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Both temporal and spatial trends analysis was conducted to determine if
the condition of the benthic community of a residential California stream
represented by metrics measuring richness, composition, tolerance/
intolerance and trophic composition has changed from 2006 to 2015.
A secondary objective was to determine if 10 habitat metrics and total
habitat scores measured concurrently with the benthic assessments have
also changed temporally or spatially over the same 10 year time period.
The 2006 to 2015 time period for this study included both non- severe
drought (2006-2008), and severe drought (2013-2015), years. The most
significant results from this study were that the conditions of the benthic
communities as well as the physical habitat conditions have declined
in this water body from 2006 to 2015. Both non-chemical (habitat and
water quality parameters) and potential chemical stressors (metals and
pyrethroids) were evaluated to determine their possible role in the decline
in benthic community conditions. The factors most likely contributing to
the decline in benthic communities during the 10 year study period are
declining physical habitat conditions measured by declining metrics such
as velocity/depth/diversity, channel flow status and riparian areas and
possibly low dissolved oxygen concentrations below effects thresholds.
Both declining physical habitat and low dissolved oxygen concentrations
are likely related to the severe drought conditions reported during 2013-
2015.
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Environmental stressors that may impact aquatic biota in freshwater streams
include but are not limited to floods, fires, droughts, hurricanes, volcanic activity, climate
change, land use change, introduction of exotic species, physical change of attributes such
as temperature, substrate, or hydrology, and chemical changes such as pollution or nutrient
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enrichment. In order to determine the possible impact of these various environmental
stressors on resident aquatic life, biological endpoints are often used (Karr and Chu 1999).
Of'the various biological indicators, benthic macroinvertebrates are often used to monitor the
effects of both chemical and non-chemical stressors in the aquatic environment (Cairns and
Pratt 1993). Rosenberg and Resh (1993), have reported the following advantages for using
benthic macroinvertebrates in biomonitoring: (1) they are ubiquitous and can be affected by
environmental perturbations in many types of aquatic systems; (2) they encompass a large
number of different species and therefore offer a spectrum of responses to environmental
stressors; (3) their basic sedentary nature allows for effective spatial scale analysis of
pollutant or disturbance effects; (4) they have long life cycles compared to other taxonomic
groups which allow for elucidation of temporal changes caused by perturbations; and (5)
they act as continuous monitors of the water they inhabit thus enabling long term analysis
of both regular and intermittent discharges, variable concentrations of single and multiple
pollutants, and even synergistic or antagonistic effects. Benthic macroinvertebrate sampling
can also be conducted using simple inexpensive equipment and the taxonomy of many
groups is well known with keys to identification available (Hellawell 1986). In addition,
many methods of data analysis, including biotic diversity indices have been developed and
are widely used for benthic macroinvertebrates (Ohio Environmental Protection Agency
2015).

Bioassessments, formally defined as a quantitative survey of physical habitat and
biological communities (benthic macroinvertebrates) of a water body to determine ecological
condition have been used in California’s Central Valley for a number of years (Bacey 2005,
Brown and May 2004, Hall et al. 2009, Hall et al. 2013). One stream in California where
bioassessments with benthic macroinvertebrates have been conducted since 2006, is Pleasant
Grove Creek (Hall et al. 2015). Pleasant Grove Creek is a typical residential stream in
California’s Central Valley located in Roseville, California. This stream is on the California
303d list (impaired water body) based on the presence of pyrethroids, low dissolved oxygen
and sediment toxicity (California Water Boards, 2010).

Bioassessment multiple stressor studies have been conducted in Pleasant Grove
Creek spanning 10 years since 2006, with an extensive spatial scale (21 sites) given the size
of the stream (Hall et al. 2015). Therefore, this database provides a unique opportunity to
conduct benthic community trends analysis for key benthic metrics from data sets where both
sampling and benthic identifications have been consistent. There was also the opportunity
with this data set, spanning from 2006 to 2015, to determine the possible influence of the
severe drought conditions that occurred during 2013 to 2015, on benthic macroinvertebrate
communities (Howitt et al. 2015). Various investigators have reported that drought conditions
can have adverse effects on resident benthic communities (Beche et al. 2009, Lake 2003).
However, consistent long term studies that assess the impact of drought conditions on benthic
communities along with consistent measurements of habitat, water quality parameters and
potential chemical stressors (for example, metals and pyrethroids) have not been conducted.

The primary objective of this study was to determine if nine benthic metrics
representing measures of richness, composition, tolerance/intolerance and trophic
composition have changed temporally or spatially (increased, remained stable or decreased)
from 2006 to 2015 (excluding 2009-2012), in Pleasant Grove Creek. The following benthic
metrics were used in this analysis: percent dominant taxa; percent tolerant taxa; Shannon
diversity index; EPT (Ephemeroptera, Plecoptera, and Tricoptera Index) taxa; percent
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collector/gatherers; percent collector/filterer; percent intolerant taxa; taxa richness; and the
number of Hyalella collected. A secondary objective was to determine if 10 habitat metrics
and total habitat scores measured concurrently with the benthic sampling have changed
temporally or spatially over the 2006 to 2015, time period in Pleasant Grove Creek.

