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Abstract: Erosion at archaeological sites in Central Newfoundland, Canada is a major concern,
which is compounded by the fact that there has been a dearth of archaeological research in this
region. While more than 70 house pits are known, very few excavations have examined whole
features in the Exploits River Valley (ERV), and the archaeology of many has not been examined
yet. The aim of this study is to examine the rate of erosion at the Sabbath Point house pit, a recently
recorded archaeological site, located on the bank of Red Indian Lake (RIL), and to describe a low-cost
methodology for analysing site level bank changes. This site is particularly important, as it represents
an example of a late Beothuk residential feature about lifeways practiced in this region. The surveys
employed here were carried out using image-based modelling. GRASS GIS was used to measure the
diachronic difference between bank edges. The Digital Elevation Models (DEMs) were then compared,
and the differences were measured using a transect based method. The erosion measurement has
shown that Sabbath Point is in danger of being completely eroded. This shows that a salvage
excavation program covering the entire feature is necessary within the next few years, as the feature
itself will begin to erode.
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1. Introduction

The erosion of cultural heritage sites has been analysed using geospatial technology since the
1990s, although studies have primarily focused on the use of satellite imagery [1] and spatial statistical
methods [2]. These studies tend to apply either analytics focused on forecasting erosion [3] or measuring
ongoing erosion from prior data [4–6]. These efforts are directed towards different natural disasters like
landslides [3,7], gully erosion [8,9], rockfalls [10], debris flow [11,12], flooding [13], coastal erosion [14],
and anthropic causes including: infrastructure works [15], urban sprawl [16], intensive agriculture [17],
etc. Cultural heritage represents an intersection between history and society [18], and archaeological
cultural heritage has proven to be an important nexus of identity and social cohesion as well as a
valuable economic resource via tourism [19]. Therefore, assessing the current state of threatened
cultural heritage is crucial, given its importance.

The stochastic nature of erosion has also been widely discussed, as has the increasing severity of
weather patterns [20]. Studies have shown that archaeological sites within the arctic and sub-arctic
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are under greater threat from anthropic effects due to global warming. Whether satellite imagery or
geophysical prospection are used [21], the results are promising, and the methods are continually being
improved upon.

The use of unmanned aerial vehicle (UAV) photogrammetry in quantifying the dynamics,
morphology and erosion of landforms has become increasingly common, as it offers high-resolution
local imagery of archaeological sites. UAVs have been used to monitor river morphology, bank
erosion [22] and to create data for use in river management and flood analysis [23]. The use of UAV
photogrammetry in archaeology began properly around 2010, when a proliferation of archaeological
papers appeared which analysed the usefulness of UAVs for understanding sites [24] and to document
their erosion [25]; however, this technique is still in its infancy, and quality standards have not yet
been formally agreed upon. Image-based modelling has been used to record archaeological features
and excavations [26], and to record artefacts [27]. Verhoeven [28] began the widespread discussion
of the use of aerial image-based matching in 2011, and the technique has been widely tested against
traditional aerial photography [29]. The use of both aerial imagery and terrestrial photography for
image-based modelling has also been tested in Greece, where a combination of aerial and terrestrial
photography was used to prepare 3D models of the features [30]. The combination of terrestrial
and aerial photography has become more useful as image-based modelling algorithms have also
improved [31]. This allows 3D models to be prepared using different acquisition methods as needed.
Early attempts to use photogrammetry for measuring erosion confirmed that non-metric cameras can
be used to prepare 3D models to examine changes in landscapes [32].

