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Introduction
The Anne Arundel County Watershed Protection and Restoration Program’s Ecological Assessment &
Evaluation Team collected biological, habitat, and geomorphological data from streams that are part of
a long term targeted biological monitoring program. The sites are located on reaches where stream
restoration activities have occurred or are planned for the future. For sites where restoration work has
not occurred, the purpose of this effort was to continue or begin an evaluation of baseline biological
conditions before restoration work commences, understand potential geomorphic instability within the
reaches of interest, and to evaluate habitat conditions within said reaches observed in 2016. For sites
already restored, the purpose of the work was to evaluate any changes in habitat or biological
conditions observed in restored reaches or in reaches immediately up or downstream of restoration
reaches. Thirteen sites were sampled. Site locations are shown in Figure 1 and summarized in Table 1. A
brief description of each sample station, or group of stations, is provided below.
Reference Site. Consisting of a single site located on an unnamed tributary to the Severn River, station
SR-01 has a drainage area of approximately 574 acres. This site has been nearly continuously monitored
since 2005. It is a mostly forested watershed (~60%) and has only about 10% impervious surface, most
of which is disconnected. This site was found during geomorphic work performed for another project
(Starr et al. 2010) and has become a de facto reference site for the County’s biological monitoring work.
Cypress Branch. There are two stations—CY-01 and CY-02—located in this watershed, both downstream
of the crossing at Maryland Route 2. Sampled since 2009, pre- and post-restoration data have been
collected at these locations. Both sites are located within the restored reach, where an extensive
wetland seepage system (Anne Arundel County 2012) was installed in 2013. This is a highly developed
watershed and both stations are subjected to runoff from extensive impervious surfaces, with coverage
estimated to be approximately 48% for CY-01 and 46% for CY-02.
Mill Creek. There are four stations in this watershed. Sampled since 2010, MC-01 is located at the
downstream end of the watershed north of College Parkway while sites MC-02, -03, and -04 are found in
the headwaters to the south of College Parkway. Impervious surface levels range from 17% at MC-04 to
23% at MC-01, but an extensive forested riparian area buffer (~70 to 150 feet, depending on watershed
location) exists along this stream between the upstream and downstream sites. No restoration has
occurred along these sample reaches, but restoration activities are planned to occur within the next 1 to
2 years.
Dividing Creek. There are two stations in this watershed. Sampled since 2010, DC-01 is located just
upstream of the crossing under College Parkway while DC-02 is upstream on Anne Arundel Community
College property. Implementation of a wetland seepage system in the upstream reach containing DC-02
occurred a few weeks before macroinvertebrate sampling took place in 2016, although the sampling
reach containing DC-02 was not directly impacted by the restoration activities. Approximately 27% of
each contributing drainage area consists of impervious surfaces.

2

Figure 1. Location of the 2016 targeted biological monitoring sample stations.
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Table 1. Sites sampled in 2016 as part of the Targeted Monitoring
Program.
Approximate
Subwatershed
Site ID
Drainage Area Longitude
Latitude
(River Basin)
(acres)
Cypress Creek
CY-01-16
285.3
-76.54007
39.07492
(Magothy River)
Cypress Creek
CY-02-16
330.5
-76.5364
39.0759
(Magothy River)
Dividing Creek
DC-01-16
240.9
-76.518
39.0529
(Magothy River)
Dividing Creek
DC-02-16
184.0
-76.5149
39.049
(Magothy River)
Howard's Branch
HB-01-16
227.8
-76.54768
39.02127
(Severn River)
Howard's Branch
HB-02-16
140.2
-76.55186
39.01973
(Severn River)
Mill Creek
MC-01-16
836.4
-76.5085
39.0548
(Magothy River)
Mill Creek
MC-02-16
520.6
-76.5045
39.0437
(Magothy River)
Mill Creek
MC-03-16
275.2
-76.50515
39.04223
(Magothy River)
Mill Creek
MC-04-16
183.2
-76.5035
39.0421
(Magothy River)
Furnace Branch
FB-01-16
736.4
-76.60943
39.17176
(Patapsco River)
Furnace Branch
FB-02-16
588.4
-76.61605
39.16674
(Patapsco River)
UNT Severn River
SR-01-16
574.3
-76.6183
39.07637
(Severn River)
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Howard’s Branch. There are two stations in this watershed, bracketing a reach restored in 2000 using a
wetland seepage system approach. Sampled since 2007, the data collected are all post-restoration.
Impervious surface levels are low, with about 9% found in the drainage area of site HB-01 and about
10.% found upstream of HB-02. In 2016, a third station located within the restored reach itself was
added, but the geomorphic conditions created by the restoration approach made siting the station a
challenge. Typical of the wetland seepage system approach, very large and deep pools are present
throughout the restored system, including within this new reach, making it very difficult to sample using
standard County bioassessment techniques because the reach is partially unwadeable. Consequently, it
is unclear if sampling will occur at this location in the future.
Furnace Branch. New to the Long Term Biological Monitoring Program, sampling began in 2016 at two
stations in this watershed. The reach of interest consists of a concrete flood conveyance channel
beginning at a large culvert under New Jersey Avenue, which ultimately drains to a natural channel
segment just upstream of Maryland Route 10. FB-01 is located in the natural channel reach while FB-02
is located within the concrete channel. FB-01 has approximately 41% of its upstream area as impervious
surfaces, while approximately 45% of FB-02 is impervious. Removal and restoration of the concrete
channel is slated to occur within the next two to three years. The ultimate design approach to restore
this stream reach has yet to be determined.
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Methods
Field Sampling
The sites were assessed using methodologies
based on Maryland Biological Stream Survey
(MBSS) and WPRP sampling protocols (AAC
2011). These methods are briefly described
below. See AAC (2011) and Stranko et al.
(2014) for further details on the methods
used in this assessment.
Two primary measures of biological health
were used in this work. The Benthic Index of
Biotic Integrity (BIBI) is a multimetric index
calculated from a sample of the benthic
macroinvertebrates
using
procedures
developed by the MBSS. The metrics used
and their associated scores are found in
Table 2. The Fish Index of Biotic Integrity
(FIBI) is also a multimetric index based upon a
developed by the MBSS. Those metrics are
found in Table 3.

Table 2. MBSS BIBI Metrics.
Metric

Scoring Thresholds
1
3
5

Number of Taxa

< 14

14 – 22

≥ 22

Number of EPT Taxa

<2

2–4

≥5

<1

1

≥2

<10

10 – 27

≥ 28

Percent Ephemeroptera

< 0.8

0.8 – 10.9

≥ 11

Number of Scraper Taxa

<1

1

≥2

< 0.9

0.9 – 7.9

≥8

Number of
Ephemeroptera Taxa
Percent Intolerant to
Urban

Percent Climbers

From: Southerland et al. 2005
sample of the fish population also using methodologies
Table 3. MBSS FIBI Metrics
Scoring Thresholds
Metric
1
3
5

For the benthic macroinvertebrate sampling,
all sample collection occurs during the 2016
Spring Index Period, which runs from March Abundance per m2
< 0.45
0.45 – 0.71
> 0.72
1 to April 30. Sampling is conducted over a Number of Benthic
0
0.01 – 0.21
> 0.22
75-meter segment of stream. Sampling Species
segments are selected to characterize Percent Tolerant
> 97
97 – 69
< 68
benthic macroinvertebrate communities
Percent Generalist,
within the larger reach of interest. Within
Omnivores,
100
99 – 93
< 92
the segment, 20 square feet of the best
Invertevores
available habitat (e.g.-riffles, woody debris,
Percent Round0
1
>2
leaf packs, etc.) is sampled. As a quality
bodied Suckers
control check of sampling techniques, a
Percent Abundance
duplicate sample is collected on the same
> 69
69 – 41
< 40
Dominant Taxa
reach for 10% of the sites sampled. This
From: Southerland et al.(2005)
duplicate sample is usually located on a
segment upstream of the original sample segment. This QC reach is evaluated before sampling to ensure
it is as similar as possible in character to the original site regarding its surrounding land use and other
observable factors (e.g.—storm drain inputs, road crossings, etc.).

