Habitat and Macroinvertebrate Assessment in San Pablo Creek

Karyn Massey

Abstract San Pablo Creek is an urban creek that flows through El Sobrante, San Pablo and
Richmond, California. San Pablo Creek has three primary land uses in its watershed: an
uninhabited park area, a residential area, and an industrial sector. In this study, the overall health
of each zone was evaluated using habitat quality and macroinvertebrate abundance. Four sites
were selected within each of the three land use zones. At each site a habitat assessment was
performed using EPA guidelines for habitat characteristics such as riparian abundance and creek-
bed substrate. Macroinvertebrates were collected using a D-net, then counted and identified to
the family level. An index of water quality was constructed using the EPA’s Macroinvertebrate
Survey and Water Quality Rating, where the water quality is rated by comparing the results of
the macroinvertebrate collection to a given range of overall scores. The park area had higher
scores than the residential and industrial areas, in both habitat assessment and macroinvertebrate
index. However, one-way ANOVA testing showed no significant differences in the mean scores
between the three regions.



Introduction

San Pablo Creek is part of the
San Pablo Watershed system. It
originates near Orinda, where the
upper section drains into San Pablo
Reservoir. The section below the
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an urban creek and so is likely to be quite contaminated, as runoff from urban surfaces contains a
wide range of pollutants (Bhaduri ef al. 2000). Water quality is important to the creek for many
reasons. Much of the residential portion of the creek passes through people’s backyards, so
human contact with the creek is inevitable. This human contact makes the creek an important
part of the community. Stream flow provides input to groundwater (Rose and Peters 2001), and
there is some evidence that pollutants can leach through soils into local aquifers (Ibe ez al. 2001).
The creek drains into San Pablo Bay, where it passes through a salt marsh that is the home of
several endangered species (SPAWNERS, 2003). Additionally, fish and other aquatic organisms
live in the creek and need a healthy environment to survive.

Rapid bioassessment methods are commonly used to measure stream health (Resh et al.
1995). It is a relatively inexpensive way to assess human impact on streams and rivers. Many
different metrics have been developed by the Environmental Protection Agency (EPA) for water
quality monitoring in the US, and are currently used by 85% of state water quality programs
(Resh et al. 1995). The EPA water quality monitoring program now includes aquatic
macroinvertebrate assessment, as many species are very sensitive to poor conditions (USEPA,
1997). In-stream characteristics are also included in assessment procedures because aquatic
invertebrates may show a response to changes in these, despite a lack of noticeable water quality
problems (Resh et al. 1995).

The purpose of this study was to test the water quality in San Pablo Creek. The upper section

of the creek, below the dam, flows through a park. The middle section passes through a



residential area, and the downstream section is mostly industrial. The different land uses
surrounding the creek might offer possible reasons for impairment. This study looked for
differences in water quality between the different land use areas, evaluated using EPA guidelines
for stream biosurveys, specifically, habitat score and macroinvertebrate assessment (USEPA
1997, Barbour et al. 1999). The hypothesis was that a lower score of overall health would be
found in the downstream, industrial sector. Conversely, a higher score was expected in the
upstream section of the creek, the park zone. Scores in the residential area were expected to lie

somewhere in between those of the other two land use segments.

Methods

San Pablo Creek spans approximately 16 km, beginning above San Pablo Reservoir and
ending at San Pablo Bay. About 3 km of the upper reach is park and grassland, and basically
uninhabited. Approximately 10 km of the middle section is residential, while the remaining 3
km downstream is mostly industrial. This study compared overall health of the creek in the
different land use segments.  Overall health was defined through the habitat and
macroinvertebrate assessments, with a score for each assigned to each site using EPA guidelines
(USEPA 1997, Barbour et al. 1999). Table 1 lists the macroinvertebrate species designated as
indicator species for macroinvertebrate assessment, and the Habitat Assessment scoring sheet is
found in Appendix 1.

The individual sites were selected using stratified random sampling; that is, within the
designated land use segments sites of similar characteristics were chosen for sampling (Horne
2003, pers. comm.). Each site sampled had a dominant mud or silt substrate, with some bank
vegetation wherever possible. Riffled or cobbled substrate sites were not used because not
enough sites were available. For purposes of replication four sites were chosen within each land
use segment, i.e. industrial, residential, and park, for a total of twelve sites tested. Each site was
a minimum of 100 m apart to ensure some degree of site independence. Within each segment
sampling was done working downstream to upstream in order to minimize possible confounding
factors caused by upstream disturbances.

A rapid biological assessment was done at each site to assess the condition of the aquatic
community and a habitat assessment score was tabulated using the EPA’s Field Assessment Data

Sheet (Barbour et al. 1999) (Appendix 1). The habitat assessment rates stream characteristics



such as embeddedness (amount of gravel, cobbles or silt in the stream bed), sediment deposition,
velocity/depth, bank stability, channel flow and width of the riparian zone. The total score is
represented as a percentage of a total possible score of 200.