MATERIALS AND METHODS

Study area.—A total of 21 sites was sampled in Pleasant Grove Creek and its
tributaries (South Branch and Kaseberg Creek) in the spring of 2006, 2007, 2008, 2013,
2014 and 2015 (Figure 1). Sites are referenced as PGC 1 through PGC 22 (no site PGC
13) throughout the text. Sites that are located near storm drains are highlighted in Figure 1.
Pleasant Grove Creek, located in Roseville, California, USA, is characterized by numerous
contiguous subdivisions of single family homes less than 10 years old. There is no industry
in the area and also sparse commercial development and agriculture. The distance from
the upstream to downstream site was approximately 19 km in the mainstem of Pleasant
Grove Creek. The distance from the upstream to downstream site in South Branch was
approximately 8 km while the distance from the upstream to downstream site in Kaseberg
Creek was approximately 8 km.
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FiGURE 1.— Pleasant Grove Creek (PGC) core sites in California. Sites near storm drains are
designated with an *.
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Benthic macroinvertebrate sampling.—Benthic macroinvertebrates were collected
in the spring of 2006, 2007, 2008, 2013, 2014 and 2015 from three replicate samples at
all 21 sample sites. The sampling procedures were conducted in accordance with methods
described in Harrington and Born (2000). 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 tape. Using a random numbers table, three transects were randomly selected for
sampling from among those available within the riffle. Benthic samples were taken using a
standard D-net with 0.5 mm mesh starting with the most downstream portion of the riffle. A
30.5 x 61 cm section of the riffle immediately upstream of the net was disturbed to a depth
of 10.2 to 15.2 cm to dislodge benthic macroinvertebrates for collection. 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
collected 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 (deepest
path) of the transect and the procedures described above were followed. All samples were
preserved in 95% ethanol.

Due to the physical nature of this residential stream, it was often difficult to locate
a substantial number of riffles to sample. Therefore, alternative sampling methods for non-
riffle areas were used for all sites when needed as outlined in Harrington and Born (2000).
This involved sampling the best available 30.5 x 61 cm sections of habitat throughout
the reach using the same procedures described above. Nine 30.5 x 61 cm sections were
randomly selected for sampling (i.e., stratified random sampling). Groups of three 30.5 x
61 cm sections were composited for each replicate for a total of three replicates per site.

Taxonomy of benthic macroinvertebrates and metric development.—The goal of
the current study was to identify all benthic samples to the species level if possible. For taxa
such as oligochaetes and chironomids, family and genus level, respectively, were often the
lowest level of identification possible. Benthic macroinvertebrate subsampling (resulting
in a maximum of 300 individuals) and identifications were conducted by the California
Department of Fish and Wildlife (CDFW) in Rancho Cordova, California, USA. The
benthic macroinvertebrate samples were subsampled and sorted by personnel at the CDFW
Laboratory located at Chico State University, Chico, California, USA. Level 3 identifications
(species level identifications) followed protocols outlined in Harrington and Born (2000).
Slide preparations and mounting for species such as midges and oligochaetes followed
protocols from the United States Geological Survey National Quality Control Laboratory
described in Moulton et al. (2000).

Taxonomic information was used to develop benthic metrics. Benthic metrics
for wadeable streams in California were developed by California Department of Fish and
Wildlife (Harrington and Born 2000). Metrics were selected to represent different categories
of ecological information (i.e., richness, composition, tolerances and trophic measures).
The various metrics were selected to maximize the effectiveness of detecting degradation
in concert with communicating meaningful ecological information. The following benthic
metrics (along with the expected response to impairment) were used in the analysis: percent
dominant taxa (increase); percent tolerant taxa (increase); Shannon Diversity (decrease);
EPT taxa (decrease); percent collectors/gatherers (increase); percent collectors/filterers
(increase); percent intolerant taxa (decrease); taxa richness (decrease); and number of
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Hyalella (increase). The Hyalella metric is not a typical metric used in this type of analysis
but was used in this study because it is a commonly used toxicity test species in California.
Hyalella are considered tolerant of general environmental stressors with a tolerance value
of 8 on a scale of 0-10, with 10 as the most tolerant (U. S. Environmental Protection Agency
1999). However, Hyalella are very sensitive to pyrethroids (Giddings and Wirtz 2012).