6

After collection, all
samples are
Table 4. MBSS IBI Numeric and Narrative Scoring Definitions.
preserved in 90%
Narrative
IBI Score
Characteristics
ethanol and sent to
Ranking
a certified
Comparable to reference streams considered to be
taxonomic
4.0 – 5.0
Good
minimally impacted, biological metrics fall within the
laboratory for
upper 50 percent of reference site conditions.
identification. To
Comparable to reference conditions, but some
calculate the BIBI,
3.0 – 3.9
Fair
aspects of biological integrity may not resemble the
the sample is
qualities of minimally impacted streams.
processed according
Significant deviation from reference conditions,
to County
indicating some degradation. On average, biological
2.0 – 2.9
Poor
procedures (see AAC
metrics fall below the 10th percentile of reference site
2011) and the
values.
organisms are
Strong deviation from reference conditions, with
identified to the
most aspects of biological integrity not resembling
lowest appropriate
Very
the qualities of minimally impacted streams,
1.0 - 1.9
taxonomic level
Poor
indicating severe degradation. On average, most or all
possible, typically to
metrics fall below the 10th percentile of reference site
genus. Using the
values.
sample data, the
From: Southerland et al. (2005)
seven metrics
comprising the BIBI are scored. Then the individual metric scores are summed and divided by the total
number of metrics, producing the BIBI. The BIBI score is given a narrative ranking, which is described in
Table 4 along with a brief description of what each narrative rank means.
All fish sampling occurred during the 2016 Summer Index Period, which runs from June 1 to September
30. Sampling occurred over the same 75-meter segment of stream used for benthic macroinvertebrate
sampling. Backpack electrofishing shocker units were used to stun the fish, which were then collected
into a holding bucket equipped with an aerator or a live-well for processing later. All fish were identified
to species and returned to the stream reach. The reach was fished twice and the total amount of fish
species collected in both passes was used to score the metrics listed in Table 3. The scores for the
individual metrics are averaged to obtain the FIBI. As with the BIBI, a qualitative (narrative) rank is given
to the reach associated with the reach’s FIBI score (Table 4). See MBSS (2014) for additional
methodological details.
Following procedures found in AAC (2011) and Rosgen (1996), an abbreviated geomorphic assessment
was performed at each site. A previously installed monumented cross section was re-measured to
evaluate channel changes over time. In addition, a reach-wide modified Wolman pebble count was
performed to characterize bed substrate. Finally, a brief longitudinal profile was performed to
determine water surface slope in the assessment reach. All data were entered and processed in a
spreadsheet developed by the Ohio Department of Natural Resources called the Reference Reach
7

Spreadsheet, Version 4.3L
(Mecklenburg 2006). When
appropriate, a Rosgen Level
II classification was applied
to the reach of interest.

Table 5. EPA RBP Metrics and Scoring
Metric
Description
An evaluation of the amount of appropriate
Epifaunal Substrate
physical habitat structure in the reach.
Pool Substrate
An evaluation of the bed materials found in
Characterization
pools.
An evaluation of the depth and velocity
Pool Variability
distributions of pools in the reach.
An overall evaluation of sediment deposition in
Sediment Deposition
the reach.
An evaluation of the amount of water found in
Channel Flow Status
the channel.
An evaluation of past or current channelization
Channel Alteration
or other man-made alterations found in the
reach.
An evaluation of the side-to-side movement,
Channel Sinuosity
down the valley, of the assessment reach.
An evaluation of the amount and severity of
Bank Stability
erosion present. Both banks scored separately.
An evaluation of the amount of vegetation
Vegetative Protection found on bank surfaces. Both banks scored
separately.
An overall condition evaluation of the stream
Riparian Zone Width
side area. Both sides scored separately.
1
Score Range
Condition Category
151 +
Comparable (to reference)
126 – 150
Supporting (aquatic life uses)
101 – 125
Partially Supporting
≤100
Non-Supporting
1) Stribling et al.(1999)

Aquatic habitat quality was
measured using the U.S.
EPA’s Rapid Bioassessment
Protocol (RBP) method for
low-gradient streams, which
is a multimetric visual
assessment that scores
various habitat features
believed
critical
in
supporting high quality
biological
communities.
Most metrics used are
scored on a scale of 0 to 20.
Those that are scored for
each side of the stream are
scored from 0 to 10. The
individual metric scores are
summed and total score is
used to place the reach in a
qualitative habitat category.
The overall scoring ranges
for RPB, along with a brief
description of the metrics
used, are found in Table 5.
For additional details on the
metrics used in this method,
see the relevant SOP found in AAC (2011). Habitat scores reported here were collected during the Spring
Index Period.
Using ArcMap 10.3, the County’s 2014 LIDAR dataset was processed using watershed processing tools
found in ArcMap’s Spatial Analyst extension to create the drainage area boundaries for each station.
The resulting watershed boundary areas were used to clip the County’s 2014 Land Use and Impervious
Surface coverages. The resulting polygons area values for imperviousness and each land use type were
exported out of ArcMap and processed in Microsoft Excel to determine total imperviousness and major
land use types found in each watershed. This information was discussed in various sections of this
report.
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Data Presentation
Each group of sites was discussed together, as applicable. Generally speaking, observations are mostly
descriptive and qualitative in nature. Biological and habitat data (i.e.—FIBI, BIBI, and RBP scores) were
presented in three different ways in a summary table for each site group that included 1) the 2016
results, 2) a cumulative average of all values measured since monitoring began, and 3) a three year
average that did not include the 2016 value. For most sites, this short term average used the values
collected from 2013 to 2015. For some sites and some parameters, however, data were not always
collected during this time period, so the next prior year was used instead. When non-consecutive years
were used for the short term average, it was noted in the summary table. In particular, fish sampling
has only been performed in the last two years, so none of these averages span a three year period. All
data used to develop the summary tables are presented in Appendix A. Additionally, a description of
the major insect types found in 2016 was presented for each sample site. If it was judged that there
appeared to be meaningful qualitative differences in 2016 sample composition compared to past years,
then that was also included in the discussion. Appendix B contains the stacked bar graphs upon which
these discussions were based. Finally, BIBI averages were compared 1) between each site’s average
BIBI and the average BIBI for the Reference Site and 2) between the Cypress Branch sites themselves,
where it was possible to make pre- and post-restoration BIBI average comparisons.
Presentation of the geomorphic results focused on changes in the shape of the monumented cross
section measured in 2016 versus prior years. Plots of all years measured to date are presented in
Appendix A. If a Rosgen classification was performed in past years, then the status of that classification
was typically discussed (see Rosgen 1996 for details on the different stream types observed). Additional
qualitative observations about channel form and evolution were also made, mostly for those sites not
yet restored. For restored sites, a qualitative evaluation of the restored reach’s stability was made, as
appropriate.