Macroinvertebrate samples were taken from the stream using D-net muddy-bottom sampling
methods as outlined in EPA stream monitoring guidelines (USEPA 1997). This involves using
the net to “bonk™ the bank vegetation and streambed and catch any macroinvertebrates found
there. The net is then rinsed into a sampling tray to look for any organisms. Each species found
in the sampling tray was counted. One of each species was then narcotized using seltzer water,
which causes them to relax and makes identification easier (Horne 2003, pers. comm.). Each of
these narcotized organisms were stored in ethanol and identified to the family level. The rest of
the organisms were returned to the creek. The species counts, based on taxonomic family, were

then recorded in the macroinvertebrate assessment shown in table 1.
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Table 1. EPA guidelines for calculating macroinvertebrate index score. When the counts are totaled an overall
assessment is made to determine water quality. From USEPA 1997.

For the statistical analysis a one-way ANOVA was used to look for differences in habitat
assessment score and macroinvertebrate score between the different land use segments. A
regression was also done to look for correlation between habitat score and macroinvertebrate

assessment at each sampling site.



Results

The raw data detailing individual habitat scores at each site are shown in Appendix 2. A one-
way ANOVA comparing habitat assessment scores from the three land use regions showed no
significant difference between any of the three groups. The calculated F-value was 2.79, which
was less than the F-critical value of 4.26, and p=0.11. Figure 1 shows the histogram of the mean

habitat scores in the different land use zones.
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Figure 1. Histogram of the mean habitat assessment scores in the different land use zones. The park region had a
higher mean value than the other zones, with residential having the lowest mean score. A one-way ANOVA
indicated that there were no significant (p=0.11) differences between the three land use segments.

Raw data detailing the number and types of species collected are shown in Appendix 2. A
one-way ANOVA comparing macroinvertebrate score between the three land use zones showed
no significant difference between the three zones. The F-value was 1.25 and was below the F-
critical value of 4.25, with p=0.33. Histogram results of the mean macroinvertebrate index

scores are shown in figure 2.
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Figure 2. Histogram of the mean macroinvertebrate index score in each land use zone. Although the park region
had a higher mean score, a one-way ANOVA showed no significant (p=0.33) difference between the three zones.

A plot of habitat assessment score and macroinvertebrate index is shown in figure 3. R? in

this regression is 0.04 so no trendline has been shown.
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Figure 3. Plot of habitat assessment over macroinvertebrate index. No clear trend is seen between habitat score
and macroinvertebrate index over the three land uses. Blue diamonds represent the park zone, pink squares are
residential (2 are identical) and yellow triangles are the industrial zone. R* = 0.04.

Discussion

The EPA guidelines, as shown in Table 1, consider a macroinvertebrate score less than 20 to
indicate “poor” water quality. San Pablo Creek had macroinvertebrate index scores below 20 in
all three zones. No other macroinvertebrate surveys on local creeks could be found to use as a
reference for comparison, so it is not known if this rating should apply to creeks in Northern

California. However, this survey was designed to look for differences within the creek, and none



were found. No statistical differences in habitat assessment or macroinvertebrate score were
seen between the three land use zones of the creek. It can be seen in Figs. 1 and 2 that, although
not statistically significant, the residential region had lower mean scores in both habitat
assessment and macroinvertebrate index than either the park or industrial regions. This does not
support the hypothesis that the industrial zone would show the highest level of impairment, as
indicated by lower habitat assessment and macroinvertebrate index scores.

No relationship was seen between habitat assessment and macroinvertebrate score (Fig. 3).
This indicates that habitat condition, as observed in the three land use zones, is not correlated to
the macroinvertebrate index.  This would indicate that the presence or absence of
macroinvertebrate species in the creek are due to factors which may or may not include habitat
characteristics.

Although the initial hypotheses were not supported by the results, it was interesting to see
that the creek showed similar levels of impairment (or lack of impairment) over the different
land use regions. The results do not offer any conclusive indication if the creek is healthy or not,
as some pollution-sensitive macroinvertebrate species were found in all three zones, but not in
any large quantity.

One issue to be recognized about this survey is that macroinvertebrate sampling, and rapid
bioassessment methods in general, are often an important first step in a more thorough
assessment program. Due to the nature of the sampling methods (small samples and lack of
replicates), when impairment is detected, Resh (1995) recommends a more detailed study to
determine where the problems are. Further water quality tests could be done in the creek to
discover why certain organisms are present or not. For example, a lack of dissolved oxygen
(DO) can be fatal for sensitive organisms such as stoneflies, but more detailed chemical testing
might be able to ascertain why DO was low in that spot (Resh et al. 1995).