Recent investigations in the use of photogrammetry for measuring erosion have shown that an
external error of 3 cm is likely when compared to other techniques; however, the method has also
been shown to be effective in analysing subtle landscape changes, even in slow moving rivers, as the
internal error is often much lower [33]. There have been several archaeological studies focusing on the
use of photogrammetry for measuring the erosion of cultural heritage and the use of UAV imagery
to analyse erosion [25,34–37], but these have focused on map based comparisons and the analysis of
photos and orthophotos. These have been conducted at different scales, from studies on footprints [36]
to studies of monumental sites [25,37]. This paper introduces a methodology for studying bank erosion
using a DTM analysis, focusing on the indigenous archaeology of the Boreal forest, an area which
has traditionally been ignored, as archaeological sites are often obscured by vegetation and thus may
remain un-recorded. Archaeological techniques, including erosion studies, must be altered to work
in these conditions [38]. This study is novel, as it applies a photogrammetric method using DTMs
for studying a bank edge at a cultural heritage site. As similar photogrammetric methods have been
used in environmental studies [32,39], this technique can be implemented for studying erosion at
archaeological sites. The use of consumer grade cameras for measuring erosion has also been tested,
with the result that these can be effective for analysis [39].

Canada’s cultural heritage, especially the archaeological sites located on the coastal areas in the
Arctic, is threatened by thermokarst activity [40] and coastal erosion [40–42]. Archaeological sites from
the coastal area of Newfoundland are vulnerable to increased erosion resulting from future sea-level
rise and increasingly intense weather caused by global warming [43]. As studies on erosion at cultural
heritage sites located on the shores of inland man-made reservoirs are scarce [4–6,44,45], this study is
necessary to assess the danger to archaeological features at Sabbath Point, Newfoundland, Canada.
The study involved the recording and measurement of the bank at the Sabbath Point site using image
based modelling, referencing the models, and then measuring the bank by outlining the edge and
also by using an elevation profile method in GRASS GIS [46]. The use of image-based modelling,
a photogrammetric technique based around matching images to create 3D models [47], has become a
common technique for archaeological recording, but not for measuring erosion.

The current study will focus on the rate of erosion on the bank beside the Sabbath Point house
pit, which is gradually eroding into RIL, central Newfoundland, Canada [48]. This feature was part
of a larger historic indigenous use of this area by the Beothuk, who have since become extinct [49].
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This study was carried out as part of a larger project “Beothuk Settlement in the Exploits River Valley”
(ERV). This project focuses on surveying the archaeological landscape of the ERV through UAV imagery
and geospatial statistics, to examine the social characteristics of these features.

Regional Settings and Archaeological Background

Sabbath Point is a historical indigenous residential feature on the bank of RIL, in Central
Newfoundland [50] (Figure 1), north of the mouth of the ERV (Figure 2), and is among the later sites
inhabited by the Beothuk, who were the indigenous people of this region. This site is believed to have
been inhabited in the 18th century, as it has a hexagonal outline, which fits with Marshall’s house pit
typology [49].
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Figure 2. The location of all the archaeological sites in the ERV.

The Sabbath Point house pit has seen three separate excavations (the areas excavated are visible
in Figure 3), which have each focused on the interior of the house pit. These took place in July
2018 [50], September 2018 [51], and June 2019 [52]. As they focused on the interior of the feature, they
did not examine the exterior architecture, aside from the September 2018 excavation, which showed
that they were partially stone based. The area around the site contains important indigenous
cultural heritage (CH) sites and is within a settled landscape. Historical evidence suggests that
this area was almost exclusively inhabited by the Beothuk between the 16th and 19th centuries [53].
The relationships between different indigenous groups in Newfoundland have been antagonistic [54]
but recent discussions have called this into question [55] and suggest that a more nuanced understanding
may be necessary. The wider cultural landscape has also been negatively affected by anthropic changes
to the landscape. Erosion measurement has been used here to show how erosion is proceeding at the
Sabbath Point house pit, and that erosion on RIL is a danger to other regional features.

The ERV and RIL in central Newfoundland were cultural hot spots throughout human history in
the area and have seen 5000 years of human habitation [56]. The site immediately to the north of Sabbath
Point, Indian Point, was occupied by the Maritime Archaic Peoples, followed by the Little Passage
peoples (the ancestral Beothuk) and then the Beothuk themselves. Within the ERV, barring the Dorset
Paleo-Inuit, there are sites associated with every indigenous group to live in Newfoundland [57–59].
The area was culturally central to the Beothuk [53]. The shore of RIL also held the funerary hut of
both Nonosabasut and Demasduit, in 1820, although these features have since disappeared, and are
likely to have eroded into RIL [49]. The indigenous archaeology of this region is eroding into RIL at an
accelerated rate, and many features are likely to have been lost.
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Figure 3. View of the areas excavated, showing the house pit itself, and the bank edge from 07/09/2018
(excavations took place on the interior part of the house pit and through a single wall which is not in
immediate danger of eroding).

