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Table 5 Spearman rank
correlations (Rho)
between bioassessment
indices and landscape
metrics

*p < 0.008 statistical
significance

Index Land cover Method Watershed 1-km radius

n Rho p n Rho p

SCIBI % Developed MCM 15 −0.08 0.783 15 0.11 0.685
RWB 7 −0.75 0.054 7 −0.59 0.159
TRC 14 −0.32 0.914 14 0.20 0.487

% Open MCM 15 −0.04 0.892 15 0.09 0.742
RWB 7 0.62 0.139 7 0.67 0.102
TRC 14 −0.04 0.890 14 −0.08 0.782

% Agricultural MCM 15 0.06 0.842 15 −0.11 0.689
RWB 7 0.12 0.799 7 0.22 0.628
TRC 14 0.00 0.991 14 −0.02 0.954

O/E % Developed MCM 15 0.14 0.640 15 0.35 0.202
RWB 8 −0.28 0.509 8 −0.07 0.866
TRC 17 0.23 0.370 17 0.31 0.222

% Open MCM 15 −0.05 0.857 15 0.01 0.980
RWB 8 0.40 0.333 8 0.17 0.693
TRC 17 −0.24 0.355 17 0.02 0.948

% Agricultural MCM 15 −0.67 0.009 15 −0.24 0.388
RWB 8 −0.89 0.003* 8 −0.15 0.719
TRC 17 −0.46 0.064 17 −0.31 0.220

a cb

d fe

Fig. 4 Index scores versus landcover metrics. Each point
represents the mean of all samples collected by one method
at each site. Gray triangles represent MCM samples. Black

squares represent RWB samples. White circles represent
TRC samples
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Table 6 Within-site variability (expressed as mean square error, MSE) and minimum detectable difference (from a two-
sample, two-tailed t test with n = 30, α = 0.05, and β = 0.1) for each of the sampling methods

Index Method df SS MSE F p MDD

SCIBI TRC Sites 7 2,507 358 12.5 >0.0001 19
Residuals 15 430 29

RWB Sites 3 403 134 3.7 0.0701 22
Residuals 7 254 36

MCM Sites 8 1,745 218 8.0 0.0002 19
Residuals 16 437 27

O/E TRC Sites 8 0.625 0.078 12.7 >0.0001 0.28
Residuals 13 0.074 0.006

RWB Sites 3 0.115 0.038 14.5 0.0037 0.20
Residuals 6 0.016 0.003

MCM Sites 9 0.860 0.096 20.9 >0.0001 0.24
Residuals 17 0.078 0.005

df degrees of freedom, SS sum of squares, MSE mean square error, MDD mean detectable difference

Precision

Sampling method affected the precision of both
the SCIBI and O/E scores (Table 6). For example,
the RWB sampling method had the largest MDD
for the SCIBI (i.e., 22 versus 19 for the other two
methods). However, RWB provided the lowest
MDD when O/E scores were used (i.e., 0.20 versus
0.28 for TRC and 0.24 for MCM). CVs showed
similar trends, with similar variability in the SCIBI
among methods (ranging from 22% to 27%), and
lower CVs for RWB when O/E scores were used
(i.e., 12% versus 20% for MCM and 45% for
TRC).

The low number of samples containing ade-
quate numbers of individuals meant that estimates
of within-site variance were sometimes based on
very small samples. For example, only four sites
in the region of the SCIBI had multiple samples
with sufficient numbers of organisms collected by
the RWB method. This problem was less severe
for estimates based on O/E scores because fewer
individuals per sample are required for index cal-
culation and because sites in the Central Valley
and Bay Area could also be used.

Discussion

Low-gradient streams are distinct from other
streams in many aspects, such as substrate mate-
rial, bed morphology, and the distribution of mi-
crohabitats (Montgomery and Buffington 1997).

As a consequence of these differences, traditional
bioassessment approaches in California that were
developed in high-gradient streams with diverse
microhabitats have limited applications in low-
gradient reaches. The sampling methods evalu-
ated in this study differed in the extent to which
they targeted the richest microhabitats (such as
riffles or vegetated margins). For example, the
TRC method allows field crews to select the
richest microhabitats specifically. In contrast, the
RWB method may systematically undersample or
miss these habitats entirely, as the richest areas
in low-gradient streams are typically found at
the margins (Montgomery and Buffington 1997).
The MCM method, a modification of the RWB
method, was designed so that these margins could
be targeted.

Caution should be used when applying sam-
pling methods or assessment tools that were
calibrated for specific habitat types (e.g., high-
gradient streams) to new habitats (e.g., low-
gradient streams). Our evaluation of assessment
tools unveiled a number of shortcomings that
weaken application of these tools in low-gradient
streams, including the inability to collect ade-
quate numbers of organisms, poor sensitivity of
assessments, and low precision of the sampling
methods. Significant disagreements among the
methods were not detected, although power was
low because of the low number of samples. The
inability of the RWB sampling method to collect
an adequate number of individuals in nearly half
of all samples makes it unsuitable for low-gradient
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streams, even though this method is widely used
by bioassessment programs in California (Ode
2007) and across the USA (Peck et al. 2006).
Although biomonitoring programs must assess a
diverse range of habitat types with the tools they
have available, we recommend that these pro-
grams invest in evaluating tools in novel habitats
where monitoring activities occur.

