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A B S T R A C T

Barrier islands protect mainland coasts by absorbing wave and tidal energy, reducing storm impacts, and pre
serving coastal ecosystems. The barrier islands along the Alabama and Mississippi coast of the Gulf of Mexico, 
including Dauphin, Petit Bois, and Horn Islands, face frequent hurricanes and climate pressures. Among them, 
Dauphin Island is developed, while Petit Bois and Horn Islands remain relatively undisturbed, allowing for a 
comparative study of human development impacts on shoreline dynamics.

Using the Digital Shoreline Analysis System, we evaluated 618 transects derived from aerial, satellite, and 
LiDAR data spanning 1984–2015. Three shoreline-change indicators, Net Shoreline Movement, Shoreline Change 
Envelope, and Linear Regression Rate, were applied to both bay and coast sides of each island. Statistical 
comparisons (ANOVA and Tukey HSD) tested differences among islands. Results show Dauphin Island experi
enced chronic coast-side erosion and substantial bay-side deposition, indicating inland sediment migration. In 
contrast, Petit Bois showed net erosion on both sides, while Horn Island displayed balanced coast-side dynamics 
and lower rates of change. ANOVA confirmed significant inter-island differences (p < 0.01).

These findings demonstrate that intensive development accelerates shoreline retreat and disrupts sediment 
balance, whereas undeveloped islands retain greater geomorphic resilience. This study provides new empirical 
evidence of the long-term geomorphic consequences of human disturbance on Gulf Coast barrier islands and 
underscores the need for nature-based management strategies such as dune restoration and controlled devel
opment. Insights from this study will contribute to future coastal management, habitat restoration, and con
servation strategies, offering guidance for policymakers to mitigate the negative effects of development on 
barrier island ecosystems.

1. Introduction

Barrier islands are dynamic landforms sculpted by waves, tides, and 
sediment processes. They play a vital role as natural buffers, protecting 
mainland coastlines from oceanic forces such as storm surges and tidal 
fluctuations (Han and Hogue, 2024; Miller et al., 2018; Sancho et al., 
2011; Stallins, 2005). Rather than remaining static, barrier islands 
continuously evolve in response to environmental factors, including sea- 
level rise, hurricanes, storms, and storm events (Fernández-Montblanc 
et al., 2020). Their preservation is not only essential for mitigating 
coastal hazards and protecting the mainland, but also for sustaining 
offshore biodiversity and the ecosystem, such as through sediment 
trapping, organic accumulations, and shoreline stabilization (Bilskie 
et al., 2016; Durán and Moore, 2013; Fernández-Montblanc et al., 2020; 

Masselink et al., 2016; Smith et al., 2018).
This study conceptualizes barrier islands as coupled human–natural 

systems whose geomorphic trajectories are shaped by both environ
mental forces and anthropogenic disturbances (Hanley et al., 2014; 
Stallins, 2005). The barrier island chains along the Alabama and Mis
sissippi coasts of the Gulf of Mexico have historically functioned as 
dynamic coastal buffers, absorbing wave energy and mitigating the 
impacts of tropical storms and tidal floods (Bilskie et al., 2016; Irish 
et al., 2010; Passeri et al., 2015). However, these systems are increas
ingly vulnerable to compounded stressors such as rising sea levels, 
intensified storm frequency, sediment supply reduction, and land-use 
changes. Morton (2008) documented the widespread morphological 
disintegration of Gulf Coast barrier islands, attributing it to long-term 
sediment deficits and the acceleration of sea-level rise. Byrnes et al. 
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(2010) further highlighted the impact of 29 tropical storm events on 
Dauphin Island between 1944 and 2009, emphasizing the frequency of 
overwash and breaching, particularly on the island’s western end.

Vegetation plays a critical role in mediating these geomorphic 
changes. Smith et al. (2018) demonstrated that vegetated dunes signif
icantly enhance sediment stability and shoreline resilience, reinforcing 
the ecological importance of maintaining plant structure along dynamic 
coastal systems. Recent studies have also shown that vegetation dy
namics are increasingly shaped by anthropogenic influence, including 
the spread of invasive species. For instance, Gornish and Miller (2022)
and Schmid et al. (2024) revealed that non-native plants such as Carex 
kobomugi and Hydrocotyle bonariensis alter sediment accumulation and 
mobility by modifying below-ground biomass and organic matter con
tent. These changes can disrupt the natural feedback mechanisms 
operating between vegetation and dune formation, leading to reduced 
geomorphic stability. Likewise, Seabloom et al. (2024) emphasized that 
invasive species reduce the functional diversity and resilience of native 
dune communities, ultimately diminishing their ability to trap sediment 
and resist storm-driven erosion. In the context of Dauphin Island, Han 
and Hogue (2024) found that increased development intensity has 
coincided with measurable declines in both vegetative maturity and 
dune cover, in contrast to the relatively undisturbed and structurally 
stable conditions on Horn and Petit Bois Islands. To systematically 
quantify long-term shoreline change, the Digital Shoreline Analysis 
System (DSAS) has emerged as a widely used geospatial tool for coastal 
researchers. Developed by the US Geological Survey (USGS), DSAS is an 
ArcGIS extension that calculates shoreline movement statistics by 
generating transects from a user-defined baseline across time-stamped 
shoreline positions (U.S. Geological Survey, 2023; Himmelstoss et al., 
2018). DSAS has been applied effectively to a range of coastal envi
ronments to assess erosion and deposition patterns, evaluate the 
geomorphic effects of extreme events, and inform coastal management 

policies.
For example, Smith et al. (2018) used DSAS to evaluate shoreline 

trends on Dauphin Island over a 75-year period, capturing both high- 
energy storm impacts and long-term sediment shifts. Similarly, Hen
derson et al. (2017) demonstrated the value of combining DSAS with 
LiDAR and aerial imagery to map erosion hotspots and geomorphic re
covery along the northern Gulf Coast. The tool’s capacity to accommo
date diverse spatial and temporal datasets has made it particularly 
valuable in studies seeking to understand the cumulative effects of 
human disturbance, storm frequency, and vegetation loss on shoreline 
stability. In the present study, DSAS was applied to compare developed 
and undeveloped barrier islands using consistent methods and uncer
tainty frameworks, offering a replicable approach to evaluating the 
intersection of anthropogenic activity and sedimentary dynamics.

