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This paper is a brief overview of almost two decades worth of research by the author in submerged site archaeology in the Great Lakes basin. This short synopsis will discuss four different sites in and around three Great Lakes representing almost 10,000 years of human occupation. Each site will describe the technology used, the approach toward Indigenous engagement and a summary of results. Presented in chronological order, each project demonstrates the continual technological advancements and resulting reduction in costs associated with researching submerged archaeological sites. In conjunction with illustrating rapid technological change, these projects also show how increasing collaboration with Indigenous communities and integration of traditional knowledge, allow for a more robust interpretation of how humans used these now inundated landscapes over time.
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1 Introduction

Water-level fluctuations since the Last Glacial Maximum have both inundated and raised shorelines in inland water bodies and coastal areas. Many areas have “gaps” in the archaeological record that can be at least partially explained by inundation of these sites due to rising post-glacial water levels (O'Shea and Sonnenburg, 2015). Depending on how the landscape was inundated, preservation can be exceptional compared to terrestrial sites (Ford et al., 2020). The possibility of finding site types that have been destroyed by exposure to the elements and/or modern development is one of the reasons that submerged site archaeology has grown as a distinct line of research worldwide over the past few decades (e.g., Galili et al., 1993; Flemming, 2004; Bailey and Flemming, 2008; Benjamin et al., 2011; Ford, 2011; Evans et al., 2014; Amkreutz et al., 2022; Lemke, 2024a).

Underwater archaeology is historically associated with shipwrecks and diving (Garrison and Cook Hale, 2021). This perception is partially driven by personalities such as Jacques Cousteau, or by dramatic discoveries, such as the finding of the Titanic in 1985 by Robert Ballard. These projects often featured expensive, highly technically specialized equipment that far exceeded the knowledge, and often modest budgets of most archaeological researchers (O'Shea, 2021; Lemke et al., 2022). In addition, many shipwrecks have associated historical documentation that allows for more targeted searches and are much more visible on the submerged landscape than often ephemeral prehistoric archaeological sites (Bowens, 2009; Boyd, 2024). However, the last two decades have seen a rapid advancement in technologies such as side-scan sonar and remotely operated vehicles (ROVs), which are now becoming more accessible in terms of lower cost and ease of use (Westley and Mcneary, 2017; O'Shea, 2021). In conjunction with these technological innovations, submerged site archaeology has grown as a distinct sub-discipline of underwater archaeology. While submerged sites have received less media attention than shipwrecks, this research is now being recognized as providing important insights-and in some cases, overturn long-held assumptions about past human behavior (e.g., Fedje and Josenhans, 2000; Werz and Flemming, 2001; Halligan et al., 2016; O'Shea, 2021; Benjamin et al., 2023; Lemke, 2024a).

This transition of submerged site archaeology from a highly technological, expensive “niche” area of archaeology to a more accessible, publicly visible, and less costly sub-discipline is illustrated through four projects in and around three of the Great Lakes spanning almost 20 years (Figure 1). Each section will describe the nature of the research, what technology was used, and how the technology has changed with each subsequent project in chronological order. Approximate costs of equipment and software are included, converted into United States Dollars (USD), and include inflation costs in parentheses (U.S. Official Inflation Data, 2024). These activities also explore the changes in the use of traditional Indigenous knowledge, starting with limited use and engagement with communities, to moving toward building capacity for Indigenous communities to lead their own submerged site research.
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FIGURE 1
 Locations of study areas within the Great Lakes Basin. 1-Colonel By Lake; 2-Rice Lake; 3-Lake Huron; 4-Lake Superior National Marine Conservation Area. Created by L. Sonnenburg (Parks Canada). Imagery from Earthstar Geographics (2024), 1:9,000,000.




2 Colonel By Lake 2005–2006

Colonel By Lake was created in the 1830s because of the flooding of the Cataraqui River during construction of the Rideau Canal (Sonnenburg and Boyce, 2008). Like many anthropogenically-inundated landscapes, remnants of the original landscape and potential archaeological resources were likely preserved on the lake bottom. However, while the original maps and drawings completed during the construction of the canal were quite detailed, the accuracy of maps was less than ideal. As a result, the ability to “match” up the original landscape from these drawings with the modern landscape was almost impossible. The project used both single beam and side-scan sonar to map the bathymetry of the lake bottom and determine if there were any potential cultural resources still intact. These technologies use high-frequency acoustic beams either as a swath to provide a “picture” of dark and light areas (side-scan) or vertical “pings” that provide water depth information (single beam). The higher the frequency of the acoustic beams, the more detail the sonar can provide (National Oceanic Atmospheric Administration, 2024). The combination of these two technologies allowed for a digital bathymetric model that clearly showed the former path of the Cataraqui River, and the side-scan showed evidence of the remains of pre-canal dwellings that matched up well with the historical maps (Sonnenburg and Boyce, 2008; Supplementary Documentation, Slide 6).