The underlying geology of the area is within the Dunnage zone of the Newfoundland Appalachians.
Volcanic and sedimentary rocks within Dunnage zone are remnants of continental and intra-oceanic
areas and are composed of back-arcs and ophiolites deposited within the Iapetus Ocean during the
Cambro-Ordovician period. The Red Indian Line separates rocks of the Buchans and Robert Arm
groups of the Notre Dame Subzone from the Victoria Lake Supergroup of the Exploits Subzone.
The Red Indian Line is located along the south shore of RIL and extends on a north-northeast direction
along Joes Lake and eastern edge of Dawes Pond and continues northeast into Notre Dame Bay [60].
The climate of Newfoundland is typically northern Atlantic, with short summers and long, mild
winters. The average temperature in central Newfoundland is about 17 ◦C in the summer and −6 ◦C
during the winter. Mean annual precipitation ranges from 700–900 mm/yr and the mean annual
snowfall ranges between 275–325 cm [61].

The erosion has been caused by the raising and lowering of the water-level for the Grand
Falls-Windsor power plant downstream of this site, and this has impacted the cultural heritage of
the region. Since 1980, Beothuk house-pits at different areas within Central Newfoundland have also
eroded into the river [58,62,63]. At Red Indian Falls (RIF) 5, 23 km to the East of this site, a house
pit has eroded into the Exploits River [63], at RIF 1 the features are disappearing because they are
regularly flooded [64], and at Boom Island several hearth features from the ancestral Beothuk are almost
permanently underwater [58,65]. Erosion can destroy features, and submergence under a fast-flowing
river will likely remove subtle features than can allow surface archaeological analyses. There have
been no prior studies of erosion at archaeological sites in the interior of the island. While the Coastal
Archaeological Resources Risk Assessment (CARRA) Project [66] focused on coastal archaeological
resources, very little thought was given to the state of inland sites. The reason for this is that interior
archaeological sites on the island of Newfoundland have largely been ignored in archaeological
literature, as they do not fit the current coastal model of life on the island prior to contact [67].

A method for studying the erosion at this site, since its discovery in 2016 [68], was necessary to
provide an approximate baseline for how erosion should be expected to continue at other sites [59].
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Image based modelling was used to prepare measurements of this feature, as it is a scalable method
for measurement which can be applied to different areas easily [69]. These models were processed
using Agisoft Metashape, which has recently been shown to have the most accurate photogrammetric
algorithm [31], when compared with open source tools, and has been applied to archaeology at several
different scales and in varied situations [24,27,70]. Agisoft Metashape is both more user friendly, more
accurate, and has a more efficient workflow than its nearest rival, MicMac ENSG [71].

2. Materials and Methods

The measurement of erosion at Sabbath Point has been carried out using a photogrammetric
technique, image-based modelling, and analysed using GRASS, an open source GIS [46].
A comprehensive flow chart methodology is outlined in Figure 4.
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Image-based modelling was used to measure the bank edge as field measurements would have
provided less precise models of the bank edge, and the extra time spent standing on the edge of the bank
may have damaged it. The data was gathered on the 07/09/2018, 07/11/2018, 26/06/2019, and 11/10/2019,
during each fieldwork visit to the region. The photos were processed in Agisoft Metashape, using
points to tie the photos together, then to build a dense point cloud through interpolation, and finally
to create a mesh [53]. A final model, which did not cover the edge of the bank, was acquired on the
24/06/2019 (and was used to reference the other models against the grid set up using the total station
(Nikon 300 Series Total Station). The meshes were then referenced to the local grid using this model.
A Digital Terrain Model (DTM), and an Orthophoto were processed from these models. These are then
imported into GRASS GIS, where they are processed to produce a terrain visualisation (aspect, or the
direction of slope beginning at North, with 0 degrees). The aspect is then used to digitise the edge of
the bank. Then a line along the bank edges was drawn to create a guide for transects to be drawn to
measure the edges along their length. The measurements are then compared in a spreadsheet.

