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Abstract 

As many small dams exceed their structural life expectancies, dam removal is becoming a 

priority to safeguard aquatic ecosystems against potential failures. While this restoration tool 

improves habitat connectivity and water quality, there are also several costs associated with it 

such as potential impairment of freshwater mussel communities. Such risks are of great concern 

in North Carolina, which has one of the highest small dam densities in the U.S. and is a hotspot 

for endangered and threatened mussels. To help characterize potential impacts, this research 

paper provides a literature review of mussel and fish responses to dams and dam removal and an 

evaluation of monitoring reports from past projects. 

The results suggest that ecological rebound following removal may depend on the degree 

to which resulting discharges and sediment loads correspond with historic floods. Moreover, 

both project design and monitoring efforts should better incorporate habitat tolerances and life 

histories of sensitive species present at specific project sites. When resources limit monitoring 

efforts, sampling should occur in un-impounded waters where substrates are consolidated, and 

adequate distances downstream where dam impacts on species abundance and richness are 

minimal. The timing of post-removal monitoring should also be guided by visual surveys, and by 

specific habitat preferences of project target species. 
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Introduction 

 

Historically, dams have served as building blocks for our nation’s growth and economy. 

Since the 1800’s, over two million dams were built in the United states and have since provided 

storm water retention, municipal drinking water storage, hydropower generation contributing to 

10% of the total power generated in the United States, and navigation services that facilitate the 

trade of goods (Baish et al., 2002). They also supply means for irrigation in areas where 

agriculture would otherwise be impossible, their impoundments increase property values, they 

provide recreational opportunities, and retain nutrients carried in-stream by overland flow, which 

reduces downstream nutrient pollution (Doyle et al., 2003). In the past, many of these benefits 

have been realized from the local to national scales; however are now offset by dams’ economic 

costs to society and the ecological and physical degradation they bring (Doyle et al., 2003).  

Unlike many large dams, the original needs for the majority of small dams have 

disappeared with the river-adapted species that once thrived in their impoundments. Many small 

dams remain where mills have not been operating in years, and old hydroelectric facilities are 

now outdated by more efficient regional power grid development (Baish et al., 2002). Owners of 

such sites face high liability and maintenance costs, risks of property losses downstream in the 

wake of failures, and other safety concerns (Csiki Rhodes, 2010) which often outweigh the costs 

to remove these structures (Zheng and Yuan, 2009).   

Beyond these social concerns, dams cause many obvious changes in the natural states of 

rivers and watersheds. Lateral physical changes include the trapping of sediments that would 

otherwise be carried downstream, which often reduces impoundments’ water storage capacities 

and increases the likelihood of dam failure (Csiki and Rhodes, 2010; Evans et al., 2000; Stanley 

and Doyle, 2003). A dammed river system compensates for the absence of sediment by eroding, 

incising, and scouring downstream reaches (Poff et al., 2007; Gilliam, 2011), and depositing 

sediments in other areas downstream (Collier et al, 1996). Further, the frequencies and 

magnitudes of high flows are reduced in dam-impacted waters, and extremely fine sediments are 

carried over the dam to settle within armored downstream reaches (Poff et al., 1997). 
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All of these physical effects have implications for the aquatic ecologies of dammed 

stream networks. Previously lotic habitats are converted to standing water, which is diverted 

from the river channel to the land, and the local aquatic and terrestrial communities adapt 

accordingly. For example, in-stream light penetration is increased in sediment-starved waters 

which modifies the natural life cycles of benthic organisms, and the metabolism of the entire 

ecosystem is altered from its natural state (Cronin et al., 2007). Incision not only affects in-

stream habitats, but disconnects these reaches from their floodplains (Williams and Wolman 

1984), extending dams’ impacts to the nutrient and sediment cycles of the local terrestrial 

environments as well. Because of these social, economic and environmental factors, there is 

growing public and government interest in dam removal and river restoration (Hart et al., 2002). 

This restoration tool comes with many controversial tradeoffs, however. Dam removal 

can be thought of as a disturbance, and the various economic, ecological, and social implications 

are very situation-specific (Stanley and Doyle, 2003). For example dam removal can increase 

property value compared to property in the vicinity of small impoundments (Provencher et al., 

2008), improve local fisheries, water quality, dissolved oxygen levels, and habitat connectivity, 

but at the expense of reduced wetland distribution, mortality from intense short term 

sedimentation, increased potential for invasive species spread, or decreased groundwater 

discharge (Hart et al., 2002). Other project sites may have risks involving nutrient and sediment 

contamination to downstream reaches, potential connectivity created between wild and farm-

raised fisheries, and some public opposition to dam removal is fed by the sentimental and 

historic value some place on these structures (Doyle et al., 2003).  

Nevertheless, more removals (or failures) are expected in the future due to FERC 

relicensing and federal agency actions (Bednarek, 2001), and because many of these structures 

are approaching or are older than their life expectancies. The average age of dams in the United 

States is over 51 years (ASDSO, 2013), and 132 reported dam failures and 434 near-failures 

have been reported in the U.S. between 2005-2009 (ASDSO, 2013). 

The functions of dams under alternative climate change scenarios are also important to 

consider (Lee, 2009) since many rivers will likely experience more intense discharges in some 

regions as a result, and structurally-compromised dams in these reaches would be even more 
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prone to failure. Such disturbances have been documented to be more detrimental to the aquatic 

ecosystems compared to controlled removals (Gangloff et al., 2011, Sethi et al., 2004). Still, 

adverse impacts associated with removals are not well understood, and the effectiveness of 

management and monitoring plans must be evaluated and adapted as needed to keep up with the 

many removals to come. 

The business of river restoration has been a lucrative one to date, but its success is 

difficult to quantify because of limited information recorded for past projects (Bernhart et al., 

2005). Dam removal as a restoration tool has so far been no different. The nation’s streams and 

rivers have been freed of approximately 400 dams since the 1920’s and most of these projects 

occurred after 1970 (Pohl, 2003), but few have been monitored. River restoration monitoring 

data is usually not long-term and is mostly descriptive, often because it is not included in the 

funding package (Bednarek, 2001). As interest in dam removal grows though, it is imperative to 

implement an improved monitoring framework specifically, so long and short-term costs and 

benefits from past projects are better-understood and future projects may benefit. 

The expected ecological return of adapting mussel management based on the limited 

monitoring data that does exist is especially great in the southeast, which has the highest aquatic 

species diversity in the nation (Warren et al., 2000). Over 60% of the fish species are found in 

this region (Burr and Mayden, 1992), and over 60 species of freshwater mussels. Nation-wide, 

approximately 70% of freshwater mussel species are extinct or imperiled (USFWS, 2012), and 

half of those in North Carolina are endangered, threatened, or of special concern (NCWRC, 

2010). Further, over 40% of the 147 known mussel populations in North Carolina are 

documented to be “in poor or very poor condition” (Rader 1994). Unfortunately for these 

populations, North Carolina is also one of the states most-populated with dams, and 

approximately 2/3 of the structures in the state have a high or significant hazard potential 

(ACOE, 2010).  

Mussels are a high-priority conservation target because of the important roles they play in 

aquatic ecology. They improve water quality by filtering phytoplankton, fungi, bacteria, and 

organic matter (Bogan and Alderman, 2008), they mix sediments (Strayer et al., 2004), stabilize 

streambeds, are a food source, provide surface area for algae and larvae to attach which fish feed 
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on; and as a sustainable resource they maintain a shell industry valued at approximately $45 

million (Augspurger et al., 2007). One mature mussel processes approximately 40 liters of water 

every day (Skidmore et al., 2010), and there is some evidence that mussel-related processes help 

support macroinvertebrate densities and other organisms’ community structures (Vaughn, 1999). 

Freshwater mussels are somewhat of a new priority in the conservation field, but an 

important one. Research and interest dramatically increased by 1990, but the ecology and 

demography of these organisms are still not well-understood (Strayer et al., 2004; Baldigo et al., 

2002). There is a lack of knowledge of mussel life histories and habitat requirements, and it is 

extremely difficult to accurately weigh the costs and benefits of dams and dam removal for these 

organisms. For example, some mussels only experience recruitment every 5-10 years, so 

seemingly healthy mussel communities do not always indicate that their current habitats are ideal 

(Strayer et al., 2004). Mussels have long life histories, some living over 100 years, and many not 

reaching reproductive maturity until 6-12 years (Vaughn and Taylor, 1999). Because of this, 

mussels require a lot of time to recover from disturbances such as dam removal (Vaughn and 

Taylor, 1999; Sethi et al., 2004), and sometimes recovery takes decades (Gangloff, 2011). 