Physical habitat assessments.—Physical habitat was evaluated at each site
concurrently with benthic collections. The physical habitat evaluation methods followed
protocols described in Harrington and Born (2000). The physical habitat metrics used for this
study were based on nationally standardized protocols described in Barbour et al. (1999). The
following 10 continuous metrics scored on a scale of 0-20 (O=very poor to 20=optimal) were
evaluated: epifaunal substrate; embeddedness; velocity/depth/diversity; sediment deposition;
channel flow status; channel alteration; frequency of bends/riffles; bank stability; vegetation
protection; and riparian zone; and given a total score (maximum score=200).

Statistical analysis.—In advance of the statistical trends analysis, it was determined
whether assumptions of normality and equal variance were met with the benthic and habitat
data sets. If assumptions of normality and equal variance were met, as was the case for most
of the data, regression analysis (a parametric test) was used to determine both temporal
and spatial trends as recommended by other investigators (Hirsch et al. 1982). Trends were
considered statistically significant if p values were less than 0.10 and r? values were greater
than 0.25 (Hall and Anderson 2012). If assumptions of normality and equal variance were
not met then a Spearman rank order correlation (a non-parametric test) was used to determine
significant trends.

RESuULTS

Overview of the six year benthic community dataset.—The number of different
benthic taxa collected by year in Pleasant Grove Creek were: 2006 (142); 2007 (145); 2008
(153); 2013 (153);2014 (143) and 2015 (145). These results show that the range of number
of different benthic taxa collected for six years of sampling (142 to 153) was similar. A total
of 273 different benthic taxa were collected over the six year sampling period.

The number of individual benthic taxa collected by year were: 2006 (18,334); 2007
(17,994); 2008 (21,291); 2013 (15,993); 2014 (17,550) and 2015 (18,116). The number of
individual benthic taxa collected by year ranged from 15,993 in 2013 during the severe
drought period to 21,291 in 2008 during the non-severe drought period. In summary, a
total of 109,278 individual benthic taxa were collected during the six years of sampling in
Pleasant Grove Creek.

The five most dominant benthic taxa collected during six years of sampling
in Pleasant Grove Creek and percent of the total samples were: immature tubificidae
(oligochaetes)—9.3%; Physa (snails)-9.2%; Hyalella (amphipods)—7.2%; Paratanytarsus
(chironomids)—6.5% and Dugesia tigrina (flatworms)—4.9%. All of these taxa are considered
tolerant to moderately tolerant of environmental stressors (Harrington and Born 2000).

Temporal analysis of benthic metrics.—A temporal trends analysis of selected
benthic metrics using standard linear regression showed a statistically significant increase
in percent tolerant taxa from 2006 to 2015 (Table 1; Figure 2b). Since percent tolerant taxa
increase in stressed environments, this significant increase in percent tolerant taxa suggests
an increase in impairment in this stream over time. A statistically significant decline in EPT
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taxa—taxa that are sensitive to stress—was also observed in Table 1, and Figure 2d. This result
would also suggest an increase in impairment. There were no statistically significant changes
for the other seven benthic metrics presented in Table 1. However, increasing slopes for
stress tolerant metrics such as percent dominant taxa and number of Hyalella and declining
slopes for stress sensitive metrics such as Shannon Diversity Index and taxa richness would
suggest a decline in benthic community condition.

TaBLE 1.—Linear regression of Pleasant Grove Creek benthic metrics trends for 2006, 2007, 2008, 2013,
2014 and 2015. Significant trends are in bold.

Linear Significant

Benthic Metric Regression Trend Over
r P Slope Time?*

% Dominant Taxa 0.028 0.752 Increase No
% Tolerant Taxa 0915 0.003 Increase Yes
Shannon Diversity Index 0.267 0.294 Decline No
EPT Taxa 0.615 0.065 Decline Yes
% Collector/Gatherers 0.177 0.406 Decline No
% Collector/Filterers <0.001 0.990 Decline No
% Intolerant Taxa 0.157 0.437 Increase No
Taxa Richness 0412 0.169 Decline No
# of Hyalella 0.156 0.439 Increase No

2 Statistically significant at p < 0.10.

Spatial analysis of benthic metrics.—Spatial analysis of benthic metrics generally
confirmed the results from the temporal analysis presented above (Figure 3). For example,
a greater number of sites were reported to have a significant increase in stress-tolerant
metrics such as percent dominant taxa, percent tolerant taxa and percent collector-filterers.
The exceptions were the stress tolerant metrics number of Hyalella and percent collectors-
gatherers where a greater number of sites did not show increases for these metrics. In addition,
stress sensitive metrics such as EPT taxa and taxa richness were also reported to significantly
decrease at a higher number of sites as illustrated in Figure 3. The above results from spatial
analysis suggest that benthic communities have declined in Pleasant Grove Creek during
the 2006 to 2015 time period.