Recent studies from other parts of India further illustrate the urgency 
of examining barrier island dynamics. Along Sagar Island in West Ben
gal, rapid shoreline retreat has led to the loss of nearly 30 km2 of land 
over recent decades, while islands in Kerala such as Vypin, Vallarpadam, 
and Bolgatty have experienced predominantly accretional trends linked 
to port development and industrial activities (Chettiyam Thodi et al., 
2023; Gopinath et al., 2023). These contrasting cases highlight the need 
for comparative analyses that distinguish the geomorphic responses of 
developed and undeveloped islands under varying natural and anthro
pogenic pressures.

Although precedent studies have established the influence of storms 
and sea-level rise on Dauphin Island, few have directly examined how 
human development correlates with spatial patterns of shoreline erosion 
and deposition, particularly distinguishing between the coast and bay 
sides. This study focuses on three barrier islands located on the 
Alabama-Mississippi border: Dauphin, Petit Bois, and Horn Islands (see 
Fig. 1). These islands share similar geographical features, geologies, and 
climates, and are exposed to similar climatic events in terms of 

Fig. 1. Study area – Alabama-Mississippi barrier island chain: Dauphin, Petit Bois, and Horn Islands. The research area is located in the barrier island chain along the 
Gulf of Mexico, between the borders of Alabama and Mississippi. This study specifies two sides of the barrier islands: bay-side towards the mainland and coast-side 
towards the ocean (source: ArcGIS; coordinate system: WGS 1984 Web Mercator).
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frequency and intensity. Of the three, only Dauphin Island is accessible 
by road and developed with vacation homes and retail establishments. 
In contrast, Petit Bois and Horn Islands are accessible only by boat, with 
no human-made structures. These two islands retain natural dune sys
tems and unique ecology and serve as habitats for wildlife and migratory 
birds, as well as occasional recreational activities such as fishing. Such 
characteristics collectively establish the significance of both natural and 
anthropogenic drivers in shaping an island’s morphology over time.

Thus, the primary objective of this research is to determine whether 
coastal development on Dauphin Island has influenced its shoreline 
dynamics, both coast side and bay side, through a comparison to two 
neighboring undeveloped islands: Horn and Petit Bois. Dauphin Island 
was selected because it is the only barrier island in the Alabama- 
Mississippi chain that is road-accessible and extensively developed 
with residential and commercial structures, making it an ideal case for 
assessing the geomorphic consequences of human disturbance. We hy
pothesize that shoreline retreat and erosion on the coast side of Dauphin 
Island, particularly in developed zones, are significantly greater than 
those observed on the undeveloped control islands. Accordingly, the 
research goal is to explicitly evaluate the extent to which development 
pressure alters shoreline dynamics by contrasting Dauphin Island with 
the more natural conditions of Horn and Petit Bois. By quantifying and 
comparing shoreline change metrics across developed and undisturbed 
systems, this study offers new empirical insights into the long-term 
impacts of human development on barrier island resilience, data that 
are crucial for informing sustainable coastal planning and climate 
adaptation strategies.

2. Research method

Of the three barrier islands located on the Alabama-Mississippi 
border, only Dauphin Island is accessible by road and developed with 
vacation homes and retail establishments. Continuous settlement of 
Dauphin Island dates back to 1701, but widespread modern develop
ment accelerated after Hurricane Frederic in 1979. By 2000, approxi
mately 55 % of single-family lots were developed, leading to substantial 
alterations of native dune vegetation and sediment dynamics (Morton, 
2008; U.S. Geological Survey, 2020).

In contrast, Petit Bois and Horn Islands are accessible solely by boat, 
with only small abandoned human-made structures on Horn. These 
islands retain intact natural dune systems, salt marshes, and maritime 
forests, offering a critical habitat for migratory birds, wildlife, and 
native plant communities (Guy, 2015b; Guy, 2015c). Horn Island fea
tures a complex mosaic of habitats, including dunes, swales, interior 
lagoons, and forested areas, while Petit Bois Island consists largely of 
dynamic beach and marsh systems. Both islands are under federal pro
tection, with Horn Island included in the Gulf Islands National Seashore 
registry. These two islands retain natural dune systems and unique 
ecologies and serve as habitats for wildlife and migratory birds, as well 
as the occasional site of recreational activities such as fishing (Feagin 
et al., 2015; Morton, 2008). Unlike Dauphin Island, these undeveloped 
islands have not experienced infrastructure-induced sediment disrup
tion, allowing them to maintain greater shoreline stability despite 
exposure to similar climatic forces (U.S. Geological Survey, 2007; Smith 
et al., 2018).

The research objective was to compare shoreline change patterns and 
rates of erosion and deposition between Dauphin Island and the com
parison group, in order to assess any consistency or disparity in shoreline 
evolution. To answer this question, this study employed transect anal
ysis to track shoreline changes over time, focusing on both the direction 
and rate of change. Given that shoreline changes vary even along sec
tions of the same island due to complex interactions among currents, 
structures, and materials, transect analysis offered a practical approach 
to effectively capturing these variations (Han, 2021).

