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The mouth of the Columbia River (MCR) is an intersection of more than a river and 

ocean, but also multiple economically valuable activities including dredging to maintain a deep 

draft shipping channel and an active Dungeness crab (Metacarcinus magister) fishery. More than 

three million cubic meters of sediment are annually dredged from the MCR and disposed at 

designated ocean disposal sites both near and offshore. These designated sites are composed of 

mostly flat, soft-bottom habitat populated by demersal fish and benthic invertebrates, including 

Dungeness crab. Despite years of site monitoring, concerns remain about the resilience of the 

benthic community to dredged material disposal as no direct observations of behavioral response 

to dumping have been made. This research addresses these concerns with new video-based 

approaches to monitoring at a deep and a shallow disposal site. During the summers of 2014-

2015, CamPods (baited video landers) were used to record the behavior of Dungeness crab in 

response to dredge disposal events at a shallow disposal site and video sleds to monitor benthic 

communities at both disposal sites before, during, and after disposal seasons. Past and current 



MCR benthic monitoring used trawling and crab pots, but video tools may be effective 

alternatives that provide direct visual observations of organisms in their associated habitat. The 

goals of this research were twofold: to determine if dredged material disposal affects benthic 

epifauna distributions and behavior at disposal sites, and to compare the video survey impact 

assessments to those of traditional monitoring tools.  CamPods provided a ‘crab’s-eye’ view of a 

disposal event at the shallow site, documenting Dungeness being engulfed in the sediment plume 

and allowing for before and after relative abundance comparisons. The impact of the disposal 

plume appeared to be localized and temporary, with Dungeness displaced by the plume, but 

returning to the impact area shortly after a disposal event. Crab pots did not detect any 

differences in abundance between impact or control areas. Video sled footage revealed unique 

species associations which would not be discernable from a pile in a trawl net. At the community 

scale, no differences between disposal and reference sites were detected at either disposal site. 

Rather differences in communities were detected on a temporal scale. Trawl surveys at the deep 

site also detected temporally distinct communities.  
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1 CHAPTER 1: INTRODUCTION 

1.1 Dredged Material Disposal and Management Overview 

Sediment accumulation in rivers is a chronic issue for managing shipping channels; thus 

dredging to maintain channel depths is an economic necessity with safe navigation tied to jobs 

and commerce (U.S. Commission on Ocean Policy 2004). This excess sediment (dredge spoils) 

must then be relocated to disposal sites. The disposal of this dredged material is a global waste 

management problem and a major coastal management issue (Bolam et al. 2006). In the United 

States alone nearly 230 million cubic meters of sediment are annually dredged from navigational 

channels by the U.S. Army Corps of Engineers (U.S. Commission on Ocean Policy 2004), 

creating a volume that would fill 220 Empire State Buildings to be managed and disposed. In 

coastal regions, ocean-based disposal is the prominent method. 

Ocean disposal of dredged material in the U.S. is directed under the Marine Protection, 

Research, and Sanctuaries Act of 1972 (MPRSA), or commonly referred to as the Ocean 

Dumping Act. Ocean disposal of dredged material was unregulated prior to this Act, but the 

enactment of the MPRSA now requires approved permits for any dumping or transportation of 

waste material in U.S. waters. Additionally, the Clean Water of Act (CWA) of 1972 (Section 

404) pertains to disposal occurring at inland waters or the placement of sediment deemed as ‘fill 

material’. These two acts provide the framework and criteria that managing agencies must 

comply with.  

Nationally, dredged material is jointly managed by the US Environmental Protection 

Agency (USEPA) and U.S. Army Corps of Engineers (USACE). The USACE is the lead on 

dredged material management, conducting much of the actual channel maintenance and spoil 

disposal. UCSACE also issues the permits required under the MPRSA for dredged material 

disposal, with a majority of permits related to USACE’s own maintenance dredging. The 

USEPA determines the physical boundaries of ocean disposal sites and develops the 

requirements that must be met to receive a (USACE) permit, with the ability to deny permits in 

order to prevent environmental damage (Copeland 2010). The MPRSA requires the USEPA to 

monitor ocean disposal sites to ensure dumping will not unreasonably degrade or endanger 

human health or the environment. While monitoring is a requirement, disposal impact 
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assessments have been broadly critiqued on their scientific basis and experimental design and 

that findings are often published as reports (grey literature), rather than peer-reviewed articles 

(Miller et al. 2002, Bolam and Rees 2003). As evidenced above, the management of dredge 

spoils is a complex system, with the MPRSA guiding the responsibilities and actions of the two 

managing agencies that together ideally maintain safe navigation and minimize impacts at ocean 

disposal sites. This rather complex set-up leaves room for further research on both disposal and 

monitoring techniques. 

1.1.1 Beneficial Use of Dredged Material 

The disposal of dredged material is part of the larger issue of sediment management, 

which is key to issues of coastal resilience, coastal ecosystem restoration, and climate change 

adaptation (CEDA 2012). Dredged material disposal in the past has been considered a waste 

management issue, but there is potential for the beneficial use of dredged material. Beneficial use 

is defined by USACE as utilizing dredged sediments as resource materials in productive ways 

which provide environmental, economic, or social benefit (USACE 2006). Placement of material 

in the nearshore habitat can address coastal needs for shore protection, specifically in areas 

subject to erosion. Additionally, in nearshore environments a thin-layer disposal method could 

reduce navigational risks (mounding) and the effects on the benthic community by reducing 

burial depths (Wilber et al. 2007).  

1.2 The Mouth of the Columbia River 

1.2.1 History of Dredging and Erosion 

As the largest river on the West Coast of the US, the Columbia River’s high volume 

output also transports high volumes of sediment. The mouth of the Columbia River (MCR) is a 

very dynamic region with a long history of navigation issues that ultimately led to the 

construction of the North and South Jetties in the late-1800s and early-1900s, with the 

development of a dredging program in 1905. Ocean disposal of dredged material was not 

prominent until post-1945, with official site boundaries established in 1977. The current disposal 

sites were established by the USEPA in 1986 (Gailani et al. 2003). Currently at the MCR, more 

than 3,000,000 m
3
 of material are annually dredged by the USACE to maintain the deep-draft 
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shipping channel (16.8 m mean low water) and the majority of this material is placed at USEPA-

designated ocean dredged material disposal sites (ODMDS) (Gailani et al. 2003). Current 

ODMDS are the nearshore Shallow Water Site and North Jetty Site and the offshore Deep Water 

Site (Figure 1.1). Disposal practices place around 45% of the annual spoil volume at DWS and 

55% at the two nearshore sites (Moritz et al. 2011).  

Maintaining a deep draft channel at the MCR is of socio-economic importance beyond 

the coastal communities. The MCR serves as the gateway to the Columbia-Snake River System, 

supporting the greatest wheat exports in the US and wood exports on the West Coast. The MCR 

channel allows for the passage of 46 million tons of cargo valued at more than $24 billion and 

tied to 40,000 local jobs (Pacific Northwest Waterways Association).  

While dredging is an economic necessity, there are concerns about potential impacts on 

other economic sectors.  Disposal sites (both active and planned) overlap with fishing grounds. 

The soft substrate benthic habitats that comprise most the MCR disposal sites are a generally 

understudied system but support a range of organisms, including species of economic 

importance. Similar environments along the Oregon coast serve as nursery grounds for valuable 

flatfish (Krygier and Pearcy 1986). Dungeness crab also utilize these unconsolidated bottom 

habitats; the number one most valuable, single-species fishery in Oregon annually worth up to 

$52 million (Pacific States Marine Commission, 2012). With each new disposal site designation, 

crab fishers (local stakeholders) have concerns about the effect of placement of dredged material 

disposal on the mortality and local abundance of crabs as well as concerns about access to crab 

fishing grounds. These concerns further spur the need to identify how the benthic community 

responds to increased input of dredge material. Resolving these concerns by expanding our 

understanding would inform the placement and beneficial capacity of future sites and the effects 

of disposal.  

Since dredging is required, the management challenge is to find a strategy for dredged 

material placement that results in minimal negative impacts on the ecosystem and stakeholders 

(required under the MPRSA), while providing resilience to a system that has undergone 

significant landscape changes since the construction of jetties. Due to the extent of the South 

Jetty (10.6 km), the region south of the jetty (Clatstop Plains) is thought to be cut-off from a 

majority of the Columbia River’s sediment supply (Kaminsky et al. 2010). As a result, issues of 
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erosion are prominent in this region. Specifically, erosion along the South Jetty may be 

compromising the stability of the jetty itself that could ultimately lead to a breach and negatively 

affect the navigation channel. The placement of dredged materials near the South Jetty has the 

potential to mitigate erosion rates (Moritz et al. 2011). 

There is further concern about the loss of sediment to the littoral zone when sediment is 

disposed offshore, with the idea that this material could be used nearshore for beach 

replenishment (Oregon Solutions et al. 2011). In response, the USACE permitted a new 

nearshore site under the CWA in 2012, the South Jetty Site (SJS), as an experimental beneficial-

use site to determine if placing dredged material at SJS addresses erosion issues of both the 

beach and the South Jetty (Figure 1.1). Here the USACE is trialing a thin-layer disposal method 

at this site to minimize mounding of sediments and burial of organisms (Oregon Solutions et al. 

2011). Prior to this study, a sediment tracer study evaluated the movement of sediment from two 

regions of the SJS (ETS Limited 2011), but now that disposal is being conducted, environmental 

monitoring is necessary to explore ecological responses. Nearshore placement at the MCR is 

being pursued as an adaptive solution to erosion, but environmental monitoring is still required 

to assess the impacts of this disposal on the seafloor ecosystem.  

1.2.2 The Lower Columbia Solutions Group 

Sustainable sediment management at the MCR is a focus of the Lower Columbia Solutions 

Group (LCSG). LCSG is a bi-state partnership convened in 2002 by the Oregon and Washington 

governors as a forum for nearly 30 local, state and federal stakeholders to raise issues, 

collaborate on policy, and develop solutions for sediment management in the lower Columbia 

River. In 2011, the LCSG focused primarily on the Mouth of the Columbia River Regional 

Sediment Management Plan (RSMP) to address the loss of an estimated one million cubic yards 

of dredged material each year from the littoral zone. The resulting plan focuses on the expansion 

of current disposal sites to include a nearshore network of shallow beneficial-use sites (Figure 

1.1).  
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Figure 1.1: Dredged material disposal sites near the mouth of the Columbia River. The green 

sites are current disposal sites, with the teal sites as the proposed nearshore network of 

beneficial-use sites. Note that the teal sites are approximate locations. (Map created using 

ArcGIS® by Esri.) 
 

 RSMP goals include: 

1. Increase the beneficial use of dredged sediment at the MCR to help protect nearshore 

fishery habitats, coastal beaches and the jetties from erosion. 

2. Avoid “wasting” clean sand resources to deep water disposal offshore. 

3. Maintain collaborative partnerships among federal and state agencies, local governments, 

fishing community, and other interests. 

4. Develop an ongoing research and monitoring program to measure effectiveness of 

beneficial use site disposal and minimize adverse environmental, resource and safety 

effects. 
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As a member of LCSG Technical Team, my research has been part of a collaborative effort 

between Oregon State University (OSU), the US Environmental Protection Agency (USEPA), 

US Army Corps of Engineers (USACE), Oregon Department of Fish and Wildlife (ODFW), and 

National Oceanic and Atmospheric Administration (NOAA). My research is working to address 

Goal 4 by exploring the response of the seafloor community to the disturbance of dredged 

material disposal at the current Deep Water Site and experimental South Jetty Site, as well as 

evaluating new monitoring tools. On the broad scale, the LCSG is working to (1) maximize the 

efficiency of USACE’s sediment management (maximizing the usefulness of USACE funding), 

(2) increase the retention of sediment in the Columbia River littoral zone, and (3) mitigate issues 

of erosion by supplementing dredged sediment. These address the ability of coastal sediment 

management practitioners to use adaptive methods to respond to changes in sediment movement 

to ensure the resilience of coastal communities to changing sea level and erosion. On the scale of 

my research I am focusing on environmental monitoring, but it will aid the management 

decisions of the larger, collaborative, group.  

1.3 Benthic Survey Methods 

Past monitoring studies by the USACE have included benthic community surveys to 

quantify and compare composition and diversity across many disposal sites (e.g. Hinton and 

Emmett 1994). Surveys have primarily involved box cores to assess macrofaunal invertebrate 

communities (e.g. polychaete worms, bivalves, and snails) and sediment characteristics; trawls to 

assess demersal fishes and larger invertebrates (e.g. crabs, whelks, and sea stars); and crab pots 

to directly target Dungeness crab populations. Despite years of study using these traditional 

methods and laboratory investigations of Dungeness mortality rates in response to burial 

(Vavrinec et al. 2007), questions remain about the resilience of benthic organisms and local 

ecosystems to dredged material disposal in the MCR region.  

There are many challenges to accessing and sampling marine demersal ecosystems that 

ultimately limit our ecological understanding of these communities below the ocean surface. 

Innovative video-based tools have been developed to address these limitations and expand our 

understanding. While the traditional survey methods allow for higher taxonomic resolution and 

biometric data on individuals (ex. sex, weight), they fail to provide either behavioral information 
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or a long-term archive of information (other than preserved organisms, if retained) and often 

result in the take (or killing) of the sampled organisms. Newer, video-based methods record both 

behavioral responses and a long-term archive of the ecosystem conditions without the take of 

organisms, but make identifying species and sizing individuals much more challenging.  