Temporal analysis of habitat metrics.—Temporal trends analysis of individual
habitat metrics and total score in Table 2, and Figure 4, showed a significant decline from
2006 to 2015, for velocity depth diversity, channel flow status and riparian zone. A decline
in these three metrics would demonstrate a decrease in habitat quality in Pleasant Grove
Creek for the 10 year time span. It is also noteworthy that declining slopes (although not
statistically significant) were also reported for epifaunal substrate, frequency of bends/
riffles, bank stabilization, and total habitat scores. The declining slopes for these habitat
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FiGURE 2.— Linear regression plots of nine Pleasant Grove Creek benthic metric trends for 2006, 2007,
2008, 2013, 2014 and 2015.

metrics and total score would also suggest a deterioration of physical habitat in this stream
over time. Based on the above data, it appears that the overall habitat, that is consistently
marginal based on annual sampling, has demonstrated a decline during the 2006 to 2015,
time period in Pleasant Grove Creek.

Spatial analysis of habitat metrics.—Spatial analysis of habitat metrics and total
score provided additional support for the declining habitat conditions in this stream as
reported above based on temporal analysis (Figure 5). A greater number of sites showed a
significant decrease for the following metrics: epifaunal substrate; velocity/depth/diversity;
channel flow status; frequency bends/riffles; bank stability; and riparian zone. Spatial analysis
of'total habitat scores in Figure 5, also showed that five sites (PGC3, PGC9, PGC11, PGC14,
and PGC21) had significant declining total habitat scores. In contrast, only one site (PGC10)
had an increase in total habitat scores over the 2006 to 2015, time period.
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Fi1GUuRE 3.— Number of Pleasant Grove Creek sites with significant increasing or decreasing temporal
trends for the various benthic metrics from 2006-2015.

TaBLE 2.—Pleasant Grove Creek habitat metric trends data for 2006, 2007, 2008, 2013, 2014 and 2015.
Significant trends are in bold. No data transformations were necessary to improve the overall fit of the
data for statistical analyses.

. _ Linear Regression Significant

Habitat Metric > Trend Over
r P Slope Time?*

Epifaunal Substrate 0.169 0.417 Decline No
Embeddedness 0.016 0.808 Increase No
Velocity Depth Diversity 0.584 0.077 Decline Yes
Sediment Deposition 0.084 0.577 Increase No
Channel Flow Status 0.639 0.056 Decline Yes
Channel Alteration 0.066 0.622 Increase No
Frequency of Bends/Riffles 0.503 0.115 Decline No
Bank Stabilization 0.179 0.404 Decline No
Vegetative Protection 0.187 0.391 Increase No
Riparian Zone 0.755 0.025 Decline Yes
Total Score 0.420 0.164 Decline No

aStatistically significant at p = 0.10.
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FiGure 5.— Number of Pleasant Grove Creek sites with significant increasing or decreasing temporal
trends for the various habitat metrics from 2006 -2015.

Discussion

A significant finding from this study is that benthic community conditions have
declined in Pleasant Grove Creek from 2006 to 2015. Lotic aquatic systems, such as Pleasant
Grove Creek, are very complex and are subject to multiple stressors, so it is often difficult to
determine factors responsible for the decline in the condition of benthic communities. Various
possible factors that may be responsible for the decline in benthic community condition
in Pleasant Grove Creek are physical habitat decline, severe drought (also correlated with
habitat decline), water quality stressors (e.g., reduced dissolved oxygen), and chemical
contaminants (metals and pyrethroids). The possible role of each factor as a contributor to
benthic community decline in Pleasant Grove Creek is discussed below.

Impaired physical habitat (including sediment loading) has been identified as a
major stressor to aquatic life in California streams (Anderson et al. 2003; Hall et al. 2007).
Altered physical habitat structure is also considered one of the major stressors of aquatic
systems throughout the United States resulting in extinctions, local expirations and population
reductions of aquatic fauna (Karr et al. 1986, Rankin 1995). Identifying degraded physical
habitat in streams is particularly critical for biological monitoring as failure to do so can
sometimes hinder investigations on the effects of toxic chemicals or other water quality
related stressors. Rankin (1995) has reported that there is a small but still significant risk
of reporting a water quality related impact when one does not exist (i.e., a false positive)
when habitat assessments are insufficient or absent. 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.
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The physical habitat metric temporal trends reported in the current study shows
that habitat has declined in Pleasant Grove Creek from 2006 to 2015, based on a significant
decline in key metrics such as velocity/depth/diversity, channel flow status, and riparian zone.
The decline in physical habitat occurs concurrently with the decline in benthic community
condition during this 10 year time period. Previous bioassessment multiple stressor studies
in Pleasant Grove Creek spanning 2006 to 2015, have shown that physical habitat, and not
chemical stressors such as metals or pyrethroids, have a stronger correlation with benthic
community metrics (Hall et al. 2015). Therefore, the results from historical data analysis of
the bioassessment multiple stressor studies and the declining habitat trends data in the current
study would support the decline in habitat conditions as a likely reason for the decline in
benthic community condition in Pleasant Grove Creek from 2006 to 2015.