Results and Discussion
Each group of sites is discussed individually below. A complete presentation of all IBI scores, habitat
scores, and a plot of the cross section
data for each site is found in Appendix Table 6. Summary of results at the UNT to Severn
River site (SR-01).
A. A summary of the distribution of
BIBI
FIBI
RBP
different insect types found by year for Time Frame
(Condition) (Condition) (Condition)
each sample station is found in
3.86
3.33
140
2016 Results
Appendix B.
(Fair)
(Fair)
(Supporting)
Cumulative
3.23
3.33
148
UNT to Severn River (SR-01). Biological Average
(Fair)
(Fair)
(Supporting)
1
conditions at this station have been (2005-15)
3-year
typically rated as Fair, with a long-term
3.48
3.332
152
Running
(Fair)
(Fair)
(Comparable)
average BIBI of 3.23 and a three-year Average
average score of 3.48 (see Table 6).
1) No data for 2006.
For 2016, a BIBI of 3.86 was obtained, 2) 2015 and 2016 only.
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the highest BIBI score measured here. Caddisflies, stoneflies, and chironomids (non-biting midges) were
the dominant insect groups observed during the 2016 sampling, which has been a fairly consistent trend
in distribution since sampling began at this site (see the insect summary in Appendix B).
The FIBI indicates moderate ecological heath
conditions. In 2016, a value of 3.33, or Fair, was
obtained in this reach, identical to the value
obtained in 2015. Four species were observed at this
location in 2016: American eel (Anguilla rostrata),
eastern mudminnow (Umbra pygmaea), tessellated
darter (Etheostoma olmstedi), and blacknose dace
(Rhinchthys atratulus). With the exception of the
blacknose dace, the same species were observed
during the sampling in 2015.
Aquatic habitat conditions have also been very
stable, with this site having a cumulative average
RPB score in the Supporting range (148). Recent Figure 2. Illustration of typical conditions
found at SR-01 in 2016.
scores as reflected in the three-year average are
even higher, falling into the Comparable to Reference category (152). High quality epifaunal substrate,
good distribution of pool depths and water velocities, low banks, and a broad forested riparian area all
contribute to these conditions. These conditions remained largely unchanged in 2016, with an RBP
score of 140 (Supporting) observed here (see Figure 2).
A plot of all cross section data is found in Appendix A. Little change was observed from 2008 through
2010. In 2011, the channel thalweg elevation rose approximately 0.25 feet, but appeared to return to
the 2010 elevation in 2012. Steady minor incision has occurred since 2012, with the 2016 thalweg
elevation approximately 0.25 feet lower than that observed in 2012. There was virtually no change in
channel form in 2016 compared to 2015. This reach has consistently classified as a Rosgen E5 channel.
Cypress Creek. Two sites were sampled on this reach. Each site is discussed separately. Results are
summarized in Table 7.
Site CY-01. Located furthest upstream, this reach was completely rebuilt in 2013 as part of the extensive
restoration work that occurred here (Figure 3). In 2016, this reach’s BIBI score was measured to be a
1.86. While an improvement over the 2015 score, this site remains in the Very Poor range (see Table 7).
Not shown in Table 7, the post-restoration average BIBI (1.86) and pre-restoration average (1.74) are
nearly identical, with both falling in the Very Poor category.
Since sampling began in 2009, this site has been dominated by pollutant-tolerant organisms like
oligochaetes (a pollutant-tolerant worm group), leeches, flatworms, and non-biting midges (details
found in Appendix B). However, post-restoration samples have been collected containing organisms like
10

damselflies (in 2015) and caddisflies (in 2016) that are frequently found in healthier streams (Moore and
Palmer 2005).
The ultimate trajectory in benthic condition
remains unclear at this time, but it should be
noted that the three-year running average
BIBI of 1.86 is higher than the cumulative
average of 1.73, although both of these
values are in the Very Poor range, indicative
of degraded stream health conditions.
The FIBI scored better than the BIBI in the
monitoring reach with a score of 2.67 (Poor
ranking) in 2016. Six species were observed
in 2016: eastern mosquitofish (Gambusia
holbrooki), golden shiner (Notemigonus
crysoleucas),
mummichog
(Fundulus
hetroclitus), redbreast sunfish (Lepomis
auritus), pumpkinseed (Lepomis gibbosus), a
Lepomis hybrid, and American eel. The 2015
fish assessment produced the same FIBI as
observed in 2016. No pre-restoration fish
samples were collected at this site.

Table 7. Summary of results at the Cypress Creek sites.
CY-01
BIBI
FIBI
RBP
Time Frame
(Condition)
(Condition) (Condition)
1.86
2.67
136
2016 Results
(Very Poor)
(Poor)
(Supporting)
Cumulative
1.73
2.67
101
Average
(Very
Poor)
(Poor)
(Part.
Supp.)
(2009-16)1
3-yr. Running
1.86
2.672
104
1
Average
(Very Poor)
(Poor)
(Part. Supp.)
CY-02
BIBI
FIBI
RBP
Time Frame
(Condition)
(Condition)
(Condition)
1.57
129
2016 Results
---3
(Very Poor)
(Supporting)
Cumulative
1.78
3.005
115
Average
(Very
Poor)
(Fair)
(Part.
Supp.)
(2009-16)4
3-yr. Running
1.76
3.005
118
Average
(Very Poor)
(Fair)
(Part. Supp.)
1) No data for 2014. 2012 data used for 3 yr. average.
2) 2015 and 2016.
3) Qualitative assessment due to site conditions.
4) No data for 2013.
5) 2015 only—not an average.

Aquatic habitat conditions have improved
since restoration. In 2016, this site was
scored at 136 with the RBP, which is in the
Supporting category, the same category this site
scored as last year. Additionally, the pre-restoration
average (85 or Non-supporting) is much lower than
the post-restoration average of 140 or Supporting.
The high levels of epifaunal substrate and bank
stability (from the armored, rip rapped banks), along
with good scores for pool variability and the amount
of water in the channel, are considered indicative of
high quality habitat conditions.

Geomorphically, this site is largely unchanged
(Appendix A) from its last measurement in 2015.
Some slight irregularities in the stream bottom Figure 3. Illustration of typical conditions
appear in the 2016 plot, but this is likely related to found at CY-01 in 2016.
the distribution of cobbles across the cross section causing variability in the survey data. Upper bank and
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floodplain elevations are unchanged in 2016 compared to 2015. Overall, this section of the restoration
project appears to have achieved physical stability. Due to the highly altered nature of this site,
however, a Rosgen classification was not performed here.
Site CY-02. As with the upstream site, CY-02
classified as Very Poor with a BIBI score of 1.57,
which is the same score observed in 2015. The
reach containing this site has been dramatically
altered by the restoration work and is more
emergent wetland in its character than free
flowing stream (see Figure 4), making sampling a
challenge. Pollutant-tolerant organisms, primarily
chironomids, dominated the sample (see
Appendix B). Unlike the upstream site, the three Figure 4. Illustration of typical conditions
year average BIBI is 1.76 (Very Poor), less than the found at CY-02 in 2016.
cumulative average of 1.78. The upward trend observed in CY-01 is not apparent at this station at this
time.
Like CY-01, fish population conditions as represented by the FIBI were generally better than those
observed for macroinvertebrates. A FIBI of 3.00, or Fair, was measured in 2015. For 2016, only a
qualitative estimate of the fish community was performed as the large wetland pools that comprise part
of this reach prevented the setting of block nets that isolate a reach from its overall stream system
during sampling (in 2015, this ponded area was excluded by the consultant from sampling). Four species
were observed here in 2016, all of which were also observed at CY-01: eastern mosquitofish, golden
shiner, mummichog, and pumpkinseed. It was noted that, unlike CY-01, the fish collected in this location
had unusual levels of disease occurrence, including dermatitis and black spot.
In 2016, the RBP score for this reach was 129, which is in the Supporting category. Post-restoration, the
average habitat score is 130 (Supporting), while the pre-restoration average is 103, or Partially
Supporting. This year’s score is much higher than the all data average of 115 (Partially Supporting) and
the three-year running average of 118. Pool variability, low to moderate levels of sediment deposition in
pools, and the overall channel flow status contributed to the high habitat score.
A new cross section was established in 2016 because the monuments measured in 2012 could not be
recovered following the restoration. However, a cursory comparison (see Appendix A) of the first postrestoration measurement of the channel in this area shows it to be much less entrenched than the
channel present before the restoration work occurred, with the thalweg elevation approximately two
feet higher now than in 2012. A pebble count was not performed due to the difficulties in collecting
particles in the large wetland pool area included in the sample reach. As with CY-01, the highly altered
conditions found here due to the restoration activities do not allow a Rosgen classification to be
performed.

12

Dividing Creek. Two stations are
sampled in this watershed. Results are
summarized in Table 8.
Site DC-01. Located downstream of the
reach restored in 2016, DC-01 is
upstream from College Parkway and has
a decidedly wetland character (see
Figure 5), likely due to the backwater
created by the road crossing.
The 2016 BIBI score at this site is in the
Poor range, at 2.14. This score
represents an improvement over the
last BIBI collected at this location (2014)
as this site moved from Very Poor (1.86)
to its current condition (2.14). However,
2014 may have been an anomaly as this
site has realized BIBIs in the Poor range
for all other years sampled (Appendix
A).