1.3.1 Traditional Tools 

The use of benthic trawl offshore the MCR at ODMDS to assess community composition 

of epifaunal organisms has provided historical data such as species counts, size, weight, and sex 

(ex. (Hinton and Emmett 1994)), but trawling itself may impact the organisms of interest and is 

very labor intensive to quantify the organisms in each tow. Trawling of the benthos varies in the 

exact effect on the community, but fishery-based trawling has been related to decreases in 

organism densities, biomass, and diversity (Thrush and Dayton 2002). ROV surveys off the 

central Oregon coast of both groundfish trawled and untrawled areas showed a decrease in of 

both fish and invertebrates densities at trawled sites, with very minimal overlap in community 

composition between the two (Hixon and Tissot 2007). There has been an interest surrounding 

the development of new less impactful, less expensive, and less labor-intensive survey methods. 

1.3.2 Video Survey Tools 

Scientific surveys aim to obtain the most information about the species or community of 

interest with minimal impact to the habitat, especially in sensitive areas or ecosystems with 

conservation goals. Alternate methods to traditional extractive methods have been developed 

such as the non-extractive video methods of ROV, video lander, and video sled to monitor 

marine reserves, protected areas, and sanctuaries (Oregon Department of Fish and Wildlife and 

Marine Resource Program 2012, Knight et al. 2014). Specifically, video sleds were used to 

monitor Oregon’s marine reserves in flat sandy or muddy bottom habitats to determine species 

distribution and abundance, as well as correlation with benthic characteristics (Oregon 

Department of Fish and Wildlife and Marine Resource Program 2012). A neutrally buoyant 

video sled has also been successfully used to monitor wave-energy sites, proving to be an 

efficient tool that made almost zero contact with the seafloor while collecting quantifiable data 

(Sheehan et al. 2010). Barker et al. (1999) used towed automatically compensating observation 
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systems (TACOS) off Australia to characterize the habitat of the continental shelf. The TACOS 

device allows for a visual assessment of habitat structure of commercially important benthic 

fisheries but with minimal contact with the seafloor.  

Video tools are exciting in their ability to capture ecological data that extractive methods 

like trawl cannot. Both can obtain estimates of ecological metrics like species density and 

community composition, but video can also capture interactions (behavior and distribution) of 

taxa with the surrounding organisms and habitat by observing them in their natural setting 

(versus a pile of organisms in a net). Towed video platforms have been used to evaluate the 

distribution of demersal fish in association with habitat type, examine the biases of trawl-based 

Sebastolobus species stock assessments, and explore the behavior of flatfish with respect to 

dissolved oxygen levels (Lauth et al. 2004, Knight et al. 2014, Stinton et al. 2014). Baited video 

platforms have been used to assess the fish fauna and biodiversity of marine reserves in the Great 

Barrier Reef, Australia (Cappo et al. 2004), being better suited for the sensitive habitat than trawl 

surveys. 

 While offering the ability to capture new types of information, video tools also come with 

their limitations. Processing the video post-collection can be very time consuming and more 

subjective than physical methods. Videos also come with difficulties recognizing or identifying 

certain species (cryptic, small, fine-scale differences between species), potentially reducing the 

taxonomic resolution (Sheehan et al. 2010).  

1.3.3 Comparative Studies 

Discussed above are the pros and cons of extractive and video based methods. There are 

trade-offs between methodology choices, but identifying the specific biases of the methods can 

help researchers choose the best tool to answer their questions. Whether managing populations of 

valuable species or monitoring for potential impacts of human activities, it is important to obtain 

the most accurate information about species and community compositions, and thus 

understanding the biases of the selectivity of the survey tool is important for informed 

management decisions (Spencer et al. 2005, Henkel et al. 2011). 

There are many studies comparing trawl and video benthic survey tools, with many 

revealing an underestimation of organism densities with trawl. Baited remote underwater video 
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stations (BRUVS) have been used at marine reserves and have shown to record more species 

than trawl surveys, as well as identify more rare species (Cappo et al. 2004). Additionally, a 1 m 

beam trawl sampling method was found to underestimate population assessments of Dungeness 

crab when compared to video sled or SCUBA diver surveys (Spencer et al. 2005). When 

comparing trawl to video surveys for thornyheads stock assessment purposes, Lauth et al.  (2004) 

found the video sled data recorded mean densities from 3-5 times higher than trawl data. Stinton 

et al. (2014) sampled flatfish off the coast of Oregon with a beam trawl equipped with a video 

camera, documenting the video-based abundances to be 143-322% greater than the trawl-based 

calculations. Most studies that reveal this underestimate in densities by trawl are targeting mobile 

organisms, and this mobility plays a role in their ability to avoid capture by the trawl (Henkel et 

al. 2011). More mobile organisms can avoid the trawl, but are often still ‘captured’ on the video. 

The potential of video-based marine surveys is very exciting as a method to potentially 

improve our perception of marine communities while minimizing the impact of doing research 

itself, and this thesis will further investigate potential biases of seafloor survey methods to 

determine what best suites the questions surrounding MCR dredged material disposal. 

1.4 Study Objectives and Hypotheses 

My work explored how video-based surveys could be an effective alternate sampling 

method to trawl and crab pot surveys, with video techniques not physically removing benthic 

organisms from their habitat to conduct community and population assessments. The trawls 

versus video sled surveys, as well as crab pots versus stationary baited cameras (CamPods), were 

compared in their conclusions about benthic organism distributions and behavior at two disposal 

sites. CamPods surveys were used to focus on Dungeness crab, in comparison to crab pots. Sled 

surveys were used to focus on demersal fish and macro invertebrates (including flatfish, sea 

stars, whelks, and Dungeness crabs) in comparison to trawl surveys. Historic data from the MCR 

provides a basis of expected species to be encountered (Durkin and Lipovsky 1977, Hinton et al. 

1990, Hinton and Emmett 1994, MEC Analytical Systems et al. 2003, 2004, Science 

Applications International Corporation and Weston Solutions INC 2006). This study evaluated 

the value of the survey data (how informative) versus the potential costs to the ecosystem (take 

of organisms) of obtaining said data. The proposed video methods may not capture the same 
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level of species detail as the physical take of traditional methods, but perhaps enough 

information can be obtained about the community to determine if there is a disposal effect and 

address the concerns from crab fishermen. Additional research will help determine optimal 

methods for ecological assessment (taking into consideration both usefulness of results and the 

impact of the technique). 

The two main objectives of this project are: 

1. To determine the response of benthic organisms to dredged material disposal at different 

disposal sites, over multiple years using metrics of organism densities and behavior assessments.  

2. To assess traditional (extractive) and newer (video-based) methods for monitoring benthic 

populations in a systematic way to determine the most effective way to monitor organisms of 

concern at disposal sites (an objective of the USEPA’s site monitoring program). 

Ultimately, the results will help determine the best suited monitoring techniques and disposal 

practices to meet the demands of both marine resource managers and the benthic ecosystem. 

 

Hypotheses to be tested: 

This study addresses two main hypotheses linked to organismal responses to dredge disposal and 

one hypothesis addressing monitoring methods.  

Community Composition Hypothesis 

Null: There are no significant differences in community components (ex. density, richness) 

between the disposal site (impact) and reference (control) locations before, during, or after the 

disposal season. 

Alternative: There are significant differences in community components between impact and 

reference locations during the disposal season, with altered organism assemblages and densities 

at impact locations.  

Behavioral Hypothesis 

Null: Dungeness crab relative abundances and bait-recruitment rates (on the CamPod) both 

before and after the disposal event will be the same. 

Alternative: The Dungeness crabs will respond with reduced abundances and bait-recruitment 

rates after the disposal events. 
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Methods Hypothesis 

Null: While differences exist in the data collected by traditional (crab pot and trawl) and video 

(CamPod and sled) surveys, there are not significant differences in the assessment of disposal 

impact between the two methods. 

Alternative: There are significantly different assessments of community responses to dredged 

material disposal based on data collected from the traditional and video methods.  

This thesis is organized into four chapters. This first chapter established both the broad 

and regional context of issues surrounding dredged material disposal. Chapter 2 uses CamPods to 

explore the instantaneous impacts of a disposal plume on Dungeness crab at the SJS and 

compare conclusions with crab pot surveys. Chapter 3 explores the potential impacts of disposal 

by using video sleds to compare epifanal fish and invertebrates densities between disposal and 

reference locations; as well as compare video sled conclusions to those of traditional trawling 

surveys. Finally the fourth chapter is a broad discussion of video tool results, management 

recommendations, and societal significance.  
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2 CHAPTER 2: CAPTURING THE RESPONSE OF DUNGENESS CRAB 

(METACARCINUS MAGISTER) TO DREDGED MATERIAL SEDIMENT PLUMES 

WITH BAITED VIDEO LANDERS 

2.1 Introduction  

 The North and South Jetties at the mouth of the Columbia River (MCR) were constructed 

in the late 1800s to improve the dangerous navigation conditions of this highly dynamic system 

(Gailani et al. 2003). Initially the installation of the jetties resulted in high levels of accretion in 

adjacent areas, but today the nearshore system experiences chronic erosion with the South 

Jetty/Clatsop Spit region highlighted as an erosional hotspot (Gelfenbaum and Kaminsky 2010). 

Concurrently, a high volume of dredged sediment is annually dumped at an offshore disposal site 

where sediment is considered lost to the Columbia River littoral cell (Gelfenbaum and Kaminsky 

2010). 

 Dredged sediment has often been treated as waste material that requires efficient 

disposal, but beneficial uses can transform this material into a resource. Beneficial use is defined 

by the US Army Corps of Engineers (USACE) as using dredged material in productive ways 

which provide environmental, economic, or social benefit (USACE 2006). One of the many 

beneficial applications is shore protection/beach nourishment, especially in areas at risk from 

erosion. 

To address issues of erosion at the MCR, local stakeholders are developing a nearshore 

network of beneficial use sites along the Oregon and Washington coasts with the goal of 

redirecting more dredged materials into the sediment transport system (Oregon Solutions et al. 

2011). This study investigates the potential ecological impacts of nearshore disposal at the first 

proposed site, the South Jetty Site (SJS). Established in 2012, the SJS is the experimental site for 

baseline data collection on both beneficial effectiveness and potential environmental impacts. In 

addition to addressing erosion with nearshore disposal, USACE is using a new thin-layer 

disposal method to reduce mounding (a navigational hazard) and reduce burial levels of benthic 

organisms. While more focused nearshore disposal may abate erosion, there is still concern about 

the impacts on the benthic community, especially the economically valuable Dungeness crab 

(Metacarcinus magister). Shallow nearshore sites are very dynamic systems that normally 
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experience relatively high activity in terms of sedimentation, erosion, and wave action/surge. 

The organisms at these locations are already adapted to higher levels of disturbance relative to 

deeper locations (Bolam and Rees 2003). We question: does the seasonal input of dredged 

material exceed this adaptive capacity (Miller et al. 2002)? 

Baited videos have been used to assess fish community compositions in protected marine 

systems (Cappo et al. 2004) and high relief habitats (Hannah and Blume 2012) and estimate 

densities of deep sea crab species (Collins et al. 2002). In this study, baited video landers 

referred to as CamPods were developed (Curtis Roegner, NOAA) for a new application: to 

directly record the response of Dungeness crab to instantaneous dredged sediment disposal 

events. Initially created to assess the sediment accumulation level of disposal events at the SJS, 

they were modified to capture data of the benthic organisms as well. We conducted two years of 

research to further develop the tool and expand our understanding of the interactions between 

disposal plumes and shallow benthic communities. 

2.2 Methods 

2.2.1 Study Site 

The South Jetty Site (SJS) is located adjacent to the South Jetty of the Columbia River, at 

the most northwestern point of Oregon. It occupies an area of 6.24 km
2
 with depth range of 12-

20 m (Figure 2.1). Designated in 2012 as a beneficial-use site, the SJS received around 23,000 

m
3
 of sediment in 2012 and 52,000 m

3 
in 2013. During the extent of our two year study the site 

received the largest volumes, with 47 individual disposal events totaling to 219,086.25 m
3
 of 

sediment in 2014 and in 2015 a comparable 50 disposal events and a volume of 217,573.20 m
3
 

(Jarod Norton, USACE, pers. commun.).  
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Figure 2.1: The South Jetty Site (light teal parallelogram) is located near the South Jetty at the 

mouth of the Columbia River, OR. The North Jetty is visible extending from the Washington 

side. (Map created using ArcGIS® by Esri.)  
 

2.2.2 Baited Camera Surveys 

2.2.2.1 CamPod Specifications  

 Each CamPod was constructed of stainless steel with a 0.8 m diameter slatted circular 

base and a 1.1 m central pole supported by four curved bars (Figure 2.2). A float topped each 

pole to help maintain an upright position when deployed. Additionally, metal chain was added to 

the base to further prevent tipping from the plume force. At the base of the central pole was a 

metal ring to hold a bait container. A dive light was mounted beneath the float, parallel to the 

central pole to illuminate the base of the CamPod. Finally, two GoPro® cameras were mounted 

on each CamPod. The upper camera was mounted beneath the float in a downward position and 

capturing the entire base in the field of view (Figure 2.5). The side camera was mounted on one 

of the curved support bars level with the base, providing an outward view. (Only the upper 

camera footage was used for analysis due to the standardized area in the field of view.) Two 
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models of GoPro® cameras were used; Hero 2 and 3. For data collection, cameras were set to 

wide-angle, 1920 x 1080 pixels, and 30 frames/second. Overall, the CamPod was light enough 

for a single crew member to move it on deck and deploy. 