The technology used to collect these data consisted of what was considered an “inexpensive” Knudsen 320BP echosounder with separate 200 kHz transducers for the single-beam and side-scan sonar mounted on a 4.5-meter aluminum boat (Sonnenburg and Boyce, 2008; Supplementary Documentation, Slide 5). As the transducers were the same frequencies, the data could not be collected concurrently. Geographic positions were collected with a separate Trimble differential geographic positioning system with an accuracy of < 1 meter. The geographic and sonar data required separate laptop computers, and downloading the data was often a long and painful process, requiring transfer to multiple floppy disks and then onto compact disks. Processing the data also required more advanced technical training to use two separate -and -expensive-software packages. We were fortunate enough that a local historian was willing to donate his vessel and boat operation skills to reduce our overall field costs, but the base cost of the equipment, computers and necessary software was ~$42,000 ($68,000).



3 Rice Lake 2005–2010

Rice Lake, located ~90 km northeast of Toronto, has a record of human habitation of over 10,000 years. Like Colonel By Lake, it has seen changes in lake levels due to anthropogenic influences but also experienced climate-induced water-level fluctuations throughout the Holocene (Yu and McAndrews, 1994). This project intended to use similar methods to map the lake-bottom as in Colonel By Lake, but also included the extraction and analysis of sediment cores to better define water-level and environmental changes (Sonnenburg et al., 2013). These additional methods allowed for a more refined understanding of water-level fluctuations and submerged archaeological site potential in the study area, including the use of microdebitage as a submerged site indicator (Sonnenburg et al., 2011, 2012; Supplementary Documentation, Slides 7–11).

While this research initially used the same sonar system as in Colonel By, by 2008, consumer-grade sonar technology was rapidly advancing, with models like the Humminbird 778c. This unit cost under $3,500 ($5,000) and used a single transducer that could collect both side-scan and single beam sonar at the same time, as the side-scan was able to use a much higher frequency (475 kHz). The unit also came with its own positioning system with an accuracy of 3 to 5 meters. While not as accurate as the differential geographic positioning system, the built-in system was good enough for basic bathymetric mapping and eliminated the need for a separate laptop and hardware connection. Data were collected with a push of a button, and easily transferred to a secure digital (SD) card. Separate software was still needed to process the different sonar data types, but newly available open-source side-scan sonar mosaicking software (Sonarview 1.0; Young and Anstee, 2001) greatly reduced the time and expense of data processing.

In addition to the reduction in complexity and expense of data collection, the Rice Lake research also differed in its approach to engaging Indigenous communities. At Colonel By, there was no attempt at Indigenous engagement, mostly due to the misguided notion at the time by the author that as it was a “historic” site, there would be no need to approach local Indigenous communities. However, the research in Rice Lake would be directly adjacent to the Hiawatha and Alderville First Nations and ensuring that these communities were informed about the proposed research and invitations to participate were prioritized. While none of the communities that were contacted opted to be directly involved in the work, a copy of the completed thesis and collected data were sent to each community.



4 Alpena-Amberley Ridge 2011-present

In the early 2000s, the National Oceanic and Atmospheric Administration published newly acquired, high-resolution (five-to-ten-meter contours) multibeam bathymetric maps of Lake Huron. These new data clearly showed an unbroken stretch of limestone, known as the Alpena-Amberley Ridge that connected the Canadian and American sides of Lake Huron. This piqued the interest of John O'Shea from the University of Michigan, who realized the ridge would likely have been above water during the Lake Stanley lowstand period between 10,000 and 8,000 years ago. In 2008, he collected side-scan imagery from the ridge that showed structures that bore a distinct resemblance to caribou hunting drive lines commonly used in the Arctic (O'Shea and Meadows, 2009). Over 15 years later, several of these drive lanes and hunting structure complexes have been located, mapped, and sampled, providing a detailed picture of early human activity in the Great Lakes (O'Shea et al., 2014, 2021).

