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Abstract
Reach-scale restoration to re-establish habitat integrity is practiced throughout the US. These techniques, while
yielding aesthetic enhancement, may not result in ecological improvement. Using a before-after,
control-impacted (BACI) sampling design, we evaluated the benthic macroinvertebrate community in two
branches of the Codorus Creek, Southeastern PA throughout the course of restoration projects. Reach-scale
restoration activities at several sites along both branches have been conducted since 2002. There was no
significant change in the benthic macroinvertebrate community associated with reach-scale restoration. Even
after the restoration projects were completed, downstream-impacted sites on both branches reflected severe
stress with reduced numbers of organisms, low diversity, and impoverished pollution sensitive species. Thus, our
results indicate that there were no significant short-term benefits resulting from reach-scale restoration. We
recommend that the actions of individuals and organizations concerned with streams focus on watershed-scale
conservation and restoration activities.
Keywords: stream restoration, biotic integrity, macroinvertebrates, biomonitoring
1. Introduction
Flowing-water ecosystems (streams and rivers) throughout the United States have been severely degraded by the
combined impacts of agriculture, industrial activities, and urbanization. The legacy of these impacts is reflected
in urban and peri-urban streams with hydraulic instability, low water quality, and stressed depauperate biological
communities (Morgan, Kline & Cushman, 2007; Jones et al., 2001). Within recent decades, the field of stream
restoration has emerged. This field uses a variety of engineering and conservation technologies to modify
degraded streams with the ultimate goal of restoring them to a condition approaching that found before
urbanization and its associated stressors (Cairns, 1991; Pedersen, Frierg, Skriver, Baatrup-Pedersen, & Larsen,
2009). Numerous restoration projects have been conducted or currently are underway on streams and rivers.
These projects have been heavily supported by local, state, and national regulatory agencies as well as a broad
grass-roots movement and a rapidly growing market in consulting services to design and implement restoration
projects (Lave, Doyle, & Robertson, 2010). Bernhardt et al. (2007) estimated that expenditures for stream
restoration in the US exceed 1 billion dollars annually.
In the majority of cases, restoration efforts focus on hydrological and habitat modifications on the scale of a
reach or similar small segment of the stream that is degraded (Walsh et al., 2005; Roni et al., 2002; Kristensen,
Baattrup-Pedersen, & Thodsen, 2011). Planting and enhancing riparian vegetated buffers, stream channel
modification to increase sinuosity, and building or stabilizing riffle-pool habitats through the modification and
construction of in-stream systems, bank stabilization and riparian buffers are among the commonly used
techniques in the majority of restoration projects (Selvakumar, O’Connor, & Struch, 2010; Nilsson, Jansson,
Malmqvist, & Naiman, 2007; Schwartz & Herricks, 2007; Sudduth & Meyer, 2006).
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Restoration activities lead to cosmetic improvement to impacted streams; however, there is insufficient
post-restoration monitoring for many projects to determine if there has been an improvement in biological
conditions (Palmer et al., 2005; Kondolf & Michel, 1995; Whiteway, Brown, Zimmerman, Venter, & Grant, 2010;
Buchanan,Walte, Nagle, & Schneider, 2010). Despite the widespread implementation of restoration projects,