 

 

 

Figure 2.2: CamPod ready for deployment with the float (a), downward facing light and GoPro® 

(b), outward facing GoPro ® (c), and bait container (d).  

 

2.2.2.2 CamPod Survey Design 

 For each experiment, three CamPods were deployed at both Impact and Control locations 

within the SJS. The Impact area was in the southern portion of the SJS where active dumping 

occurred, and the Control was about 2 km north where no dumping occurred (Figure 2.3).  
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Figure 2.3: The distribution of three Control (green) and three Impact (blue) CamPods within the 

SJS. The two treatments are approximately 2 km apart, with disposal activities only in the 

southern portion (Impact) of the SJS. (Map created using ArcGIS® by Esri.) 
 

To allow for the safe navigation of the dredge vessel over the CamPods, the three Impact 

CamPods were fully submerged, separated by 30 m connected along a chain, and each end was 

marked by an anchored surface buoy (Figure 2.4). This array ran north-to-south allowing the 

dredged vessel to navigate west-to-east perpendicularly over the cameras while releasing 

sediment.  
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Figure 2.4: A schematic of the CamPod deployment at the Impact area. All three CamPods are 

30 m apart connected by chain with anchors and surface buoys marking the end points 

(navigation indicators for the dredge vessel). 
 

Before deployment, the CamPods were equipped with a slotted bait container filled with chopped 

northern anchovy (Engraulis mordax), the two GoPros®, and dive light. In coordination with the 

dredge vessel, we aimed to capture 45 minutes of footage both before and after the disposal 

event, for a total soak time around 2 hours.  

Disposal at the SJS is limited to the month of September, thus all experiments were 

restricted to this month. All surveys (across both years) took place between 9:40AM and 

3:40PM. In both 2014 and 2015 we deployed 18 CamPods, but not all videos were usable (Table 

2.1). Three issues arose: 1) CamPods being knocked over by the plume, 2) landing on their side 

upon initial deployment, or 3) cameras knocked askew on entry (for overall CamPod 

performance, see Appendix A, Table A.1). 

 

Table 2.1: The usable 2014 and 2015 CamPod (CP) deployments at the Control and Impact 

areas. The visibility scores refer to the ranking system used during video processing (Table 2.2). 
 

Year Date Visibility (Score) Control CPs Impact CPs 

2014 4-Sep Poor (1) 3 3 

2014 12-Sep Good (3) 3 3 

2014 18-Sep Moderate (2) 2 1 

2015 4-Sep Good/Moderate (3/2) 3 2 

2015 18-Sep Moderate (2) 3 2 

2015 26-Sep Good (3) 3 1 
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2.2.3 Video Processing 

Only video footage from the upper camera was processed and analyzed for organism 

surveys due to the standardized area of the view (the 0.5 m
2
 base of the CamPod). Lower 

cameras were used to assess the sediment accumulation after a disposal event. All video footage 

was sequenced and edited in Adobe Premiere Pro CC. Impact videos were cut into pre-plume 

and post-plume clips defined by the time of the dredge plume impact. Pre-plume and Control 

video clips started once the CamPod remained stable on the seafloor after deployment. Pre-

plume clips ended once the plume crossed the perimeter of the CamPod and the post-plume clips 

began at this same point, ending either when the CamPod was retrieved or more often when the 

camera battery died. Between coordinating deployment of the cameras with the dredge vessel 

and variable battery life of the camera batteries, video clips ranged from 9 to 126 minutes.  

Water clarity was scored on a scale of 0-3 based on the Oregon Department of Fish and 

Wildlife (ODFW) Marine Reserves Program’s video lander protocol (Table 2.2). Visibility was 

scored based on Dungeness crab detectability. Only Dungeness crab data was explored in this 

analysis since they were visible along the visibility gradient (confident ID) and the species of 

concern.  (Note: During moderate to poor conditions, sometimes passing of the sediment plume 

would temporarily improve the clarity of post-plume footage.) For further CamPod protocol 

details, see Appendix B. 

 

Table 2.2: CamPod Visibility Scoring (credit: ODFW Marine Reserves Program) 
 

Clarity Visibility Description 

0 Poor 
View of surrounding substrate completely obscured; ID not 

possible 

1 Poor ID ability comprised by visibility 

2 Moderate 
View limited by variable turbidity and/or marine snow but ID 

still possible 

3 Good View of surrounding substrate is clear; ID readily 

  

A range of metrics were extracted through video processing. To standardize all counts, 

across all metrics Dungeness were counted only when in contact with or within the base of the 
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CamPod (Figure 2.5). Additionally, sediment plume duration and post-plume sediment 

accumulation were noted in all Impact videos. 

First, counts at five minute intervals were conducted for all video clips to gain 

perspective of Dungeness presence along a time series. Due to the different deployment times 

between the Control and Impact CamPods, the time series data had to be offset to accurately 

reflect the real time relationship between the Control and Impact CamPods and the respective 

disposal event. Additionally, when the plume hit the Impact CamPods the discrepancy between 

the plume and the next 5 minute count had to be adjusted as well. While times series data 

provides information of Dungeness presence, the pre-determined interval counts do not always 

capture the greatest abundance of crabs at the CamPods and other metrics of relative abundance 

were collected (Willis and Babcock 2000). 

 

 

 

Figure 2.5: The field of view from the upper GoPro® camera, with the yellow circle signifying 

the standardized counting window. The bait box is the orange container and many Dungeness 

crab are visible within the counting window.  
 

To compare the pre-disposal conditions (relative abundances) at Control and Impact 

treatment areas, the maximum number of crabs in a single frame within the first 20 minutes 

(maxN20) was extracted from the control and pre-plume video clips. A standardized time of 20 
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minutes was selected to maximize the number of video clips included in the comparison. Similar 

maxN measurements have been used as conservative estimates of relative abundance using 

standardized video lengths ranging from 4 to 60 minutes (Willis and Babcock 2000, Watson et 

al. 2005, Harvey et al. 2007).  

To explore the potential impacts of the plume, two metrics were extracted from only the 

pre-plume and post-plume clips. Again, maxN was also extracted, but not clipped to 20 minute 

since our main concern was if crabs come back after the plume (20 minutes would standardize 

time, but we would lose the return of Dungeness to some of the CamPods). Additionally, the 

time of first arrival (t1) was recorded for the pre- and post-plume clips to compare the 

recruitment rate before and after a disposal event (Cappo et al. 2004). 

Additionally, during the 2015 field season we deployed sets of crab pots at both the 

Control and Impact treatments (Table 2.3). Crab pots historically have been used as part of the 

traditional monitoring protocol at disposal sites (e.g. MEC Analytical Systems et al. 2003, 

Science Applications International Corporation and Weston Solutions INC 2006, Marine 

Taxonoic Services LTD. 2015), and we wanted to compare conclusions from crab pot data to the 

CamPod data. Crab pots were baited with the same bait as the CamPods (northern anchovy, 

Engraulis mordax).  

 

Table 2.3: The 2015 crab pot deployments. Soak times ranged from 21.07 - 23.9 hours. The 

August deployment was before disposal activities started at the SJS. 
 

Year Date Control Impact 

2015 27-Aug 3  3 

2015 3-Sep 3  3 

2015 25-Sep 3 3 

 

2.2.4 Data Analysis  

The 5 minute interval time series data was visually displayed on plots but not statistically 

analyzed. The pre-plume and control maxN20 were tested against the explanatory variables of 

treatment (pre-plume and control) and year (2014 and 2015) in a two-way analysis of variance 

(ANOVA):   
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maxN20 ~ Treatment + Year + Treatment*Year 

 

To compare the maxN and the t1 of the pre-plume and post-plume at Impact CamPods, paired t-

tests between individual CamPods were conducted for each metric. Any CamPod lacking a pre 

and post clip were removed from these analyses (some were knocked over by the plume and did 

not have a post-plume clip). Crab pot mean abundances were analyzed in a two-way ANOVA, 

testing mean counts by the explanatory variables of treatment (control and impact) and 

timeframe (before and during the disposal season). All analyses were conducted in R statistical 

software (R Core Team, 2013).  

2.3 Results  

In addition to Dungeness crab, four other taxa were observed on CamPod footage 

throughout both years (Table 2.4). While these other organisms were identified, they were only 

confidentially detectable in the highest water clarity (visibility = 3/Clear). Over the six 

deployments, only two days had clear visibility and thus further analysis of the other organisms 

was not pursued (for reference of visibility conditions, see Appendix A, Figure A.1). Dungeness 

crabs were observed across all 12 Impact and 17 Control CamPods. Of the 12 Impact videos, 

Dungeness were observed pre-plume on 12 CamPods and post-plume 9 CamPods.  

 

Table 2.4: A list of benthic taxa observed during 2014 and 2015 CamPod deployments.   
 

Common Name Scientific Name 

Dungeness Crab Metacarcinus magister 

Whelk Nucella spp 

Hermit Crab Paguridea  

Flatfish Order: Pleuronectiformes 

Sculpin Suborder: Cottoidei 

 

The disposal plumes often entered the field of view as a distinct front of sediment. 

Dungeness responded to this plume either through avoidance (running away) or indifference (no 

attempt to escape). In all cases, the plume blacked out the camera feed as the sediment passed 

but cleared out within 5 minutes. The level of sediment accumulation at all Impact CamPods was 
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less than 1 cm (each disposal event was around 4,200 m
2
 of dredged material; Jarod Norton, 

USACE, pers. comm.). 

2.3.1 Dungeness Crab Time Series  

The time series plots provide a 5 minute interval snap-shot of Dungeness abundance at 

the CamPods (Figure 2.6). On the Impact CamPods, Dungeness crab were always displaced by 

the plume. Pre-disposal Impact clips experienced a range of recruitment and all counts dropped 

to zero immediately following the plume. Across the three Impact CamPods deployed each 

survey day, Dungeness were observed returning to at least one CamPod after the plume on every 

deployment. Also, the Control counts did not appear to be affected by the disposal event (no 

dramatic shifts in counts around the time of the disposal). The overall difference in abundance 

patterns of the Control and Impact CamPods visually appeared to be greater during the 2015 

deployments (tested below). 
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2.3.2 The Pre-existing Condition 

The 2-way ANOVA on the Control (n= 16) and Pre-Disposal (n = 14) maxN20 resulted in 

significant p-values for factors of Treatment (p = 0.016) and the interaction of Treatment and 

Year (p < 0.001) (Table 2.5). This indicates the difference in the mean maxN20 between the 

control and pre-disposal CamPods differed between the years. In 2014 there were more crabs 

initially at the Pre-Disposal Impact CamPods and in 2015 there were more crabs initially at the 

Control CamPods (Figure 2.7). 

 

 
 

Figure 2.7: Mean relative abundances (maxN20) of Dungeness crab at Control and Pre-disposal 

CamPods between 2014 and 2015 disposal seasons. 

 

Table 2.5: The 2-way ANOVA results for testing the response variable maxN20 by explanatory 

variables of Treatment (Control and Impact) and Year (2014 and 2015). 
 

Factor Df Sum Sq Mean Sq F-value p-value 

Treatment 1 11.834 11.834 6.598 0.016 

Year 1 3.049 3.049 1.700 0.204 

Treatment : Year 1 25.682 25.682 14.318 < 0.001 

Residuals 26 46.635 1.794 
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2.3.3 Disposal Plume Responses 

The relative abundance (maxN) between the pre- and post-plume Impact CamPods were 

different (paired t-test; t= 2.457, df = 11, p-value = 0.032), with the pre-plume abundance on 

average being 2.08 crabs greater than the post-plume (Figure 2.8). The 95% confidence internal 

for the difference was 0.217 to 3.950 crabs. In contrast, there was no evidence that the 

recruitment rate (t1) between the pre- and post-disposal CamPods were different (paired t-test; t 

= -2.029, df = 8, p-value = 0.077) (Figure 2.9).  

 

 
 

Figure 2.8: Mean relative abundances (maxN) of Dungeness crab at pre-disposal and post-

disposal CamPods across the 2014 and 2015 disposal seasons. 

 

 
 

Figure 2.9: Mean recruitment rates (time of first arrival) of Dungeness crab at pre-disposal and 

post-disposal across the 2014 and 2015 disposal seasons. 
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2.3.4 2015 Crab Pots 

 The crab pots were deployed just before the disposal season (08/27/2015) and during the 

season (9/3/2015 and 9/25/2015). The mean count plots did not reveal any drastic differences 

between Control and Impact surveys, but it did appear that the Control area had slightly lower 

mean counts during the disposal season (Figure 2.10). The two-way ANOVA failed to detect any 

statistically significant factors affecting the mean counts (Table 2.6). 

 

 
 

Figure 2.10: Mean abundance of the 2015 crab pot deployments. Each mean count is the average 

of three crab pots. The () indicate the survey timing with respect to the disposal season. 