Severe drought conditions during 2013 to 2015, as reported by Howitt et al.
2015, is suspected in reducing stormwater runoff, overall stream flow and wetted stream
bed area as habitat for benthic communities in Pleasant Grove Creek when compared
with the earlier years of sampling during non-severe drought years in 2006-2008. The
best evidence to support this severe drought period (2013-2015) vs the non-severe
drought period (2006-2008) would be direct documentation of continuous flow from
gauging stations in Pleasant Grove Creek during these two three year windows of time.
Unfortunately, continuous flow data were not available for Pleasant Grove Creek for
all years of sampling to demonstrate the extremely dry conditions during 2013- 2015.
However, flow data were available for another waterbody in the general area (Arcade
Creek) that can serve as a suitable surrogate (U.S. Geological Survey 2016). A t-test
comparison of Arcade Creek mean flow data for 2006-2008, with 2013-2015, showed
significantly higher flow five days prior to Pleasant Grove Creek sampling in 2006-2008
(mean discharge of approximately 2.8 ft* /sec) when compared with 2013-2015 (mean
discharge of approximately 0.2 ft*/sec). Therefore, the available data would support
lower flow and reduced wetted stream area in Pleasant Grove Creek in 2013-2015, when
compared with 2006-2008.

There are a number of studies that have been designed to determine the influence
of drought conditions on benthic macroinvertebrates (Suren and Jowett 2006, Miller and
Golladay 1996, Rose et al., 2008, Boulton 2003, Acuna et al. 2005, Chessman 2015, Love
et al. 2008, Beche et al. 2009, Lake 2003, Bogan and Lytle 2011, Sponseller et al. 2010,
Stanley et al. 1994, Wood and Petts 1999, McElravy et al. 1989, Resh 1992, and Beche and
Resh 2007, among others.) For example, Rose et al. (2008) reported that stream assessments
during drought only give an indication of river health at sites where water still persists, which
may only be a small proportion of the remaining stream network. Stanley et al. 1994 have
reported that the greatest changes in macroinvertebrate composition occur during drought
when sites become isolated from upstream reaches. Beche et al. (2009), have reported that
droughts have equivocal effects on the abundance and richness of invertebrate communities
in two California streams as drought may reduce habitat suitability, particularly in already
water stressed temporary habitats. Other investigators have also reported that severe drought
periods greater than one year are more likely to result in persistent habitat changes, reduce
the sources of nearby benthic colonists characteristic of higher flows, and to cause some
local benthic populations to disappear due to lack of suitable habitat (Lake 2003).

The severe drought conditions experienced from 2013 to 2015, in the current
study is likely related to the significant decline in the velocity/depth/diversity metric and
channel flow status metric as previously discussed. Both of these metrics are important
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for benthic communities and are dependent on flow conditions. Although continuous flow
data were not available for Pleasant Grove Creek for all years of sampling as previously
discussed, individual flow measurements conducted at each of the 21 sites during the six
year period showed that flow could only be measured at less than half the sites during
2013-2015 (presence of pools or dry stream bed), in contrast to 2006-2008, where flow
was measured at more than half the sites. Velocity/depth/diversity is a measure of various
velocity depth regimes present (slow/deep; slow/ shallow; fast/deep; and fast/shallow) so
lower flow conditions experienced during a severe drought period could cause a reduction
in this metric. The channel flow status metric is a measure of the percent of the channel
that is filled by water so this metric is also highly dependent on the flow and the amount
of water in the stream. Since the drought conditions are likely responsible for the decline
in these two habitat metrics and these metrics are important for the condition of benthic
communities, it is logical to assume that the severe drought conditions contributed to the
decline in resident benthic community condition.

Standard water quality measurements of temperature, dissolved oxygen, pH,
conductivity, salinity and turbidity were conducted at each sample site during each year of
the six year sampling effort. The one water quality parameter that does appear to decline
to stressful conditions during the six year study is dissolved oxygen. Oxygen availability
in aquatic environments is widely recognized as a factor influencing the composition of
freshwater benthic communities because it critically affects the distribution of many aquatic
species (Hynes 1960). Lee and Lee (2002), have reported a toxic threshold of 5.0 mg/L for
dissolved oxygen for aquatic species. In the current study, annual mean dissolved oxygen
concentrations were greater than 6 mg/L for all years except 2015. For 2015, the annual
mean dissolved oxygen concentration was 4.2 mg/L and dissolved oxygen values less than
5.0 mg/L were reported at 12 of 21 sites, thus suggesting stressful low dissolved oxygen
conditions for benthic communities. Rose et al. 2008 have reported that reduced dissolved
oxygen concentrations are a consistent response to drought conditions in water bodies.
Therefore, the low and potentially stressful dissolved oxygen concentrations reported
during one of the three severe drought years (2015) may have adversely impacted resident
benthic communities.