only a minority include any post-project assessment (Bash & Ryan, 2002; Tompkins & Kondolf, 2007).
Bernhardt et al. (2005) reported that fewer than 10% of restoration projects involved any post-project monitoring
and outcomes assessment. While follow-up assessment of restoration projects may have increased in recent years,
the majority of restoration projects still have no data to evaluate the success or failure of restoration. Even when
post-restoration assessment has been conducted, much of the effort has focused on subjective evaluations
(Moerke & Lamberti, 2004), evaluations of hydrologic or geomorphic parameters (Buchanan, Walte, Nagle, &
Schneider, 2010), or general water chemistry conditions such as pH and turbidity rather than direct assessment of
biological parameters (Klein, Clayton, Alldredge, & Goodwin, 2007; Struck, Selvakuman, Hyer & O’Connor,
2006). In the few cases where biological assessments have been conducted, the variability inherent in biological
systems and the lack of well-defined assay techniques and biological endpoints has made it difficult to draw
conclusions (Palmer et al., 2005; Purcell, Friedrich, & Resh, 2002). Finally, the optimal time-frame over which
biological assessment and monitoring should be conducted has not been established (Roni et al., 2002). Thus, the
efficacy of steam restoration remains an open question (Hilderbrand, Watts, & Randle, 2005).
We have examined the changes in the macroinvertebrates in a stream in South-Central Pennsylvania (Codorus
Creek) during and over several years after the completion of stream reach restoration activities to evaluate the
impact of these activities on the biology of the stream. Specifically, we have focused on examining the
usefulness of short-term monitoring (1- 3 years post restoration) in demonstrating restoration outcomes.
2. Materials and Methods
2.1 Study Site
The Codorus Creek originates in West Manheim Township, Maryland and flows in a northeast direction through
South-central Pennsylvania before it empties into the Susquehanna River near Saginaw, Pennsylvania. Cropland
and woodland are the predominant land uses within the drainage basin; however, the impact of urban areas (e. g.,
the city of York, PA) is significant on the overall biotic integrity of the creek.
This study focused on the East and South Branches of the creek in the vicinity of York (2002-2009). This time
period spans several restoration activities within both branches. Stream restoration began in February 2002 at
one of the project sites located on the East Branch. The last site to undergo restoration was the impacted site on
the South Branch, ending in January 2009. Samples were obtained at two sites along each branch of the Codorus
Creek. Control samples (Sites East Branch Control and South Branch Control, respectively) were collected on
the designated branch of the creek at a location upstream of any of the restoration activity. Thus, samples
obtained from these sites reflected the baseline conditions of each branch. Impacted samples were collected from
sites downstream of the restoration activities. These were sites within reaches of the stream that had been
previously identified as degraded as a result of anthropogenic inputs (Hoch 2007). Restoration was performed at
several areas between the control and impacted sites on both branches of the creek during the time period of this
study (Table 1). Restoration activities were limited to reach-scale habitat improvement and included bank
stabilization, installation of cross vanes, and creation/redefinition of riffle/pool habitat.
Table 1. Sampling and Restoration Sites on the Codorus Creek
Name