2.1. Research design

DSAS is an ArcMap extension designed for statistical shoreline 
analysis. It compiles shoreline polylines from different dates, generating 
transects that extend across the shoreline based on a user-defined 
baseline. In this study, the baseline was placed landward and approxi
mately parallel to the general orientation of the shoreline to ensure that 
all transects intersected the shoreline perpendicularly. This approach 
aligns with DSAS best practices and helps minimize angle-induced 
distortion in shoreline change measurements (Himmelstoss et al., 2018).

This study followed a structured five-step process to analyze shore
line dynamics (see Fig. 2). Historical shoreline data from 1940 to 2015 
were first compiled for both the coast and bay sides to capture long-term 
geomorphic trends under varying climatic and anthropogenic in
fluences. The shorelines were then standardized and digitized into 
polylines to ensure spatial consistency, which was critical for comparing 
multiple datasets of different origins and resolutions. Using the earliest 
available shoreline as a baseline (1940 for Dauphin and 1984 for Petit 
Bois and Horn), DSAS projected transects perpendicular to the shoreline, 
enabling systematic measurement of change along comparable cross- 
sections. From these transects, key shoreline change metrics were 
calculated to quantify both the magnitude and direction of shoreline 
adjustments. Finally, these outputs were visualized in maps and scat
terplots, allowing interpretation of how erosion, deposition, and island 
morphology have evolved over time and what ecological implications 
these changes may hold (Himmelstoss et al., 2018).

For this study, a baseline was created for each island’s coast and bay 
sides using the earliest available shoreline from each dataset: 1940 for 
Dauphin Island and 1984 for both Petit Bois and Horn Islands. A new 
feature class was generated and a 50 m buffer created around the 
selected baseline. This interval was selected to provide sufficient reso
lution for capturing localized shoreline variability while maintaining 
computational efficiency across the large dataset. This buffer allows 
DSAS to systematically cast transects that intersect the shoreline 
perpendicularly, minimizing edge effects and ensuring consistent spatial 
analysis across the time series (Himmelstoss et al., 2018).

Points of intersection between the transects and shoreline provide 
observations of positive or negative distance values over time, which are 
then averaged to create predictive models capturing rates and distances 
of shoreline change. In the present research, these models yielded in
formation on erosion and deposition rates, aiding the analysis of 
shoreline trends for both the bay and coastal sides of each island.

2.2. Data collection

DSAS utilizes satellite imagery and other geospatial data sources to 
generate historical shoreline vectors through a structured, GIS-based 
workflow (Himmelstoss et al., 2018). These shorelines are derived 
from a variety of sources, including satellite imagery (e.g., Landsat), 
georeferenced historical maps, GPS field surveys, aerial photographs, 
and high-resolution LiDAR data. Each dataset presents inherent vari
ability in spatial resolution and positional accuracy; for instance, 
Landsat imagery offers 30-m resolution, whereas LiDAR datasets can 
achieve sub-meter precision (see Table 1). To manage such heteroge
neity, DSAS requires all shoreline features to be integrated into a single 
feature class within a geodatabase, with each shoreline line assigned a 
specific date and source information (U.S. Geological Survey, 2023, p. 
10).

In this study, shorelines were derived from both the High-Water Line 
(HWL), primarily interpreted from aerial and satellite imagery, and the 
Mean-High Water (MHW). HWL is widely used, but can be influenced by 
short-term environmental conditions such as storm surges, wind-driven 
tides, or seasonal vegetation, potentially introducing higher variability 
and landward bias in comparison to MHW (Morton, 2008). In contrast, 
MHW is a tidally referenced proxy that generally provides more 
consistent and repeatable measurements across time, though it requires 
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higher-resolution data acquisition (e.g., LiDAR).
All shoreline datasets were projected into a common coordinate 

system (meters) and include required attribute fields such as date, un
certainty, and shoreline type. Before merging aerial, satellite, and 
LiDAR-derived shorelines, geometric distortions should be corrected 
and a consistent tidal datum (e.g., MHW) applied for cross-comparison 
(Himmelstoss et al., 2018, p.19–46). LiDAR-derived shorelines are 
generated from elevation profiles referenced to the operational MHW, 
with associated errors, proxy-datum biases, and water-level un
certainties explicitly recorded (Himmelstoss et al., 2018, p.8–19). These 
uncertainty values are then propagated into weighted regressions and 
confidence intervals, improving the reliability of shoreline change sta
tistics (Himmelstoss et al., 2021, p.28).

To account for positional uncertainty inherent in shoreline data, we 
applied a default uncertainty value of ±10 m for all shoreline positions, 
as recommended when metadata is incomplete or variable (Himmelstoss 
et al., 2021, p. 28). In DSAS, these uncertainty values propagate into the 
shoreline change rate calculation, for instance LRR, via weighted 
regression and confidence interval estimation (Himmelstoss et al., 
2021). The DSAS User Guide explains that when shoreline datasets lack 
complete metadata, a default value of 10 m is provided as the approx
imate average positional uncertainty across aerial, satellite, and LiDAR- 
derived shorelines used in USGS regional shoreline change reports (U.S. 
Geological Survey, 2023, p.25). While users are encouraged to calculate 
dataset-specific uncertainties when possible, applying a uniform 10 m 
value ensures methodological consistency and minimizes bias in 
comparative analyses across islands.