Variance components analysis of assessment
indices showed that differences among sites ex-
plained more of the variance in index scores than
differences among sampling methods, suggesting
that similar types of benthic macroinvertebrates
are collected by the different methods. However,
analysis of disagreements among the methods in-
dicated that some samples collected by RWB were
distinct from those collected by TRC, and samples
collected by MCM were intermediate between
the other two. For example, samples collected
by TRC had lower O/E scores than samples col-
lected by MCM, which in turn were lower than
those collected by RWB. However, differences
among these methods did not reach statistical
significance.

Other studies comparing single, targeted habi-
tat sampling methods (e.g., TRC) to multi-habitat
sampling methods (e.g., RWB) have shown simi-
lar results. For example, MDDs reported in other
studies (or calculated from reported variabilities)
were comparable to those reported here, although
generally larger (Rehn et al. 2007; Blocksom et al.
2008). However, these studies found that multi-
habitat sampling reduced variability in multimet-
ric indices, whereas we found that variability was
lower for the single-habitat method (i.e., TRC;
Table 7). As in Rehn et al. (2007), we found that
TRC samples had higher O/E scores than RWB
samples but that the strength of disagreement was
inconsistent in the largest watersheds.

The generally weak response of the indices
to landcover metrics suggests that the SCIBI
and O/E may not be sensitive to variability
in watershed-scale disturbance in low-gradient
streams. This conclusion is tempered by small
sample sizes that limited power, and sensitivity
to reach-scale degradation was not explored in
this study for lack of data. Several studies have
shown the strong impact of reach-scale factors
on benthic macroinvertebrates, which may exceed
the influence of watershed-scale stressors (e.g.,
Hickey and Doran 2004; Sandin and Johnson
2004). Furthermore, most of the watersheds in
the study were highly altered, particularly those
in the region of the SCIBI, and we may not have
adequately sampled portions of the disturbance
gradient to which these indices are more sensitive.
Several studies have found that biota responds
to disturbance gradients ≤10% development in a
watershed, but responses above this gradient are
muted (e.g., Hatt et al. 2004; Walsh et al. 2007).
Agricultural land cover, which was low in most
watersheds (<10%) showed strong responses with
the indices, suggesting that the study was able to
capture portions of this gradient to which both the
SCIBI and O/E were sensitive.

The low numbers of organisms collected from
the low-gradient streams in the study may reflect
the naturally low population densities of benthic
macroinvertebrates in these reaches. The River
Continuum Concept predicts that higher order
streams with larger watersheds have a lower en-
ergy base because of reduced allochthonous input
as well as depressed autochthonous productivity
(Vannote et al. 1980). This lower energy base
would be expected to support reduced biomass.
However, observation of the sites in this study
suggests that the lack of stable microhabitats (e.g.,
riffles and vegetated margins) may account for the

Table 7 Minimum detectable differences in multimetric indices

Index type Method Present study Rehn et al. (2007) Blocksom et al. (2008)

Multimetric index Single-habitat 19.2 (SCIBI) 19.7 (SCIBI+NCIBI) 19.88 (VSCI) 29.79 (MBII)
Multi-habitat 22.6 (SCIBI) 15.5 (SCIBI+NCIBI) 17.37 (VSCI) 17.91 (MBII)

Predictive model Single-habitat 0.28 (O/E) 0.22 (O/E) nt nt
Multi-habitat 0.20 (O/E) 0.19 (O/E) nt nt

SCIBI Southern California Index of Biotic Integrity, NICIBI Northern California Index of Biotic Integrity, VSCI Virginia
Stream Condition Index, MBII Macroinvertebrate Biotic Integrity Index, O/E California O/E Index, nt not tested
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reduced numbers of macroinvertebrates, as few
species are adapted to the shifting sandy substrate
found in most low gradient streams in California.
A well-known but extreme example of the im-
pact of shifting sandy substrates on maintaining
low densities of benthic macroinvertebrates is the
migrating submerged dunes in the lower Amazon
River (Sioli 1975; Lewis et al. 2005). Although
very high productivity of Chironomidae and other
benthic macroinvertebrates has been observed
in low-gradient sandy rivers of the southeastern
USA, this productivity was attributed to snags
and other stable microhabitats, more than to the
shifting sandy substrate (Benke 1998). Thus, the
vast majority of the macroinvertebrate activity
in a large reach of river was found in small ar-
eas containing snags (Wallace and Benke 1984).
Snag microhabitats are arguably less common in
streams of the arid Southwest, which lack dense
riparian forests to contribute snag-forming woody
debris and may be less likely to be sampled using
a systematic sampling method like RWB.