Table 8. Summary of results at the Dividing Creek
sites.
DC-01
BIBI
FIBI
RBP
Time Frame
(Condition) (Condition) (Condition)
2.14
1.67
132
2016 Results
(Poor)
(Very Poor) (Supporting)
Cumulative
2.241
1.843
138
Average
(Poor)
(Very Poor) (Supporting)
(2010-16)
3-yr. Running
2.142
1.843
134
Average
(Poor)
(Very Poor) (Supporting)
DC-02
BIBI
FIBI
RBP
Time Frame
(Condition) (Condition) (Condition)
1.86
1.33
126
2016 Results
(Very Poor)
(Very Poor) (Supporting)
Cumulative
2.59
1.673
108
Average
(Poor)
(Very Poor) (Part. Supp.)
(2010-16)
3-yr. Running
2.62
1.673
110
Average
(Poor)
(Very Poor) (Part. Supp.)
1) No data for 2015.
2) No 2015 data. 2012-2014 data used.
3) 2015 and 2016 only

As shown in the summary in Appendix B, the sample was dominated by oligochaetes, which comprised
approximately 60% of the insects found in 2016, but only about 8% of the sample in 2014. Chironomids
changed from approximately 60% of all insects found in 2014 to about 8% in 2016. Caddisflies were also
present for the first time since 2011, representing about 8% of insects in the sample. Clams were the
other common group in 2016, representing
about 15% of insects found and half the
amount observed in 2014. The shift to
oligochaetes appears unusual compared to
past years.
Past samples were largely
dominated by chironomids with lesser
amounts of oligochaetes and clams present. It
is unclear why this shift in organisms occurred
in 2016, but it might be related to the
restoration work that occurred upstream at
DC-02. This is discussed further in the next
section (Site DC-02.).
Figure 5. Illustration of typical conditions found
at DC-01 in 2016.
The fish population appears to suffer from
some impairment, as a FIBI of 1.67 (Very Poor) was observed in 2016. This score represents a decline
compared to the 2015 assessment, where this site scored a 2.00, the minimum value for a Poor
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classification. Four species were observed in 2016: eastern mudminnow, golden shiner, American eel,
and a goldfish (Carassius auritus), all of which are considered moderately tolerant of water quality
impairments. The goldfish is a non-native species frequently found
in Maryland streams. In 2015, the golden shiner was not found at this site, but the three other species
found in 2016 were observed during the 2015 sampling.
Habitat conditions have been consistent since monitoring began here in 2010. In 2016, a habitat score of
132 (Supporting) was calculated for this site, which is very consistent with the cumulative average (138,
Supporting) and the 3-yr. running average (134, Supporting). High levels of bank stability and vegetative
cover, good pool diversity, and little evidence of channel alteration all contribute to the high quality
habitat observed here.
An examination of the cross section data (Appendix A) shows little alteration compared to 2015.
However, this site appears to have experienced significant sediment inputs between the 2011 and 2012
measurements as the thalweg elevation rose approximately 0.8 feet in that period. Elevations inchannel remained the same for 2013, but steady incision over the last three years has resulted in
removal of approximately half of the in-channel sediment inputs observed for 2011 and 2012.
Additionally, steady erosion of the right bank (downstream) and deposition on the left bank have been
occurring since 2010, resulting in a channel that appears to be shifting towards the right bank while
maintaining its approximate cross sectional area as it progresses. Significant erosion may occur if this
trend continues as the channel is currently located along the downstream right edge of the stream
valley.
Site DC-02. This site is located upstream of DC-01 and within the footprint of the restoration project
completed in 2016. The sampling reach (see Figure 6, photo A) is located in a stretch of channel
between two areas where the channel was reconfigured into a series of riprap steps and large pools
typical for implementation of a wetland seepage system (see Figure 6, photo B). The sampling reach
itself was not purposely converted into a pool area, but channel water depth has increased and the
velocity has slowed due to the impacts of the downstream pool area. At its upstream end, the sampling
reach included a constructed riprap step/weir that created the pool just upstream of the site, but did
not include the pool itself.
As shown in Table 8, this site produced a BIBI in 2016 of 1.86, or Very Poor. This represents a large
decline over the 2015 result of 3.00 (Fair) and it is much lower than both the cumulative average (2.59,
Poor) and the three-year running average (2.62, Poor). It should be noted that the restoration work
concluded only weeks before the 2016 sample was collected. With the exception of the upstream riprap
step, the sample reach itself was not included in the construction activities. However, the stream
reaches draining to and from the sampling reach were completely changed.
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DC-02 had the lowest FIBI of all sites
measured in 2016 where fish were present,
scoring a 1.33 or Very Poor. This site scored
a 2.00 in 2015, which is the bottom of the
Poor range. Only three species were
observed at this location in 2016: eastern
mudminnow, golden shiner, and goldfish.
The golden shiner was not observed in 2015,
but the American eel was, along with the
eastern mudminnow and the goldfish.

A

The distribution of insects found in the 2016
sample seems to support that some sort of
impact may be associated with the
restoration. All pre-restoration samples were
dominated by chironomids, oligochaetes,
and predacious diving beetles. In 2016,
however,
the
percent
chironomids
decreased sharply, moving from comprising
approximately half the organisms before B
2016 to less than 5% in this most recent Figure 6. Illustration of typical conditions found
sample. Oligochaetes increased to about at A) DC-02 sampling reach and B) in the
63% of invertebrates observed. These restoration reach around DC-02 in 2016.
observations are similar to the pattern observed at DC-01. The impact that a particular stream
restoration project has on reaches downstream of the restoration is not well understood (Miller et al.
2010, McCabe and Gotelli 2000). However, it is possible that some aspect of the restoration work has
had impacts on both sample reaches. It is also possible that there might be some unknown water quality
impairment coming from upstream that caused this shift at one or both stations. The ultimate trajectory
and persistence of any supposed change will require continued sampling at these locations.
Habitat scores have been rising here since 2015 (see Appendix A) and appear to indicate improvement
since monitoring commenced here in 2010. Table 8 shows that in 2016, an RBP score of 126
(Supporting) was measured, which is higher than both the cumulative average (108, Partially
Supporting) and the 3-year average (110, Partially Supporting). The 2015 value of 132 (Appendix A),
which is in the Supporting range, was higher still compared to the Table 8 averages. Improvements in
scores for epifaunal substrate, sediment deposition, and bank stability appear to explain most of the
increases.
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Like DC-01, the cross section plot
(Appendix A) shows little change from
2015 to 2016. However, the bottom of
the stream dropped approximately 1.5
feet from 2010 to 2011. The left bank
(downstream) also showed some minor
erosion over the sampling period
although it appears to have stabilized
since 2012. The dramatic difference
between
the 2015
left
bank
measurement and the others is likely
due to less survey measurements taken
during this assessment (17 instrument
readings in 2015 versus an average of
32 readings for the other surveys),
resulting in a less detailed profile. The
right bank appears to be more stable
than the left bank over this time period,
showing very little change over the
sampling period.
No Rosgen
classification was performed here due
to the highly altered nature of the prerestoration channel.
Mill Creek. Four stations are sampled in
this watershed. The results are
summarized in Table 9.

Table 9. Summary of results at the Mill Creek sites.
MC-01
BIBI
FIBI
RBP
Time Frame
(Condition) (Condition) (Condition)
2.71
2.67
125
2016 Results
(Poor)
(Poor)
(Part. Supp.)
Cumulative
2.59
2.841
121
Average
(Poor)
(Poor)
(Part. Supp.)
(2010-16)
3-yr. Running
2.71
2.841
118
Average
(Poor)
(Poor)
(Part. Supp.)
MC-02
BIBI
FIBI
RBP
Time Frame
(Condition) (Condition) (Condition)
1.57
1.67
123
2016 Results
(Very Poor)
(Very Poor) (Part. Supp.)
Cumulative
2.59
1.671
109
Average
(Poor)
(Very Poor) (Part. Supp.)
(2010-16)
3-yr. Running
2.52
1.671
100
Average
(Poor)
(Very Poor) (Non-Supp.)
MC-03
BIBI
FIBI
RBP
Time Frame
(Condition) (Condition) (Condition)
2.71
2.33
133
2016 Results
(Poor)
(Poor)
(Supporting)
Cumulative
1
2.71
2.17
117
Average
(Poor)
(Very Poor) (Part. Supp.)
(2010-16)
3-yr. Running
3.00
2.171
109
Average
(Fair)
(Very Poor) (Part. Supp.)
MC-04
BIBI
FIBI
RBP
Time Frame
(Condition) (Condition) (Condition)
2.71
2.00
114
2016 Results
(Poor)
(Poor)
(Part. Supp.)
Cumulative
2.35
2.001
108
Average
(Poor)
(Poor)
(Part. Supp.)
(2010-16)
3-yr. Running
2.14
2.001
99
Average
(Poor)
(Poor)
(Non-Supp.)

