based water qual-
ity standards by stating that bicassessment data are core indicators (critical
or essential indicators).””) This EPA report also endorses the use of multiple
lines of evidence (chemical, toxicity, and bicassessment data) for making valid
designations of impaired water bodies.[?"]

Benthic communities in Orestimba Creek based on three years of sampling
generally comprised tolerant species such as oligochaetes and chironomids.
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Dominance by tolerant species is not surprising in this agricultural stream due
to: (1) fluctuating flow conditions; (2) stressful water quality conditions such
elevated temperature, low dissolved oxygen, and turbidity; (3) and less than op-
timal physical habitat. Historiecal data from permanent gauging stations near
ORE 10 and ORE 8 show that in most years Orestimba Creek is ephemeral
in the reach with no commercial agriculture but generally has continuous low
flow (in non-drought years} in most of the lower reach which receives irriga-
tion return water.'?8! Daphnids (cladocerans) with a fairly high tolerance rating
to general environmental stressors, but highly sensitive to chlorpyrifos!®® and
diazinon'®® based on laboratory toxicity tests, were the sixth most dominant
species in Orestimba Creek in 2002 comprising 4.6% of the total taxa adun-
dance. The amphipod Gammarus lacustris, which ig also considered sensitive
to chlorpyrifos?? and diazinon,%" was the fourth most dominant species col-
lected in Orestimba Creek in 2001 and the eighth moest dominant species col-
lected in 2000. The presence of these OP sensitive benthic species in Orestimba
Creek suggests that the laboratory toxicity data used to generate the “effects
benchmarks” for these OP insecticides may not accurately predict the status of
resident biota.

Critical issues to address with the benthic community data from Ores-
timba Creek and other agricultural streams in California’s Central Valley are:
(1) What are the biological (benthic) expectations for these agricultural
streams? and (2} Do these streams meet these biological expectations and are
they impaired based on the status of resident benthic communities? Unfortu-
nately, an agricultural reference stream is not available for this watershed to
compare benthie communities with our Orestimba Creek data. Therefore, the
traditional approach often used to interpret the status of benthic communities
is not feasible. The presence of approximately 100 taxa in Orestimba Creek
during each of three years of sampling implies that the benthic communities in
this stream are fairly diverse, considering their ephemeral environments, but
without a clear definition of benthic community expectations it is unknown if
this water body is actually impaired. Extensive spatial and temporal assess-
ments of benthic commmunities in concert with physical habitat assessments are
needed in agricultural streams of California’s Central Valley in order to iden-
tify the range of henthic community taxa assemblages by stream order and to
identify potential reference sites.
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