Map Location
(approximate latitude, longitude)

Condition

SC

39.7774, -76.7225

Reference

SI

39.8129, -76.7532

Impacted

EC2

39.8201, -76.6481

Reference

EI

39.8471, -76.6540

Impacted

Table 1, Sampling and Restoration Sites on the Codorus Creek falling within thearea of this study. Samples were
taken at the control and impacted sites only. Project sites indicate areas between the control and impacted sites
where restoration activities were conducted during this.
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2.2 Macroinvertebrate Sampling
Benthic macroinvertebrate communities were assessed using a Before-After-Control-Impacted (BACI) sampling
design (Clements et al., 2009). This approach allowed us to monitor short-term (seasonal) variation within the
stream while simultaneously tracking longer-term (multi-year) changes likely to be associated with restoration.
Thus, concurrent changes at both the control and impacted sites were interpreted as indications of seasonal trends,
with the life-cycle of the benthic macroinvertebrates, biotic interactions, or weather as likely causes, while
divergent responses were considered to indicate alterations of the stream biota resulting from restoration
activities.
Sampling was performed in the fall and spring at the designated locations. There was much wet weather for Fall
2008. Samples in 2008, therefore, could not be collected until the end of the fall season while in other years they
were collected early in the fall. Spring collection for 2009 was postponed because March and April were very
wet and the sampling criteria (samples were not collected immediately after a rainfall scour event greater than
one centimeter; (Hoch, 2007) could not be easily met. Eventually, the March and April collections were
cancelled. Macroinvertebrates were collected in July 2009, after a sufficient dry period.
Macroinvertebrates were collected using a dip net following the proportional sampling approach described in
Barbour, Gerritsen, Snyer and Stribling (1999) and Chalfant (2007). A total of 10 jab samples were collected at
each site with individual jabs allocated proportionally between reach habitats (riffle vs. pool). Net contents were
transferred in bulk to buckets placed on ice and returned to the laboratory (<6 hrs) where they were preserved for
sorting and identification.
Samples were split in half and larvae were picked visually from one of the subsamples. The samples also were
checked under a dissecting microscope to ensure that all larvae had been removed. Each sample was examined
independently by two individuals as a check on completeness. Macroinvertebrates were identified (family-level)
using standard keys (Peckarsky, Fraissinet, Penton, & Conklin, 1990; Merritt, Cummins, & Berg, 2008).
Community structure and diversity were analyzed using the Index of Biotic Integrity (IBI) as described in the
published guidelines of U.S. Federal and State regulatory agencies (Barbour, Gerritsen, Snyder, & Stribling,
1999; Chalfant, 2007). This index is a weighed multimetric index incorporating measures of community diversity,
abundance, richness, and pollution tolerance. Because there was only a single sample collected for each site at
each sampling time, the IBI was graphed as a function of time and visually compared for any trends or patterns.
In addition, the sampling times were divided into three categories – pre-restoration, restoration, and
post-restoration for statistical comparison of the impact of restoration. Control and impacted sites were compared
over each of these categories using 2-way ANOVA (GraphPad Prism).
3. Results
Figures 1 and 2, respectively, summarize the Index of Biotic Integrity for the East and South Branches of the
Codous Creek. There were no apparent temporal trends in the IBI; although, in general, the IBI for samples
collected in the fall was lower than spring samples. Furthermore, visual examination of the graphs indicated that
the IBI at the impacted site generally paralleled, but consistently remained lower than, the IBI at the control site.
Given the unusual weather circumstances and the delay in collection associated with the post-restoration (Fall
2008 and Spring 2009) samples, it is likely that the slight increase in IBI seen in the spring 2009 East Branch
sample (Figure 1A) is a reflection of seasonal differences in macroinvertebrate communities rather than
post-restoration improvement of the macroinvertebrate community. Tikkanen, Laasonen, Muotka, Huhta and
Kuusela (1994) stressed the importance of seasonality in evaluating macroinvertebrate communities, noting that
a difference of less than three weeks could have a significant effect on the composition and diversity of the
community. In our study, post-restoration sampling was delayed by almost 2 months due to weather conditions.
Thus, it would be unwarranted to interpret the anomalous IBI value for the Spring 2009 sample as an early
indication of a trend. Additional samples would be required to demonstrate if such improvement indeed were
occurring. Comparisons of the pre-, during-, and post-restoration samples for both the East Branch (Figure 1B)
and the South Branch (Figure 2B) indicated there were no significant (p = 0.05) differences between these times.
Thus, in the time-frame of this study, neither a significant detrimental impact of restoration activities during the
period of active restoration nor post-restoration improvement of the macroinvertebrate community could be
documented.
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Figure 1. Macroinvertebrate Diversity: East Branch Codorus Creek
Figure 1, East Branch of the Codorus Creek (A) Temporal variation in Index of Biotic Integrity for Benthic
Macroinvertebrates. Macroinvertebrates were collected and analyzed as described in Section 2.2. Vertical arrows
on the graph indicate the dates when restoration activities were begun and completed. Horizontal dashed lines
indicate PA DEP attainment levels for biotic integrity for samples collected between October and May (grey line)
and at other times of the year (black line). (B) Comparison of grouped (pre-restoration, during restoration, and