The initial set of shorelines for Dauphin Island was calculated using 
two shoreline proxy datasets from 1985 to 2015: mean high water 
shorelines, which represented the average height of hide tides over a 
defined period and were generated from 14 LiDAR datasets, and wet-dry 
line shorelines, which delineated the visible boundary between moist 
and dry areas as interpreted from imagery; these were digitized from 10 
sets of georeferenced aerial images (Henderson et al., 2017). Shoreline 
datasets for Petit Bois and Horn Islands were extracted from satellite 
imagery dating from 1984 to 2015 (Guy, 2015b, 2015c). These datasets 
were acquired in digital format from the USGS Earth Resources Obser
vation and Science Center Global Visualization Viewer (Guy, 2015a).

Petit Bois and Horn Islands contained multiple shoreline data entries 
within the same year. To generate a single observation per year, all 
datasets for each target year were standardized and reprocessed 
accordingly. (Himmelstoss et al., 2018). The analysis employed tran
sects spaced at intervals of 50 m along the coast and bay sides of each 
island. A total of 618 transect lines were generated for this research.

2.3. Shoreline change statistics

DSAS provides three key statistical analyses to examine shoreline 
change, including NSM, SCE, and LRR. These analyses are reported in 
units of meters for distances and meters/year for rates of change, which 
collectively help illustrate shoreline morphological patterns by 
capturing movement direction, magnitude, and rate of change. Fig. 3
illustrates the detailed concepts related to shoreline change, which were 
generated from DSAS, as well as the concepts of NSM, SCE, and LRR, 
with the example of a transect. In the figure, 12 years of shorelines (in 
multiple colors) measured from 1963 to 2005 met a single transect (a 
gray line perpendicular to the baseline towards the shoreline). The 
shoreline changes were measured in terms of the distances from the 
baseline (a black line) for further analysis (see Fig. 3). 

A. Net Shoreline Movement (NSM): NSM is the distance between the 
earliest and most recent shorelines along each transect. In the 
example presented in Fig. 4, NSM is the distance from the red line 
(1936) to the magenta line (2005). Positive NSM values indicate 
deposition, while negative values indicate erosion. This was used 
here to identify trends in erosion and deposition, allowing for com
parisons between Dauphin Island and the control islands. In the 
present research, NSM was used to determine: 1) the presence of both 
erosion and deposition along the shoreline, 2) ratio of erosion to 
deposition, and 3) overall movement direction of coast- and bayside 
shorelines.

B. Shoreline Change Envelope (SCE): SCE measures the greatest distance 
between all shorelines intersecting a transect, regardless of direction. 
Thus, with the Fig. 4 example, 1963 to 2004 shows the greatest 
distance of shoreline changes between 1936 and 2005. This metric 
was useful for assessing fluctuations in shoreline change on both the 
coast and bay sides, focusing on the magnitude of change. SCE hel
ped compare shoreline fluctuation trends between islands by 
analyzing the maximum shoreline movement for each segment.

C. Linear Rate of Regression (LRR): LRR calculates the rate of shoreline 
movement using the slope of a least squares regression line. It was 
employed to determine whether shoreline change rates were 
consistent or variable between the islands. Higher rates or a domi
nance of erosion or deposition would indicate accelerated shoreline 
change, while consistency suggests stability. LRR values are reported 
in m⋅yr− 1 and provide an understanding of the directional rate of 
shoreline change.

In this study, a 90 % confidence interval was applied to quantify the 
uncertainty for the statistical analysis. This interval was calculated by 
multiplying the standard error of the slope by the critical value of a two- 

Fig. 2. DSAS workflow (revised based on Himmelstoss et al., 2018, p. 19): This research followed a five-step process and used the DSAS research framework to 
analyze shoreline dynamics.

Table 1 
Shoreline Dataset Sources DSAS integrates various satellite imagery and provides historical shoreline vectors through a structured, GIS-based workflow 
(Himmelstoss et al., 2018).

Dataset Year Data Source Type Source / Provider Spatial Resolution Shoreline Proxy Positional Uncertainty (m)

1985 Aerial Photograph USGS National Map ~1–3 m HWL 10
1998 Satellite Imagery Landsat 5 (USGS) 30 m HWL 10
2005 LiDAR NOAA Digital Coast <1 m MHW 2
2010 GPS Shoreline Survey Alabama Dept. of Env. Mgt Sub-meter MHW 3
2015 Satellite Imagery Landsat 8 (USGS) 15 m (panchromatic) HWL 8
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tailed t-distribution at the 90 % confidence level, producing a statistical 
range within which the true rate of shoreline change was expected to fall 
with 90 % certainty. This approach allowed for a deeper understanding 
of shoreline trends and improved the model’s accuracy (Himmelstoss 
et al., 2018).

3. Results

3.1. Island shoreline change analysis

With 82 on the coast side and 83 on the bay side, a total 165 transects 
of Dauphin Island were analyzed. All coastal transects exhibited erosion 

Fig. 3. Illustration of NSM and SCE (Himmelstoss et al., 2018, p. 48).

Fig. 4. Dauphin Island transects: The following figures represent the NSM, SCE, and LRR results for the Dauphin Island transects. The colors in the figure below 
represent the direction and magnitude of shoreline movement, with red indicating erosion and green/blue indicating deposition. (For interpretation of the references 
to colour in this figure legend, the reader is referred to the web version of this article.)
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patterns, while the bayside transects were almost evenly split between 
erosion (47 %) and deposition (53 %). However, on average, net 
deposition was observed on the bay side, suggesting that Dauphin Island 
is shifting towards the mainland. The magnitude of shoreline change 
was approximately 1.8 times greater on the bay side than on the coast 
side (see Fig. 4). The NSM indicated 100 % erosion on the coast side and 
mixed erosion-deposition patterns on the bay side. The SCE showed the 
maximum spatial variability in shoreline position, with more pro
nounced inland movement on the bay side. The LRR highlighted a 
consistent trend of chronic coast-side erosion and bay-side accretion, 
suggesting net island migration towards the mainland.