A possible reason no differences in impairment were determined is that the community is
already taking steps to protect the creek. A local group, SPAWNERS, has organized several
restoration projects, designed to keep the community involved in the creek’s health. These
projects have focused specifically on replacing invasive vegetation with native plants, as well as
promoting community awareness of the damages of pollutants (SPAWNERS 2003). There is
great potential for human impact on the creek, as with any urban creek, because so many people

are in direct contact with it. A higher level of human contact may have influenced the habitat



assessment and macroinvertebrate index scores found in the residential zone. While sampling in
the residential area, a large amount of garbage was observed. The residential area has the highest
level of human activity near the creek since the creek passes through many backyards. The park
area has no nearby houses and a very wide riparian zone, and the industrial region has a fairly
wide riparian zone, with a fence to keep people out of the creek in this area. The residential
section does not have any protection of this type.

Another factor that may have influenced the results of this project was the weather. All of
the sampling was done in spring, but the weather conditions varied. The park zone was sampled
after about a week of dry, sunny weather. However, the residential and industrial areas were
sampled after several weeks of consistent rain. This would probably have an effect on the types
of organisms found. A more thorough study of the creek might need to incorporate testing either
seasonally or at least during several different weather patterns to determine how rain, or lack of
rain, influences the macroinvertebrates found in the creek.

In conclusion, the habitat assessment and macroinvertebrate survey done in San Pablo Creek
did not show any differences in impairment between the three land-use sections. Further studies
might incorporate chemical water quality testing to more accurately assess the condition of the
creek in the different zones. Additionally, studies done during different weather conditions

could be useful when assessing macroinvertebrate populations in the creek.
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Appendix 1. From Barbour ef al. 1999.
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Appendix 1, continued.
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Appendix 2. Raw data — organisms collected. I, II, or III represents the sensitivity group as

assigned by the EPA, shown in table 1.

PARK

Site 1

Diptera
(chironomid/midge
larva) 1

Gastropoda (snail) 2

Plecoptera (stonefly) 1

Tricoptera (net
spinning caddisfly) 1
Ephemeroptera
(mayfly) 1
Amphipoda (scud) 2

Site 2
Ephemeroptera
(mayfly) 2
Hemiptera (water
strider) 1
Gastropoda (snail) 1

Plecoptera (stonefly) 1

Diptera
(chironomid/midge
larva) 14

Site 3

Arachnid (Spider) 1
Hemiptera (water
strider) 7
Ephemeroptera

(mayfly) 1

Site 4
Ephemeroptera
(mayfly) 2
Hemiptera (bugs) 14
Diptera
(chironomid/midge
larva) 1

RESIDENTIAL
Site 1

Hemiptera (water strider)
10

Ephemeroptera (mayfly) 7
Oligochaete (segmented
worm) 4

Site 2

Hemiptera (water strider) 8
Oligochaete (segmented
worm) 3

Ephemeroptera (mayfly) 6
Turbellaria (flatworm) 1

Diptera (chironomid/midge
larva) 3

Site 3

Hemiptera (water strider) 7

Ephemeroptera (mayfly) 5
Oligochaete (segmented
worm) 2

Site 4

Diptera (chironomid/midge
larva) 4

Oligochaete (segmented
worm) 1

Ephemeroptera (mayfly) 5

Hemiptera (water strider) 6

INDUSTRIAL
Site 1

Oligochaete
(segmented worm) 4
Hemiptera (water
strider) 7
Ephemeroptera
(mayfly) 1
Coleoptera (beetle
larva) 2

Site 2

Oligochaete
(segmented worm) 8
Diptera
(chironomid/midge
larva) 4

Gastropoda (snail) 3

Site 3
Ephemeroptera
(mayfly) 2

Diptera
(chironomid/midge
larva) 1

Oligochaete
(segmented worm) 1
Coleoptera (beetle
larva) 1

Site 4

Oligochaete
(segmented worm) 2
Hemiptera (water
strider) 6
Ephemeroptera
(mayfly) 1



Appendix 2. Raw data, continued. M.I. indicates macroinvertebrate index as calculated using
the EPA guidelines listed in table 1. Habitat score was tabulated using the EPA worksheet
shown in appendix 1.

Habitat
PARK M.L Score RESIDENTIAL M.l. HS INDUSTRIAL M.l. HS
Site 1 Site 1 Site 1
Group | 10 Group | 5 Group | 5
Group I 6.4 Group I 0 Group I 3.2
Group llI 24 Group lll 1.2 Group llI 1.2
total 18.8 0.685 total 6.2 0.645 Total 9.4 0.75
Site 2 Site 2 Site 2
Group | 10 Group | 5 Group | 0
Group I 0 Group I 0 Group I 0
Group llI 6.6 Group llI 3.6 Group llI 3.6
total 16.6 0.69 total 8.6 0.735 Total 3.6 0.705
Site 3 Site 3 Site 3
Group | 5 Group | 5 Group | 5
Group I 0 Group I 0 Group I 3.2
Group llI 0 Group llI 1.2 Group llI 2.4
total 5 0.84 total 6.2 0.645 Total 11 0.66
Site 4 Site 4 Site 4
Group | 5 Group | 5 Group | 5
Group Il 0 Group 0 Group 0
Group lll 1.2 Group lll 24 Group I 1.2

total 6.2 0.865 total 7.4 0.615 Total 6.2 0.69
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