2.1. Photograph Acquisition

Two different photogrammetric acquisition methods were used to prepare the 3D models.
The methods of acquisition used were low altitude UAV (using a Phantom 3 Pro) and commercial
handheld photography (using a WB36F). These tools, DJI Phantom UAVs and consumer grade cameras,
have both been used separately for analysing erosion [5,39]. The photographic acquisition was carried
out whenever fieldwork in the area was taking place, to maintain a record of the position of the bank
during this time. The handheld camera was used during two of the 3D modelling attempts, it was
not possible to prepare 3D models using a UAV and a handheld digital camera was used instead on
the 07/11/2018 and 26/06/2018. The aim of the acquisition scheme was to maximise coverage, and to
ensure that each part of the bank was covered by at least 9 photos. During the 07/09/2018 acquisition
182 phots were taken, on 07/11/2018 177 photos were taken, on the 26/06/2019 acquisition 432 photos
were taken, and on the 11/10/2019 acquisition 665 photos were taken. The variation in the number
of photos was due to the size of the area covered by each model, and the coverage of the house-pit.
The 24/06/2019 acquisition included 163 photos and was used to reference the models. This did not
cover the bank and focused on the interior of the house-pit.

The acquisition flight with the UAV was performed manually, as autonomous flight paths rely
upon the UAVs internal GPS, and can often waver, making planned flights unsafe in areas under tree
canopy. When using the camera, photos were taken from 1–2 m from the bank edge, separated by
around 50 cm, or a single step. The camera-based acquisition method involved taking a photo pointing
at the bank, or the house-pit, and another at an oblique angle, to increase the possibility of photo
matching. As handheld photogrammetry is not particularly suitable for large horizontal features [64] a
focus on the bank was necessary, as it provided a vertical dimension, that made it easier to prepare
a model. The photographic acquisition method with the UAV involved taking photos 2–4 m above
the feature flown in a rough grid, with photos taken directly facing the feature and oblique angles.
The useful geometric data captured in oblique photos is often uneven throughout the photo but allows
for several photos to be matched more easily, as they will include geometric data from a wider area.

2.2. Image-Based Modelling Method

The photographs were processed using Agisoft Metashape [72]. Agisoft has the most accurate
image-based modelling algorithm [31] when compared with other photogrammetric programs and is
the industry standard in archaeology because of its user friendliness, the fact that data remains on
the computer of its user, and is cheaper than the nearest competitor. MicMac ENSG, the nearest open
source competitor, has recently been in transition between two different algorithms, and was not stable
enough to be used here. Image-based modelling works by comparing photographs of the same object,
which share geometric features, to produce a set of points which tie together each photograph [64,72].
These are then added to by interpolating points from the photographs around this, and these are then
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used to prepare the whole 3D point cloud. This point cloud is then sampled to a fifth of the dense cloud
density for processing to create a mesh. A mesh, or triangles joining every point to form a surface
are produced. The mesh was used to create the Digital Elevation Model (DEM), and an Orthophoto
Mosaic. The 3D models were then compared against each other after referencing the models against
the model prepared on the 24th of June 2019. As the site is largely under thick tree canopy, Real Time
Kinematic (RTK) points in certain areas of the site had high levels of error [53]. The 24 June 2018 model
was aligned using the corners of the June 2019 excavation, measured using the total station. It had an
error of 3 cm from the grid. This model was then used to pick out points in common with each different
model, and these were evaluated according to their error within Agisoft. The 07/09/2018 model had
an error of 2.8 cm, the 07/11/2018 model had an error of 1.5 cm, the 26/06/2019 model had an error of
1.9 cm, and the 11/10/2019 model had an error of 1.2 cm. The greatest error present was 3.5 cm on a
control point in the 07/09/2018 model. Each of the models used for measurement had 6 or more control
points, spread throughout the model. As the area around the bank is changing, points from near the
edge of the bank, could not be used. The bank is subsiding, as it is being undermined. The subsidence
of the bank meant that preparing a linear measurement using the total station with a high level of
detail (which may have required 30 measurements), could have caused further damage to the edge of
the bank. The DEMs and Orthophotos are then exported from Agisoft for import into GRASS GIS.