In terms of NSM (see Table 2), all coast-side transects (100 %) 
showed an average of 62.26 m of erosion and no deposition. The 
maximum erosion observed was 177.6 m, indicating significant shore
line retreat in certain areas. These data reveal a consistent erosional 
pattern characteristic of chronic coastal retreat. Conversely, on the bay 
side, 39 transects (46.99 %) showed erosion, while 44 transects (53.01 
%) exhibited deposition. The average changes were 35.15 m for erosion 
and 28.59 m for deposition. The maximum erosion distance was 131.91 
m, while the average erosional distance was 35.15 m. For deposition, the 
maximum distance recorded was 66.91 m, with an average of 28.59 m. 
Based on the number of transects and average distances, a net deposition 
of approximately 121.56 m was observed on the bay side.

Over the 30-year period, the developed areas of Dauphin Island 
showed an average coastal erosion of 62.26 m along the coast side, while 
the island migrated an average of 121.56 m towards the mainland along 
the bay side. The SCE analysis of Dauphin Island yielded similar results 
to that of the NSM. On the coast side, between 1985 and 2015, the 
maximum shoreline change was 177.6 m, with a minimum of 2.26 m. 
The average shoreline change was 69.2 m. Although the SCE did not 
indicate the direction of change, its similarity to the NSM average of 
62.26 m suggests an erosional trend. For the bay side, the maximum 
shoreline change was 220.26 m, while the minimum change was 30.38 
m, approximately 75 % greater than the change on the coast side. The 
average SCE on the bay side was 121.56 m, which matched the NSM 
value, indicating ongoing deposition towards the mainland over the past 
30 years.

The LRR analysis for Dauphin Island showed that all coast-side 
transects displayed negative values, indicating erosion across 100 % of 
the transects. The maximum rate of change was –6.19 m⋅yr− 1, with an 
average rate of –2.49 m⋅yr− 1. On the bay side, an average deposition rate 
of 2.02 m⋅yr− 1was observed, though a mixture of erosional and depo
sitional changes was noted. Among the 83 transects, three (3.61 %) 
exhibited erosion, with a maximum rate of –1.3 m⋅yr− 1 and average rate 

of –0.66 m⋅yr− 1. The remaining 80 transects (96.39 %) experienced 
deposition, with a maximum rate of 4.43 m⋅yr− 1 and average rate of 
2.12 m⋅yr− 1.

Overall, the island’s thickness increased, while its position shifted 
towards the mainland. In summary, the coast side appears to be eroding 
at a rate of –2.49 m⋅yr− 1, while the bay side is experiencing deposition at 
a rate of 2.02 m⋅yr− 1. The island is shifting towards the mainland at an 
average rate of 2.26 m⋅yr− 1 (the combined average of 2.49 and 2.02 
m⋅yr− 1), with a reduction in island thickness by approximately 0.47 
m⋅yr− 1.

On Petit Bois Island there were 240 transects, 122 coast side and 118 
bayside. The overall results indicated significant net erosion on both the 
coast-side and bayside shorelines, with varying degrees of fluctuation 
between erosion and deposition. The NSM showed a higher concentra
tion of erosion on both the coast and bay sides, with the bay side 
exhibiting nearly complete erosion. The SCE indicated moderate spatial 
variability, especially on the coast side. The LRR results revealed 
consistent but slightly less severe rates of shoreline retreat on both sides, 
as compared to Dauphin Island. The coast side demonstrated greater 
variability, with a fluctuating balance between erosion and deposition, 
while the bay side was showing signs of chronic erosion and minimal 
depositional activity (see Fig. 5).

Regarding the NSM (see Table 3), the coast side of Petit Bois Island 
experienced a net erosion of 34.3 m. On average, the erosional distance 
was − 64.3 m, while the depositional distance averaged 40.87 m. The 
total number of erosional transects was 87, as compared to 35 deposi
tional transects. These results suggest a fluctuating dynamic between 
erosion and deposition, though the overall net trend was erosion. Spe
cifically, the ratio of erosional to depositional movement was approxi
mately 71.3 % to 28.7 %, indicating that erosion predominated along 
the coast side.

On the bay side, the NSM showed a more severe pattern of erosion, 
with a net erosional distance of − 53.86 m. The average erosional dis
tance was − 54.44 m, while the average depositional distance was 
minimal: 2.04 m. The number of erosional transects was 117, and there 
was only one depositional transect. These findings indicate a strong net 
erosive pattern along the bay side and very limited depositional activity, 
suggesting that this shoreline was experiencing chronic erosion.

The SCE results demonstrated an average shoreline change of 118.34 
m along the coast side and 68.1 m along the bay side. The maximum 
shoreline change distance on the coast side was 206.69 m, while the bay 
side experienced a maximum change of 129.38 m. Comparatively, the 
coast-side shoreline of Petit Bois Island showed significantly greater 
fluctuation in movement than did the bay side, with approximately 74 % 
less change occurring along the bay side. This pattern contrasts with 
what was observed on Dauphin Island, where the magnitude of shoreline 
change displayed a different ratio between coast-side and bayside 
fluctuations.

The LRR analysis for the coast-side shoreline of Petit Bois revealed an 
average rate of erosion of − 2.49 m⋅yr− 1 and average depositional rate of 
0.32 m⋅yr− 1. Overall, the net rate of change was − 1.86 m⋅yr− 1, sug
gesting a net erosional movement pattern. The ratio of erosional to 
depositional transects was 95 to 25, reinforcing the overall erosional 
trend. It is important to note that although the average erosion rate of 
− 1.86 m⋅yr− 1 was relatively high, it remained lower than the rate 
observed for Dauphin Island’s coast, which was − 2.49 m⋅yr− 1.