While many sensitive mussel species found in the southeast could be compromised by 

improper management for removals, these populations are also affected by the presence of these 

structures. For example, dams disturb natural flow regimes, modify sediment transport, dissolved 

oxygen, and in-stream temperatures outside of species’ habitat tolerances, and decrease habitat 

availability and biodiversity at large scales (Baldigo et al., 2002; Branco et al., 2010). Drought 

and excessive human water consumption are compounding these problems (Bogan and 

Alderman, 2008). At the same time, dams have been recorded to have positive impacts on mussel 

communities as well, such as in-stream habitat stabilization (Baldigo et al., 2002).  

It is important to study local conditions to analyze potential positive and negative impacts 

of dams and removal disturbances, and implement management practices which reduce costs and 

maximize the long-term benefits for stream ecosystems and for the people who rely on these 

resources. 
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This project contributes to this effort by focusing on two important aspects of dam 

removal—its impacts on mussels and migratory fishes. This paper includes discussion on 

potential short and long term tradeoffs aquatic communities may experience based on lessons 

learned from literature and monitoring reports of past removals in North Carolina. The overall 

goal is to provide management, project design, and monitoring suggestions based on trends 

identified through this research so the risks of future projects in this region may be better 

understood. In particular, specific dam removal challenges involve sediment management and 

planning the locations, timing, and methods for ecological monitoring. This project provides 

management recommendations with respect to these challenges under conditions when funding 

resources are limited. 

Methods 
Relevant literary works were collected as suggested by the project advisor, Martin Doyle, 

and by Lynnette Batt and Peter Raabe, my internship supervisors at American Rivers. Additional 

resources were found by searching Duke Library databases using search terms such as: 

 Small Dams + Mussels 

 Impoundments  +  Habitat Impacts 

 Dam Removal + Mussels 

 Mussels + Host Fish + Dam Removal 

 Ecological Impacts +  Dam Removal 

 Anadromous Fish + Dam Removal 

 Migratory Fish + Dam Removal 

 

Papers were selected for review based on the relevance of their abstracts to the impacts of 

dams or dam removal on mussels or migratory fish which serve as hosts for mussel reproduction. 

This collection served as the basis for a literature review summarizing the impacts of 

small dams and dam removal on fish and mussels. To enhance the portion of this summary that 

characterizes the effects of dam removal on aquatic ecosystems, data from monitoring reports for 

past projects in North Carolina were collected from my supervisors at American Rivers. 

Personnel coordinating these monitoring efforts were contacted when additional information, 

updates, or clarifications when necessary. The data and information gathered from these 
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monitoring reports were summarized with special consideration for monitoring methods, the 

timing and degree to which mussels and their potential host fishes recovered, the longitudinal 

impacts of intact and removed dams on aquatic communities, and whether long and short-term 

impacts that existed were attributable to sedimentation and floods caused by dam demolition.  

Results 

Impacts of Small Dams on Fish and Mussels 

Most of the existing studies on the effects of dams on mussels are focused on the 

presence of in-stream structures rather than removals, and both positive and negative effects of 

intact dams are represented. For example, the presence of dams can cause an overall increase in 

sedimentation due to scouring and erosion, alterations of the natural water depth, decreased 

temperatures close to the substrate, and a permanent reduction in habitat (Watters et al., 2000). 

These physical alterations and habitat losses pose serious threats to mussels in particular because 

they are long-lived organisms, their reproductive processes are complex, and they therefore 

require a long time to recover from disturbances (Strayer, 2008). As a result, some mussel 

species have been documented to no longer exist in reaches where they once thrived before their 

habitats were impounded (Michaelson, 1995; Hart, 2012). 

These distribution shifts and extirpations illustrate an extinction debt of mussel species 

(Strayer, 2008) caused by human alterations to natural flows that occurred within the past 200 

years. Only recently has this extinction debt become apparent, because mussels require more 

time to indicate stress than other organisms with shorter reproduction rates. However as the 

struggle to comprehend these issues continues, the isolated mussel species that remain are still at 

a constant risk of extinction not only from the presence of dams (Vaughn, 2012), but now from 

potential dam failures or removal mismanagements as well. 

Effects on mussel habitat 

Much of the existing research on this topic has centered on dam-induced in-stream 

habitat alterations, and most only regard the effects of large rather than small dams on mussels 

(Watters, 1995; Csiki and Rhodes, 2010); but some research suggests these effects are similar 

(Dean et al., 2002). Some of the most-discussed aspects of habitat alterations that relate to 
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mussels are the presence of standing water in naturally lotic environments, modified velocities, 

and temperature. Sedimentation and substrate size alterations are other habitat factors that have 

received significant attention. The presence of dams often causes an increase in sedimentation, 

which has led to the decline of many mussel species (Way et al., 1990), and though they 

sometimes benefit from substrate stabilization caused by dams, they also require discharges high 

enough to prevent siltation (McMahon 1991; Vaughn, 2012). While much is still unknown about 

these large-scale habitat factors that limit rare mussel populations in certain stretches of river, 

these changes have impacted mussel communities in both positive and negative ways. 

For example, while a few of the mussel species that inhabit shallow, flowing lotic 

environments have adapted to the artificial lentic habitats created by dams, some have not and 

spatial discontinuities now exist between already fragmented communities. In this light, some 

claim that dams benefit mussels overall and provide evidence with documented mussel beds that 

have concentrated below spillways, where these shallow, flowing conditions are still present, and 

where additional nutrients provide food resources that augment mussel growth (Gangloff et al., 

2011). However these observations are more likely linked to the fact that the immediate 

downstream region most resembles the habitat of the river’s formerly-dammed state (Watters, 

1995). 

In addition, it is important to focus on the big-picture impacts of stream fragmentation. 

While individual communities immediately downstream of structures may be benefiting in some 

ways, their population ranges can be negatively impacted at the same time. Several mussel 

species no longer inhabit upstream river reaches where they had previously been found shortly 

after dam construction, but remain in high numbers below the structures (Watters, 1996; Vaughn 

and Taylor, 1999). Meanwhile, these species still inhabit upstream reaches of undammed rivers 

in the same physiographic regions, which demonstrates how dams threaten mussels at broader 

scales. 

Besides consistent flows and nutrient export, the apparent favorable mussel conditions 

immediately downstream of dams can also be explained by the decreased discharge peaks and 

sediment stabilization, which allow mussel populations to easily colonize and grow (Baldigo et 

al., 2002). When a series of dams stabilizes lower reaches and tributaries and creates suitable 

mussel habitat, the implications can be different between species and may depend on their 
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unique lifespans, host fish preferences, habitat tolerances, and dispersal abilities. For example the 

distributions of Alasmidonta heterodon (dwarf wedgemussel) are sometimes more controlled by 

dam presence than those of Alasmidonta varicosa (brook floater) (Baldigo et al., 2002). This is 

partially because of the dam-induced habitat modifications in pH and stream velocities which A. 

heterodon is especially sensitive to.  

Longitudinal changes in population structures 

 Several studies in the literature relate the physical changes caused by dams to spatial 

changes in mussel distributions, abundance, and richness. For example, community richness and 

abundance of mussel species tend to increase with distance downstream when multiple dams are 

present in a reach (Vaughn and Taylor, 1999; Boeckman and Bidwell, 2008). It has also been 

found that populations farthest downstream from the most-upstream dams contain rare and 

especially sensitive species. Further, while richness and diversity also increase with distance 

downstream of individual downstream dams, abundance significantly decreases in the overall 

reach when multiple dams are present. The changes in flow and temperature associated with the 

dams are sometimes the causes of high mortality (Vaughn and Taylor, 1999), and the shear 

stresses of seasonal floods downstream of the dam could be prohibiting the establishment and 

growth of young mussels in such rivers (Hardison and Layzer, 2001), partially because higher 

velocities do not allow young mussels to effectively nestle and attach to the stream bed (Layzer 

and Madison, 1995). 