2.3. Geographic Information System (GIS) Processing

The DEMs and Orthophotos were then imported to GRASS GIS which was used to outline
the edge of the bank by comparing different visualisations of the 3D models and drawing the line
of the bank over these. GRASS GIS was used because it has powerful and varied tools for raster
analyses [72]. The raster processing involved testing the usefulness of different visualisations of the
model, which included using comparisons of slope and DEMs, hillshade (or relief), and composite
images. The comparison of different visualisation has been shown to be an effective tool in the past
and has been central to resolving feature edges in other studies [39].

Finally, the Aspect visualisation was used (prepared using the r.slope.aspect module), as this
highlighted the edge of the bank more clearly. The edge was digitised as the aspect changed between
sloping North West to sloping South East. The edge was recognised by a solid change in colour which
corresponded to the difference in direction, and the edge of the bank was highlighted along this.
In Figure 5, the four aspect views of the site can be seen, and the fact that the change in the aspect
marks where the model is used. The aspects show how a change in the colour gradient shows where
the bank should be drawn on. This was overlaid on the DEM, to show a terrain visualisation that could
be used to draw on the edges using the GRASS GIS digitisation tool, over the first major change in
direction of the bank.

Similar 2D methods are widely used to measure erosion [4,6,14,41]. 2D digitisations are commonly
used to analyse 3D models [34,73], and a reliance on satellite imagery and orthophotos can be seen
throughout the analysis of erosion on banks. There are limitations to 2D methods, and 3D models
offer the possibility of volumetric analysis through voxel analysis in GRASS GIS. This method may
allow more detailed results to be rendered, as dynamic processes involved in erosion should show that
the bank has expanded. However, this would reduce the ability of researchers to use historic data,
as historic maps tend to have either limited or non-existent 3D information. At best this data are often
present as contours or relief maps. This is also unnecessary in the case of the present study, as the data
required is 2D, to prepare an analysis of the features to show the distance that the bank is retreating.

A line following the broad trend of these models was then drawn along the bank, following
the trend of the other models, to provide a common orientation for the measurements. To prepare
measurements, transects were drawn at 0.1 m. The distance between the bank edge at 07/09/2018 and
the later bank edges was measured along the transects, to show how the bank edge has retreated.
The layering of the transect and the measurement lines, when compared with the bank edge can be
seen in the diagram below to create a visualisation of how the data are being gathered (Figure 6).
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This shows how different layers can be used to prepare the measurements. Finally, the GRASS GIS
data was imported into the QGIS GRASS Module, where it was used to prepare the graphics used here.Sustainability 2020, 12, x FOR PEER REVIEW 10 of 19 
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3. Results

The changes in the bank can be seen in Figures 5 and 7, with each line representing the bank at
the given dates, with the image below showing the bank at different areas. The background shows
the orthophoto of the site based on the 07/09/2018 imagery captured using a Phantom 3 Pro. To the
immediate south of the bank, the house-pit wall can be seen. This shows how this site is in danger. Much
of the architectural remains of the houses and zooarchaeological evidence in surrounding middens are
placed outside the house [26,29,50]. The exterior archaeological features are in particular danger.Sustainability 2020, 12, x FOR PEER REVIEW 12 of 19 
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3.1. Bank Edge Erosion

The lines that show the bank as it has progressed throughout this period. As can be seen in
Figure 8, the bank edge has retreated at different speeds between 07/09/2018 and 11/10/2019 and that
the rate of erosion is increasing. Between the first and last data gathered the bank has moved back by
72 cm at the widest point. The shortest distances are below the level of error. In one area, the distance
between 07/11/2018 and 26/062018 shows that the bank has subsided and slide forward. This is also an
artefact of the analysis, because a 2D analysis, as is commonly used in erosion studies, does not show
volumetric changes. This study shows how the bank is retreating, and thus, needed only to show a 2D
measurement. This suggests that there are dynamic processes occurring around the bank, which is
being undermined by the annual water-level fluctuation between Summer and August. The effect
of the snow on the site is less than the effect of soil falling out during the late summer and early
autumn. The difference between these stages can be seen in Figure 8. Other changes have taken place
in the bank as well, as it is being undercut by rising water levels. Holes have opened in the bank,
which were partially overgrown by moss the 11/10/2019 measurement. These holes can be seen in
Figure 9. This shows the changes were more complex than bank regression and shows that the feature
itself may be undermined soon.
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3.2. Diachronic Analysis and Spatial Averages