A total of 213 transects for Horn island were analyzed, 106 on the 
coast side and 107 on the bay side. The key findings highlight consid
erable variability in shoreline movement, with both erosion and depo
sition occurring across different areas of the island (see Fig. 6). The NSM 
showed relatively balanced erosion and accretion patterns on the coast 
side, while the bay side was dominated by erosion. The SCE indicated 
moderate shoreline fluctuations along the coast and minimal change on 
the bay side. The LRR results reflected a low and stable rate of shoreline 
change, with a minor net retreat suggesting Horn Island’s strong sedi
ment retention and minimal inland migration.

Table 2 
Dauphin Island Shoreline Analysis: A shoreline change analysis showed 100 % 
erosion on the coast side, with an average loss of 62.26 m and no deposition. In 
contrast, the bay side experienced 53 % deposition and 47 % erosion, resulting in 
a net inland migration of 121.56 m.

Coast-side Bay-side

Summary
Total no. transects (ea) 82 83
Average NSM distance (m) − 62.26 121.56
Average SCE distance (m) 69.26 121.56
Average LRR rate (m⋅yr− 1) − 2.49 2.02

Erosion
Total no. erosion transects (ea) 82 39
Percent of erosion transects (%) 100 46.99
Maximum erosion distance (m) − 177.6 − 131.9
Average erosion distance (m) − 62.26 − 35.15
Average erosion rate (m⋅yr− 1) − 2.49 − 0.66

Accretion
Total no. accretion transects (ea) 0 44
Percent of accretion transects (%) 0 53.01
Max accretion distance (m) 0 66.91
Average accretion distance (m) 0 28.59
Average accretion rate (m⋅yr− 1) 0 2.12

S. Han and T.J. Schauwecker                                                                                                                                                                                                                Ecological Informatics 91 (2025) 103436 

6 



Horn Island’s NSM (see Table 4) results showed net erosion for both 
the coast-side and bayside areas. The coast side exhibited an average net 
erosion of − 2.56 m, with individual transects indicating a mix of erosion 
and deposition (average erosion at − 57.99 m and deposition at 64.43 
m). Erosional transects made up 61.48 % of the total (58 out of 106). The 
fluctuation between erosion and deposition indicated a lack of consis
tent directional movement, resulting in moderate net erosion for the 
coast side.

For the bay side, the average net erosion was − 22.76 m. The bayside 
transects displayed a significant imbalance between erosion and depo
sition, with 89.72 % showing deposition and only 10.28 % showing 
erosion. The average shoreline movement was − 26.46 m for erosion and 
9.53 m for deposition, suggesting fluctuating shoreline dynamics, but 
with an overall net erosional trend.

Horn Island’s SCE results displayed an average shoreline change of 

113.11 m on the coast side and 41.41 m on the bay side. The maximum 
shoreline change distance recorded was 183.91 m for the coast side and 
99.25 m for the bay side. This indicates that the bay side experienced 
significantly less change, with shoreline changes being over three times 
smaller in magnitude as compared to the coast side.

The LRR results showed an average shoreline change rate of − 2.12 
m⋅yr− 1on the coast side and − 0.69 m⋅yr− 1on the bay side. The average 
deposition rate for the coast side was 1.9 m⋅yr− 1, with a net average of 
− 0.53 m⋅yr− 1. The coast side exhibited a relatively balanced ratio of 
erosional to depositional transects, with 48 transects indicating erosion 
and 58 showing deposition.

Following the shoreline change analysis of each island, a statistical 
test was conducted using coast-side transects from all three islands to 
evaluate whether observed differences in shoreline dynamics were sta
tistically significant and to identify which metrics best distinguished the 

Fig. 5. Petit Bois Island Transects: The following figures represent the NSM, SCE, and LRR results for Petit Bois Island’s transects.
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Table 3 
Petit Bois Island Shoreline Analysis A shoreline change analysis showed that 71 
% of coast-side transects and 99 % of bayside transects experienced erosion, 
indicating an overall shoreline retreat on both fronts with limited accretion, 
suggesting declining sediment stability across the island.

Coast-side Bay-side

Summary
Total no. transects (ea) 122 118
Average NSM distance (m) − 34.13 − 53.86
Average SCE distance (m) 118.34 68.1
Average LRR rate (m⋅yr− 1) − 1.86 − 1.76

Erosion
Total no. erosion transects (ea) 87 117
Percent of erosion transects (%) 71.31 99.15
Maximum erosion distance (m) − 180.11 − 118.76
Average erosion distance (m) − 64.3 − 54.44
Average erosion rate (m⋅yr− 1) − 2.42 − 1.78

Accretion
Total no. accretion transects (ea) 35 1
Percent of accretion transects (%) 28.69 0.85
Max accretion distance (m) 117.26 2.04
Average accretion distance (m) 40.87 2.04
Average accretion rate (m⋅yr− 1) 0.32 0

Fig. 6. Horn Island Transects: The following figures represent the NSM, SCE, and LRR results of Horn Island’s transects.

Table 4 
Horn Island Shoreline Analysis: The following figures represent the NSM, SCE, 
and LRR results for Horn Island’s transects.