These same longitudinal changes in mussel populations are observed downstream of 

intact structures in higher-order rivers, where the water is impounded and upstream dams provide 

consistent flows (Smith and Meyer, 2010). Upstream trends also show that riverine and total 

species richness and abundance increase in the upper reaches above the impoundments, and 

several species found in these locations are more-often associated with lower-order rivers. Few 

mussels are found in deep impounded water, however some are able to colonize at greater depths 

as long as flow is strong enough and the substrate is adequate (Smith and Meyer, 2010; Eads et 

al., 2010). 

Host fish interactions 

Some of the literature addresses the important effects of these distribution and habitat 

impacts on mussels as they relate to effects experienced by fishes, which they depend on for 
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dispersal (Hart, 2012; Watters et al., 2000; Schwalb et al., 2011). Mussels release their glochidia 

several weeks after egg fertilization, which attach to the gills or fins of fishes to be carried 

upstream (NCWRC, 2010). Barriers directly restrict the migration of these fish, and in addition 

alter their natural flow-related cues to spawn and migrate (Baldigo et al., 2002), so these 

structures are not always barriers to mussel populations directly, but to their host fishes (Watters, 

1996). Since the average substrate size is also an important habitat requirement for fish spawning 

(Walther, 2010; Poff et al., 2007), the physical streambed alterations brought by dams and dam 

removal influence these fish and mussel interactions. When rivers become flooded with water by 

dams, habitats ideal for fish spawning and mussel establishment are overlain by silt (Moles and 

Layzer, 2008), creating unfavorable habitat for both fish and mussels within the actual 

impounded reaches. In another regard, mussels are impacted by fish mobility because fish serve 

as the mechanism by which they connect their fragmented gene pools. As long as fish are known 

to successfully cross dams however, the genetic integrities of mussel populations are not 

significantly compromised due to the fragmentation caused by multiple dams present in a stream 

reach (Kelly and Rhymer, 2005). 

Biological connectivity between mussel populations depends on many different things 

beyond the movement and abundance of their preferred host fish, including percentage of habitat 

on the riverbed and spatial arrangement of different populations (Newton et al., 2008). When 

stream habitats are made discontinuous, mussel communities are more likely to go extinct locally 

because there are no neighboring communities to aid the recovery of stressed populations 

(Vaughn, 2012). Over long timescales, the stability of mussel populations depends greatly on 

migration and mixing with genetically different populations, but mussels can be limited in this 

respect by their effectiveness of attaching to host fish gills, and the distribution and abundance of 

that fish. Further, gene flow and reproduction can also be influenced by the spatial distances 

between dams, since the odds of mussel sperm reaching females, and consequently reproduction, 

are less likely if higher volumes are present at short distances between structures (Moles and 

Layzer, 2008).  

Unfortunately there is limited understanding of these many interactions between host fish 

and mussels (Watters, 1995), and the hosts for most mussels have not been identified (Kelly and 

Rhymer, 2005; Watters, 1996). These relationships are complicated to understand in the context 
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of dam removal because some advantages for fish are also connected to the presence of mussels. 

For example some Cyprinidae have only been observed to occur in areas where mussels are also 

present, probably because they utilize mussel bed surface area for spawning (Kitamura, 2007). 

Also, different mussel species have specific host fish preferences, but since many prefer 

shallower waters, fishes that utilize these habitats are also more susceptible to human alterations 

to natural flows (Vaughn and Taylor, 1999), so declines in mussels and their host fishes may be 

observed hand-in-hand, but may not be directly connected to each other.  

Though complicated, these mussel-host relationships are important to understand because 

different host fish preferences may have different implications in the context of dam removal. 

For example, the method of host infection has been documented one of the best predictors of 

mussel establishment and mussels baiting one or a small selection of host fish species had high 

rates of colonization (Vaughn, 2012). If the impacts of dam removal on these select fishes can be 

predicted, their rebound might then be used as an indicator of mussel re-colonization. Metrics 

relating to host fish could be valuable to supplement the limited understanding of mussel 

responses, since fish have shorter lifespans and respond more rapidly to disturbances.  

In order to develop such a metric though, the current understanding of the impacts of 

dams and dam removal on fishes must be expanded. Some of the literature addresses these 

factors and connects the findings to mussel success. For example, Aplodinotus grunniens 

(freshwater drum) serves as a host for several mussels and has been found to unsuccessfully 

migrate past lowhead dams even as low as one meter high, which in turn restricts mussel 

dispersal (Watters, 1996). Similarly, both intact and notched dams have been noted to block 

other migratory fishes such as Alosa sapadissima (American shad) even during overflow 

conditions (Raabe, 2007; Burdick and Hightower, 2005).  

 Mussel success, however, is not always dictated by host fish success. Sometimes this is 

instead controlled more by specific species habitat tolerances and regional environmental 

patterns. For example, the decline of A. heterodon in several southern drainage basins has not 

been attributable to a lack of host fish options (Michaelson, 1995). Since several species of 

darters were present, the issue is instead probably connected to the ecology and genetic history of 

these fishes or other environmental factors, rather than an absence of host fish. Anguilla rostrata 

(American eel) is another species of interest, because it is suspected to be one of the most 
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important hosts for Elliptio complanata (eastern elliptio). In a study to determine the main cause 

of this mussel’s decline in a southeastern New York basin, however, A. rostrata’s disappearance 

had little influence (Strayer and Malcom, 2012). 

Other studies though have found a strong relationship between host fish and mussel 

distributions. For example Obovaria rotulata (ebonyshell) has stopped reproducing in upper 

reaches of a dammed river because its host fish was also blocked (Newton et al., 2008). Mussel 

species using gar, drum, and darters as hosts experienced high extinction rates in the Red River 

basin because these fishes are locally decreasing in abundance, partially because they cannot 

pass dam structures in the river network (Vaughn, 2012). Similarly, a dam blocked dispersal of 

Anodonta implicata (alewife floater) in the Connecticut River basin, but reappeared after a fish 

ladder was constructed to allow its host, A. sapidissima, to reach upstream habitat (Newton et al., 

2008).  

Sedimentation and contamination associated with dams 

In the context of dam removal, sedimentation, contamination risks, and expected changes 

in sediment size distributions are imperative to quantify to understand how ecosystems may 

respond. There is much variability in the amount of sediment found behind run-of-river dams, 

which are influenced by watershed and upstream channel characteristics, distances downstream 

of other impoundments, and the physical properties of the dams themselves (Csiki and Rhodes, 

2010). Since aquatic species richness is directly connected to the region’s geomorphology 

(NCW, 2013), it is crucial to understand not only where contaminated sediment goes, but the 

overall physical changes dam removal creates. If dams that store a great deal of sediment are 

removed during dry years, downstream reaches may permanently hold the released sediments 

which could have lasting impacts (Riggsbee et al., 2007). 

The effects of sedimentation and floods caused by dam removal can be compared to 

historic floods in the project watersheds to help predict the long term consequences (Rigsbee et 

al., 2007). For example, some data has been collected on the impacts felt by rivers in western 

North Carolina after hurricanes Frances, Ivan, and Jeanne produced 50-500-year storms (Fraley 

and Simmons, 2006). The results suggest that risks of complete extirpations from entire rivers in 

this region may not be a huge concern in the context of dam removal. After comparing results 

from pre-flood surveys, no species were completely extirpated from any stream, but Alasmidonta 
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raveneliana (Appalachian elktoe) was not detected in the upstream distribution limits of the 

Cane and South Toe Rivers, and A. varicosa was not found in their upstream distributions of the 

Johns River. The Linville River seemed to be especially susceptible as well. This suggests that 

mussels in these rivers may be especially sensitive and removal projects in these rivers should be 

carefully managed, while sites in the upper French Broad and Pigeon sub-basins maintained 

mussel densities relatively well and these ecosystems may not be as vulnerable. High gradient 

and narrow reaches without floodplains exhibited the greatest impacts on mussels, so removals 

on such rivers may be more likely to result in long-term negative impacts and extirpation on the 

reach-scale. 