When I joined the project in 2011, one of the unique aspects of the research was the use of a small, hand deployed ROV to investigate potential submerged structure locations prior to diver survey. The use of the ROV allowed for better planning for diver surveys, making efficient use of the limited time for dive operations due to depth (around 30 m) and water temperature (normally anywhere from two to four degrees Celsius). The ROV also provided an extra layer of diver safety, as the topside crew could view the dive survey and prepare in the event of an emergency ascension (Supplementary Documentation, Slide 13).

This was my first experience using an ROV. Like many people, my only knowledge of ROVs were the large, expensive ocean-going submersibles like the ones used to find the wreckage of the Titanic. The Outland ROV-1000, or “Jake,” as the ROV was christened, could be deployed by a single person, and was purchased second hand for about $50,000 ($73,000). The console for the ROV operation did require a power source and a stable surface, and the camera at the time did not record high-definition (HD) images. Although it was relatively easy to set up and use, becoming good at maneuvering it required much better hand-eye coordination than I possessed at the time.

Another unique aspect of this project the creation of a virtual world combining computer modeling of group behavior and ecological data. This “serious game” (one designed for a purpose other than entertainment) created a three-dimensional world to visually model caribou behavior and predict locations of submerged sites on the Alpena-Amberley Ridge (Fogarty et al., 2015). Robert Reynolds and his students at Wayne State University were able to continually integrate environmental and archaeological data as they were collected (Palazzolo et al., 2021). However, it was recognized that traditional ecological knowledge was needed to enhance the robustness of the model. The researchers were invited to the Native Village of Kotzebue, Alaska, where traditional knowledge keepers were able to enter the pre-historic landscape in virtual reality and provide valuable insight into how they saw the landscape while hunting caribou (Supplementary Documentation, Slide 14)). In addition, they provided suggestions for improvement of the model, while also expressing interest in using the tool to share hunting knowledge to younger generations (Lemke, 2024b). Now, instead of just being the recipient or subject of research, this community has not only become a true collaborator, but they will also be able to use this technology as new means of sharing their cultural traditions within their community.



5 Lake Superior National Marine Conservation Area 2020-present

Lake Superior National Marine Conservation Area (LSNMCA) consists of over 10,000 square kilometers of water and 600 islands along the north shore of Lake Superior. Administered by Parks Canada, its mandate is to protect and present Canada's natural and cultural heritage, while managing these resources in an ecologically sustainable manner (Parks Canada, 2016). As part of the Interim Management Plan for LSNMCA, a digital inventory of cultural heritage resources on land and under water has been established and requires continual updating to develop strategies to identify and protect these resources (Parks Canada, 2016). The challenge in meeting these goals is that the area is large and existing cultural resource data are sparse, particularly for submerged cultural resources that are not shipwrecks. While Parks Canada has an expert underwater archaeology team, there is a limited amount of time they can dedicate to a single area, and Lake Superior has a short operational season for diver survey. There is also a lack of high-resolution bathymetric data for most of LSNMCA, which prevents detailed predictive models or other desktop exercises from providing a foundation for the study of submerged cultural resources that have been successfully developed in Europe (Bailey and Flemming, 2008) or even the small-scale nested research strategy developed for the Alpena Amberley Ridge (O'Shea, 2021).

While collecting high-resolution multibeam sonar for the entire site was not feasible, the advances in consumer grade single beam and side-scan sonar technology that were initially used in Rice Lake meant that vessels currently used for field work and other operational activities in LSNMCA are equipped with these units. This allows for the collection of single beam and side-scan sonar data using a Humminbird Helix 12x MSI + GPS 4GN unit from a 5.5 meter- aluminum hulled vessel during operations outside of cultural resource management activities. These units now collect even higher resolution side-scan sonar data at up to 800 kHz. On the data processing side, easy-to-use, dependable, and inexpensive ReefMaster 2.0 software ($200) is available that quickly process both the single beam and side-scan sonar data and export the processed data into multiple geospatial and visual formats.

Another solution to expand our ability to detect submerged cultural resources was to invest in an ROV. As early as 2017, site staff had recommended the purchase of a Triton ROV for under $3,500 ($4,500). However, the purchase was never completed, and the company stopped producing and supporting this unit in 2020. Fortunately, by 2021, there were more companies that had developed similar portable, inexpensive ROVs and a purchase of one of these units was made early that year (Supplementary Documentation, Slides 15, 16).