The bank edge has eroded an average of 32 cm in across the measurements, between 07/09/2018
and 11/10/2019. Because the bank edge has retreated an average of 10 cm in two months, 17 cm in 9
months, and 30 cm in 13 months with the greatest difference being 70 cm, it seems as though erosion
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is accelerating. However, the average difference per month is greatest in the first two (07/09/2018
and 07/11/2018), measurements. When the area between 50 cm and 160 cm from the left is counted,
the average change in the bank is greatest monthly change is between the 3rd and 4th models (26/06/2019
and 11/10/2019). Between the 50 cm and 160 cm (from south west to north east) measurements along the
transect line, the monthly change between each model is 4 cm between the 07/09/2018 and 07/11/2018
models, 3 cm between the 07/11/2018 and 26/06/2019 models, and 9 cm between the 26/06/2019 and
11/10/2019 modes. This shows how the rate of erosion is spatially varied throughout the transect area.
This can also be seen in Figure 5. In the areas in which 2D erosion has slowed down, holes have opened
underneath the bank edge, as can be seen in Figure 9, and this suggests that erosion is continuing,
and that the process is more complex.

4. Discussion

4.1. Regional Implications

The deterioration of the bank at Sabbath Point draws parallels with other Beothuk residential
features. The feature is not only facing erosion at the slope beside the water line but is also being
undercut by the edge of the bank. The raised walls, which have not been excavated on this side of
the site (the excavations are outlined in Figure 3), could show information about the architecture [31],
and midden heaps, normally outside the features [56,57], may have also been lost.

A map of the unlabelled archaeological features in the ERV can be seen in Figure 2. These have
been left unlabelled to offer some protection to the sites. Important Beothuk features on the bank of
RIL including the burial hut of Nonosawbasut, and Demasduit are already likely to have been lost,
as RIL water-level oscillates by at least 5 m between June and September (measured from the furthest
tree stump visible on the beach) [28]. This relates to a serious issue in studying the geospatial aspects
of each Beothuk site, in that the original bank of the river from the Contact period has now been
lost. This is also a direct danger that relates the feature to other sites within the ERV, where other
house pits have been eroded, as at RIF 5 [52], where erosion has destroyed a house pit, and at RIF 1,
where the features are regularly submerged. Other features such as the Boom Island hearths have been
submerged for many years [45] and are now only visible from the air. This means that the risk of losing
features is not simply limited to RIL, but also occurs throughout the ERV. The erosion throughout
the year is variable, and between September and November, most of the erosion occurs. This shows
that specific mechanisms taking place in early autumn drive accelerated erosion. The erosion is also
variable throughout the measured area. This suggests a more nuanced model of erosion is necessary
for archaeological sites in the ERV. Erosion measurement has been carried out at several different sites
using UAVs. Erosion at different sites must therefore be analysed at different sites in the future with
this consideration, as it could inform site maintenance plans. Two example studies have been chosen
for comparison, both of which focus on reservoirs, where much of the damage is anthropic [4–6].