 

Table 2.6:  2-way ANOVA results for testing the mean abundance of crab pots by explanatory 

factors of Treatment (Control and Impact) and Timeframe (Before and During disposal 

activities). 
 

Factor df Sum Sq Mean Sq F-value p-value 

Treatment 1 46.722 46.7222 2.606 0.129 

Timeframe 1 36.000 36.000 2.008 0.178 

Timeframe : Date 1 18.778 18.778 1.047 0.323 

Residuals 14 251.000 17.929 
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2.4 Discussion 

2.4.1 Dungeness Crab Responses to Dredged Material Disposal Plumes 

 There appears to be evidence that the dredged material plumes are a disturbance to 

Dungeness crab at the SJS, but the disturbance seems to be short-term and localized. While 

relative abundances were higher before compared to after a disposal event at the Impact areas, 

during all experiments, Dungeness crab temporarily displaced by the disposal plume were 

documented returning to at least one Impact CamPod after the plume cleared. This indicated that 

Dungeness crab were still present in the impact area and recruited back to be observed relatively 

soon after a disposal event (between 3 and 55 minutes after the plume). The post-disposal lower 

abundances could be due to other factors, such as the sediment plume itself being a giant ‘bait’ 

plume or the decay of the bait box plume over time. Further supporting our observations of a 

temporary impact, laboratory experiments documented no mortality to Dungeness crab by 

simulated horizontal plume movement (at rates comparable to the Essayons, the USACE dredge 

vessel), with crabs as small as 60 mm carapace width surviving burial of 3 cm (Vavrinec et al. 

2007). CamPods detected minimal accumulation of sediment post-plume (less than1 cm). 

There appeared to be a difference in relative abundance of Dungeness between the 

Control site and Impact site prior to disposal events, but this also differed between years. In the 

first year of the study (2014) the difference appeared minor, but in 2015 the mean relative 

abundance at the Control was four times that of the Pre-disposal CamPods. (It’s important to 

note that the relative abundances we are discussing are on average four crabs vs one crab.) The 

first year of major disposal activities at the SJS was 2014 and this observed 2015 difference 

could indicate less attractiveness of the Impact site to crabs over time (as the disposal activities 

ramp up and continue across years). Perhaps during active dumping times and on the scale of the 

CamPod deployments (~2 hours), Dungeness are less abundant at the southern end of the SJS. 

However, this pattern was not detected by the 2015 crab pots. 

The 2015 crab pots were deployed across a progression of disposal activities (like the 

CamPods) and did not detect a difference in abundances between Control and Impact areas. The 

crab pots seem to support that at a 24 hour timescale there is not a difference in Dungeness 

abundance between the Control and Impact areas. This contrasts the 2 hour snapshot the CamPod 
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gives were we can detect an instantaneous impact at the Impact area. Historical crab pot surveys 

at other MCR shallow disposal sites are limited and lack clear Control and Impact areas (all pots 

deployed within the site), but one study did document an increase in abundance of Dungeness 

during the disposal season compared to prior (MEC Analytical Systems et al. 2003). 

2.4.2 CamPod Review 

For the conspicuous Dungeness crab, the CamPod is an effective method for observation 

even during low visibility events. Additionally, using video instead of stills helps with 

identification during low visibility (scrolling back and forth helps with the identification). Due 

the unreliable fluctuation of the water clarity in the MCR region and need for clear water to 

confidently identify other species (whelks, hermit crabs, flatfish, and sculpin), I would not 

recommend this as a future method for observing these organisms. Beyond the scope of this 

research, but worth noting is that the CamPods also recorded organism behaviors and 

interactions (e.g. Dungeness crab rubbing against the CamPod frame). If future questions include 

behavioral aspects, the CamPod could be a useful tool.  A consideration for future CamPod work 

is to evaluate the intensity of the odor plume of the bait before/after a disposal event and how 

that may affect recruitment to the lander (Priede and Merrett 1996, Collins et al. 2002).  

 While offering a new perspective on the interactions of dredged material disposal events 

and the benthic community, the CamPod came with its own unique challenges. Besides the 

uncontrollable limitations of water clarity (an issue that applies to all visual tools), the battery 

life of the GoPro® was the most limiting factor to data collection. The battery life ranged from 

40 minutes to just over 2 hours, with an average around 1.5 hours. This made for a tight timeline 

for CamPod deployment and coordination with the dredge vessel. Often the post-plume clips 

were the shortest, but we are most interested if organisms come back to the impact area and at 

what relative abundances. Extending the battery life would allow an expansion of the 

standardized maxN timeframe and post-disposal responses. GoPro® produces a Battery 

BacPac™ that extends battery life by 15% and could add an additional 14 minutes to the average 

video length. Also, the resolution could be reduced from 1080 pixels to 720 pixels to extend 

battery life. If in future surveys Dungeness are the main focus, this reduction in resolution would 

not affect the usefulness of the video data. 
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2.5 Conclusions 

CamPods provided a new perspective on the interactions of shallow dredged disposal 

activities and Dungeness crab that the traditional crab pots did not describe. While crab pots 

allow precise carapace measurements and sex determination, they do not capture the 

instantaneous response of Dungeness with dredge plumes. Together the results indicate that the 

impact of thin-layer disposal at the South Jetty Site displaces Dungeness crab from the direct 

disposal area, but that this disturbance is temporary and not detectable on a longer time scale. As 

managers continue to develop a nearshore network of shallow disposal sites, the CamPod could 

be used to determine if the patterns observed at SJS are consistent along the coast, being 

effective for Dungeness identification across a range of water clarities.  
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3 CHAPTER 3: USING VIDEO SLEDS TO DETERMINE THE RESPONSE OF BENTHIC 

COMMUNITIES TO DREDGED MATERIAL DISPOSAL  

3.1 Introduction  

Sediment accumulation in rivers is a chronic issue for managing shipping channels, and 

dredging is required to maintain channel depths that provide safe ship passage. While the 

maintenance of these channels is an economic necessity, the disposal of this dredged material (or 

dredge spoils) is a global waste management problem and a major coastal management issue 

(Van Dolah et al. 1984, Bolam et al. 2006).  

At the mouth of the Columbia River (MCR), currently more than 3,000,000 m
3
 of 

material are annually dredged by the US Army Corps of Engineers (USACE) to maintain the 

deep-draft shipping channel and placed at designated ocean disposal sites (Gailani et al. 2003). 

Flat, soft-bottom substrate comprises most of the benthic habitat at the MCR disposal sites. 

These nearshore soft-bottom habitats are a generally understudied system, but are utilized by 

economically important organisms including Dungeness crab (Metacarcinus magister), the most 

valuable single-species fishery in Oregon.  

The impacts of dredged material disposal on benthic infaunal communities has been 

explored both internationally (Harvey et al. 1998, Stronkhorst et al. 2003, Bolam et al. 2006, 

Vivan et al. 2009) and throughout the United States (Van Dolah et al. 1984, Flemer et al. 1997, 

Wilber et al. 2007) with a range of results. A study at a tropical disposal site documented a 

reduction in infaunal taxa richness, density, and diversity after disposal, with recovery to 

predisposal levels 8-16 months post disposal (Vivan et al. 2009). One temperate community was 

documented to take more than two years to recover to pre-disposal composition (Harvey et al. 

1998). Despite varying recovery timelines, both studies found shifts towards more opportunistic 

organisms after disposal events. Bolam (et al. 2006) suggests that the exact benthic community 

response and recovery may be dependent on the site-specific details and should be evaluated at 

the site level for best management practices. In the Pacific Northwest, McCauley (et al. 1977) 

conducted a study at a Coos Bay, OR, dredge spoil site and found an initial increase in infaunal 

taxa richness and decrease in total abundance, with recovery to pre-disposal conditions within 
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seven days. While documenting a very rapid recovery, this study was in an estuarine habitat, not 

coastal where a high volume of dredge disposal is dumped. 

In contrast with the above literature, fewer studies have surveyed larger epifauna. Larger, 

often more mobile epifauna would likely interact differently with the input of dredged material 

than infaunal organisms as varying mobility has resulted in different impacts from other 

disruptive events like hypoxia (Gray et al. 2002). The goal of this study was to determine if 

benthic community differences could be detected between disposal and reference areas. First, we 

used video sleds to compare epifaunal fish and invertebrate communities at two ocean disposal 

sites near the MCR and reference areas. Second, we compared the findings from video sled 

surveys to more traditional trawl surveys to determine if similar conclusions about the effects of 

dredged material disposal would be drawn using either tool. 

3.2 Methods 

3.2.1 Study Sites  

This 2014-2015 study focuses on two disposal sites off the mouth of the Columbia River: 

the South Jetty Site (SJS) and the Deep Water Site (DWS). 
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Figure 3.1: The two dredged material disposal sites at the Mouth of the Columbia River (MCR). 

The Deep Water Site (DWS) has a buffer zone (the outer border) with the smaller square 

indicating the active drop zone during this study. (Map created using ArcGIS® by Esri.) 

 
The SJS is nearshore, located just south of the South Jetty with depth ranging 12-20 m 

(Figure 3.1). Designated in 2012, the SJS occupies an area of 6.24 km
2 

and is considered a 

dispersive site where the high wave energy environment ultimately moves the disposed sediment 

beyond the site over time (Gailani et al. 2003, USACE Portland District 2012). The SJS received 

219,086.25 m
3
 of dredge spoils in 2014 and 217,573.20 m

3
 in 2015 (Jarod Norton, USACE, pers. 

comm.). The total number of individual disposal events was similar between years, with 47 in 

2014 and 50 events in 2014. Each disposal event was around 4,200 m
2
 of dredged material (Jarod 

Norton, USACE, pers. comm.). The reference survey locations were within the boundaries of the 

SJS but in an area where disposal is not conducted and it is anticipated there is no effect of 

disposal events on the benthic community (Figure 3.2). 

The DWS is 9.7 km offshore at 60-90 m depth (Figure 3.1). The DWS was designated in 

2004 with a total area of 36.311 km
2
 and a disposal area of 17.35 km

2
. The disposal area is 
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divided into a grid of drop zones, with Drop Zone-14 (DZ-14) as the designated dumping site for 

2014 and 2015 dredging activities. Drop Zone-14 received 1,037,770.83 m
3
 of dredged material 

in 2014 and 1,253,579.44 m
3
 in 2015 (Jarod Norton, USACE, pers. comm.). The DWS is 

considered to be a non-dispersive site, meaning dumped sediment remains within the site 

overtime due to the relatively low wave energy environment (Gailani et al. 2003, USACE 

Portland District 2012). Reference locations were both within the DWS where no disposal 

occurred and adjacent to the site at comparable depths (Figure 3.3). The total numbers of 

individual disposal events at DWS ranged from 196 in 2014 to 145 in 2015. Again, each disposal 

event was around 4,200 m
2
 of dredged material (Jarod Norton, USACE, pers. comm.).  

3.2.2 Video Sled Design 

 Three video sleds were used over the two year study. The 2014 surveys were conducted 

at the SJS with NOAA Sled-A and the DWS with the Oregon Department of Fish and Wildlife 

(ODFW) Marine Reserves Program’s sled. The NOAA Sled-A’s depth capacity was restricted by 

cable length and the ODFW sled was necessary to reach the deeper DWS depths. In 2015 a 

second NOAA sled (Sled-B) was constructed to reduce sled weight and snagging hazards. With 

the use of a longer cable, all 2015 surveys were conducted with NOAA Sled-B.  

3.2.3 Survey Design   

Benthic video sleds were used to record video transects both within disposal sites and at 

reference locations. Video sleds have proven an effective monitoring technique for flat, muddy 

habitats (Uzmann et al. 1977, Spencer et al. 2005) similar to those found at the MCR disposal 

sites. Video transects allow for the collection of organism responses (ex. density) at both disposal 

and reference locations without the actual take of organisms. The original goal of the video sled 

monitoring design was a modified Before-After-Control-Impact (BACI) approach, with video 

sled surveys planned for before, during, and after the USACE’s disposal season in 2014 and 

2015. The BACI design allows for the documentation of any cumulative changes in the benthic 

community; however, this was not fully achieved in each study year.  

To ensure usable video resolution the sled required tow speeds between 0.5-1.0 knots; 

faster speeds resulted in blurred images that impeded organism identification (especially more 
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cryptic species). Three replicate transects were conducted at each disposal and reference location 

with a goal of 500 m transect lengths (a few exceptions in both). Transect starting position was 

randomly determined, and the direction was driven by prevailing currents and wind. 

Sled surveys were collected at both SJS and DWS during the summers of 2014 and 2015. 

Due to unfavorable ocean conditions (poor water clarity) in 2014, successful video sled 

monitoring at the SJS was not possible before the disposal season. Consequently, successful 

2014 SJS observations were made during and after disposal. In 2015, water visibility was much 

more favorable and we were able to collect before, during, and after surveys (Table 3.1, Figure 

3.2). During both years of surveys, disposal activities ran throughout the month of September 

(Appendix C, Figure C.1).  