In addition to weighing under 5 kg, having 4k resolution video and costing under $2,000 ($2,300), the FiFish V6 ROV was remarkably easy to set up and use, allowing for multiple staff to be trained quickly for ROV operations. The unit had the additional benefit of having a free app that could be downloaded to any portable device to operate the ROV. Not only did this allow for flexibility for individual ROV operators to use a device they were familiar and comfortable with, but it also allowed for viewing on multiple devices simultaneously. As a result, a new visitor experience program was developed around the ROV, providing the public access to Lake Superior's underwater history that had previously only been available to a small group of scientists, archaeologists, and divers. The “Underwater Museum” program deployed the FiFish V6 from a dock along the Nipigon waterfront to view the remains of a small wooden vessel. Visitors were provided with additional viewing devices that allowed them to “see” what the ROV was seeing in real time (Eckert and Giffin, 2022).

Finally, part of our work has expanded into building technological capacity for Indigenous communities and organizations, including Nokiiwin Tribal Council and the Red Rock Indian Band by providing microgrants to acquire their own ROVs, along with training on its operation and use. While the initial use of ROVs for these communities is to support environmental monitoring programs and inspect submerged infrastructure, there will also be opportunities for community-led stewardship of submerged cultural resources within their traditional territories. The hope is in the future, these communities will not just be collaborators in submerged site archaeological research but will be leading it.



6 Discussion


6.1 Looking toward the future

With the rapid advancements in technology as illustrated by these four projects over two decades, it can be reasonably assumed that the next two decades will see a further reduction in cost and complexity of existing tools. For example, the side-scan sonar system used in 2005 was a 200 kHz system that required months to learn how to use and process the data. In 2023, I collected 800 kHz side-scan data on a unit that could be purchased at most outdoor retailers and took only a few days to learn the software and process the data. We are seeing rapid reductions in the cost of virtual reality systems, with consumer units such as the Meta Quest 3 currently retailing for $500, allowing for a wide variety of uses from medical treatments to music education (Yu and Guo, 2024; Safian et al., 2024). Open-source software for three-dimensional documentation and presentation of cultural heritage such as Sketch Fab (Corns et al., 2024) and PotreeJS (Gaspari et al., 2024) has become easier to use and highly sophisticated. Many existing technologies are also leveraging artificial intelligence (AI) capabilities to refine imagery and adjust position to target specific areas of interest (Chaithra et al., 2024). The ROVs in use at LSNMCA (Supplementary Documentation, Slide 15) had recent software updates that include the use of AI to automatically adjust their camera settings for changes in light and visibility without needing input from the operator.

These technological advancements of past, present and (probable) future, highlight the increasing democratization of science in general, and submerged site archaeology is a striking example. Once the realm of well-funded industrial salvage or research projects, or by highly specialized dive teams, investigations of submerged archaeological sites can now be done with equipment ordered with a credit card and operated by a smart phone. However, as with all advances in technology, there are both challenges and opportunities.

While the reduction in cost, size, and complexity of ROV operations has been beneficial to sites like LSNMCA and local Indigenous communities, it also allows less responsible users access areas that were previously considered “safe” from anthropogenic impacts. Underwater resources have always been at risk of disturbance from diver activity, but there has been a long history of underwater archaeologists collaborating with recreational divers (Flatman, 2007) with organizations like the Nautical Archaeological Society instrumental in providing training and collaborative opportunities (Bowens, 2009). However, these small ROVs can go much deeper than all but the most experienced technical divers, with most models able to reach a depth of 100 meters. Unlike SCUBA divers and airborne drone operators, small ROVs have few regulations or certification standards. In conjunction with easy-to-use sonar technology that is common on many small vessels, ROVs could allow for increased opportunities for the illegal removal of cultural resources in submerged contexts.

However, the same issues that may provide challenges for those trying to protect submerged cultural resources also provides opportunities for enhanced efforts and collaborations. Citizen science and community led archaeological projects for coastal and underwater archaeological have been implemented successfully worldwide (Scott-Ireton et al., 2023). The advancements discussed in this paper will only enhance these programs in the future. Finally, these technologies can continue to drive collaborations between researchers, government agencies and Indigenous communities, while also providing the tools for Indigenous-led submerged cultural resource stewardship in the future.
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