A primary difficulty in drawing comparisons between these discussions is the fact that most
studies into erosion take place at large scales, of at least 100 m, while this example has required a grid
of 1 m for visualization and measurements at 10 cm. The difference between this study and that at the
Kuibyshev dam is two orders of magnitude [6] as the study area in this study is 3 m long, while that
of the Kuibyshev dam at the Beganchik site is more than 100 m. Archaeological measurements and
geospatial discussions are often scalable [58], but, the implications of erosion are different at separate
scales. At sites where erosion is considered at an intersite, or almost regional level, measurements
can be used for statistical techniques to forecast erosion due to the stochastic nature of this process [3].
The effect of the scalar difference is that measuring erosion at small sites may produce outliers when
compared with large scale measurements.
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4.2. Comparison with the Kuibyshev and Stânca-Costes, ti Reservoirs

The man-made Kuibyshev Reservoir in European Russia draws a useful comparison, as it is also
a case of anthropic erosion [6]. The site of Beganchik, represents much of the Palaeolithic evidence
for this region, and has been surveyed using UAVs. Erosion at this site has approached a speed of
2–3 m per year since it was surveyed in 2017. Other features within the area of the reservoir are
also being submerged. This site shows how anthropic features may gradually eliminate sites but
is also disappearing much faster than other regions. The difference in the rate of erosion is also
noticeable; however, this may be due to the fact that they are each subject to different mechanical
changes, as Beganchik is now on a cliff, while Sabbath Point house pit is now on a lower terrace and
has the protection of trees.

A comparison with the Ripiceni—Holm (an Eneolithic site in Romania) on the bank of the
Stânca-Costes, ti reservoir may also help discuss the dangers man-made dams pose for heritage at
the reservoir [4]. The bank edge at Ripiceni—Holm has seen a change of 96 cm per year. A direct
comparison with erosion at Sabbath Point shows that the Ripiceni—Holm site is eroding much faster.
As the site is on a plain, the soil in the region is more mobile, which means that the features are in more
danger. As the forests of RIL help protect it from erosion events, the vegetation should be protected.
The study on the Ripiceni—Holm site shows that erosion is causing more damage on the left bank of
the river being fed by the reservoir. This has serious implications for sites in the ERV and suggests
that future research must focus on forecasting erosion in this area, as the level of erosion may vary
throughout the region.

4.3. Vegetation and Bank Deterioration

Both the Kuibyshev and Stânca-Costes, ti reservoir have archaeological sites on open, unforested
land and have faster rates of erosion [4,6] than Sabbath Point. Forests stabilise soil, and tree roots tend
to protect sites from erosion [23,59]. The issue with preserving the tree cover features is that many
features cannot be properly surveyed without removing the tree cover, and that fast growing alders
can destroy or damage archaeological features [47]. Examples of this difficulty in surveying features
in the ERV include the sites RIF 5 and RIF 2, where previous surveys lead to recording the existence
of features, but were unable to analyse their morphology, leading to changes in their interpretation
after brush cutting [47,60]. Brush cutting has since become a regular part of surveying house pits.
Sustainable management procedures suggested at Arctic sites have included the fact that vegetation
helps protect features from erosion [61] but the rapid growth of alder thickets has been seen as a
possible danger for features in Central Newfoundland [47]. This creates a paradoxical situation, and the
necessity to manage our brush cutting activities, while preserving vegetation to protect sites. This will
however require further research into methods for sustainably managing sites to prepare policies for
these sites.

5. Conclusions

Measuring erosion using a combination of photogrammetry and GRASS GIS has been successful.
As the method is based on cost-effective tools, consumer grade cameras, UAVs, and common GIS-based
analyses and visualisations, the method could be easily used in future analyses of erosion rates of
eroding archaeological sites. The Beothuk house pit at Sabbath Point could help to answer questions
about the nature of hexagonal house pits, their interior architecture, and the resources that the Beothuk
relied on, but has only been partially excavated until today. Erosion within the study area has seen a
maximum of 70 cm, with a measured average of 30 cm in 13 months, however, this does not include
the undercutting of the bank seen in Figure 9. The house pit will begin to erode within the next two
years, with deterioration in the north wall, however exterior evidence, which has been present at other
Beothuk sites. Tree cover in this area has helped to maintain a lower rate of erosion than that seen at
either Stânca-Costes, ti or the Kuibyshev reservoirs. Tree cover is also an issue in this area, as it makes
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photogrammetry more difficult while also protecting the edge of the bank. Research into erosion using
sequential satellite maps and historic maps focusing on statistical methods for erosion analysis is a
priority for pursuing a necessary heritage protection scheme.
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