 

Table 3.1: The South Jetty Site 2014-2015 Video Sled Surveys 
 

Year Date Disposal 

Period 

Cumulative 

Disposal Events 

Visibility Disposal  

Transects 

Reference 

Transects 

2014 11-Sep During 35 High 3 3 

2014 1-Oct After 47 High 1 3 

2015 27-Aug Before 0 Med-Low 3 3 

2015 14-Sep During 37 High 3 3 

2015 25-Sep During 48 High 3 3 

2015 24-Oct After 50 High 3 3 
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Figure 3.2: The South Jetty Site video sled transect tracks from 2014 and 2015 surveys. Tracks 

are based on the start and end latitude and longitudes. Locations are defined with green lines 

representing reference surveys (to the North) and blue representing disposal surveys (to the 

South). (Map created using ArcGIS® by Esri.) 
 

At the DWS in 2014, we gathered data before and during disposal, but weather prevented 

an after survey. In 2015 weather prevented before or after surveys, but we collected two during 

disposal surveys (Table 3.2, Figure 3.3). During both years, disposal activities ran from late 

August to about mid-October (Appendix E, Figure E.1). 

 

Table 3.2: The Deep Water Site 2014-2015 Video Sled Surveys 
 

Year Date Disposal 

Period 

Cumulative 

Disposal Events  

Visibility Disposal  

Transects 

Reference  

Transects 

2014 20-Aug Before 0 High 3 3 

2014 19-Sep During 78 High 3 3 

2015 19-Sep During 56 High 3 3 

2015 5-Oct During 105 High 3 2 
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Figure 3.3: The Deep Water Site video sled transect tracks from 2014 and 2015 surveys. Tracks 

based on the start and end latitude and longitudes. Locations are defined with green lines 

representing reference surveys and blue lines representing disposal surveys (within the smallest 

box, the active drop zone for 2014-2015). The dots represent two transects that did not have 

accurately recorded end positions and reflect the starting latitude and longitude of each transect. 

(Map created using ArcGIS® by Esri.) 

 

3.2.4 Video Processing 

Video processing was conducted using Windows Media Player in 2014, with an upgrade 

to Adobe Premiere Pro CC in 2015. Organisms (identified to lowest possible taxa) were 

continuously counted on each video transect and recorded into an MS Access database adapted 

from the ODFW Marine Reserves Program’s database (pers. comm. Keith Matteson, ODFW). 

During processing, organisms were counted within a standardized window when the sled was 

appropriately positioned on the bottom (laser points visibly on the seafloor) (Figure 3.4). For 

further video processing protocol, see Appendix G. 
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Figure 3.4: Example of the ODFW sled appropriately running on the seafloor and a 

representation of the counting window (yellow box). 
 

 Standardization of the video sled methodology proved to be rather complex. Ultimately, 

the area of each transect needed to be determined in order to calculate organism densities (/100 

m
2
). First, quantifying the width of the counting window was conducted for all three sleds. Using 

on-screen measurements (in MS PowerPoint) the ratio of window width to laser width was used 

to calculate the actual width of countable area: 

 

[window width]/[laser width] * [actual laser width (cm)] = actual window width (m) 

 

The NOAA sled-A (SJS 2014 surveys) consistently stayed on the bottom, so the window width 

was easily determined by a single ratio measurement (0.85 m). The other two sleds ran off the 

bottom (sometimes for large portions of the transect) and the ranges of widths were calculated 

for each sled. NOAA sled-B resulted in a narrow range, with <0.01 m difference between the 

closest and furthest from the seafloor useable positions (0.57 m width (the furthest) was used for 

calculations). The ODFW sled ranged in almost 2 m width depending on position (1.2-3.0 m). To 

address this issue and determine the best width reflected over all DWS 2014 transects, five 

random samples of the ratio were calculated for each transect and the mean value was use for the 

respective transect’s width.  
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 Second, transect length needed to be determined. Without GPS synced with the video 

camera, direct GPS measurements with video time could not be efficiently made. Using the 

hand-recorded start and end latitude/longitude and assuming straight transect paths, transect 

lengths were calculated (Curtis Roegner, NOAA). This did not necessarily reflect the distance 

covered by the sled (e.g. transects with lots of segments flying off the bottom), thus the percent 

of usable time (usable minutes/total minutes) for each transect was used to calculate the most 

accurate transect length and then area:  

 

[% usable time] * [transect length (m)] * [window width (m)] = transect area (m
2
) 

 

Prior to statistical analysis, data were cleaned by removing non-targeted habitat (a rocky 

segment on a DWS reference survey) and pelagic species (e.g. baitfish) and further determining 

unidentified species or removing if resolution was too rough (e.g. unidentified invertebrate). 

Data were then exported to MS Excel for density calculations (/100m
2
).  

3.2.5 Data Analysis 

3.2.5.1 Univariate Analysis 

To explore individual taxon responses univariate approaches were applied. Analysis was 

conducted on the most abundant taxa, determined by percent-of-total calculations of fish and 

invertebrates for each site. To test for differences in mean density (/100m
2
) values between 

disposal and reference locations (where applicable), two-way analysis of variance (ANOVA) 

were conducted with a response variable of taxa density and explanatory variables of location 

(levels of disposal an reference) and year (levels of 2014 and 2015). A significant alpha value of 

0.5 was followed. All analyses were conducted in R statistical software (R Core Team, 2013).  

3.2.5.2 Community Analysis 

The following analyses were conducted for both SJS and DWS community data. Data 

from both 2014 and 2015 were grouped together for each disposal site, and the sites were 

analyzed separately. To compare community compositions, densities were normalized via log-



39 

transformation and used for all multivariate analysis. All multivariate analyses were conducted in 

the statistical program PRIMER 6 (Clarke 1993).   

To visualize the sled data for each disposal site, both cluster dendrograms (method = 

“group average”) and MDS plots (Multidimensional Scaling) were constructed using a Bray-

Curtis similarity matrix. In creating the cluster dendrogram, a SIMPROF (Similarity Profile 

Analysis) test was run to determine whether statistically distinct groups exist within the 

similarity matrix. A SIMPER (similarity percentages) analysis was run on to determine which 

species contributed the most to similarity in the groups determined by the SIMPROF procedure. 

Finally, a two-way ANOSIM (Analysis of Similarities) was conducted to determine if there were 

statistically significant differences in community compositions between factors of year (2014 

and 2015) and location (Disposal and Reference). The ANOSIM output includes a global R-

value; values closer to 1 indicate differences between levels of a factor and values closer to 0 

indicate similarity between levels. 

3.2.5.3 2014 Deep Water Site Trawl Analysis 

During the 2014 field season, trawl surveys were conducted at the DWS by USEPA-

contracted ANAMAR Environmental Consulting, Inc. and Marine Taxonomic Services Ltd. 

(Marine Taxonoic Services LTD. 2015). While we do not expect the same catchability between 

the two methods, we are interested if they come to the same conclusions about dredged material 

disposal impacts at the DWS. In order to compare the conclusions of DWS video sled data and 

trawl data, a similar community analysis was applied to the trawl data. They conducted trawl 

surveys on July 1 (before disposal) and October 4 (during disposal) at three locations; drop zone 

(DZ)-14 (Current Disposal), DZ- 5 (Reference), and DZ-7 (2013 Disposal) which last received 

dredge spoils during the 2013 disposal season. The Current Disposal (DZ-14) location 

overlapped with our sled disposal location surveys (Figure 3.3). All trawl surveys were 

conducted with 12 ft wide semi-balloon trawl, with the exception of one survey conducted with a 

25 ft wide trawl (for further details see (Marine Taxonoic Services LTD. 2015)). Raw count data 

was provided by Marine Taxonomic Services Ltd. The count data for the single 25 ft trawl 

survey were halved to be more comparable to the 12 ft trawl surveys. Analysis was conducted at 
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the taxonomic resolution of the trawl identification (mainly at the species level) and counts were 

standardized to densities of species/minute using the reported 10 minute tow durations.  

A cluster analysis on a Bray-Curtis similarity matrix of square-root transformed densities 

was conducted to create a dendrogram. Additionally a SIMPROF test was conducted to test for 

statistically distinct groups and a SIMPER analysis to determine which species were contributing 

most to the dissimilarity between the groups defined by the SIMPROF test. A one-way ANOSIM 

test was applied to test for statistical differences between species compositions based on two 

locations (active disposal and reference). The “2013 Disposal” and “Reference” surveys were all 

combined into Reference to increase the replicates. Since little differences were seen among the 

treatments and the “2013 Disposal” site was not disposed on since the previous season, we 

considered this a reference area as compared to the active dumping area. 

3.3 Results 

3.3.1 Video Processing 

Identification of invertebrate species was more successful than fish. Fish identification to 

species was a major challenge with the achieved video image resolution. For flatfish, positive 

confirmation of species was extremely difficult and all were combined in a single group 

(Flatfish). The sculpin category for the DWS may contain poachers due to difficulty discerning 

small fish. Due to the unspecific measure of fish identification, diversity analysis was not 

pursued. While species level was limited for fish, the sled footage did allow me to identify buried 

Dungeness crab.  

3.3.2 South Jetty Site 

 A total of 4,878 organisms and nine taxa were observed on SJS surveys (Tables 3.3 and 

3.4). A 2015 observation of a sand dollar bed accounted for more than three-quarters of these 

counts (for still images, see Appendix H, Figure H.4). Octopus observations were unique to 

2014, with sand dollar, sand lance, and skate observations unique to 2015.  
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Table 3.3: Total counts of invertebrates across all SJS video surveys (both years and locations) 

and percent of total calculations. The 2014 counts consisted of 10 surveys and the 2015 of 24 

surveys. An additional 2015 column is displayed to reflect percentages without the unique 

observation of the sand dollar bed.  
 

  2014 2015 
2015 

w/o Sand Dollars 

Common 

Name 
Taxa 

Tota

l # 
% 

Total 

# 
% 

Total 

# 
% 

Hermit Crab Family: Paguridae 175 68.90 542 11.98 542 83.51 

Dungeness Crab 
Metacarcinus 

magister 
58 22.83 83 1.83 83 12.79 

Whelk Nucella spp.  19 7.48 24 0.53 24 3.70 

Octopus Octopus rubescens 2 0.79 0 0.00 0 0.00 

Sand Dollar 
Dendraster 

excentricus 
0 0.00 3875 85.65 - - 

 

Table 3.4: Total counts of fish from all SJS video surveys (both years and locations) and percent 

of total calculations. The 2014 counts consisted of 10 surveys and the 2015 of 24 surveys. 
 

  2014 2015 

Common Name Taxa Total # % Total # % 

Flatfish Order: Pleuronectiformes 48 87.27 38 84.44 

Sculpin Suborder: Cottoidei 7 12.73 2 4.44 

Sand Lance Family: Ammodytidae 0 0.00 4 8.89 

Skate Raja spp.  0 0.00 1 2.22 

 

3.3.2.1 Univariate Analysis 

 For the dominant species at the SJS, mean density plots were constructed to visualize 

relative densities between locations across time (Figure 3.5). (For a breakdown of mean density 

calculations see Appendix D, Table D.1.) Two-way ANOVAs were not conducted for sand 

dollars due to the majority of zero counts across the study timeframe, which were only observed 

in 2015 with the majority of counts being a dense bed in the disposal area.  
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Figure 3.5: Mean densities (/100m
2
) of the most abundant taxa of the South Jetty Site. Standard 

error bars (+/- SE) are displayed, except for the 2014 After values for the Disposal Location 

where only a single survey was conducted. The number in the () indicates the number of 

cumulative disposal events experienced by the disposal location.  
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 The two-way ANOVA analyses resulted in one significant p-value (Table 3.5), with 

evidence for differences in mean flatfish densities between years (p = 0.036). With respect to our 

question comparing reference and disposal locations, we do not have evidence of statistically 

significant differences in densities of our most abundance taxa at this level of taxonomic 

resolution.  

  With evidence of some interannual variability and in order to test the original BACI 

survey design (which was achieved in 2015), two-way ANOVAs were also conducted for only 

the 2015 surveys with explanatory factors of location and date (four survey dates) (Table 3.6). 

There is evidence for differences in mean density by date for Dungeness crab (p-value < 0.001), 

hermit crab (p-value < 0.001), and flatfish (p-value < 0.001). Even though not statistically 

significant, in 2015 it does appear that mean Dungeness densities at the disposal location 

decrease through time, while staying fairly consistent at the reference location. The exception 

being the after survey (24 days after disposal had ended), with low densities at both disposal and 

reference locations (Figure 3.5). Hermit crabs appeared to mainly increase in density across our 

surveys, found at highest densities after disposal. Flatfish densities appeared to fluctuate between 

sampling dates and were overall at very low average densities (< 2 fish/100 m
2
). 

Since neither ANOVA analyses resulted in significant p-values for the factor of Location 

(our main concern), a post-hoc power analysis was conducted to determine the power of our data 

to detect an effect size greater than the variation (standard deviation) we observed. The results 

indicate we have high power (>90%) for detecting an effect size greater than or equal to the 

variation we detected in the system (Tables 3.5 and 3.6).  
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Table 3.5: Two-way ANOVA results for factors of Location and Year at SJS. The (*) indicate 

log transformed densities were used in the analysis. The ES (effect size) is the variation (standard 

deviation) of taxa densities observed across locations and used in the post-hoc power analyses.  
 