Sedimentation risks are especially important when they are contaminated. Since many 

dams were built in urbanized areas for industrial purposes, small dams are often more common 

in areas of higher populations where contamination is more likely (Walther, 2010), but toxic 

sediments are typically heterogenetic they are not always detected during pre-removal sampling 

(Stanley and Doyle, 2003).  

 

Lessons Learned in North Carolina 

The Little River: Lowell Mill Dam 

The Lowell Mill Dam once impounded approximately seven miles of the 4
th

 order Little 

River and two of its tributaries, which drained 215 square miles of land. It was situated just 

upstream of two other dam removal projects; Cherry Hospital Dam and Rain’s Mill Dam, 

removed in 1998 and 1999, and the Goldsboro Water Treatment dam which was notched (Figure 

1). The 200-year-old impoundment was gradually dewatered and removed by Restoration 

Systems, LLC between March 2004 and December 2005, with the goal of further re-opening the 

river for anadromous fish passage, particularly for A. sapidissima. A five-year monitoring plan 

was developed around North Carolina mitigation guidelines to evaluate the success criteria of 

this project, and monitoring efforts involved substrate composition, channel geometry, 

macroinvertebrates, fish, mussel, and snail surveys with the help of The Catena Group, Inc. 

The removal process was very gradual and began in August, 2004. Dewatering occurred 

for six hours in late April, 2005, increasing stream discharge for 30 hours. The dam was finally 
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breached December 15, 2005 and completely removed by December 28, 2005. The floods 

created by this removal were not significantly different from historic floods in this reach, 

(Riggsbee et al., 2007), however recovery may have benefited by more frequent storm events 

post-removal (Howard et al., 2010). Low discharges during the dry years that followed increased 

deposition and diverted water from sections of the channel, delaying recovery. Higher flows 

would have flushed the sediments that were stored behind the dam more quickly through the 

channel, which would have resulted in more-evenly deposited material and minimal adverse 

ecological effects. 

Even with these low flows, habitat improvements were observed after removal. There 

was a coarsening of the D50 from sand and silt before removal to medium gravel, and the 

channel geometry stabilized by monitoring year 5 (Howard et al., 2010). According to the 

NCDWQ Habitat Assessment, the canopy cover, buffer vegetation, bank structure, and available 

habitat became increasingly more similar to upstream reference conditions by the final year of 

monitoring (Figures 2 and 3). Of these parameters, in-stream habitat, riffles, pools, and bottom 

substrate improved most dramatically during monitoring (Table 1).  Additionally, dissolved 

oxygen increased in the reach and is consistently above 6.0mg/L. As a result of these physical 

improvements, the ecosystem improved in several ways.  

For example, tolerant species compositions of macroinvertebrates are now more 

consistent with upstream reference sites, and the NC Index of Biotic Integrity (IBI) surveys used 

to quantify fish species richness and composition, trophic guild composition, abundance, and 

health, improved from an average of 46 after monitoring year 1 to 53 after year 5 (Howard et al., 

2010). The final year of monitoring showed average numbers of total macroinvertebrate taxa 

from the former reservoir stations exceeded those of the reference means. The same trend was 

found for the average numbers of EPT taxa, which increased from a baseline average of 4 to 

18.42. A. sapidissima, the project goal, were found in the reach by monitoring year 2 (Howard et 

al., 2010), however were not found again in monitoring years 3-5. 

A separate sampling effort in 2007 identified 508 A. sapidissima individuals between the 

former Lowell Mill impoundment and the next upstream barrier, Atkinson Mill Dam (Raabe, 

2007). The lack of continued improvements in shad toward an approximate restored population 
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of 6,100 individuals (Raabe, 2007) during later monitoring years could be attributable to low 

flows in the years following removal. In addition, only a few generations of this species have 

accessed restored reaches on the Little River, so improvements may have still been lagging 

behind. It was expected that the impacts of this 2005 removal would not be apparent until 2008 

at the earliest, after shad born in 2006 matured to a reproductive age. However other species 

besides shad improved, including darters and shiners, that were not previously present but were 

found by year 5 (Howard et al., 2010).  

Besides A. sapidissima, other migratory fishes, such as Dorosoma cepedianum (gizzard 

shad) and Pylodictis olivaris (flathead catfish) have been documented to utilize the restored 

habitat on the Little River where they were not previously found (Raabe, 2007). However it 

appears that the presence of the notched Goldsboro Dam upstream of the former Rain’s Mill 

Dam is still inhibiting migration for these species (Figure 4). 

Qualitative and quantitative mussel sampling occurred both upstream and downstream of 

the former dam in 2008, 2009, and 2010, and rare lotic-adapted mussel species were found 

colonizing the former impoundment (Howard et al., 2010). Though rebound was slowed by the 

low flows, particularly by the drought in 2007 and the lack of normal high discharges in late 

2005, dam-related effects continued to decline. There was an overall shift from lentic-adapted 

and generalist species, and a few lotic-adapted species were present by the end of monitoring.  

During the year 4 timed bathyscope and snorkel searches, mostly elliptio spp. and Elliptio 

fisheriana (northern lance) species were found. These habitat generalists appeared to be strongly 

re-establishing the formerly impounded reaches (Figures 5 and 6), especially near site 2, which is 

one of the farthest transects upstream of the former dam (Figure 7). At site 1 just upstream of this 

transect, the first lotic-adapted species, the state-threatened Strophitus undulates (creeper) was 

located during year 4 surveys. It was found on a wide river bend with a run, in gravel and cobble 

substrate with some exposed bedrock. By year five of monitoring, E. steinstansana was found, 

though Anodonta implicata (Atlantic pigtoe) which was found during the pre-removal surveys 

was not located again (Figure 8). No A. heterodon (one of the project goals, historically 

documented in the Little River Basin) were found, but favorable habitat conditions, with strong 

flows and coarser stream substrates, had developed in much of the study reach. In addition, a 
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post-removal aged Lampsilis radiata (eastern lampmussel) was identified during the quantitative 

downstream mussel monitoring. By the fourth monitoring year, the lentic-adapted Pyganodon 

cataracta (eastern floater) and Utterbackia imbecillis (paper pondshell) previously found in the 

former impoundment were no longer prevalent (Figure 9), indicating a transition towards a more 

natural ecosystem with a greater proportion of lotic-adapted species present.  

Beyond these qualitative sampling efforts, quantitative mussel mortality sampling was 

conducted by The Catena Group to analyze the impacts of the sediment wedge migrating 

downstream post-removal. Prior to the Lowell Mill removal, one upstream control and three 

downstream transects were established at 30m, 200m, and 400m. During the five monitoring 

intervals for mussel sampling, live mussels were identified, measured, tagged, and returned, and 

dead mussels were kept. Live untagged mussels found were grouped by the monitoring interval 

they were identified, and any previously-tagged mussels found later in monitoring were 

recorded. 

 By the 32-month monitoring interval, the sediment wedge extended past the 200m 

transect, but had not yet reached the 400m transect where recovery (recapture of previously 

tagged mussels) rates were still similar to those at the control transect, while recovery at the 30m 

and 200m transects were lower (Figure 10). The wedge extended past the 400m mark shortly 

after the 3 month interval however. Survival of previously-tagged mussels declined in the entire 

reach during the 32-month monitoring (Figure 11). Mortality rates began to level off, however, 

between the 30m and 200m transect by the 44-month monitoring interval, where more recently-

tagged mussel group showed increased survival (Figure 12). During the 54-month monitoring, 

dam removal effects were no longer strong in this downstream reach. The survival rates of 

mussels originally tagged and those tagged in month 3 were still significantly lower than in the 

control, however the 32-month and 44-month tagged mussel recoveries were either comparable 

to or higher than the upstream control during this final monitoring interval (Figure 13) (Howard 

et al., 2010). 

The low recovery rates in general are probably attributable to undetected mortality, 

mussel movement in response to stress, high discharges, and dislodgement. In addition, some 

live mussels that were present in early monitoring years were not recovered again until later 



 
16 

monitoring intervals, so other previously-tagged individuals may have been present but not 

detected. Lower recovery was experienced at the control site as well, and this was due to the 

increased algal cover on the streambed, complicating sampling efforts. In general, this 

downstream monitoring data suggests that the effects of the sediment wedge began to level off 

by monitoring month 32, and long-term negative impacts should not be expected in this reach 

since conditions continue to improve. 