Bioassessment programs are often required to
make do with available tools to fulfill regulatory
mandates, yet they lack resources to evaluate the
tools for applications in all habitats of concern. Al-
though all sampling methods in this study suffered
from poor efficiency in collecting organisms, the
MCM method greatly improved efficacy and re-
duced the frequency of rejected samples. Further-
more, the lack of significant disagreements and
inconsistencies suggests that the MCM method
produced results that were comparable to the
other methods already in use in California, which
may facilitate integration of historical data sets
(Cao et al. 2005; Rehn et al. 2007). Therefore,
we recommend the use of MCM in low-gradient
streams in California as a substitute for the cur-
rently preferred method (i.e,. RWB). In conclu-
sion, bioassessment programs can improve data
quality and avoid unnecessary expenses by ex-
plicitly evaluating assessment tools when assessing
novel habitat types.
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From: Markle, Phil 
Sent: Monday, June 16, 2008 3:27 PM 
To: 'clai@waterboards.ca.gov' 
Cc: 'jnewman@waterboards.ca.gov'; Heil, Ann 
Subject: SGR Estuary Copper Study Update 
C.P., 
We are continuing our evaluation of the EPA 200.8 and EPA 1640 copper analysis comparison study 
using San Gabriel River Estuary (SGRE) samples and have recently collected enough data to make 
some basic statistical comparisons. These results may have some implications regarding your modeling 
efforts so I thought I would update you on our progress. Also, we are continuing to observe salinities of 
>20 ppt in the upper estuary samples (RA-2) collected at mid-depth, mid-tide, and mid-channel so we are 
still very interested in the modeled salinity profiles once you have them available. 
 
Figure 1 on the attached MS Word file contains the mean total copper results and standard deviation from 
all SGRE samples analyzed from February 2008 through May 2008 (17 samples for the EPA 200.8 
method and 13 samples for the EPA 1640 method). The "red" bars reflect the total copper results from 
routinely collected samples analyzed with the EPA 200.8 method. These data are representative of the 
sampling and analytical procedures historically employed for NPDES monitoring purposes and are 
therefore representative of the data used in the original listing determination and subsequently used as 
parameters for your model calibration and verification analysis. The "green" bars contain total copper 
results obtained using the EPA 1640 method from SGRE samples collected from the same locations and 
during the same sampling period (note: the EPA 1640 method also specifically requires the use of "clean 
hands" sampling procedures which was employed for these analyses). Statistically significant differences 
were observed between the "red" EPA 200.8 and the "green" EPA 1640 method results (t-test, p = 0.035) 
with the EPA 1640 method resulting in average total copper concentrations over 35% lower than those 
obtained using the EPA 200.8 method with routinely collected samples. Although the use of "clean" 
sampling procedures with the EPA 200.8 method ("grey" bars) resulted in lower total copper 
concentrations compared to the results obtained using the EPA 200.8 method with routinely collected 
samples, these differences were not statistically significant. These findings indicate that even though the 
use of "clean" sampling may have some effect on the total copper results, the only statistically significant 
reductions were associated between the analytical methods. These results are significant considering that 
the model was developed, calibrated, and verified using historical total copper (converted to dissolved 
copper using the default 0.83 translator) obtained using the EPA 200.8 method from samples routinely 
collected. The implications are that the model may be over-estimating the actual dissolved copper 
concentrations in the estuary by over 35% due to the well-documented sodium interferences attributable 
to metal analysis using the EPA 200.8 method in samples with elevated salinity. 
 
Figure 2 includes data comparing the actual dissolved copper concentrations measured in the SGRE 
from February 2008 through May 2008 using the EPA 1640 method to total copper data obtained during 
the same time period using the EPA 200.8 method (with routine sample collection) converted to dissolved 
copper using the 0.83 default translator. As is clearly demonstrated in this Figure, estimating dissolved 
copper in samples with elevated salinity using total copper concentrations measured using the EPA 200.8 
method results in a significant over-estimation of the actual dissolved concentration as measured directly 
with the EPA 1640 method. Furthermore, all of the EPA 1640 dissolved copper measurements were 
above the reporting limit for the method resulting in no "estimated" values. 
 
As I mentioned at the beginning of this e-mail, we are continuing this study and I will provide you with 
additional updates as more data become available. In the meantime, feel free to contact me if you have 
any questions or suggestions. 
 
Phil 
 
Philip J. Markle 
Environmental Scientist 
Water Quality and Soils Engineering 
 
1955 Workman Mill Road 
Whittier, CA 90601 
(T) 562-908-4288 ext 2808 
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From: PostMaster
Sent: Monday, July 13, 2009 3:31 PM
To: Burgess, Lilian
Subject: Delivery Status Notification (Relay)

This is an automatically generated Delivery Status Notification.

Your message has been successfully relayed to the following recipients, but the requested delivery status 
notifications may not be generated by the destination.
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Sent: Monday, July 13, 2009 3:30 PM
To: tegoscue@waterboards.ca.gov
Subject: Written Comments on Revised July 2009 303(d) List, DOC #1312924

From the office of Ray Tremblay 
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Lilian Burgess 
Monitoring Section Secretary 
LA County Sanitation Districts 
PH: 562-908-4288, ext. 2800 
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EM: lburgess@lacsd.org 
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