Site
MC-01.
Located
furthest
downstream of all the Mill Creek sites
(see Figure 7), MC-01 had a BIBI score
of 2.71 (Poor) in 2016, a decrease from
Fair scores it received in 2015 and 2014
(3.00, both years), but in line with the
three-year running average and greater
than the all data average of 2.59 (see
Table 9). For 2016, chironomids
dominated the sample, with lesser 1) 2015 and 2016
numbers of oligochaetes and caddisflies present (Appendix B). The shift in dominance by chironomids
appears to begin in 2014, as samples collected before 2014 have anywhere from approximately 20 to
45% oligochaetes, compared with occurrences ranging from approximately 2% to 12% in samples from
2014 to 2016.
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The FIBI was scored as Poor (2.67), a decrease from its Fair score (3.00) in 2015. A total of seven species
were observed in 2016: American eel, mummichog, pumpkinseed, brown bullhead (Ameiurus
nebulosus), golden shiner, spottail shiner (Notropis hudsonius), and banded killifish (Fundulus
diaphanous). Ten species were observed in 2015, including white perch (Morone americana), chain
pickerel (Esox niger), eastern mudminnow, and bluegill (Lepomis macrochirus), none of which were
observed in 2016. With the high level of imperviousness in the upstream drainage area (26%), the
number of species found here in 2015 was unexpected.
Habitat conditions are what would be
expected with the observed biological
conditions. The RBP score was 125, or
Partially Supporting. This represents an
increase over both the cumulative average
(121, Partially Supporting) and the 3-year
average (118, Partially Supporting). High
rates of bank erosion, sediment deposition
and somewhat low levels of vegetative bank
protection were all factors depressing the
score here.
Figure 7. Illustration of typical conditions found
at MC-01 in 2016.

An examination of the cross section
measurements indicates that this stream reach has experienced moderate levels of instability over the
sampling period (2010-16). Severe incision has occurred over the last seven years (Appendix A). The
thalweg elevation decreased by approximately 0.75 feet between the 2012 measurement and the 2013
measurement. A second round of incision occurred between the 2013 measurement and the 2014
measurement, decreasing the thalweg elevation by an additional 0.5 feet, for a total change of
approximately 1.5 feet over the period of record. While the channel has been relatively stable since
2014, it is likely that the bank erosion observed during the habitat assessment will be exacerbated by
this elevation change in the channel bottom. Incision typically increases the frequency with which
erosive high flow conditions are unable to access a surrounding floodplain, causing additional erosion
(Julian and Torres 2006), although the pace and subsequent evolution of the channel can be quite
variable (Beechie et al. 2008, Rosgen 1996). This reach classifies as a Rosgen G5c.
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Site MC-02. This site is located upstream
of MC-01 and downstream of the
confluence of the two reaches that contain
MC-03 and -04. This site is surrounded by
a well-forested riparian area (Figure 8).
In 2016, this site received a BIBI score of
1.57, or Very Poor (see Table 9). This
outcome represents a sharp decline over
the cumulative average (2.59) and the 3year running average (2.52). The 2016
sample was dominated by chironomids
and oligochaetes, with small amounts of Figure 8. Illustration of typical conditions found at
MC-02 in 2016.
damselflies and predacious diving beetles
also observed. Caddisflies, present in all prior years’ samples collected at this site, were absent in 2016
which may explain, in part, the sharp downturn in the BIBI (Appendix B).
The FIBI score in 2016 was in the Very Poor range, at 1.67. A single species, American eel, was collected
during the 2016 sampling, a decrease from the three species identified in 2015 (eastern mudminnow,
eastern mosquitofish, and American eel). This site received the same FIBI score in 2015 despite the
presence of two additional species compared to the 2016 sampling effort.
Habitat conditions show signs of impairment at this sample reach, but the overall score improved in
2016, from 93 (Non-supporting) in 2015 to Partially Supporting (123). The 2016 value is also higher than
the cumulative average (109, Partially Supporting) and the 3-yr. running average (100, Non-Supporting).
Strong scores for epifaunal substrate, pool variability, and riparian area width boosted the overall index
score. Sediment deposition was identified as a serious issue with this site, scoring in the low end of the
Marginal range for this parameter.
The cross section at this site has shown a steady building of a right bank (downstream) depositional
feature coupled with an apparent enlargement of a bank undercut observed on the left bank (Appendix
A). If watershed conditions have initiated a reach wide adjustment in the stream’s planform, it might
explain the observed sediment deposition issue identified during the RBP assessment. This reach
classifies as a Rosgen B5c, although the entrenchment ratio and width/depth ratio both had to be
adjusted per the methodology (Rosgen 1996) to perform the classification, supporting the idea that this
channel is possibly adjusting itself to some unknown change in upstream watershed conditions.
Site MC-03. Moving upstream from MC-02, MC-03 is located on a tributary on the upstream right side of
the confluence with the MC-04 tributary. It is similar in character to the other Mill Creek sites described
previously (Figure 9) in that it is surrounded by a forested riparian area.
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The 2016 BIBI was 2.71, Poor, identical to
the cumulative average for this site (see
Table 9). Chironomids dominated the
sample, with lesser amounts of predacious
diving
beetles,
oligochaetes,
and
caddisflies present, a trend in occurrence
that has been fairly consistent year over
year (Appendix B). However, the 2016
score represents a downturn from the
three-year running average which, at 3.00,
is at the bottom of the Fair range. The
change in a single metric score in 2016
(the number of scraper taxa) was the Figure 9. Illustration of typical conditions found at
reason for the score difference, illustrating MC-03 in 2016.
a limitation of discrete multimetric scoring schemes and how that can impact determinations of stream
reach condition (Blocksom 2003). Based on the three-year running average, the ultimate trajectory of
stream health here appears to be increasing, despite the score observed in 2016. Continued sampling
will help to resolve this question.
The FIBI at this site scored in the Poor range (2.33). Fifteen fish comprising four species (American eel,
pumpkinseed, eastern mosquitofish, and eastern mudminnow) were observed here in 2016. Results
from 2015 were similar, but only three species (the pumpkinseed was not observed in 2015) and 12
total fish were found, resulting in a worse FIBI for 2015 of 2.00, the bottom of the Poor range.
Habitat condition scores were up sharply in 2016, with this site scoring in the Supporting range at 133,
compared with the Non-supporting score (98) it received in 2015. The 2016 value was greater than both
the cumulative average and the three-year running average presented in Table 9. Favorable increases in
epifaunal substrate, pool substrate, and pool variability account for the year over year differences in
habitat conditions.
As shown in Appendix A, the cross section at this site has shown virtually no change over the seven years
of geomorphic data collection. Incision and deposition have oscillated over the years here, with typical
changes from year to year of around 0.2 feet, or less. The thalweg depth in 2016 is virtually identical to
that surveyed in 2010. This particular reach in Mill Creek appears somewhat stable and classifies as a
Rosgen G5c stream type.
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Site MC-04. MC-04 is located upstream
from MC-02 and is on a tributary on the
upstream left side of its confluence with
the MC-03 tributary. It is similar in
character to the other Mill Creek sites
described previously (Figure 10).
The 2016 BIBI for this site was in the Poor
range, with a score of 2.71 (Table 9). As in
prior years, the sample was dominated by
chironomids, with lesser amounts of
oligochaetes, caddisflies, and predacious
diving beetles. Of note, while still in the Figure 10. Illustration of typical conditions found at
MC-04 in 2016.
Poor range, the 2016 score represents an
increase over the cumulative average (2.35) and the three-year running average (2.14), and is a large
increase over the 2015 score (1.57, Very Poor). Increases in scraper taxa and in percent climbers drove
the BIBI increase.
The FIBI remained unchanged from 2015. The score of 2.00 is at the bottom of the Poor category. Three
species were identified: American eel, eastern mudminnow, and pumpkinseed. The pumpkinseed was a
new fish for this site in 2016. Total fish counts varied somewhat between years (10 for 2015 versus 7 for
2016). Like the BIBI, the FIBI indicates that poor ecological health conditions exist at this location.
RBP habitat conditions track with observed biology. A Partially Supporting score of 114 was obtained
here in 2016 (see Table 9). While indicating a degraded reach, this score represents some improvement
of the cumulative average of 108 and even greater improvement over the three-year running average of
99. In particular, poor bank stability scores and high levels of sediment deposition worked to depress
habitat quality in this reach.
Reviewing the plot in Appendix A, very little change has occurred in the cross section since
measurements began in 2010. The major difference in 2016 was the apparent development of an
undercut on the right bank (downstream) since the last measurement. It is unclear, however, if this is a
new feature since the 2015 measurement or if this is simply the first time it has been measured during
this program. Past surveys collected an average of 23 measurements, while the 2016 survey collected 37
measurements, with most of the additional measurements concentrated on the right bank. Regardless,
future surveys will provide an understanding of the potential magnitude of bank change that might be
occurring at this location. Like MC-03, this reach classifies as a Rosgen G5c.
Howard’s Branch. Completed in 2000, the sites on this stream bracket the oldest restoration project
currently being monitored. The results from the two sites are presented below and summarized in
Table 10.
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Site HB-01. Located just downstream of the restoration project (Figure 11), the 2016 BIBI was 3.00, or
the bottom of the Fair range, the same score as in 2015. Benthic macroinvertebrate community
conditions may be improving here, as scores over the last two years are greater than the cumulative
average of 2.57 (Poor) and greater than
the three-year running average of 2.71. Table 10. Summary of results at the Howard’s Branch
As shown in Appendix B, the 2016 sites.
composition of insects is somewhat
HB-01
BIBI
FIBI
RBP
different than in 2015 as chironomid
Time Frame
(Condition)
(Condition)
(Condition)
prevalence decreased from about half
3.00
2.67
143
of all insects sampled to about 20%. 2016 Results
(Fair)
(Poor)
(Supporting)
Similar amounts of isopods and
All Data
2.57
2.501
123
oligochaetes (i.e. ~20%), with lesser Average
(Poor)
(Poor)
(Supporting)
amounts of caddisflies and clams, were 3-yr. Running
2.71
2.501
124
also observed here.
Average
(Poor)
(Poor)
(Part. Supp.)
HB-02
BIBI
FIBI
RBP
The fish community shows some Time Frame
(Condition)
(Condition)
(Condition)
impairment, with the FIBI measured at
3.29
2.33
144
2.67, or Poor, a slight improvement 2016 Results
(Fair)
(Poor)
(Supporting)
over the 2.33 score this site received in
All Data
2.86
1.671
126
2015. A total of 95 fish, representing Average
(Poor)
(Very Poor) (Supporting)
five species, were collected in 2016. 3-yr. Running
3.00
1.671
123
Five species and 143 individuals were Average
(Fair)
(Very Poor) (Part. Supp.)
collected in 2015. Fish found in both 1) 2015 and 2016
years include the golden shiner, American eel, brown bull head, and the eastern mosquitofish. Different
sunfish were found each year, with a
bluegill found in 2015 and a pumpkinseed
found in 2016.
RPB conditions also appear to be
improving. The 2016 score of 143
(Supporting) was the highest achieved
since sampling began here in 2007. Strong
scores in epifaunal substrate, sediment
deposition, and channel flow status
contributed to the high overall
evaluation. The cumulative average and
the three-year running average were Figure 11. Illustration of typical conditions found at
similar at 123 and 124, respectively, so HB-01 in 2016.
the ultimate trajectory in habitat condition is unknown at the present time.
Channel cross section conditions are relatively stable (Appendix A). The 2015 measurement shows about
a one-foot increase in stream bottom elevation over the 2014 measurement, indicative of a pulse of
21