Overall, the data collected by Howard et al. (2010) show mussel catch per unit effort 

(CPUE) values have decreased for post-removal surveys compared to pre-removal monitoring. It 

should not be assumed though that this illustrates a decline in mussels. Since prior to removal 

mussel beds were concentrated on the stream banks, it was easier to focus sampling efforts and 

identify mussels in high numbers. Then after removal, mussels are re-distributed within the 

channel and found in all habitat types since their mobility is so limited. Since the later 

monitoring intervals revealed CPUE values that were more similar to the baseline values for 

elliptio mussels, and since most of the mussels found in the former impoundment during these 

intervals were of post-removal age, this newly-restored reach is favorable for mussel recruitment. 

In addition, six miles of restored, stable habitat became available for mussel re-establishment 

post-removal, and recruitment sources including 17 different mussel species are located both 

upstream and downstream of the former dam. Though only five mussel species were found in the 

former impoundment during this monitoring effort, additional recruitment from these mussel 

beds is anticipated (Howard et al., 2010). 

Six years after removal, the ecological impacts at this reach were also studied by 

McCormick (2012) as part of a broader study examining the impacts of intact, breached, and 

relict dams on mussel assemblages. Some mussel species found by Howard et al. (2010) were 

also identified by McCormick (2012), and these findings from other dams on the Little River can 

be used to understand the big picture story for mussels in this reach (Table 2). The Lowell Mill 

Dam site and the nearby Cherry Hospital relict dam sites revealed populations of the critically 

imperiled Elliptio roanokensis (Roanoke slabshell), which was not previously identified by 

Howard et al. (2010), indicating an improvement in this reach. Additional sampling efforts 

identified this species farther downstream as well, discussed in more detail in the Rain’s Mill 

Dam removal section.  
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Overall, moderately dense mussel populations were sampled near the former Lowell Mill 

Dam (3.75 mussels per sq. meter), but no populations of federally listed mussels that once 

occurred in that reach (such as E. steinstansana) were found (McCormick, 2012). The more 

recent finding of Elliptio congarea (Carolina slabshell) is also significant because this species is 

near threatened, and usually found in lotic waters where anadromous fish are also present 

(Alderman, 2005). The 2012 surveys also revealed a state endangered species, Lasmigona 

subviridis (green floater), upstream of the breached Mitchell dam above Atkinson Mill Dam, so 

this species could potentially benefit if the Little River were completely freed of intact dams. 

Though L. radiata was found by The Catena Group, this species was not located at the 

Lowell Mill by McCormick (2012). It was, however, identified at the relict Cherry Hospital dam 

site downstream. Though several of the species found by The Catena Group were not located in 

the 2012 monitoring efforts, survey methods were different and the results are not directly 

comparable. 

 

The Little River: Rain’s Mill Dam 

The 71-year-old Rain’s Mill Dam was removed from the Little River in December of 

1999 to reconnect 49 miles of spawning habitat for Alosa pseudoharengus (alewife), A. 

sapidissima, Alosa mediocris (hickory shad), Acipenser oxyrhynchus (Atlantic sturgeon), 

Morone saxatilis (striped bass), and the endangered Acipenser brevirostrum (shortnose 

sturgeon). Along with the Quaker Neck and Cherry Hospital Dam removals, 1000 miles of fish 

spawning habitat were made available. In addition, the A. heterodon and E. steinstansana were 

reconnected with 11 river miles which they were not previously using. Noturus furiosus 

(Carolina madtom) and Necturus lewisi (Neuse River waterdog) also require flowing habitat and 

were expected to improve from this removal (Wicker, 2000). 

Other mussels in the Little River, most of which were only found above the former 

Rain’s Mill impoundment, include A. implicata, Elliptio lanceolata (yellow lance), Lampsilis 

cariosa (yellow lampmussel), L. subviridis, Alasmidonta undulata (triangle floater),  Villosa 
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constricta (notched rainbow), and S. undulatus (Wicker, 2000). The removal of this dam was 

expected to benefit the long-term success of these species as well.  

There are no baseline mussel surveys available for this removal project. However, the 

former impoundment was sampled during the pre-removal mussel surveys at Lowell Mill by The 

Catena Group. Below the former dam, old and young E. roanokensis were found, but only young 

individuals of this species were found between Rain’s Mill and Lowell Mill sites (Savidge, 

personal communication, 2013). None were found, however, above the Lowell Mill site. The 

finding of juveniles upstream of the former Rain’s Mill dam suggests this species had been 

recruited after the removal of the Rain’s Mill Dam, which supports the belief that it uses 

anadramous fish species as a host. It is expected that once the Lowell Mill reach has adequate 

time to recover, E. roanokensis will occur upstream to the Atkinson Mill Dam. 

In the big picture story, the Little River is showing improved conditions from its 

confluence with the Neuse all the way up to the Atkinson Mill Dam because of these removals 

that have occurred in between. However a sharp longitudinal migration decline is observed in 

migratory fish upstream of the Goldsboro dam (Raabe, 2007) (Figure 4), which suggests that 

notching is not an ideal alternatives to removal, and mussel recovery on the Little River may 

have been expedited had it not been for this structure. 

The Deep River: Carbonton Dam 

Since its construction in 1921, Carbonton Dam was a known barrier to the federally 

endangered Cape Fear Shiner (Notropis mekistocholas) present in the Deep River watershed, and 

was consequently prioritized to be removed. It was dewatered on October 15, 2005, breached on 

November 11, 2005, and completely removed by February 3, 2006. 
 
Like the Lowell Mill Dam 

removal, this project was done by Restoration Systems, LLC for mitigation credit, which 

required a five-year ecological monitoring plan. This removal restored 24 miles of impounded 

habitat in the Deep River, McLendon’s Creek, Big Governor’s Creek, and Little Governer’s 

Creek, and re-established historic lotic conditions in the river. More importantly, it reconnected 

populations of N. mekistocholas, eight species of rare mussels, and four rare fish. 
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Habitat improvements were reflected by increased dissolved oxygen concentrations, 

channel bed coarsening from sand and silt before removal to medium gravel after removal, and 

decreased fecal coliform concentrations from 370 counts/100ml to 27 counts/100ml by the end 

of the monitoring efforts (Howard et al., 2010). In addition, NCDWQ habitat scores of the 

sampling stations matched reference stations (Figure 14). Of the parameters evaluated for these 

scores (Figure 15), pools, in-stream habitat, bottom substrate, and riffles improved most 

dramatically (Table 1). Biological improvements additionally included tolerant species 

compositions of macroinvertebrates more consistent with upstream reference sites. The last year 

of monitoring showed the greatest number of EPT taxa present, and N. mekistocholas was found 

in the former impoundment between monitoring years 2-5 at 8 different sites. There was also an 

increase in abundance and diversity of darter species in several tributaries. 

Visual surveys showed recruitment by monitoring year two, and by the third year of 

monitoring a shift from lentic to lotic-adapted mussel species was apparent in the upstream sites 

since fewer lentic-adapted species were found post-removal (Figure 16). Mussels began 

recolonizing the upper reaches first, then gradually reestablished closer to the dam. Though the 

habitat in this region was still in recovery, there was still recruitment of generalists E. 

complanata at one of the downstream sites where none were previously found. Overall, 

generalists were continuously found throughout the monitoring efforts, though fewer species 

were found during the year 3 and year 5 surveys (Figure 17). 

The Savannah Lilliput (Toxolasma pullus), a federal species of concern and a target 

species for this project, was found by year 5 at a site dominated by a shallow sand and gravel 

riffle in a long riffle run pool sequence where E. complanata was also abundant. The first live 

location of V. constricta in the Deep River within the past 100 years also occurred during these 

monitoring efforts. Further, the state-listed Villosa trabalis (eastern creekshell), L. cariosa, S. 

undulates , and A. undulata, were found by monitoring year 3, and L. cariosa, A. varicosa, and 

V. constricta were not present prior to removal (Howard et al., 2010). 

The promising results of the year 3 surveys did not reoccur during the final year of 

monitoring, however, when many of the lotic-adapted species were not relocated (Figure 18). 