In addition to the non-chemical stressors discussed above, both metals and
pyrethroids are also potential chemical stressors to resident benthic communities that
have been consistently measured in sediment at all sample sites during the six years of
bioassessment sampling in Pleasant Grove Creek (Hall et al. 2014, Hall et al. 2015). Temporal
trends analysis of the Pleasant Grove Creek metals data (arsenic, cadmium, chromium,
copper, lead, mercury, nickel and zinc) from 2006 to 2015, showed no statistically significant
change in concentrations for the eight metals and total metals (Hall et al. 2015). Therefore,
the metals trends data demonstrating no significant temporal change over the 10 year time
span do not suggest a relationship with metals and declining benthic community condition.

The following pyrethroids have also been measured concurrently in sediment with
benthic communities in this waterbody: bifenthrin, cypermethrin, cyfluthrin, deltamethrin,
esfenvalerate, fenpropathrin, lambda-cyhalothrin, and permethrin (Hall et al. 2014, Hall et al.
2015). Temporal trends analysis of these eight pyrethroids in sediment showed a significant
decline in concentrations for six of the eight pyrethroids measured from 2006 to 2015 (Hall et
al. 2016). The pyrethroids trends data, showing a decline over time, would suggest that there
is no correlation with benthic community decline because if pyrethroids were a key stressor
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one would expect an increase in benthic community condition with a decline in pyrethroids.
However, this was not the case. A summary of six years of bioassessment multiple stressor
data in Pleasant Grove Creek also indicated that pyrethroids were not a significant stressor
to benthic community metrics when evaluated using multivariate analysis that included both
habitat metrics and metals (Hall et al. 2015). Therefore, the available data demonstrate that
there is no relationship between pyrethroid concentrations in Pleasant Grove Creek and the
decline in benthic community condition.

In summary, the likely factors contributing to the decline in benthic community
conditions in Pleasant Grove Creek from 2006 to 2015, are declining physical habitat
conditions and low dissolved oxygen concentrations. Both of these factors are likely
associated with the severe drought conditions present during 2013 to 2015. This result is not
surprising as numerous studies addressing the impact of drought on benthic communities
in freshwater lotic systems previously discussed above provide support for this finding.
Continued benthic sampling in Pleasant Grove Creek in 2016, with the predicted El Nino
(Northern California Water Association Newsletter 2015) and associated predicted intense
rainfall could provide insight on the possible impact of drought conditions on benthic
communities. If increased rainfall resulted in increased stream flow and wetted stream area,
then continued benthic sampling would provide useful information to determine if benthic
communities can recover to pre-drought conditions in Pleasant Grove Creek. However, it
may take more than one year of non-drought conditions for benthic communities to recover
in this water body.

ACKNOWLEDGMENTS

We thank the Pyrethroid Working Group for supporting this study. California
Department of Fish and Wildlife is acknowledged for identifying benthic taxa and
development of benthic metrics.

LiTERATURE CITED

Acuna, V., 1. Munozi, A. G1oGGt, M. OMELLA, F. SABETERI, AND S. SABATER. 2005. Drought and
postdrought recovery cycles in an intermittent Mediterranean stream: Structural and
functional aspects. Journal of the North American Benthological Society 24:919-933.

ANDERSON, B. S., J. M. Hunt, B.M. PHiLLIps, R. A. NicLEy, V. DE VLAMING, V. CONNOR,
N. RicHArD, AND R. S. TIEERDEMA, 2003. Integrated assessment of the impact of
agricultural drainwater in the Salinas River (California, USA). Environmental
Pollution 124:623-632.

BAcEy, J. 2005. Biological assessment of urban and agricultural streams in the California
Central Valley (Fall 2002 through Spring 2004). California Environmental Protection
Agency, California Department of Pesticide Regulation, Sacramento, California, USA.

BarBOUR, M.T., J. GERRITSON, B. D. SNYDER, AND S. STRIBLING. 1999. Rapid Bioassessment
protocols for use in wadeable streams and rivers. EPA-841-B-99-002. Washington
D.C., USA.

BecHE, L. A., anD V. H. ResH. 2007. Short-term climatic trends affect the temporal variability
of macroinvertebrates in California “Mediterranean” streams. Freshwater Biology
52:2317-2339.



68 CALIFORNIA FISH AND GAME Vol. 102, No. 2

BecHE, L. A., P. G. ConNors, V. H. REsH, AND A. M. MERELLENDER. 2009. Resilience of
fishes and invertebrates to prolonged drought in two California streams. Ecography
32:778-788.