sediment delivered to the system. The 2016 measurement, however, shows the stream bottom
elevation returning to the 2014 elevation, indicating that excess material delivered in 2015 was
transported out of the reach in 2016. Continued measurements will provide insight into stability
conditions at this site.
This reach
classified as a Rosgen E5 stream type.
Site HB-02. Located approximately 500
feet upstream of the restoration project
area, the 2016 BIBI was in the Fair
category at 3.29. Similar to HB-01, benthic
macroinvertebrate community conditions
appear to be improving here as the
current BIBI score—the second highest
measured since assessment activities
began—is greater than the cumulative
average (2.86) and the three-year running
average (3.00) as depicted in Table 10.. Figure 12. Illustration of typical conditions found at
HB-02 in 2016.
The insect summary for this site
(Appendix B) shows a strong spike in caddisfly presence (from ~15% in 2015 to almost 30% in 2016) and
moderate numbers of isopods, amphipods, and predacious diving beetles. Mirroring circumstances at
HB-01, the proportion of chironomids in the sample decreased compared to 2015, moving from about
50% of insects sampled to about 10%. Unlike HB-01, however, this shift in chironomid occurrence has
occurred in other past samples.
The 2016 FIBI differed with benthic macroinvertebrate conditions, as evidenced by its score of 2.33,
which is in the Poor range. This is a large decrease from 2015 where this site earned a 3.67, a strong Fair
score and the largest FIBI observed in 2015. Species observed in 2016 include golden shiner, American
eel, pumpkinseed, brown bullhead, and eastern mosquitofish. The same assemblage of species was
observed in 2015, except the bluegill was observed in 2015 instead of the pumpkinseed. The main
difference in the FIBIs is related to the total number of fish observed during each year. The 2015
sampling captured 126 individuals while the 2016 sampling only found seven, which shifted downward
at least three of the metrics related to total or percent abundance.
Habitat conditions here were quite strong in 2016. The site received an RBP score of 144 (Supporting),
the largest score observed at this site (see Table 10). High scores for pool variability, channel flow
conditions, and channel alterations contributed to this outcome. Low scores for sediment deposition
and pool substrate were also observed. Excluding 2016, habitat conditions have been somewhat stable
as evidenced by the similarity between the cumulative average (126, Supporting) and the three-year
running average (123, Partially Supporting).
Geomorphically, this reach has experienced some meaningful changes recently (Appendix A). The 2015
measurement shows that the channel filled with approximately 1 to 1.35 feet of sediment compared to
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the 2014 measurement, and this condition persisted in the 2016 measurement. The surrounding
floodplain between the monuments also shows classic near channel aggradation associated with a high
sediment supply system (Malanson 1993), with an approximate rise of about 0.35 feet from 2008 to
2016 on the left bank (downstream) and a 0.2 foot rise on the right bank. The on-going impact of this
sedimentation is unclear, but excessive sediment is known to decrease the occurrence of sensitive
species in stream systems (Waters 1995). While this aggradation has impacted the sediment-driven
metric scores of the RPB, the overall score remains high due to high scores on other metrics. This reach
classifies as a Rosgen E5 stream type.
Furnace Branch. New to the Long Term
Biological Monitoring Program for 2016,
two sites have been established in this
north County watershed. One site was
established with the intention of being
downstream from the footprint of
planned restoration activities, which
include the removal of a concrete
floodway and construction of a natural
channel. The second site is located
within the concrete channel (planned
restoration reach). A summary of 2016
monitoring results in found in Table 11.