The habitat may still be under a transition which is preventing strong, long-term reestablishment. 

Alternatively, many of these species were only found in very low numbers in Year-3 and may 
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have been present at year 5 but not sampled (Howard et al., 2010). This is highly likely since a 

drought occurred during monitoring year-3 in 2008, and lower water volumes to sample in 

makes it easier to locate mussels in higher numbers. Whether or not this reflects sampling effort 

inconsistencies or negative effects of dam removal, more recruitment is expected in the long-

term from recruitment sources upstream and downstream of the relict dam as the channel 

substrate continues to stabilize. Most of the mussels found during these monitoring efforts were 

of post-removal age (Figure 19), indicating that short term negative effects were subsiding, and 

there is potential for successful mussel reestablishment in the long-term. 

 

The Tuckasegee River: Dillsboro Dam 

Approximately one mile of North Carolina’s Tuckasegee River was impounded by the 

12x310 foot, concrete, masonry Dillsboro Dam for close to 100 years. In winter of 2010, Duke 

Energy removed the dam for mitigation; but first collected data on the ecological pre-conditions 

in 2008, dredged the sediment, and relocated the federally endangered A. raveneliana as a 

precaution (1137 individuals), as recommended by the USFWS biological opinion. After the 

removal, biological recovery was monitored twice a year in 2010 and 2011. Overall this project 

has proved to be a huge success ecologically (Coughlan, 2012). 

Monitoring occurred at four stations (downstream, tailrace, reservoir, and upstream) 

before removal in 2008, and two years following removal. Before removal, it was found that fish 

species richness was highest in the tailrace and lowest in the impoundment upstream. 

Improvements were also apparent in the percentages of omnivores and herbivores, changing 

from 10-23% before removal to 22-30% post-removal in 2011, which is more consistent with 

conditions in nearby streams in the watershed (Coughlan and Hall, 2012). Other results of 

monitoring showed that the total macroinvertebrate taxa in the upstream reaches of the former 

impoundment ranged from 59-84 in the baseline 2008 surveys, to 95-117 in late 2011 after 

removal. The diversity of EPT taxa increased from two types before removal to 40 types post-

removal as well, which improved the reach’s water quality rating from “poor” to “good” 

(Quinton, 2012). The pre-removal community in the impoundment was dominated by the lentic-

adapted Ambloplites rupestris (rock bass) (approximately 45%), and Lepomis auritus (redbreast 

sunfish) (17-19%) which are adapted to lentic water. By 2010, however, these species accounted 
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for less than 10% of the fish community. In addition, two state fish species of concern, the 

Etheostoma vulneratum and Percina squamata (wounded and olive darters), were found 

upstream of the former Dillsboro Dam by May 2011. Moxostoma sp. (sicklefin redhorse) was 

also found downstream of the former dam in October 2011, and there are high expectations for 

this species to utilize the upstream habitat. The baseline surveys also revealed 11 intolerant fish 

species inhabiting the reaches downstream of the dam before it was removed, while only four 

intolerant species were identified in the impoundment. By 2010, however, 10 of the species were 

found downstream and six were identified in the formerly-impounded reach. Overall, the 2011 

monitoring results showed that the fish community was improving, but was still not typical of 

natural lotic habitats. 

Important mussel species in this reach included Lampsilis fasciola (wavy-rayed 

lampmussel), a state species of concern, A. raveneliana, a federally endangered species 

(Fletcher, 2010), V. constricta, and the possible downstream presence of Pegias (littlewing 

pearlymussel) which is federally endangered (Alderman, 2011). Duke Energy (2003) conducted 

mussel surveys which revealed stable populations of both A. raveneliana and L. fasciola 

downstream of the former dam (Figure 20). A great deal of care was directed toward the 

management and relocation of mussels at this site, especially for A. raveneliana, which was 

noted to be common and abundant both upstream and downstream of the former dam. 1137 A. 

raveneliana were relocated to suitable habitat upriver from the Savannah Creek confluence, 

where mussel communities were large and healthy. Reconnaissance of relocation reach’s mussel 

communities were conducted twice in 2011 to ensure suitable, stable habitat was still present 

both upriver and downstream from the former impoundment. In addition to relocation, water 

clarity was monitored and operations were paused if turbidity was too high. 

After removal, A. raveneliana were found in the greatest numbers 0.8 miles upstream of 

the dam (Figure 21), and 200 individuals from these monitoring surveys were relocated to 

stabilized habitat downstream.  

As a result of this careful management, these populations have successfully and quickly 

rebounded. After removal, 622 A. raveneliana were found downstream of the dam. 140 that were 

not previously identified in the former impoundment were also found in the newly-restored 

reach, and recolonized because of the recruitment populations located both upstream and 
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downstream of the study reach (Quinton, 2012). L. fasciola was rare 0.2-0.4 miles upstream 

(near Savannah Creek) and just downstream of the former dam by Fall of 2011, but habitat was 

ranked “good” to “excellent” both upstream and downstream so recruitment was expected to 

continue. Two V. iris were also found between 0.4-0.6 miles upstream in May 2011 and were 

likely transported there after removal. 

 

Hitchcock Creek: Steele’s Mill 

 Steele’s Mill dam was a 15x100ft structure removed in July of 2009 to restore spawning 

habitat and migration for A. sapidissima and A. rostrata. The project opened up 15 river miles of 

Hitchcock Creek, a tributary to the Pee Dee River. Though this reach was monitored for three 

years post-removal by The Catena Group, no pre-removal monitoring was conducted and no 

baseline data is available for this reach. Surveys were conducted in 2001 after breaching and 

before complete removal, and again in 2003 to assess the status of the federally endangered 

Lasmigona decorata (Carolina heelsplitter) prior to a bridge replacement (NCDOT, 2001). 

It was identified during the 2001 surveys immediately below the dam (Figure 22), but the 

individual found was a relict shell in poor condition. In 2003, after 19.5 man-hours of surveying, 

no heelsplitter populations were found. Just downstream of the impoundment, elliptio spp., V. 

trabalis, V. Vaughaniana (Carolina creekshell), L. radiata (eastern lampmussel), U. imbecillus, 

P. cataracta, and Corbicula fluminea (Asian clam) were identified. 200 yards upstream of the 

impoundment, only U. imbecillus and C. fluminea were found. The survey concluded that this 

diversity in mussel assemblages was likely being maintained by the stability offered by the 

presence of dams in the river. There was significant sediment loading upstream of the dam, and 

point source discharges downstream, which limited the extent of mussel communities in the 

entire reach (NCDOT, 2001). 

 Presence and absence surveys were conducted by The Catena Group following the 

removal, and survey sites were assigned based on the 2001 monitoring locations (Table 3). This 

dam was located approximately 1 mile upstream Hitchcock Creek’s confluence with the Pee Dee 

River. Over 17 species had been reported in the basin, nine of which were found in this reach. By 
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year-3 surveys, what was riffle, run, and pool habitat directly downstream of the former dam 

consisted of transitioning boulder, cobble, gravel, and rocky debris. Here E. complanata were 

dominant, but V. trabalis, E. icterina, and Uniomerus caroliniana (Florida pondhorn) were also 

found (Figure 23). Compared to the 2001 survey, this reach declined in mussel species from 9 to 

4 in 2012. In addition, 1 species was found in the reach directly upstream the former dam while 

none were found in the same reach in 2012. Through the 2012 efforts, the only common species 

found with the bridge replacement surveys included E. complanata, E. icterina, U. caroliniana, 

and V. trabalis (including some gravid females). The most recent monitoring efforts showed 

reproduction and recruitment by E. complanata and V. trabalis, so adverse impacts were leveling 

off and not expected in the long-term. Below the former dam, the stream channel delivered high 

sediment loads, and mussel communities were concentrated on the stable banks and gravel and 

cobble habitats. Further, practically no mussels were found mid-channel, though there had been 

communities found in this portion of the river in previous years (TCG, 2012). 