Coast-side Bay-side

Summary
Total no. transects (ea) 106 107
Average NSM distance (m) − 2.56 − 22.76
Average SCE distance (m) 111.11 41.41
Average LRR rate (m⋅yr− 1) − 0.53 − 0.69

Erosion
Total no. erosion transects (ea) 58 96
Percent of erosion transects (%) 54.72 89.72
Maximum erosion distance (m) − 115.48 − 66.2
Average erosion distance (m) − 57.99 − 26.46
Average erosion rate (m⋅yr− 1) − 2.12 − 0.8

Accretion
Total no. accretion transects (ea) 48 11
Percent of accretion transects (%) 45.28 10.28
Max accretion distance (m) 127.93 16.25
Average accretion distance (m) 64.43 9.53
Average accretion rate (m⋅yr− 1) 1.9 0.28
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islands from one another. A total of 310 coast-side transects were 
included in the analysis: 82 from Dauphin Island, 122 from Petit Bois 
Island, and 106 from Horn Island. Three raw measurements for each 
transect, NSM, SCE, and LRR, were used in a one-way analysis of vari
ance (ANOVA), followed by post hoc comparisons using Tukey’s HSD 
test.

The ANOVA results indicated statistically significant differences 
among the three islands across all three metrics (NSM: F(2,310) = 11.18, 
p = 0.00002; SCE: F(2, 310) = 47.52, p < 0.0001; LRR: F(2, 310) = 5.91, 
p = 0.003). Post hoc comparisons revealed that, for LRR, Dauphin Island 
differed significantly from Horn Island (p = 0.0030) but not from Petit 
Bois Island (p = 0.8734). In contrast, for NSM, Dauphin differed 
significantly from both Horn (p = 0.0000) and Petit Bois (p = 0.0080). 
For SCE, a significant difference was observed between Dauphin and 

Petit Bois (p = 0.0000), while the difference between Dauphin and Horn 
was not statistically significant (p = 0.6178). Additionally, Horn and 
Petit Bois differed significantly in LRR (p = 0.0050) and SCE (p =
0.0000), but not in NSM (p = 0.1333) (see Fig. 7).

These findings provide statistically grounded evidence that the 
spatial patterns of shoreline change on Dauphin Island are distinct from 
those observed on the adjacent undeveloped barrier islands. The most 
pronounced distinctions appear in the NSM and SCE metrics, which 
capture cumulative and episodic shoreline shifts over time.

4. Discussion

By integrating 30 years of historical shoreline data, this study con
firms significant differences in shoreline change trends, especially on the 

Fig. 7. ANOVA and Tukey HSD post hoc test results for shoreline change metrics. Boxplots (left) and mean ± 95 % confidence interval plots are shown for three 
shoreline-change metrics: top (NSM), middle (SCE), and bottom (LRR). The boxplots illustrate the spread and skewness of shoreline change measurements across 
transects, while the confidence interval plots emphasize differences in group means. Statistically significant differences were observed between islands for all metrics 
(p < 0.05) based on one-way ANOVA with Tukey HSD post hoc tests.
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coast side of Dauphin Island where intensive development has occurred 
since the mid-20th century. The results support the hypothesis that 
Dauphin Island exhibits accelerated shoreline retreat compared to the 
relatively stable conditions of Horn and Petit Bois Islands. These findings 
reinforce the notion that anthropogenic disturbances can accelerate 
coastal degradation by disrupting sediment processes and altering the 
natural protective features of barrier islands.

The comparative analysis also aligns with global studies that docu
ment divergent shoreline trajectories under varying human pressures. 
For instance, extensive erosion on Sagar Island in West Bengal contrasts 
with predominantly accretional trends on Kerala’s Vypin and Vallar
padam Islands, where port development has played a significant role 
(Chettiyam Thodi et al., 2023; Gopinath et al., 2023). Such comparisons 
highlight that the geomorphic contrasts observed between Dauphin and 
the undeveloped islands are consistent with broader patterns reported 
internationally.

In summary, this study provides new empirical evidence of how 
development pressure shapes barrier island dynamics, while also situ
ating local findings within global contexts and acknowledging meth
odological constraints. These contributions underscore the importance 
of integrating natural dune and vegetation management into sustainable 
coastal planning and climate adaptation strategies.

4.1. Net shoreline movement (NSM)

The NSM results highlight distinct sedimentary behaviors across the 
three islands, reflecting both natural processes and varying levels of 
human disturbance. Dauphin Island exhibited the greatest instability, 
with pronounced coast-side erosion, significant bayside accretion, and 
evidence of inland migration. This imbalance suggests a breakdown of 
sediment feedback mechanisms that typically stabilize barrier islands, a 
condition strongly associated with vegetation loss and development 
pressure. Petit Bois Island showed more moderate dynamics: while 
erosion dominated, localized deposition indicated partial sediment 
redistribution, though the lack of bayside deposition suggests insuffi
cient vegetative or dune structure to stabilize both margins. Horn Island, 
by contrast, maintained the most balanced pattern, with near- 
equilibrium sediment exchanges and minimal inland migration, 
reflecting the stabilizing role of intact vegetation and limited human 
interference. Overall, the NSM analysis supports the interpretation that 
development-driven disruptions to natural sediment feedback loops 
accelerate geomorphic instability.

4.2. Shoreline change envelope (SCE)

The SCE analysis, which captures the full range of shoreline 
displacement, revealed contrasting resilience among the islands. 
Dauphin Island experienced the largest magnitude of shoreline move
ment, particularly on the bay side, suggesting intensified inland sedi
ment transfer due to degraded dune systems and repeated overwash. 
Petit Bois Island showed moderate shoreline variability, greater on the 
coast side than the bay side, indicating some functional cross-shore 
sediment exchange despite partial disturbance. Horn Island displayed 
minimal SCE values overall, consistent with a stable sediment-binding 
system supported by vegetation and natural dune morphology. Taken 
together, the SCE results reinforce the broader conclusion that 
compromised coast-side stabilization systems, as observed on Dauphin 
Island, amplify shoreline change across the island, whereas intact sys
tems, as on Horn Island, sustain long-term geomorphic resilience.