Bogan, M. T., anp D. A. LyTLE. 2011. Severe drought drives novel community trajectories

in desert stream pools. Freshwater Biology 56:2070-2081.
Bourton, A. 2003. Parallels and contrasts in the effects of drought on stream macroinvertebrate
assemblages. Freshwater Biology 48:1173-1185.

Brown, L., anD J. May. 2004. Periphyton and macroinvertebrate communities at five sites
in the San Joaquin river basin, California during June and September 2001. U. S.
Geological Survey Report No. 2004-5098, Sacramento, California, USA.

CARNs, J., aND J. R. PratT. 1993. A history of biological monitoring using benthic
macroinvertebrates. Pages 10-27 in D. M. Rosenberg and V. H. Resh, editors.
Freshwater Biomonitoring and Benthic Macroinvertebrates, Chapman and Hall,
New York, New York, USA.

CALIFORNIA WATER BoarDs. 2010. 2010 Integrated Report on water quality with web-
based interactive map [Internet]. Available from: http://www.waterboards.ca.gov/
water_issues/programs/tmdl/integrated2010.shtml.

CHEssMAN, B. C. 2015. Relationships between lotic macroinvertebrate traits and response
to extreme drought. Freshwater Biology 60:50-63.

GmpINGS, J. M., anp J. R. WirTz. 2012. Compilation and evaluation of aquatic toxicity
data for synthetic pyrethroids. Report #07626. Compliance Services International,
Lakewood, Washington, USA.

Harr, L. W. Jr., anDp R. D. AnpErson. 2012. Historical trends analysis of 2004 to 2009
toxicity and pesticide data for California’s Central Valley. Journal of Environmental
Science and Health Part A 47:801-811

Harr, L. W. Jr., R. D. ANpERSON, AND W. D. KiLLEN. 2016. Spatiotemporal trends analysis
of pyrethroid sediment concentrations spanning 10 years in a residential creek in
California. Archives of Environmental Contamination and Toxicology 70332-340.

Harr L. W. Jr., R. D. Anperson, W. D. KiLLEN, AND R. W. ALDEeN III. 2014. A summary
of case studies designed to determine the influence of multiple stressors on benthic
communities in urban California streams. Pages 135-152 in R. L. Jones, M. Shamim
and S. H. Jackson, editors. Describing the Behavior and Effects of Pesticides in Urban
and Agricultural Settings American Chemical Society, Washington, D. C., USA.

Harr, L. W. Jr., W. D. KiLLEN, AND R. W. ALDEN I11. 2007. Relationship of farm level pesticide
use and physical habitat on benthic community status in a California agricultural
stream. Human and Ecological Risk Assessment 13:843-869.

Harr, L. W. Jr., W. D. KiLLEN, R. D., ANDERSON, AND R. W. ALDEN III. 2009. The influence
of physical habitat, pyrethroids, and metals on benthic community condition in an
urban and residential stream in California. Human and Ecological Risk Assessment
15:526-553.

Harr, L. W. Jr., W. D. KiLLEN, R. D. ANDERSON, aND R. W. ALDEN III. 2013. A three year
assessment of the influence of physical habitat, pyrethroids and metals on benthic
communities in two urban California streams. Journal of Ecosystem and Ecography
3:133.doi 10.4172/2157-7625.1000133.



Spring 2016 SPATIOTEMPORAL TRENDS ANALY SIS OF BENTHIC COMMUNITIES 69

Harr, L. W. Jr., W. D. KiLLEN, R. D. ANDERsON, AND R. W. ALDEN III. 2015. An assessment
of benthic communities with concurrent physical habitat, pyrethroids and metals
analysis in Pleasant Grove Creek in 2015. Progress Report for the Pyrethroid Working
Group prepared by the University of Maryland, Wye Research and Education Center,
Queenstown, Maryland, USA.

HAaRRINGTON, J., AND M. Born. 2000. Measuring the health of California streams and rivers.
— A methods manual for water resource professionals, citizen monitors and natural
resource students. Report. Sustainable Land Stewardship International Institute,
Sacramento, California, USA.

HEeLLaweLL, J. M. 1986. Biological indicators of Freshwater Pollution and Environmental
Management. Elsevier, London, England, UK.

HirscH, R. M., J. R. Srack, aND R. A. SmitH. 1982. Techniques of trend analysis for monthly

water quality data. Water Resources Research 18:107-121.

Howirt, R. D., D. MACEWAN, J. MEDELLIN- AZUARA, J. LUND, AND D. SuMMER. 2015. Economic
analysis of the 2015 drought for California agriculture. Report. University of California
at Davis Center for Watershed Sciences, ERA Economics, UC Agricultural Issues Center,
Davis, California, USA.

Hynes, H. B. N. 1960. The biology of polluted water. Liverpool University Press, Liverpool,

England, UK.