  The results show that the downstream extent of this stream is still the more diverse 

compared to upstream, though diversity does not appear to be as high as it was pre-removal 

(though the survey methods are not very comparable). Since the species historically reported in 

this creek are all known to inhabit the Pee Dee River downstream, any adverse impacts are not 

expected to be long term. The (possible) extirpation V. trabalis should not be attributed to dam 

removal alone, since the 2001 surveys only identified a relict shell in poor condition, and this 

species was not identified at all in 2003 efforts before removal. In reach 2 where the channel is 

narrow and braided, very limited mussel habitat existed, the stream channel was unstable, and 

impoundment sediments continue to down-cut. The riffle and run mussel habitats found in reach 

3 provides the most suitable habitat upstream of the dam, and probably was impounded prior to 

removal, but it is unclear (TCG, 2012). The upper reach below Midway Mill Dam provides good 

cobble habitat on the edge of a pool, but much of the rest of the reach carries a high bed load not 

suitable for mussels. 

 Fish migration at this site continues to improve, and diversity followed a similar trend as 

what was found with the mussels. Fish diversity was greatest below the dam. During year 2 fish 

surveys, five new species were found that were not documented upstream of the former dam in 

year 1. These included Catostomos commersonii (shite sucker), Moxostoma sp. (brassy 
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jumprock), Enneacanthus obesus (banded sunfish), D. cepedianum, and the anadromous 

Petromyzon marinus (sea lamprey). Overall, the goal species including A. rostrata and P. 

marinus were found during sampling efforts, and A. rostrata were found upstream of the former 

dam. There are limitations to the accessibility of this reach due to its high gradient, and there 

were low flows documented during peak shad spawning season during sampling, which may 

have limited their utilization of this tributary (TCG, 2011). This could consequently be delaying 

mussel recovery. 

The Neuse River: Quaker Neck Dam 

 Limited mussel data exists on the response of the Quaker Neck Dam removal, but some 

lessons can be learned from the fish community change. This removal occurred in 1998, and 

reconnected 127 river kilometers of spawning ground to migratory fish of the Neuse River. The 

Cherry Hospital dam once blocked flow on the Little River nearby, and was also removed to help 

restore flows. Now the most upstream-structure on the Neuse is the Milburnie Dam in Wake 

County. 

 In the 1970s, studies revealed that few A. sapidissima eggs and larva, but no striped bass 

eggs and larvae, were present upstream of the dam. Almost immediately after removal began, 

there was evidence of large numbers of shad and striped bass spawning 75 miles upstream of the 

former dam (Burdick and Hightower, 2005). A. rostrata and A. brevirostrum, which have 

declined in the watershed since the dam was constructed, have also benefited from this project. 

After removal, to monitor the response of migratory fish, Beasley and Hightower (2000) sampled 

25 M. saxatilis and 25 A. sapidissima, the species that were expected to benefit from the 

removal. They found that before the structure was removed, only 3 of 50 migratory fish were 

able to travel upstream of the structure, all of which were M. saxatilis. This species only 

migrated during overflow conditions, and only one of the three that passed migrated all the way 

to the base of the Millburnie Dam. After removal, A. sapidissima were found just downstream of 

the dam and 3km upstream to spawn. While this fish prefers shallow water with large substrates, 

M. saxatilis prefers higher velocities and large substrate, and these conditions were found in 

higher proportions upstream of the former dam (Beasley and Hightower, 2000). A summary of 
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these, as well as the findings from the other removals discussed in this paper, are found in Table 

4. 

 Similarly, Burdick and Hightower (2005) found A. sapidissima spawning 26km upstream 

of the former reservoir, and A. mediocris were also observed spawning in the restored reach. 

22.5% more A. sapidissima, and 58.3% more striped bass eggs were collected in the former 

impoundment during a high flow year (2005) compared to a low flow year (2004). This suggests 

that the timing, seasonality, and flow conditions of monitoring are important to consider in 

detecting fish improvements during monitoring. Likewise, if improvements in mussels are to be 

detected for this and future dam removal projects, these parameters should be incorporated into 

mussel monitoring analyses as well. 

Discussion 

Though river systems are unique on regional scales, much can still be learned from the 

findings of other studies done outside of North Carolina. Because of the limited literature 

available on mussel and their responses to dam and dam removal, this particular issue calls for 

these extrapolations. Both the literature and the case studies from North Carolina identified 

several factors which complicate studies associated with mussels and dam removal, some of 

which are unavoidable, and some which could be addressed by improved monitoring design. 

These include: 

 lack of baseline data 

 low populations even prior to disturbance 

 the complicated life histories of mussels 

 unclear host fish relationships 

 inconsistent monitoring efforts at the project scale 

 different mussel distributions through the channel before and after removal 

 improper timing for mussel monitoring post-removal 

An understanding of the impacts of dam removals at a river scale requires some sense of 

the impacts of each dam’s presence on mussel communities. This would preferably involve 

baseline surveys at the site of dam removal, but could incorporate comparisons with undammed 

streams in the same physiographic regions if possible. The absence of both was common in the 
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literature body and monitoring reports from North Carolina, which poses a huge challenge in 

quantifying the effects of dam removal. Even when baseline information is available, the effects 

of dams themselves are often difficult to delineate from other variables. Challenges also exist in 

drawing meaningful conclusions from monitoring data since mussels, especially rare species of 

interest, are usually present at low numbers, and low sampling sizes result from survey efforts. 

Since E. complanata is a habitat generalist usually present at moderately high numbers, and 

reestablished restoration reaches relatively quickly after removals, this species is a valuable 

metric for mussel data, especially when abundance is low for other species. Moreover, it is 

important to analyze the status of this mussel for monitoring and project design because its 

reestablishment can indirectly facilitate the recruitment of other, rarer species by providing 

feeding and spawning habitat for fish. Improved fish habitat could then increase the likelihood of 

reproduction for all mussels.  

Other habitat-related metrics to gauge progress should be done cautiously, since healthy-

looking live mussel communities are not always indicative of prime habitat, but instead a time 

when there was favorable habitat, but current conditions are not representative due to the long 

timespans these organisms require for recruitment. For this reason demography studies should be 

incorporated into future project monitoring to provide quality data on community health. 

Variation of the impacts of dams felt by certain mussels relate to the lifespans, host fish 

movement, habitat tolerances, and dispersal abilities of those species. The effects removal could 

have on all of these parameters for project target species should be considered to improve 

predictions on how the ecosystem may respond. 

There is a research need for species-specific information on all of these variables, 

especially for host fish relationships. The literature presents conflicting findings on this topic. In 

some cases, restoration of host fish habitat connectivity result in mussel distribution 

improvements, and others revealed no improvements for mussels after host fish restoration. 

While analyzing mussel and host fish responses to dam removal, it should be taken into account 

that since many mussel species prefer shallow depths, and their most likely host fishes also 

utilize these habitats, both are especially susceptible to human alterations to river systems since 

adverse impacts are less-buffered in shallow waters. As a result, declines or improvements in 

mussels and host fish after removing dams may very well go hand-in-hand, which makes it 
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difficult to delineate mussel improvements that resulted because of mussel dependency on a 

preferred host versus improvements due to restored riverine habitat that benefited both. 

While unclear host fish relationships are unavoidable challenges for understanding 

immediate future removal projects, the issue of inconsistent monitoring efforts can more easily 

be addressed. Monitoring events from past projects could have been improved by better 

planning, standardized methods before and after removal, more comparable levels of effort, and 

more consideration for physical factors contributing to differences in results. When possible, 

monitoring efforts should be consistent on the river-scale if multiple removals have occurred, to 

help paint a clear picture of how mussels are impacted. Sampling inconsistencies and the lack of 

such methodology resulted in incomparable data for the Carbonton, Steele’s Mill, and Dillsboro 

Dam removals. Past projects have also been inconsistent in this sense because variable 

discharges during independent surveying efforts have made it more or less difficult to locate 

mussels. For example, the monitoring data from the Lowell Mill and Carbonton reaches may 

have been influenced by lower discharges during the drought periods. This issue could be 

remediated by normalizing monitoring data with stream flow data. While pre and post removal 

monitoring data will always in a sense be challenging to compare since dam demolition 

redistributes previously-dense mussel populations concentrated on stream banks, these other 

factors can still be addressed so future projects may yield somewhat more comparable 

information.  