Taxa Factor Df Sum Sq Mean Sq F value P value ES  Power 

Dungeness 

Crab 

Location 1 1.822 1.822 1.293 0.264 1.186 0.999 

Year 1 0.047 0.047 0.033 0.857   

Location:Year 1 2.265 2.265 1.608 0.215   

Residuals 30 42.265 1.409 

  

  

Hermit Crab* 

Location 1 0.049 0.049 0.074 0.787 6.993 0.999 

Year 1 1.140 1.140 1.742 0.197   

Location:Year 1 0.875 0.875 1.337 0.257   

Residuals 30 19.632 0.654 

  

  

Flatfish* 

Location 1 0.000 0.000 0.002 0.969 0.705 0.971 

Year 1 0.659 0.659 4.830 0.036   

Location:Year 1 0.173 0.173 1.272 0.268   

Residuals 30 4.092 0.136 

  

  

 

Table 3.6: Two-way ANOVA results of the 2015 surveys at SJS for factors of Location and 

Date. The (*) indicate log transformed densities were used in the analysis. The ES (effect size) is 

the variation (standard deviation) of taxa densities observed across locations and used in the 

post-hoc power analyses. 
 

Taxa Factor Df Sum Sq Mean Sq F-value P value ES  Power 

Dungeness 

Crab 

Location 1 0.473 0.473 3.115 0.093 1.249 0.999 

Date 1 3.012 3.012 19.833 <0.001   

Location:Date 1 0.005 0.005 0.030 0.865   

Residuals 20 3.037 0.152 

  

  

Hermit Crab* 

Location 1 44.250 44.250 2.035 0.169 7.838 1.00 

Date 1 859.379 859.379 39.515 <0.001   

Location:Date 1 74.133 74.133 3.409 0.080   

Residuals 20 434.960 21.748 

  

  

Flatfish* 

Location 1 0.022 0.022 0.222 0.643 0.688 0.965 

Date 1 1.531 1.531 15.513 <0.001   

Location:Date 1 0.031 0.031 0.313 0.582   

Residuals 20 1.974 0.099 
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3.3.2.2 Community Analysis 

The cluster analysis and SIMPROF test resulted in no significant differences between any 

SJS transects, with all disposal and reference areas grouped together across years (Figure 3.6). 

The MDS plot depicts the disposal and reference surveys mostly overlapping (with some 

horizontal structure) (Figure 3.7). Even at 50% similarity (green lines) and 75% similarity 

(dotted blue lines) levels the groups contain a mix of reference and disposal surveys. The two 

transects the furthest from the main cluster, both contained high densities of sand dollars. The 

SIMPER analysis revealed that the average similarity between transects was 45.90%, with hermit 

crabs contributing the most to total similarity (67.45%), followed by Dungeness crab (17.26%).  

 

 

 
 

Figure 3.6: Cluster dendrogram of SJS communities observed on video sled transects. The dotted 

red lines indicate statistically similar groups based on the SIMPROF test. The sample ID 

indicates the year and location of the survey, with the () indicating the number of cumulative 

disposal events at the time of the sled survey.  
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Figure 3.7: MDS plot of SJS communities observed on video sled transects. The distance 

between points reflects the similarity of the communities. The transect labels indicate year, 

disposal period, and the cumulative disposal events at the time of the survey in (). 
 

An ANOSIM with factors of Year and Location resulted in R-values both near zero, 

which would indicate high similarity among years and across locations. The non-significant p-

value (> 0.05) requires accepting the null hypothesis that there is no evidence that species 

compositions differ within Years or Locations (Table 3.7).  

 

Table 3.7: ANOSIM results for factors of Year (2014 and 2015) and Location (Disposal and 

Reference) 
 

Factor R-value P-value 

Year -0.038 0.594 

Location 0.051 0.129 
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The SJS community composition appears to be homogenous, with no statistically 

significant groupings. The transect surveys across both years and both locations (disposal and 

reference) mainly overlap (Figure 3.7). The SJS community is characterized with fairly low 

densities and low taxa richness. The only two surveys really standing out from the group both 

included transects that contained unique observations of sand dollars (Dendraster excentricus) in 

high densities. 

3.3.3 Deep Water Site 

A total of 6,013 organisms and 18 taxa were observed on all DWS surveys (Table 3.8 and 

3.9). Almost a quarter of the observations are spoon worms from three 2014 transects. Spoon 

worms were not only unique to 2014, but also to the disposal site location. The orange sea pen, 

giant pink sea star, ribbon worm, sea whip, sunflower star, and skate also were unique to 2014 

(all with very low counts). Hermit crabs were the only unique taxon of 2015 (also low counts).  
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Table 3.8: Total counts of invertebrates from all DWS video surveys (both years and locations) 

and percent of total calculations. The 2014 counts consisted of 12 surveys and the 2015 of 11 

surveys. An additional 2014 column is displayed to reflect percentages without the unique 

observation of the spoon worms. 
 

  2014 

2014 

w/o Spoon 

Worms 

2015 

Common Name Taxa 
Total 

# 
% 

Total 

# 
% 

Total 

# 
% 

Spoon Worm Subclass: Echiura 1367 66.20 - - 0 0.00 

Dungeness Crab Metacarcinus magister 558 27.02 558 79.94 80 31.62 

Sand Star Luidia foliolata 95 4.60 95 13.61 72 28.46 

Giant Plumose Anemone Metridium giganteum 26 1.26 26 3.72 10 3.95 

Sea Whip Phylum: Cnidaria 6 0.29 6 0.86 0 0.00 

Sea Anemone Phylum: Cnidaria 4 0.19 4 0.57 1 0.40 

Weathervane Scallop Patinopecten caurinus 3 0.15 3 0.43 3 1.19 

Sunflower Star Pycnopodia helianthoides 2 0.10 2 0.29 0 0.00 

Nudibranch Order: Nudibranchia 1 0.05 1 0.14 83 32.81 

Orange Sea Pen Ptilosarcus gurneyi 1 0.05 1 0.14 0 0.00 

Giant Pink Star Pisaster brevispinus 1 0.05 1 0.14 0 0.00 

Ribbon Worm Phylum: Nemertea 1 0.05 1 0.14 0 0.00 

Hermit Crab Family: Paguridae 0 0.00 0 0.00 4 1.58 

 

Table 3.9: Total counts of fish from all DWS video surveys (both years and locations) and 

percent of total calculations. The 2014 counts consisted of 12 surveys and the 2015 of 11 

surveys. 
 

  2014 2015 

Common Name Taxa Total # % Total # % 

Flatfish Order: Pleuronectiformes 1921 70.89 951 96.55 

Eelpout Family: Zoarcidae 496 18.30 10 1.02 

Sculpin Suborder: Cottoidei 280 10.33 20 2.03 

Lingcod Ophidon elongatus 12 0.44 4 0.41 

Skate Raja stellulata 1 0.04 0 0.00 

 

3.3.3.1 Univariate Analysis 

For the dominant species at the DWS, mean density plots were constructed to visualize 

relative densities between locations across time (Figures 3.8 and 3.9). (For a breakdown of mean 
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density calculations see Appendix F, Table F.1). Two-way ANOVAs were not run for spoon 

worms or nudibranchs due to the majority of zero counts across the study timeframe. Spoon 

worms were present at high densities only at the disposal location on the 2014 during survey. 

Nudibranchs were almost completely absent from all 2014 surveys but present on 2015 surveys. 
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Figure 3.8: Mean densities (/100m
2
) of most abundant invertebrate taxa of the Deep Water Site. 

Standard error bars (+/- SE) are displayed. The number in the () indicates the number of 

cumulative disposal events experienced by the disposal location. 
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Figure 3.9: Mean densities (/100m
2
) of most abundant fish taxa of the Deep Water Site. Standard 

error bars (+/- SE) are displayed. The number in the () indicates the number of cumulative 

disposal events experienced by the disposal location. 
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 The two-way ANOVA analysis of location and year resulted in a significant interaction 

term of location * year for Dungeness crab (p-value = 0.011), indicating that differences in 

densities between locations differed across years. This was visible looking at Figure 8, where 

Dungeness densities were higher at the disposal site in the 2014 during surveys, but lower in 

both 2015 disposal location surveys. Between just the two 2015 during surveys, there was a 

similar pattern of higher Dungeness crab densities at the reference compared to the disposal 

location. There was convincing evidence that sand star mean densities differed between years (p-

value < 0.001), appearing to be present at higher densities across locations in 2015. There was 

also convincing evidence for flatfish (p-value < 0.001), eelpout (p-value < 0.001), and sculpin 

(p-value < 0.001) differences in mean densities between years (Table 3.10). Flatfish appeared to 

have higher densities across locations in 2015. Both eelpout and sculpin densities dropped off 

after the 2014 before survey. With respect to our question comparing reference and disposal 

locations, we do not have evidence of statistically significant differences in the densities of any 

of the identified taxa.  

Since the two-way ANOVA analysis did not result in significant p-values for the factor of 

Location (our main concern), a post-hoc power analysis was conducted to determine the power 

of our data to detect an effect size greater than the variation (standard deviation) we observed. 

The results indicate we have high power (>90%) for detecting an effect size greater than or equal 

to the variation we detected in the system (Tables 3.10).  
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Table 3.10: Two-way ANOVA results for factors of location and year. The (*) indicate log 

transformed densities were used in the analysis. The ES (effect size) is the variation (standard 

deviation) of taxa densities observed across locations and used in the post-hoc power analyses. 
 

Taxa Factor Df Sum Sq Mean Sq F value P-value ES  Power 

Dungeness 

Crab* 

Location 1 0.392 0.392 0.719 0.407 9.464 1.0 

Year 1 0.001 0.001 0.002 0.962   

Location:Year 1 4.270 4.270 7.830 0.011   

Residuals 19 10.361 0.545 

  

  

Sand Star* 

Location 1 0.216 0.216 2.130 0.161 1.467 0.999 

Year 1 2.417 2.417 23.885 <0.001   

Location:Year 1 0.151 0.151 1.493 0.237   

Residuals 19 1.923 0.101 

  

  

Flatfish 

Location 1 22.827 22.827 0.188 0.670 14.243 1.0 

Year 1 2131.168 2131.168 17.548 <0.001   

Location:Year 1 1.781 1.781 0.015 0.905   

Residuals 19 2307.449 121.445 

  

  

Eelpout* 

Location 1 0.806 0.806 1.355 0.259 3.763 1.0 

Year 1 5.803 5.803 9.756 0.006   

Location:Year 1 0.239 0.239 0.402 0.533   

Residuals 19 11.303 0.595 

  

  

Sculpin 

Location 1 0.282 0.282 0.092 0.765 1.842 1.0 

Year 1 16.307 16.307 5.338 0.032   

Location:Year 1 0.019 0.019 0.006 0.938   

Residuals 19 58.046 3.055 

  

  

 

3.3.3.2 Community Analysis 

The cluster analysis and SIMPROF test resulted in two significantly distinct groups 

(Figure 3.10) at the DWS. The split separates the three September 2014 disposal location 

transects from all other surveys. The MDS plots revealed that these three transects are the 

greatest distance from the other points, but also rather far from each other (Figure 3.11). All 

other 2014 transects (except 2014-033) are in a tight group, but with some structure along the 

vertical axis of the MDS plot. At a 50% similarity level, almost all of the other disposal and 

reference surveys group together. Even at 75% similarity, the smaller groups are still composed 

of both disposal and reference surveys. SIMPER results showed that spoon worms and flatfish 

are driving the similarity within the two determined groups. The average dissimilarity between 
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the two groups was 75.28, with the spoon worm contributing over half (54.64%), followed by 

flatfish (21.57%), Dungeness crab (12.83%), and eelpouts (3.70%). Average spoon worm and 

Dungeness crab abundance were higher in the outlying group, while flatfish and eelpout 

abundance were higher in the main group. 

 

 

 
Figure 3.10: Cluster dendrogram of DWS communities observed on video sled transects. The 

solid black line indicates statistically different groups based on the SIMPROF procedure. The 

sample ID indicates the year and location of the survey, with the () indicating the number of 

cumulative disposal events at the time of the sled survey.  
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Figure 3.11: MDS plot of DWS communities observed on video sled transects. The distance 

between points reflects the similarity of the communities. The transect labels indicate year, 

disposal period, and the cumulative disposal events at the time of the survey in (). 
 

ANOSIM revealed a significant (p-value = 0.001) R-value of 0.5 for the factor of Year, 

indicating that communities within each year were more similar than between years (Table 3.11). 

For Location, the R-value was just significant; however, the value was quite low indicating that 

most samples were similar across locations (treatments).  

 

Table 3.11: DWS ANOSIM results for Year (2014 and 2015) and Location (Disposal and 

Reference). 
 

Factor R-value P-value 

Year 0.442 0.001 

Location 0.164 0.050 
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3.3.4 2014 Trawl Survey Comparison  

The cluster analysis and SIMPROF test revealed two distinct groups based on sampling 

month and not by location (Figure 3.12), indicating more of seasonal difference in community 

composition rather than spatial (reference vs. disposal).  The SIMPER analysis revealed that the 

major drivers of the dissimilarity (by percent contribution) between the July and October 

communities were mussels (13.61%), Crangon shrimp (Crangonidae) (11.44 %), Pacific sanddab 

(Citharichthys sordidus) (9.34%) and blackbelly eelpout (Lycodopsis pacifica) (6.65%). All of 

these species were more abundant in July, except Crangon shrimp which were more abundant in 

October. Marine Taxonomic Services, Ltd. (2015) reported that the majority of fish were 

captured in July, with both months dominated by Pacific sanddab. The July invertebrate total 

catch was about double the October catch.  