KARR, J. R., AND E. W. CHu. 1999. Restoring Life in Running Waters — Better Biological
Monitoring. Island Press, Covelo, California, USA.

KaRrg, J. R., K.D. FauscH, P. L ANGERMEIR, P. R. YANT, AND 1. J. SCHLOSSER. 1986. Assessing
biological integrity in running waters: A method and its rationale. Illinois Natural
History Survey Special Publication 5, Champaign, Illinois, USA.

LAkEg, P. S. 2003. Ecological effects of perturbations by drought in flowing waters. Freshwater
Biology 48:1161-1172.

LEeE, G. F., anDp A. Jongs-LEE. 2000. Synopsis of issues in developing the San Joaquin River
deep water ship channel DO TMDL. Report. G. Fred Lee and Associates, El Macero,
California, USA.

Lovg, J. W., C. M. TAYLOR, AND M. WaRREN. 2008. Effects of summer drought on fish and
macroinvertebrate assemblage properties in upland Ouachita mountain streams, USA.
American Midland Naturalist 160:265-277.

McELRAVY, E. P., G. A. LAMBERTL, AND V. H. RESH. 1989. Year-to-year variation in the aquatic
macroinvertebrate fauna of a northern California stream. Journal of the North American
Benthological Society 8:51-63.

MILLER, M., AND S. W. GoLLADAY. 1996. Effects of spates and drying on macroinvertebrate
assemblages of an intermittent and perennial prairie stream. Journal of the North
American Benthological Society 15:670-689.

Moutton, S. R. II, J. L. CARTER, S. A. GROTHEER, T. F. CureNEY, AND T. M. SHorT. 2000.

Methods of analysis by the U. S. Geological Survey National Water Quality Laboratory
— Processing, taxonomy and quality control of benthic macroinvertebrate samples.
Report 00-212, U. S. Geological Survey, Sacramento, California, USA.

NORTHERN CALIFORNIA WATER ASSOCIATION NEWLETTER. 2015. NCWA week in review. August

24,2015, Sacramento, California, USA.



70 CALIFORNIA FISH AND GAME Vol. 102, No. 2

Onio ENVIRONMENTAL ProOTECTION AGENCY. 2015. Biological Criteria for the Protection of
Aquatic Life. Ohio EPA Technical Report ESA/2015-06-01, Groveport, Ohio, USA.

Ranki, E. T. 1995. Habitat indices in water resource quality assessments. Pages 181-208
in W. S. Davis, and T. M. Simon, editors. Biological Assessment and Criteria: Tools
for Water Resource Planning and Decision Making. Lewis Publishers, Boca Raton,
Florida, USA.

ResH, V. H. 1992. Year-to-year changes in the age structure of a caddisfly population

following loss and recovery of a springbrook habitat. Ecography 15:314-317.

Rosg, P., L. METZELING, AND S. Carzikiris. 2008. Can macroinvertebrate rapid bioassessments
methods be used to assess river health during drought in south eastern Australian
streams? Freshwater Biology 53:2626-2638.

RoSENBERG, D. M., anD V. H. ResH. 1993. Introduction of freshwater biomonitoring and
benthic macroinvertebrates. Pages 1-9 in D. M. Rosenberg and V. H. Resh, editors.
Freshwater Biomonitoring and Benthic Macroinvertebrates, Chapman and Hall, New
York, New York, USA.

SPONSELLER, R. A., N. B. GrRimM, A. J. BouLton, anp J. L. SaBo. 2010. Responses of
macroinvertebrate communities to long-term flow variation in a Sonoran desert
stream. Global Change Biology 16:2891-2900.

Stancey, E. H., D. L. Buscaman, A. J. Bourton, N. B. GrimMm, aND S. G. FisHEr. 1994,
Invertebrate resistance and resilience to intermittency in a desert stream. American
Midland Naturalist 131:288-300.

SUREN, A. M., AND 1. G. JoweTT. 2006. Effects of floods versus low flows on invertebrates
in a New Zealand gravel-bed river. Freshwater Biology 51:2207-2227.

U. S. ENVIRONMENTAL PROTECTION AGENCY. 1999. Rapid bioassessment protocols for use in
wadeable streams and rivers. Report EPA 841-B-99-002, Office of Water, Washington,
D.C., USA.

U.S.G.S. (U. S. GeorocGicaL SURVEY). 2016. Water data for the nation [Internet].
Available from http://waterdata.usgs.gov/nwis/dv? referred  module=sw&agency
code=USGS&site no=11447360

Woop P. J., anD G. E. PeTTS. 1999. The influence of drought on chalk stream
macroinvertebrates. Hydrological Processes 13:387-399.

Received 06 April 2016
Accepted 15 August 2016
Associate Editor was Jim Harrington