Other lessons regarding where to invest monitoring resources have been learned from 

past projects. For example, the monitoring that occurred for the Steele’s Mill removal does not 

provide valuable information about the long-term state of that reach. It was noted that additional 

anthropogenic impacts unrelated to the dam were limiting mussel distributions both upstream 

and downstream of this project, so perhaps monitoring resources and efforts would have been 

better-spent on other projects, where more potential for rapid mussel rebound existed. Projects 

should be prioritized for monitoring based on expected recovery rates so resources are better-

allocated. Factors such as distances to confluences, known recruitment sources upstream and 

downstream, amount of sediment stored, levels of contamination, historic mussel distributions, 

and other physical factors limiting mussel populations on the river should all be used to help 

predict if rapid mussel recovery should be expected. 
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In addition, carefully-managed removals on low-gradient streams that are well-connected 

to their floodplains, have wide channels, as well as nearby recruitment populations, seem to 

show signs of mussel recovery within five years. If there is no pre-removal data available, and a 

dam is removed after breaching, such disturbances could be detrimental to the local aquatic 

ecology and the system may require a great deal of time to rebound. For this reason any 

monitoring for these sites could be kept to a minimum in the short-term. Simply a presence and 

absence survey may be adequate for pre-removal surveys, and post-removal efforts should 

generally occur five years or more afterwards, though this may be situation-specific and 

dependent on the abundance and densities of mussel populations present between breaching and 

removal. 

Monitoring funds for the mussel surveys of Steele’s Mill could have also been better-

allocated with respect to the timing of these efforts. Mussel sampling occurred very shortly after 

removal, and habitat surveys noted that unstable banks and unconsolidated substrate still existed, 

so the post-removal mussel surveys probably occurred too early to reveal any long-term 

recoveries or extirpations. The project goal for this reach, L. decorata, is especially sensitive to 

bank stability so the timing ecological monitoring efforts would have been better planned had 

they been guided by these visual habitat and stability surveys, with special consideration for this 

species’ habitat tolerances. 

Visual surveys would be valuable to guide monitoring for future projects in other respects 

as well. If only one mussel sampling effort is expected for a future project, it would be beneficial 

to base the monitoring locations on the depths of the channel and consolidation of substrate. 

Many monitoring plans incorporate sediment analyses and cross section surveys, which could 

provide opportunity to help plan mussel monitoring before dam demolition. If only one baseline 

monitoring effort occurs, it should be focused on downstream, un-impounded reaches that are of 

adequate distance from the dam, where there are typically lesser dam-induced effects on 

abundance and richness and all species that could potentially be impacted by removal are more 

likely to be represented. Sampling distance should not occur, however, at distances that overlap 

impounded water of other downstream dams. 

An additional consideration to make for future project plans and trying to predict if long-

term negative impacts will occur is how the system has responded to past disturbances or historic 
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floods. Based on the data that was collected on the impacts felt by rivers in western North 

Carolina, no mussel species was completely extirpated from any stream after extreme floods, so 

risks of extirpation from entire rivers due to dam removal should not be a major management 

concern in this region. Potential will usually exist for reestablishment over the long term, as long 

as dewatering is gradual and sediments are managed appropriately. Since high gradient and 

narrow reaches without floodplains exhibited the greatest impacts on mussels after these severe 

floods, special mussel management efforts such as relocation may be in order on rivers with 

these physical properties, and they are more likely to result in long-term negative impacts and 

extirpations on the reach-scale. This is supported by the findings from the Steele’s Mill removal, 

which was a relatively high gradient stream where mussel recovery has been less successful. 

Conclusions and Recommendations for Managers 

The long-term positive impacts of dam removal on mussels seem to outweigh the 

negative, and when adverse impacts are present they are typically not long-term. There is still 

room for management improvements, however, to help allocate limited resources more 

effectively and to better implement monitoring strategies and improve the understanding of 

ecological impacts. Specifically, a standardized monitoring procedure should be developed to 

better illustrate the effects of past projects, so risks may be adequately addressed. Much of the 

existing mussel monitoring data have been based in inconsistent sampling methodologies before 

and after dam removal, so this is most important to develop at least at the project scale. 

Discharge data should be incorporated into monitoring analyses as well to more-accurately 

quantify mussel responses. 

Additionally, demography data should be integrated into monitoring plans to supplement 

habitat data, which is not always indicative of improved conditions for mussels. Downstream 

survival studies are also valuable to indicate when adverse impacts due to the migrating sediment 

wedge are leveling off. Both of these measures would help reveal when long-term negative 

impacts might be present. 

To further address if significant risks exist for future projects, historic flood data should 

be referenced. Mussel distribution data specifically collected to address the effects of severe 
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floods in North Carolina should be taken advantage of for project planning, and would help 

predict if long term mussel reestablishment may be anticipated after intense discharges and 

sedimentation. In addition, this data could be used to help identify potential projects by 

distinguishing rivers which have wholly recovered from severe disturbance in the past. Likewise, 

plans for future project should consider the life histories and habitat tolerances for specific 

project target species.  

Finally, if resources limit monitoring efforts, sampling should occur in un-impounded 

waters where substrates are consolidated, and adequate distances downstream where dam 

impacts on species abundance and richness are minimal. This increases the likelihood that all 

mussel species inhabiting the reach will be represented, and any necessary management plans 

specific to these species may be implemented. 
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Appendix 

 

Figure 1. Past dam removal projects on the Little River. Cherry Hospital Dam was removed in 1998, Rains Mill Dam was 

removed in 1999, and the Lowell Mill Dam was demolished in 2005. 
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Figure 2. River habitat improvements at the Lowell Mill Dam removal site 

 

Figure 3. NCDWQ habitat scores for Lowell Mill monitoring, broken down by the measured parameters  
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Table 1. Habitat changes of the Lowell Mill and Carbonton removals, sorted by the most dramatically improved parameters 

 

 

Figure 4. Fish migration observations on the Little River illustrating the barrier caused by the notched Goldsboro Water 

Treatment Dam 
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Figure 5. Total CPUE of elliptio species found before and after dam removal, relative to the number of transects surveyed for 

each sampling effort 

 

Figure 6. Total CPUE of E. fisheriana found before and after dam removal, relative to the number of transects surveyed for each 

sampling effort 
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Figure 7. CPUE of habitat generalists found upstream of the former Lowell Mill dam 

 

 

Figure 8. Lotic-adapted species found before and after dam removal, relative to the number of transects surveyed for each 

sampling effort 
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Figure 9. Lentic-adapted species found before and after dam removal, relative to the number of transects surveyed for each 

sampling effort 

 

Figure 10. Recovery rates downstream of the former Lowell Mill Dam 
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Figure 11. Mussel survival from the 32-month monitoring interval downstream of the former Lowell Mill Dam 

 

Figure 12. Mussel survival from the 44-month monitoring interval downstream of the former Lowell Mill Dam 
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Figure 13. . Mussel survival from the 54-month monitoring interval downstream of the former Lowell Mill Dam 

 

*only upstream 

**only mill and downstream 

***only downstream 
****only mill 

*****only mill and upstream 

 

Table 2. Mussel species found on the Little River by McCormick (2012) and Howard et al. (2010) 
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Figure 14. River habitat improvements at the Carbonton Dam removal site 

 

 

Figure 15. NCDWQ habitat scores for Carbonton Dam monitoring, broken down by the measured parameters 
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Figure 16. Changes in lentic-adapted species at Carbonton Dam 

 

 

Figure 17. Changes in habitat generalists at Carbonton Dam 
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Figure 18. Changes in lotic-adapted species at Carbonton Dam 

 

Figure 19. Age patterns of mussels found at Carbonton Dam 
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Figure 20. Pre-removal mussel monitoring results for Dillsboro Dam  

 

Figure 21. Post-removal mussel surveys upstream of the former Dillsboro Dam 
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Figure 22. Pre and post-removal monitoring results at the Steele's Mill Dam. 

 

Table 3. Sampling transects established to match pre-removal sampling locations at the former Steele's Mill Dam 
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Figure 23. Monitoring results from the most recent mussel surveys at the former Steele's Mill Dam 
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Table 4. Summarization of the impacts of dam removals in North Carolina 

 