Taken together, the SCE results reinforce the hypothesis that barrier 
island stability is closely linked to the functionality of coast-side sedi
ment retention systems. Where these systems are compromised—as seen 
on Dauphin Island—shoreline movement intensifies and propagates 
across the island. Conversely, undeveloped or minimally disturbed 
islands like Horn Island demonstrate higher resilience due to intact 
sediment feedback loops and ecological structures. These findings 

support broader arguments for integrating vegetative management and 
dune conservation into shoreline protection strategies under ongoing 
climate stressors (Durán and Moore, 2013; Feagin et al., 2015; Hanley 
et al., 2014).

4.3. Linear rate of regression (LRR)

The LRR results further underscore the role of human disturbance in 
shaping long-term shoreline trajectories. Dauphin Island exhibited 
chronic coast-side erosion and bayside accretion, signaling ongoing 
inland sediment migration and a disrupted equilibrium. Petit Bois Island 
showed somewhat lower erosion rates and limited depositional activity, 
suggesting partially functioning but weakened sediment feedback. Horn 
Island maintained low and balanced rates of change, reflecting 
geomorphic stability under minimal anthropogenic pressure. Impor
tantly, while ANOVA confirmed statistically significant differences 
among the three islands, the LRR trends emphasize that development 
not only alters the rate but also the spatial balance of shoreline change. 
In summary, the LRR findings support the hypothesis that shoreline 
stability is closely tied to natural sediment feedback mechanisms and the 
presence of vegetative stabilization features. Dauphin Island’s disrupted 
patterns and elevated shoreline activity highlight the geomorphic con
sequences of human development. In contrast, the lower and more 
balanced rates observed on Petit Bois and Horn Islands illustrate how 
intact dune systems and limited disturbance can sustain long-term 
shoreline equilibrium.

5. Conclusion

This research empirically demonstrates the differential response of 
developed and undeveloped barrier islands to environmental and 
anthropogenic pressures. It provides quantitative evidence for guiding 
restoration and land-use policies and contributes to a growing body of 
knowledge on the interplay between human development and coastal 
geomorphology.

The results confirm the hypothesis that shoreline change on Dauphin 
Island differs significantly from the relatively stable patterns observed 
on the undeveloped islands. Dauphin Island exhibited persistent shore
line retreat on the coast side and significant inland sediment migration 
on the bay side, suggesting chronic geomorphic instability. In contrast, 
Petit Bois and Horn Islands demonstrated a more balanced and self- 
regulating dynamic between erosion and deposition. These findings 
indicate that human development has disrupted natural sediment flow 
and weakened the island’s capacity to recover from high-energy events 
such as storms and overwash.

Importantly, these spatial patterns have tangible ecological and 
environmental implications. The loss of vegetated dunes and increased 
shoreline retreat are not merely geomorphic shifts but represent 
degradation of essential coastal habitats (Durán and Moore, 2013; 
Feagin et al., 2015). These ecosystem-level effects align with similar 
findings in other barrier island systems such as the Outer Banks and 
Galveston Island, where development-induced dune loss has been linked 
to habitat fragmentation and increased storm surge exposure (Hanley 
et al., 2014; Stallins, 2005).

Beyond the ecological context, this study offers valuable insight for 
sustainable coastal planning and policy. The contrast between devel
oped and undeveloped islands underscores the importance of main
taining vegetative cover and dune integrity as a nature-based solution to 
shoreline protection. Our findings reinforce the recommendations of the 
Alabama Coastal Area Management Program and State Expenditure 
Plan, which advocate for dune restoration, habitat conservation, and 
strategic development limitations in erosion-prone coastal zones 
(Alabama Department of Environmental Management (ADEM), 2022; 
Dauphin Island Sea Lab and Alabama Department of Conservation and 
Natural Resources (DCNR), 2018).Furthermore, the historical shoreline 
data here can serve as analytic tools for identifying high-risk areas, 
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guiding zoning, setback policies, and soft stabilization measures such as 
native vegetation planting and controlled dune rebuilding.

Despite the strength of these findings, this study has several limita
tions that should be acknowledged. It is constrained by reliance on 
remote sensing datasets and the application of a uniform ±10 m un
certainty value across all shorelines. While this approach follows DSAS 
guidelines and enables comparability, field validation of vegetation 
dynamics and higher-resolution uncertainty testing (e.g., sensitivity 
analyses) would strengthen future research. Accordingly, this study 
highlights the need for further research. Incorporating diverse higher- 
resolution datasets, conducting field-based investigations, and 
applying non-linear modeling of shoreline change would allow for a 
more precise assessment of shoreline dynamics across the three islands. 
By addressing these limitations, subsequent studies could provide a 
more comprehensive understanding of how development pressures and 
natural processes jointly shape the resilience of barrier islands under 
changing climate conditions.

To provide implementation strategies and prioritization, this study 
recommends a phased approach. First, dune restoration should be 
considered the most urgent priority, focusing on re-establishing native 
vegetation and sediment re-accumulation to strengthen natural buffer 
functions in erosion-prone areas. Second, zoning and setback regulations 
should be strategically applied, particularly in zones with high shoreline 
retreat rates. These policies should emphasize managed retreat and 
relocation of existing developments rather than permitting new con
struction in vulnerable areas. Finally, soft stabilization measures, 
including vegetative sand trapping and the minimization of hard infra
structure, should be implemented, emphasizing nature-based solutions 
over engineered interventions. Prioritizing these strategies not only 
enhances resilience to sea-level rise and intensified storm events under 
climate change but also offers cost-effective and ecologically sustainable 
pathways for long-term coastal management.

We hope that this research can provide crucial insights to policy
makers and practitioners in coastal management and planning who are 
working towards integrated, climate-resilient, and ecologically sound 
shoreline management.
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