 

 
 

Figure 3.12: Cluster dendrogram of DWS communities observed on trawl surveys. The solid 

black line indicates significantly different groups based on the SIMPROF test. Note that July 

“Current Pre-disposal” had not yet been dumped upon (i.e. equivalent to the “Reference”). 
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 The one-way ANOSIM resulted in  a near zero R-value indicating that most samples 

were similar across Location and the insignificant p-value (0.778) requires accepting the null 

hypothesis that there is no difference in species composition between groups (Table 3.12). 

 

Table 3.12: One-way ANOSIM results for Location (Disposal and Reference). 
 

Factor R-value P-value 

Location -0.118 0.788 

 

3.4 Discussion 

Across this 2014-2015 study, no consistent differences in benthic communities between 

disposal and reference areas were detected using the video sled. Additionally, the 2014 trawl 

surveys at DWS did not detect statistically different communities between disposal and reference 

areas. All results indicated greater temporal than spatial (reference/disposal) differences in 

benthic taxa abundances. 

The SJS showed no differences in community composition between locations or years 

and was characterized by relatively low abundances of very few taxa. As the only site where a 

complete modified-BACI survey design was achieved (in 2015) we were able to explore 

potential cumulative changes in densities, but observed no consistent pattern of response among 

taxa. This may be a result of its shallow, nearshore location as physically-dynamic habitats 

elsewhere have been documented to recover from disposal activities relatively quickly when 

compared to deeper, stable systems (Bolam and Rees 2003).  

Dungeness crab did appear to decline in density at the disposal area over the sampling 

time frame in 2015 and were least abundant in both the disposal and reference areas after 

disposal activities ended in both years. This overall low abundance is not yet explained, but it is 

unlikely the result of fishing influences as the commercial fishing fishery was closed. In 

comparison, the crab pots did not detect the same decrease in Dungeness abundance at the 

disposal location throughout 2015. Unfortunately, we could not deploy crab pots after the 

disposal season to compare to these October sled findings. CamPods suggest a temporary and 

localized impact, indicating that the disposal events in the south of the SJS were not influencing 
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crabs at the northern end of the site. But our comparison of pre-disposal relative abundances did 

reveal higher abundances at the reference location than disposal.  

Results for the DWS indicated greater differences in dominate taxa densities between 

years than survey locations. Dungeness crab were present at low abundances in 2014 with the 

exception of the three surveys that were statistically different from all other DWS surveys. Using 

a video method, we were able to determine a spatial overlap in the high Dungeness crab and 

spoon worm densities to explain this observation (for still image see Appendix H, Figure H.3). 

The soft-bodied and exposed spoon worms may have been a food source for the opportunistic 

Dungeness crab (Rasmuson 2013), as we documented a few Dungeness holding spoon worms in 

their claws. In 2015, Dungeness densities appeared to be higher at the reference areas relative to 

the active drop zone during both surveys that occurred in the disposal season, but since this was 

in contrast to the pattern in 2014, it is difficult to draw disposal impact conclusions without 

additional observations.  

Flatfish densities at the DWS were similar between disposal and reference locations 

throughout our surveys, but appeared to be overall more abundant in 2015. At the same time, 

eelpout and sculpin average densities dropped after the 2014 before survey. These fish taxa seem 

to be responding differently across time. The 2014 during surveys (September 19, 2014) 

coincided with a major oceanographic event in the northeast Pacific Ocean, the ‘warm blob’ 

(Bond et al. 2015). Persistent anomalous sea-surface temperatures were detected offshore the 

West Coast in 2013 and were documented coming onshore in Newport, OR on September 16, 

2014, with a rapid temperature increase of 7 
o
C (Peterson et al. 2015). Presumably the ‘warm 

blob’ invaded the MCR region around a similar time and the drop in eelpouts and sculpin (as 

well as the presence of spoon worms on the seafloor) could be a response to quick shifts in ocean 

temperatures. The potential impacts of the blob could be lasting, with major shifts in species 

range and prey choice being documented (Bond et al. 2015). Sand stars and nudibranchs were 

both present in higher densities during the 2015 field season. These higher densities could 

possibly reflect a recruitment event or a response to the above anomalous ocean conditions. 

Specifically for sand stars, the increase could be recovery from the sea star wasting disease that 

was rampant along the West Coast between 2013-2014 that affected other subtidal species like 

sunflower stars (Pycnopodia helianthoides) (Eisenlord et al. 2016). 
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 Like the video sled surveys, the trawl surveys at the DWS in 2014 indicated greater 

temporal (in this case monthly) differences than spatial (survey location) differences. In July 

2014, the Current Disposal location (DZ-14) had never been dumped on (equivalent to a 

reference location) and no significant differences were detected among July surveys; however, 

finer structure in the tree indicated potential differences among locations. While this is 

interesting and may indicate a (non-significant) difference in communities between locations 

pre-disposal, surveys conducted during the disposal season (October) grouped (non-significantly) 

into a mix of locations, when one would expect a more distinct difference between locations if 

there were disposal impacts. Historical MCR monitoring work has also attributed variability in 

infaunal community compositions near the DWS region to the fluctuating conditions at the 

mouth of the river (Hinton and Emmett 1994). 

It appears that at the Deep Water Site where we were able to compare methods, whether 

benthic surveys count every shrimp on a transect (trawl) or just the large epifauna (video), 

seasonal or interannual differences in communities are detected rather than spatial. While 

numerous comparative studies have documented differences in species density estimates between 

video and trawl methods (Uzmann et al. 1977, Lauth et al. 2004, Spencer et al. 2005), fewer have 

focused more broadly comparing community compositions. At this community scale, a video and 

trawl comparison came to similar conclusions about community composition, while finding 

differences between taxa density estimates (Cailliet et al. 1999). These studies were conducted to 

compare the ‘catchability’ of the tools, rather than testing for potential temporal or spatial 

differences between the communities. At the MCR, trawl and sled surveys detected very 

different benthic communities (only six overlapping taxa), but came to similar conclusions about 

temporal differences in the communities that were documented.   

3.4.1 Sled Review  

Identification to species resolution was limited with the video sled technique (Sheehan et 

al. 2010). Identifying fish to species proved to be mostly unachievable, since many species are 

discernable by only small-scale characteristics (e.g. Pacific sanddab and speckled sanddab). One 

way to address this limitation would be to incorporate a still camera into sled to increase the 

identification resolution. While fish species were difficult to differentiate, the video sled did 
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allow the viewer to identify buried Dungeness crab, which was common occurrence at the DWS 

(for still images of buried crabs, see Appendix H, Figure H.1). 

For future surveys, I would recommend using a single survey tool (one sled) to avoid 

discrepancies between tools. We did our best to account for these differences and calculate a 

standardized metric to allow for comparisons between sled surveys. A time code generator/GPS 

tracking synced with the video camera would provide more exact transect distance calculations 

and more fine-scale data on taxa distributions at the disposal sites (every observation would have 

a spatial component) (Knight et al. 2014).  

3.5 Conclusions 

 Both the video sled and traditional trawl tools documented seasonal and interannual 

variability of benthic communities at MCR disposal sites, which was greater than variability 

observed between dredged material disposal areas as compared to reference locations. With this 

high variability, continued monitoring beyond this two year study is recommended to fully 

capture the range of natural variation and provide further context for the potential impacts of 

dredging activities. The modified BACI design was effective in capturing patterns of abundance 

when fully achieved (SJS in 2015) and we recommend this survey design for future site 

monitoring (especially as new sites are designated, conducting surveys prior to any disposal 

occurs). If future work aims to continue to compare trawl and sled methodologies, a tighter 

temporal and spatial coupling between surveys using the two tools is advised. 

  



61 

4 CHAPTER 4: DISCUSSION 

4.1 2014-2015 Dredged Material Disposal Site Benthic Surveys 

During this study two dredged material disposal sites at the mouth of the Columbia River 

were monitored by a combination of different tools. The Deep Water Site (DWS) benthic video 

sled and trawl surveys did not detect a difference in communities between the disposal and 

reference locations. Data from both the sled and trawl detected temporal differences in 

community composition. The sled detected differences in communities at an interannual level 

(between 2014 and 2015) and the trawl on a seasonal level (between July and October 2014). 

The high variability and interesting observations of high densities of unburied spoon worms 

dominated the community story of the DWS sled data. The main questions now are: where did 

they come from? Were the high densities related to dredging activities or oceanographic events? 

Whatever the source, the impact may not be negative from a ‘crab perspective’, as the highest 

densities across all surveys coincided with the distribution of spoon worms.  

At the South Jetty Site (SJS) the video sled data detected temporal variability in the benthic 

community. Specific to Dungeness crab, CamPods documented that disposal events are an 

instantaneous disturbance, but results indicated it is localized (less than 2 km) and temporary (on 

the order of minutes). Crab pots collected similar abundances of crabs between control and 

impact areas in 2015. The SJS community story was also dominated by unique, high densities of 

another invertebrate: sand dollars. Unlike the spoon worms, there was not very much spatial 

overlap with the dense sand dollar beds and Dungeness (at least not large/visible crabs). While 

the SJS surveys with sand dollars were not statistically distinct from any other survey, these 

echinoderms provide structure (habitat) in a predominately soft-bottom system. With 

observations of juvenile fish and crab utilizing sand dollar beds (Merril and Hobson 1970) it is 

worth considering the potential impacts of disposal. Only a handful of studies have focused on 

this species, but some indicate they might be resilient to a thin layer of sediment deposition 

(Merril and Hobson 1970). 
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4.2 Recommendations for the future MCR management 

 As the Lower Columbia Solutions Group aims to move forward with the development of 

the nearshore network of disposal sites near the mouth of the Columbia River, the following 

recommendations are suggested based on the results and experiences of this 2014-2015 study. 

From an ecological perspective and the scope of this research, nearshore disposal to 

mitigate erosion appears to have minimal negative impacts. As the network expands, CamPods 

can be applied to determine if the response of Dungeness crab to disposal events are consistent 

with our SJS findings. The CamPods proved to be effective at recording Dungeness crab in a 

range of water clarities, but was less reliable for other taxa identification in low visibility. If 

future concerns are solely about the catchability of Dungeness crab, then crab pots would be the 

appropriate tool. Also, based on the CamPod observations, the thin-layer disposal method the 

USACE trialed appeared to be successful in minimal dredged material accumulation and 

continued practice would be advised in the nearshore system. 

For future community surveys of shallow sites (where trawl surveys are not permitted 

due to the risk of take of a threatened species), video sled surveys were a non-extractive method 

tool that collected useful data from the pilot SJS. While the sled footage at SJS could not detect 

species of flatfish, the overall densities of flatfish were very low, and identifying species likely 

would not be much more informative to future impact comparisons. If higher densities are 

detected in the future, perhaps identifying species would then be more vital.  

Both the sled and trawl surveys at the DWS failed to detect a difference in communities 

based on reference or disposal locations. Given this and our high power to detect an effect 

greater than natural variability with the sled data (on individual taxa densities), we are confident 

in the sled method. While the sled does lack the species resolution of trawl, it did allow for 

identification of buried Dungeness and unique observations of spatially associated organisms 

(e.g. Dungeness crab and spoon worms; Dungeness crab and giant plumose anemones 

(Metridium giganteum)) (for still images see Appendix H, Figure H.2 and H.3). With the 

documented high seasonal and interannual variability of the MCR system, increased survey 

effort across the modified BACI design would increase the robustness of the observed patterns. 

Another consideration for future applications is the cost of monitoring tools; below I 

compare costs based on processing time. Currently, a major limitation of video surveys is the 
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personnel hours required for analysis. My personal rate was cut in half by my second year of data 

analyses. On average, my 2015 video processing rate was around a 3:1 ratio of processing time 

to transect time. More specifically, on average it took 85 minutes to process a 27 minute DWS 

video transect, and 58 minutes to process a 19 minute SJS video transect. In comparison, the 

trawl sample processing at the DWS took about 1 hour and 45 minutes to process a 10 minute 

tow (Marine Taxonomic Services, Ltd, pers. comm.), so about a 10:1 ratio of processing time to 

transect time. While the trawl processing rate is higher, I would advise future video sled survey 

protocols to include training the video processer prior to processing new data (increased 

confidence and decreased processing rate) and employing a second video reviewer to decrease 

the subjectivity of video processing and provide more robust quality assurance. In the vein of 

reducing processing time, I highly advise using a video editing software (e.g. Adobe Premiere 

Pro CC) which streamlines synching video clips, video editing (clipping videos), and allows for 

more consistent records of video marks (e.g. segments when the video is not usable and unique 

observations).  

4.3 Societal Significance  

There is high social relevance of the sustainable dredged material management goals of 

the broad LCSG project. Dredging has long been appreciated as a means for safety against 

flooding and for navigation. In the face of changing climate, dredging strategies may have to 

become more flexible. In some cases, an increased frequency of extreme events may mean that 

more reactive dredging is needed than is currently done; in other cases proactive dredging may 

be more appropriate to deal with the implications of long-term seasonal changes in flow (CEDA 

2012). MCR sediment managers need to strategically manage the disposal of dredged material 

(Kaminsky et al. 2010). USACE (2006) has identified that in order to evaluate the success of 

their dredge management practices, monitoring the sites of dredged material disposal is a 

necessity. The South Jetty Site not only allowed for the testing of beneficial dredge use but could 

reduce costs by being in closer proximity to the dredge site (the MCR) than the off-shore DWS 

location (USACE 2006). 