Table 11. Summary of results at the Furnace Branch
sites.
FB-01
BIBI
FIBI
RBP
1
Time Frame
(Condition) (Condition) (Condition)
1.86
2.67
114
2016 Results
(Very Poor)
(Poor)
(Part. Supp.)
Cumulative
------Average
3-yr. Running
------Average
FB-02
BIBI
FIBI
RBP
Time Frame1
(Condition) (Condition) (Condition)
1.86
1.00
71
2016 Results
(Very Poor)
(Very Poor) (Non-Supp.)
Cumulative
------Average

Site FB-01. Sited to be located
downstream of the restoration work
(see Figure 13A), this site received a
BIBI score of 1.86, or Very Poor. As 3-yr. Running
------shown in Appendix B, the sample was Average
dominated by chironomids, with lesser 1) First year of measurement, so no summary data available.
amounts of oligochaetes and some caddisflies, damselflies, and craneflies. As this is the first year of
sampling, no long-term condition data are available for this site. However, this site was located to
correspond to biological sampling previously done as part the Anne Arundel County Countywide
Biological Monitoring Program. Random site 05-07 was placed at this location in 2006 (see Stribling et al.
2008 for details). A BIBI of 2.14 (Poor) was observed during the 2006 sampling and chironomids
dominated that sample, too.
The RBP score for this site was 114, or Partially Supporting. Low scores for bank stability, vegetative
bank protection, and epifaunal substrate indicate impaired habitat for macroinvertebrates. A nearly
identical score (113) was obtained by the crew performing this work in 2006.
The FIBI score was 2.67, or Poor. Only three species were observed: American eel, white sucker
(Catostomus commersonii), and creek chubsucker (Erimyzon oblongus). Notably, this is the only site
23

where these two sucker species were observed. Only nine fish were captured which helped to depress
this score. No additional fish data are known for this reach.
In 2006, this stream reach was classified as a Rosgen E5 channel (Figure 13B). The measurements
collected in 2016 (Appendix A) resulted in a classification of C5 for this reach. Both width to depth ratio
and entrenchment ratio increased sufficiently to drive this system into a new stream classification.
Water surface slope essentially doubled from 0.22% in 2006 to 0.43% in 2016, but the D50 was
unchanged and remained in the sand class. The cross section installed in 2006 could not be recovered,
however, so no quantitative data on cross section
change is available. A new monumented section was
installed on March 4, 2016 and future
measurements will allow tracking of this site’s
stability. An examination of the photos taken in
2006 versus 2016 (Figure 13) provide some
qualitative support that this channel has enlarged
over the 10 years between measurements.
However, additional survey data are needed to
confirm if enlargement has actually occurred or is
on-going.
A
Site FB-02. Located within the planned restoration
project, this site is situated within a concrete
floodway that runs through an unnamed
neighborhood park (see Figure 14). In 2016, this site
received a Very Poor BIBI score (1.86). As shown in
Appendix B, this site was dominated by chironomids
and oligochaetes. Like the downstream site, this is
the first year of sampling as part of this long-term
assessment work. Like the downstream site, a
random Program site (Site ID R2-05-04) sampled in
2009 was available for resampling (see Victoria et al.
2011 for details). A BIBI of 1.29 was observed during
that work. In the 2009 work, nearly 100% of insects
found were chironomids.

B
Figure 13. Illustration of typical conditions
found at FB-01 in A) 2016 and B) 2006.
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No fish were found during sampling at this
station, so the site received a FIBI of 1.00, or
Very Poor. There is virtually no habitat
available for fish within this reach due to its
heavily armored nature. Additionally, the end
of the concrete channel is perched
approximately 5 feet above the natural
channel downstream, a meaningful barrier to
fish movement in this system. Any fish
species that did attempt to inhabit this reach
would likely be flushed out of the system
during storm flow conditions, where velocities
regularly reach 4 to 5 feet per second during
even modest rain events (≤0.5 inch over
variable intervals).

Figure 14. Illustration of typical conditions found
at FB-02 in 2016.

Because this site is a concrete channel, the RBP habitat condition was rated as Non-supporting (71).
Only metrics related to bank stability and sediment deposition scored in the optimal range. The habitat
assessment done in 2009 was similarly scored and was also judged Non-supporting. No Rosgen
classification was performed at this location. The site is relatively stable as the concrete acts as a
bedrock control, but the concrete has numerous areas where it is failing, allowing vegetation to
establish itself on exposed and deposited sediment throughout the assessment reach.

General Conclusions
Biological improvements have not matched habitat improvements at restored sites. There are two
locations for which pre- and post-restoration biological and habitat data are available: Cypress Creek
and Dividing Creek. The MBSS has developed a test to compare mean IBIs to each other (Southerland et
al. 2005), which was employed on the Cypress Creek BIBI results.
In Cypress Creek, habitat conditions have improved at both stations post-restoration. CY-01’s prerestoration average RBP score is 84 (Non-supporting) while its post-restoration average is 140
(Supporting). A similar condition exists at CY-02, with a pre-restoration average of 102 (Partially
Supporting) and a post-restoration average of 130 (Supporting). In contrast, as shown in Table 12, no
significant differences have been observed in BIBI scores at either of these stations. While not
significant, the average at CY-02 shows some improvement in the post-restoration condition (1.86, post
versus 1.71, pre). Conversely, the BIBI decreased slightly, from 1.74, pre, to 1.71, post. It should be
noted, however, that there are relatively few data points to use in this exercise. For example, there
were only two post-restoration scores available for averaging. As more post-restoration data are
collected, it is possible that the trends at these sites may move towards higher quality biological
condition scores.
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Only tentative assertions can be made about Dividing Creek as the restoration work was completed just
weeks before the 2016 assessment occurred, but the same general pattern found in Cypress Creek is
found at this location. For example, the cumulative average RBP score at DC-02 (the restoration reach)
is 108 (Partially Supporting) while the score received in 2016 was 126, or Supporting. The cumulative
average BIBI here is 2.59 (Poor) but the 2016 score was 1.86, or Very Poor.
Table 12. Comparison of pre- and post-restoration BIBIs at CY-01 and CY-02.
Upper 95%
Lower 95%
Significant
Mean BIBI Standard
Station
Confidence
Confidence
Difference Pre- to
Error
Interval
Interval
Post-Restoration?
CY-01 Prerestoration
1.74
0.114
(2009-13)
4.999
-1.743
No
CY-01 Postrestoration
1.71
0.143
(2015-16)
CY-02 Prerestoration2
1.71
0.340
(2009-12)
5.057
-2.309
No
CY-02 Postrestoration
1.86
0.286
(2014-16)
1) No data for 2014
2) No data for 2013.

Biological conditions
are at the Targeted
Sites are degraded in
comparison to the
Reference Site. Using
techniques described
in Southerland et al.
(2005), a comparison
was made between
all sites and the
Reference Site, which
is presented in Table
12. Of the 11 sites
examined, only the
upstream Howard’s
Branch site (HB-02)
was not significantly

Table 13. Comparison of mean BIBIs of targeted sites to the Reference
Site (SR-01).
Upper 95% Lower 95%
Significant
Mean BIBI Standard
Station
Confidence Confidence
Difference
(2010-2016)
Error
Interval
Interval
from SR-01?
MC-01
2.75
0.146
1.026
0.116
Yes
MC-02
2.59
0.241
1.325
0.145
Yes
MC-03
2.88
0.058
0.822
0.078
Yes
MC-04
2.47
0.181
1.359
0.357
Yes
DC-011
2.33
0.159
1.465
0.521
Yes
DC-02
2.71
0.165
1.091
0.133
Yes
CY-012
1.76
0.095
1.965
1.164
Yes
3
CY-02
1.67
0.217
2.213
1.106
Yes
HB-01
2.80
0.136
0.973
0.088
Yes
HB-02
3.08
0.260
0.865
-0.378
No
SR-01
3.33
0.181
------1) No data for 2015.
2) No data for 2014.
3) No data for 2013.

26

different from the Reference site. All other sites measured (the Furnace Branch sites were excluded
from this analysis) had significantly lower BIBI averages, all in the Poor or Very Poor category. HB-02
shows a similar level of biological diversity and occurrence of pollutant tolerant organisms compared to
SR-01. The reason for this could be related to the low levels of impervious surface levels found in both
watersheds, the lowest of all the sites studied.
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APPENDIX A: SUMMARY OF TARGETED SITE DATA

Notes:
 BIBI and FIBI Condition Codes:
VP = Very Poor (1.00 to 1.99)
P = Poor (2.00 to 2.99)
F= Fair (3.00 to 3.99)
G = Good (4.00 to 4.99)
E = Excellent (5.00)
 RBP Condition Codes:
NS = Non-supporting (≤100)
PS = Partially Supporting (101-125)
S = Supporting (126-150)
C = Comparable to Reference (≥151)
 Samples were not collected for all years for all stations.