post restoration) IBI values for control and impacted sites. Bars indicate +/- one standard deviation. Horizontal
dashed lines indicate healthy IBI values as described for part (A).
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Figure 2. Macroinvertebrate Diversity: South Branch Codorus Creek
Figure 2, South Branch of the Codorus Creek (A) Temporal variation in Index of Biotic Integrity for Benthic
Macroinvertebrates. Macroinvertebrates were collected and analyzed as described in Section 2.2. Vertical arrows
on the graph indicate the dates when restoration activities were begun and completed. Horizontal dashed lines
indicate PA DEP attainment levels for biotic integrity for samples collected between October and May (grey line)
and at other times of the year (black line). (B) Comparison of grouped (pre-restoration, during restoration, and
post restoration) IBI values for control and impacted sites. Bars indicate +/- one standard deviation. Horizontal
dashed lines indicate healthy IBI values as described for part (A).
4. Discussion
The majority of stream restoration projects within the US and Western Europe are based on the assumption that
modification of the stream habitat to pre-development conditions is the driving force behind the re-establishment
of a robust biotic community. In other words, with the right diverse habitat, the natural biological system will
become (re)established. Pederson, Frierg, Skriver, Baatrup-Pedersen and Larsen (2009) found significant
improvement in macroinvertebrate diversity immediately after large-scale (>19 km) restoration of the Skjern
River which they attributed to colonization of downstream restored areas by taxa from upstream sources.
Tikkanen, Laasonen, Muotka, Huhta and Kuusela (1994), on the other hand, found that the implementation of
restoration projects had a minimal impact on stream macroinvertebrates causing a slight decrease in the
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abundances of benthic insects lasting less than 2 weeks followed by rapid improvement in the biological
community. Our results failed to document any post-restoration detrimental impact on the macroinvertebrate
community, although this may reflect the time elapsed between the restoration activities and collection of the
macroinvertebrate samples. Furthermore, our results did not demonstrate any improvement in the
macroinvertebrate community after restoration activities were completed.
In a meta analysis of stream projects, Palmer et al. (2005) found that the vast majority of stream habitat
restoration projects had either no monitoring, precluding an evaluation of successful reestablishment of
macroinvertebrate communities, or failed to demonstrate statistically significant differences between control
reaches and post-restoration reaches. Stream ecosystems are known to be highly variable from year to year, thus,
a large number of samples is needed in order to have sufficient statistical power to detect subtle changes
occurring over a short time-frame. And yet, the majority of stream restoration monitoring programs depend on a
minimal number of samples with little or no measures of sample variance (Palmer, Menninger, & Bernhardt,
2009). The failure of our study to detect changes in the macroinvertebrate community post-restoration may
reflect the limited number of samples obtained and underscores the importance of considerations of statistical
power in the design of restoration monitoring projects. Of course, these statistical considerations must be
balanced against the high costs, in terms of resources, time, and money, required for extensive monitoring.
Degraded streams frequently reflect the influence of multiple stressors integrated over long time periods. In
addition to direct alterations in stream hydrology and geomorphology, streams function as a sink for materials,
both natural and anthropogenic, generated in the surrounding land. Urban and agricultural runoff (Wang, Lyons,
Kanehl, & Bannerman, 2001; Walsh, Roy, Feminella, Cottingham, Groffman, & Morgan, 2005; Meyer, Paul &
Taulbee, 2005; Chadwick et al., 2006), point source inputs from municipal and industrial waste treatment
facilities (Ogunfowokan, Okon, Adenuga, & Asubiojo, 2005; Santhi, Arnold, Williams, Hauck, & Dugas, 2001),
deforestation (Sweeney et al., 2004), and a myriad of other changes within the watershed ultimately influence
stream organisms. Stream restoration via habitat restoration addresses only a subset of the possible stressors that
influence stream biota and thus may not be associated with restoration of biotic parameters (Sundermann et al.,
2011). Furthermore, as this study reflects restoration often is limited to the scale of the stream reach and does not
include upstream or watershed-wide stressors. The impact of such reach-scale restoration activities is unlikely to
be associated with large-scale alterations in the health of the stream biota.
5. Conclusion
Stream restoration is a multi-billion dollar industry within the U.S. and yet, the efficacy and long-term benefits
of stream restoration via habitat enhancement and modification have not been demonstrated. Our data supports
the contention that reach-level stream restoration via habitat restoration may not be a cost effective approach to
the re-establishment of a healthy stream biota. Restoration of biotic integrity is a slow process and a period of
several years may not be sufficient for healthy macroinvertebrate populations to become re-established.
Furthermore, our study underscores the importance of upstream and watershed scale factors, such as point and
non-point nutrient inputs on the outcome of restoration. Reach-level restoration should be viewed as a step in a
continuing process of restoration focusing on the entire watershed. Instead of spending vast amounts of money
on scattered individual small-scale projects, the public would be better served by allocating resources to
comprehensive planning and implementation of practices to preserve and restore watersheds as a whole rather
than fragmented areas.
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