The results are locally beneficial by increasing knowledge of benthic communities and 

the environmental effects of current dredged material disposal practices. This monitoring 
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research ensured that the environmental component of the coupled-system is at the decision-

making table. We’ve gained a better understanding of Dungeness crab behavior – something of 

interest to the coastal public, especially commercial crabbers. Also, this work collected data on a 

generally understudied system (mid to inner-shelf soft bottom communities). This video footage 

is already changing the attitudes of managers and stakeholders and serves as a great outreach tool 

for capturing interest of decision-makers and the public. The ultimate goal of the LCSG is the 

future development of a network of MCR disposal sites that allow for more flexible dredging and 

disposal practices as changing coastal conditions may necessitate a different timing, frequency, 

magnitude of dredging and different preferred options for disposal. Specifically, a more efficient 

use of public funds to monitor dredged material disposal and the experimental placement of 

dredged material disposal at a designated “beneficial” site on the Washington side of the MCR. 

Dredging and disposal is a complicated marine resource management issue. It is an 

economic necessity with the management aim of having the least negative impact on the 

sediment and ecosystem processes at the mouth of the Columbia River. The Ocean Commission 

on Ocean Policy’s report (2004) on marine management issues contained many 

recommendations for sediment management. Sediment management must move towards 

strategies that advance the beneficial use of dredged materials, including supporting the research, 

monitoring, and technology development. In utilizing dredged materials for beneficial use, the 

report advised to invest in projects that will produce the greatest benefit and target erosion-

threatened areas that do not have alternative options to mitigate erosion. The work at SJS directly 

aligns with this recommendation. Additionally, it is advised that the USACE choose disposal 

methods that are the most beneficial all around (e.g. environmental, economic) and it appears 

that the USACE, Portland District, is doing just this with its involvement with LCSG and 

adaptive management. Another recommendation calls to improve “assessments, monitoring, 

research, and technology development to enhance sediment management” (U.S. Commission on 

Ocean Policy 2004). This work contributes to this by testing new video-based methods for 

USEPA’s seafloor monitoring at the disposal sites.  

The USACE has been working with the Monterey Bay Aquarium Research Institute 

(MBARI) on the development of a computer algorithm to automate the video identification 

process and increase the time efficiency of analysis (Jarod Norton, USACE, pers. comm.). 
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Progress is being made to train the program and create a product exportable to national USACE 

surveys, as well as to answer questions beyond sediment management (e.g. marine reserve 

monitoring). USEPA counterparts in California have expressed excitement and interest in the 

permitting process for the beneficial use site (SJS) and our research methods. Our research 

findings will hopefully to apply to places beyond the MCR and Pacific Northwest in the near 

term. There are many limits to surveying and sampling marine benthic ecosystems, and the 

continued development of monitoring tools can help expand our understanding of the responses 

of benthic communities to the input of dredge spoils. 
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Appendix A: CamPod performance during the 2014 and 2015 field seasons 

Table A.1: A review of overall CamPod performance, including data excluded from the analysis 

presented in Chapter 2 (two additional survey days in 2014 and additional CamPods from 2015). 

 
Year 

CamPod Performance 2014 2015 

Deployment Days 5 3 

Clear Visibility Days 3 2 

Total CamPods Deployed 30 24 

Knocked Over by Plume 2 2 

Camera knocked askew (unusable) 1 3 

Landed on Side on Deployment 0 1 

Less than 20 min of footage 2 0 

 

 
 

Figure A.1: An example of the range of visibilities observed on the CamPod (left image is Poor 

and right image is Good). This depicts the limitations of low visibility on the identification of 

small organisms. 
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Appendix B: Protocol for CamPod Video Processing 

Pre-Processing: Video Editing 

1. Only footage from the upper cameras was processed and analyzed. 

2. During the recording process the videos were automatically broken-up into ~20 min clips 

and needed to be sequenced into a single clip using the video software Adobe Premiere 

Pro CC. 

a. Start a new project in Premiere.  

b. Name the project based on the video ID code and save it in the same file as the 

video clips. 

c. Import the video clips in sequential order by dragging each clip into the timeline 

panel of Premiere (bottom right). 

 

3. Once chronologically sequenced, cut the Impact CamPod footage into pre- and post-

disposal plume clips to ensure that both start at 00:00. 

a. Pre-plume clips: Mark (marker shortcut = ‘M’) the sequence upon touchdown 

(when the CamPod is stable on the seafloor for 10 seconds) and when the 

sediment plume reaches the perimeter of the CamPod. Use the razor tool to cut 

the sequence at these two markers. 

i. Delete the segments before touchdown and after the plume. Drag the 

remaining clips to the left so it starts at 00:00.  

ii. Save the project as the same video ID code, but add ‘_pre’ 

b. Post-plume clips: Using the original project from 3.a (already marked and cut) 

i. Delete the segments before the plume reaches the (to the left of the end 

marker of the pre-plume clip). Drag the remaining clips to the left so it 

starts at 00:00. 

ii. If the camera is retrieved before the battery dies, additionally use the razor 

tool to cut once the CamPod starts to move from retrieval. Delete the 

segment after retrieval.   

iii. After cutting the retrieval segment, or the camera battery dies before 

retrieval, Save the project as the same video ID code, but add ‘_post’ 

c. Control CamPods: Mark (marker shortcut = ‘M’) the sequence upon touchdown 

(when the CamPod is stable on the seafloor for 10 seconds). Use the razor tool to 

cut the sequence at this marker. 

i. Delete the segments before touchdown Drag the remaining clips to the left 

so it starts at 00:00.  

ii. Save the project  
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4. 2014 Pre-Processing: Exported sequenced footage as MP4 videos and reviewed in 

Windows Media Player. (Adobe Premiere was only available on a personal laptop that 

could not efficiently run the program and play the footage.) 

a. NOTE: Using Window Media Player was very inefficient due minimal control 

over video viewing (no toggling or ability to mark points along the time 

sequence).  

 

5. 2015 Pre-Processing: Sequenced footage was not exported, but reviewed within Adobe 

Premiere, which decreased processing time by allowing for easy toggling and marking. 

(Adobe Premiere became available on a university computer that could efficiently run the 

program and play the footage.) 

Processing: Data Extraction 

6. Two computers were used to extract CamPod data. 

a. A personal laptop was used to record the data in to an Excel database. 

b. A university computer was used to play the video footage. 

 

7. All CamPod footage was processed, even clips with bad visibility.  

a. Some footage had very bad visibility that limited counts and identification to 

Dungeness crab (visibility rankings < Good (3)). 

b. Two types of data were extracted. 

c. Organisms were counted if touching or within the outer ring of the CamPod base. 

d. All footage was viewed in the program monitor panel, which should be expanded 

to its maximum size by grabbing the corner and dragging.  

 

8. Time Series Data: At 5 minute intervals, all visible organisms were counted. 

a. After opening the project, starting at 00:00 mark the timeline at 5 minute 

increments. 

b. Toggle (left and right arrow keys) just before and after each 5 minute marker to 

determine the number of each taxa within the base of the CamPod and record into 

database.  

9. Other Data: This includes time of first arrival (t1), the maximum number of a taxa in a 

single frame (maxN), and time of this tmaxN were recorded throughout the video clips.   

a. Using the toggle or manually dragging the scroll through the entire clip and 

record each metric into the database.  
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Appendix C: South Jetty Site disposal season and video sled survey timeline 

 
 

Figure C.1: A timeline of cumulative disposal events at the SJS, with the video sled surveys 

indicated by the vertical blue lines. In 2014, we collected one during and one after survey. In 

2015, we collected the full survey goal of one before, two during, and one after survey.  
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Appendix D: Average taxa densities for the South Jetty Site video sled surveys                    

 T
ab

le
 D

.1
: 

S
o
u
th

 J
et

ty
 S

it
e 

m
ea

n
 t

ax
a 

d
en

si
ti

es
 (

/1
0
0
m

2
).

 E
ac

h
 c

o
lu

m
n
 r

ep
re

se
n
ts

 t
h
e 

m
ea

n
 d

en
si

ti
es

 o
f 

th
re

e 
re

p
li

ca
te

 

tr
an

se
ct

s.
 A

n
 (

*
) 

in
d
ic

at
es

 t
h
e 

la
ck

 o
f 

re
p
li

ca
te

s 
an

d
 t

h
e 

d
en

si
ti

es
 f

o
r 

th
e 

o
n
ly

 u
sa

b
le

 t
ra

n
se

ct
 (

n
o
t 

a 
m

ea
n
 v

al
u
e)

. 



77 

Appendix E: Deep Water Site disposal season and video sled survey timeline 

 
Figure E.1: A timeline of cumulative disposal events at the DWS, with video sled surveys 

indicated by the vertical blue lines. In 2014, we collected one before and one during survey. In 

2015, we collected two during surveys.  
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Appendix F: Average taxa densities of Deep Water Site video sled surveys 
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Appendix G: Protocol for Video Sled Processing 

Pre-Processing 

1. A programmable keyboard (X-keys® Pro) was used for efficient data entry of organism 

counts into the MS Access database. An individual key was programmed for each taxon. 

a. NOTE: 2014 processing used an older model (with a PS2 connector) and 

encountered compatibility issues with the older connector and the modern USB 

ports, making it unreliable for programming. In 2015, an X-keys® Pro USB 

model was used and avoided the previous unreliable programming. 

 

2. 2014 Pre-Processing: During the recording process the videos were automatically broken-

up into ~12 min clips. Windows Media Player had to be used for processing and transects 

were watched in segmented clips. (Adobe Premiere was not available in 2014). No pre-

processing was required in 2014. 

 

3. 2015 Pre-Processing: With access to Adobe Premiere Pro CC, the clips of each transect 

needed to be sequenced into a single clip.   

a. Start a new project in Premiere.  

b. Name the project based on the video ID code and save it in the same file as the 

video clips. 

c. Import the video clips in sequential order by dragging each clip into the timeline 

panel of Premiere (bottom right). 

d. Mark (marker shortcut = ‘M’) the start and end point of the transect.  

Processing 

1.  First, conduct a quick review of all transects to determine if they have acceptable 

visibility for count data to be extracted (reference lasers need visible on the seafloor).  

 

2. Two computers were used to extract CamPod data. 

a. A personal laptop was used to record the data in to an Access database. 

b. A university computer was used to play the video footage. 

 

3. At the start marker, begin playing footage and recording organism counts.  

a. Organisms were only counted if below the laser points (about a 50% line) and 

between the defined vertical boundaries. 

b. For the 2014 DWS surveys, two viewings were necessary per transect, with the 

first focusing on invertebrates and a second on fish. For the SJS, the density of 

organisms was so sparse both invertebrates and fish were counted in a single 
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viewing. By 2015, my confidence was much higher and all organism counts were 

extracted in a single viewing. 

c. To standardize sled performance, counts were only extracted when the lasers were 

visible on the seafloor. 

 

4. Manually written notes were taken during each transect to keep track of start and end 

times and when sections were counts were not possible due to sled performance (sled off 

the bottom or sediment plumes obscuring the view).  

a. The total time the sled was not performing appropriately was totaled and 

subtracted from the transect duration to calculate the total usable time per 

transect. 

Quality Check 

1. The quality check involved re-watching 10% of the video footage to assess viewer error.  

a. First, determine 10% of usable footage in minutes. Split this time between both 

sites (SJS and DWS) and locations (disposal and reference).  

b. Using the same set up as the above processing, re-process the appropriate 

segments and record into the database as a new transect (label it as QC) 

c. Compare the original counts and QC counts using a paired t-test.  

i. For all of the presented sled data in this study, all p-values were very non-

significant (p-values > 0.05).  

ii. There were still a few concerning differences, but they were explainable. 

In result, I recounted the first site I processed (when I was less trained) 

and the Dungeness in the DWS due to buried crabs (I didn’t develop an 

eye for buried crabs until later on in the process). 
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Appendix H: Still images from the video sled survey footage 

  

Figure H.1: Two examples of buried Dungeness crab at the Deep Water Site. In the top image a 

side profile of the crab’s eye stalks visible on right, with a flatfish on the left. The bottom image 

shows a buried crab on the left from a head-on perspective. Both images are from the ODFW 

sled and the red laser points are a 10 cm size reference. 
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Figure H.2: Dungeness crab associated with a giant plumose anemone at the Deep Water Site. 

Both images are from the ODFW sled and the red laser points are a 10 cm size reference. 
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Figure H.3: Two images depicting spoon worms observed on 09/19/2014 at the Deep Water Site 

in the disposal area. The top image shows two spoon worms actively burrowing. The bottom 

image captures the overlap of a high density of Dungeness crab with spoon worms laying on the 

seafloor. Both images are from the ODFW sled and the red laser points are a 10 cm size 

reference. 
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Figure H.4: The top image depicts the sand dollar bed detected at the disposal area of the South 

Jetty Site. Note the small white shells found on and near the sand dollars. A positive 

identification was not possible, but they were present throughout the sand dollar bed. The bottom 

image shows the abrupt end to the sand dollar bed (which has also been documented by Merril 

and Hobson (1970)). Both images are from the NOAA Sled-B and the green laser points are a 10 

cm size reference. 

 