Mill Creek Data Summary
IBI and Habitat Scores by Station

MC-01
Year
2010
2011
2012
2013
2014
2015
2016

BIBI (Condition)
1.86 (VP)
3.00 (F)
2.43 (P)
2.14 (P)
3.00 (F)
3.00 (F)
2.71 (P)

FIBI (Condition)
—
—
—
—
—
3.00 (F)
2.67 (P)

RPB (Condition)
123 (PS)
120 (PS)
128 (S)
125 (PS)
111 (PS)
117 (PS)
125 (PS)

MC-02
2010
2011
2012
2013
2014
2015
2016

3.00 (F)
2.71 (P)
3.29 (F)
2.71 (P)
3.00 (F)
1.86 (VP)
1.57 (VP)

2010
2011
2012
2013
2014
2015
2016

2.71 (P)
2.43 (P)
2.14 (P)
3.00 (F)
3.00 (F)
3.00 (F)
2.71 (P)

—
—
—
—
—
1.67 (VP)
1.67 (VP)

130 (S)
107 (PS)
102 (PS)
104 (PS)
103 (PS)
93 (NS)
123 (PS)

MC-03
—
—
—
—
—
2.00 (P)
2.33 (P)

111 (PS)
115 (PS)
133 (S)
113 (PS)
117 (PS)
98 (NS)
133 (S)

MC-04
2010
2011
2012
2013
2014
2015
2016

2.43 (P)
2.71 (P)
2.14 (P)
2.14 (P)
2.71 (P)
1.57(VP)
2.71 (P)

—
—
—
—
—
2.00 (P)
2.00 (P)

113 (PS)
110 (PS)
122 (PS)
100 (NS)
108 (PS)
89 (NS)
114 (PS)

All Station Summary
MC-01
MC-02
MC-03
MC-04

Average
BIBI (SD)
2.59 (0.46)
2.59 (0.64)
2.71 (0.33)
2.35 (0.43)

2013-15 Avg.
(SD)
2.71 (0.49)
2.52 (0.59)
3.00 (0.00)
2.14 (0.57)

Average
RPB (SD)
121 (6)
109 (13)
117 (12)
108 (11)

2013-15 RBP
Avg. (SD)
118 (7)
100 (6)
109 (10)
99 (10)

Dividing Creek Data Summary
IBI and Habitat Scores by Station

DC-01
Year
2010
2011
2012
2013
2014
2015
2016

BIBI (Condition)
2.71 (P)
2.14 (P)
2.43 (P)
2.14 (P)
1.86 (VP)
—
2.14 (P)

2010
2011
2012
2013
2014
2015
2016

3.00 (F)
2.71 (P)
2.71 (P)
2.43 (P)
2.43 (P)
3.00 (F)
1.86 (VP)

FIBI (Condition)
—
—
—
—
—
2.00 (P)
1.67 (VP)

RPB (Condition)
147 (S)
135 (S)
150 (S)
135 (S)
117 (PS)
151 (C)
132 (S)

DC-02
—
—
—
—
—
2.00 (P)
1.33 (VP)

87 (NS)
110 (PS)
104 (PS)
106 (PS)
93 (NS)
132 (S)
126 (S)

All Station Summary
DC-01
DC-02

Average
BIBI (SD)
2.24 (0.30)
2.59 (0.40)

3-yr. Avg. BIBI
(SD)
2.14 (0.29)
2.62 (0.33)

Average
RPB (SD)
138 (12)
108 (16)

3-yr. Avg. RBP
(SD)
134 (17)
110 (20)

Howards Branch Data Summary
Summary of biological and habitat data collected at Howard’s Branch

HB-01
Year
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

BIBI (Condition)
1.86 (VP)
2.43 (P)
2.14 (P)
2.71 (P)
2.71 (P)
2.71 (P)
2.43 (P)
2.71 (P)
3.00 (P)
3.00 (P)

FIBI (Condition)
—
—
—
—
—
—
—
—
2.33 (P)
2.33 (P)

RPB (Condition)
110 (PS)
116 (PS)
120 (PS)
138 (S)
123 (PS)
127 (S)
119 (PS)
131 (S)
123 (PS)
143 (S)

HB-02
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

2.14 (P)
2.71 (P)
2.71 (P)
3.57 (F)
3.00 (F)
2.14 (P)
3.86 (P)
2.14 (P)
3.00 (F)
3.29 (F)

—
—
—
—
—
—
—
—
3.67 (F)
2.33 (P)

99 (NS)
134 (S)
115 (PS)
134 (S)
134 (S)
136 (S)
126 (S)
117 (PS)
125 (PS)
144 (S)

All Station Summary
HB-01
HB-02

Average
BIBI (SD)
2.57 (0.36)
2.86 (0.61)

2013-15 Avg.
(SD)
2.71 (0.29)
3.00 (0.86)

Average
RPB (SD)
123 (8)
126 (13)

2013-15 RBP
Avg. (SD)
124 (6)
123 (5)

Cypress Creek Data Summary
Summary of biological and habitat data collected at Cypress Branch

CY-01
Year
2009
2010
2011
2012
2013
2014
2015
2016

BIBI (Condition)
1.57 (VP)
1.57 (VP)
1.57 (VP)
1.86 (VP)
2.14 (P)
—
1.57 (VP)
1.86 (VP)

FIBI (Condition)
—
—
—
—
—
—
2.67 (P)
2.67 (P)

RPB (Condition)
66 (NS)
117 (PS)
73 (NS)
62 (NS)
106 (PS)
—
144 (S)
136 (S)

CY-02
2009
2010
2011
2012
2013
2014
2015
2016

2.43 (P)
2.14 (P)
1.00 (VP)
1.29 (VP)
—
2.43 (P)
1.57 (VP)
1.57 (VP)

—
—
—
—
—
—
3.00 (F)
—

90 (NS)
117 (PS)
113 (PS)
91 (NS)
—
111 (PS)
151 (C)
129 (S)

All Station Summary
CY-01
CY-02

Average
BIBI (SD)
1.73 (0.22)
1.78 (0.56)

2012-15 Avg.
(SD)
1.86 (0.29)
1.76 (0.59)

Average
RPB (SD)
101 (34)
115 (21)

2012-15 RBP
Avg. (SD)
104 (41)
118 (31)

Furnace Branch Data Summary

Summary of biological and habitat data collected at Furnace Branch

FB-01
Year
2016

BIBI (Condition)
1.86 (VP)

FIBI (Condition)
2.67(P)

RPB (Condition)
114 (PS)

FB-02
2016

1.86 (VP)

1.001(VP)

71 (NS)

All Station Summary
Average
3-yr. Avg.
Average
BIBI (SD)
(SD)
RPB (SD)
FB-01
*
*
*
FB-02
*
*
*
1) No fish collected, so automatically rated VP.
*Only one year of data at this time.

3-yr. RBP Avg.
(SD)
*
*

Reference Site Data Summary
Summary of biological and habitat data collected at the UNT Severn River

SR-01
Year
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

BIBI (Condition)
3.00 (F)
—
3.29 (F)
3.29 (F)
3.29 (F)
2.71 (P)
3.57 (F)
2.14 (P)
3.57 (F)
3.57(F)
3.29 (F)
3.86 (F)

FIBI (Condition)
—
—
—
—
—
—
—
—
—
—
3.33 (F)
3.33 (F)

RPB (Condition)
128 (S)
—
148 (S)
134 (S)
128 (S)
160 (C)
165 (C)
170 (C)
159 (C)
160 (C)
138 (S)
140 (S)

Station Summary
SR-01

Average
BIBI (SD)
3.23 (0.47)

2013-15 Avg.
(SD)
3.48 (0.16)

Average
RPB (SD)
148 (15)

2013-15 RBP
Avg. (SD)
152 (12)

APPENDIX B: SUMMARY OF INSECTS COLLECTED

Notes:
 FB-01 and FB-02 have not been processed in this fashion because 2016 is
the first year of sampling.
 PDB = Predacious Dividing Beetle
 Blue vertical lines on some graphs denote approximately when restoration
activities occurred at a particular location.
 Insect groups that comprise 5% or more a particular sample are noted on
the graph itself.

