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Abstract 

This special report describes the first phase of developing an ecological 
model to inform marine bioinvasion risks in the United States. The project 
responds to the needs of the US Army Corps of Engineers (USACE) 
Aquatic Nuisance Species Research Program, or ANSRP, which addresses 
all problematic invasive aquatic species affecting the nation’s waterways, 
infrastructure, and associated resources, and the needs of the USACE nav-
igation and dredging programs. Multiple port-deepening studies are either 
in progress or under consideration, and all must address ecological risk. 
Understanding whether and how increased dredging contributes to in-
creased marine bioinvasion risk allows risk mitigation during early plan-
ning phases. Considering the potential impacts of future environmental 
change, such as changing sea level, ocean temperature, and ocean chemis-
try, will further strengthen planning for marine bioinvasion risk. There-
fore, this special report documents current ecological modeling ap-
proaches to marine bioinvasion risk models and identifies models that in-
corporate shipping as a vector. The special report then presents a concep-
tual model and identifies historic vessel position data from the Automatic 
Identification System, or AIS, now available for most commercial and 
some recreational vessels around the United States, as a key source for fu-
ture model development and testing. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

Aquatic nuisance species (ANS) can cost millions of dollars in mitigation 
and management every year (USACE 2022) and have deleterious environ-
mental impacts on species of concern and species of commercial im-
portance. The US Fish and Wildlife Service (USFWS) describes ANS as 
“nonindigenous species that threaten the diversity or abundance of native 
species; the ecological stability of infested waters; or commercial, agricul-
tural, aquacultural, or recreational activities dependent on such waters. 
[ANS] include nonindigenous species that may occur within fresh, estua-
rine, or marine waters and that presently or potentially threaten ecological 
processes or natural resources” (USFWS 2023). Non-native species are es-
timated to cost the public more than $137 billion per year (Pimentel et al. 
2000). Some species, such as the zebra mussel (Dreissena polymorpha), 
cost the public more than $1 billion per year (USACE 2022). 

ANS are of concern to the US Army Corps of Engineers (USACE) mission 
areas of environmental restoration, navigation, and hydropower because 
of overlapping requirements for infrastructure construction and mainte-
nance in environments where ANS may occur. Multiple vectors for ANS 
movements exist, including human-controlled vectors (for example, ship 
hulls, ship ballast water, aquaculture trade, aquarium trade) and natural 
forces (for example, storms, flotsam, natural range expansion). Examples 
of some marine ANS that have been transported by commercial and recre-
ational vessels can be seen in Figure 1 and Figure 2. 

As a component of the USACE responsibility to operate and manage water 
resources projects on navigable waters, USACE must also develop and 
consider effective, inexpensive methods of prevention and control of ANS 
to reduce impacts on public facilities and natural resources (USACE 
2022). Understanding the difference in magnitude of risk of ANS spread 
due to dredging activities managed by USACE versus the risk of ANS 
spread due to the regular movement of hundreds or thousands of 
commercial and recreational vessels can help inform management and 
mitigation strategies within the purview of USACE or other resource 
agencies. 
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Figure 1. Example of marine hull fouling or biofouling. Sessile and mobile invertebrates grow 
on hard submerged surfaces such as docks and pilings (left). Close-up example of a hull-
fouling community in San Francisco Bay, where the majority of the dominant species are 

aquatic nuisance species (ANS; right). (Photo credit: S. Altman.) 

 

Figure 2. Examples of common ANS seen in San Francisco Bay fouling communities, such as 
solitary and colonial tunicates or sea squirts (top row), bryozoans or moss animals (bottom 

left and bottom center), and sea sponges (bottom right). (Photo credit: S. Altman.) 
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1.2 Objective 

This special report seeks to synthesize contemporary ecological modeling 
approaches that incorporate shipping as a vector for ANS introduction. 
Previous efforts to model the risk of ANS introduction and spread have 
varied widely in scale and scope. This project addresses the needs of the 
USACE Aquatic Nuisance Species Research Program, or ANSRP, and some 
of the needs of the operations and maintenance, or O&M, dredging pro-
gram, which consistently receives inquiries from stakeholders about 
known and unknown environmental effects of dredging. All port-deepen-
ing studies, either in progress or under consideration, must address the 
topic of ecological risk in some way. Understanding whether and how in-
creased dredging would contribute to increased marine bioinvasion risk 
would allow this issue to be addressed proactively in early planning phases 
instead of reactively during project execution or monitoring. Understand-
ing the extent to which normal commercial and recreational vessel move-
ments in US waters facilitate ANS is fundamental to an accurate assess-
ment of marine bioinvasion risk. 

1.3 Approach 

This special report covers the first phase of a marine bioinvasion risk mod-
eling effort, consisting of (1) a literature review, (2) the development of a 
conceptual model, and (3) an initial exploration of the Automatic Identifi-
cation System (AIS) as a future data source that will help parameterize the 
vector and propagule pressure components of the conceptual model. 
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2 Methods 

We performed literature searches using the Google Scholar website 
(https://scholar.google.com) to identify published literature containing one or 
more of the following key terms or phrases: invasive species, invasive al-
ien introduction, non-native, shipping, shipping trends, Automatic Iden-
tification System data, vessel AIS, marine invasion modeling, ship, vec-
tor, recreational vessel, model. Multiple searches were employed, each us-
ing the term invasive species, invasive alien introduction, or non-native 
in combination with the term model and each of the other listed terms. 
The first 100 papers returned for each search on Google Scholar were as-
sessed for relevance concerning development of ecological models of 
aquatic invasion involving recreational or commercial ships (non-English 
papers were excluded). If the paper referred to or described an ecological 
model, it was selected for review. The literature review focused on invasion 
mechanisms, drivers, and modeling approaches that include shipping vec-
tors associated with ANS. Modeling methodologies were broken down into 
model components to understand the most common factors. The final 
number of papers included in this review was 40. We down selected to in-
clude papers that described ecological models of marine invasions with a 
shipping component. The publication dates ranged from 2009 to 2020 
and were sourced from 27 scholarly journals, indicating widespread inter-
est in invasive species (Table 1). 

Table 1. List of scholarly journals sourced for the 
literature review. 

Journal Title 
Aquatic Ecosystem Health & Management 
Biologia Marina Mediterranea 
Biological Conservation 
Biological Invasions 
Bioscience 
Bulletin of Marine Science 
Canadian Journal of Fisheries and Aquatic Sciences 
Diversity and Distributions 
Ecological Modelling 
Ecology and Evolution 
Ecology Letters 
Frontiers in Ecology and the Environment 
Global Ecology and Biogeography 

https://scholar.google.com/
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Table 1 (cont.). List of scholarly journals sourced for 
the literature review. 

Journal Title 
Hydrobiologia 
ICES Journal of Marine Science 
Journal of Applied Ecology 
Journal of Environmental Management 
Journal of the Royal Society Interface 
Management of Biological Invasions 
Marine Biology 
Marine Pollution Bulletin 
Molecular Ecology 
Nature Communications 
Nature Sustainability 
PLOS ONE 
Proceedings of the National Academy of Sciences 
Scientific Reports 
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3 Results 

3.1 Results of Literature Review 

Of the 40 papers identified in the literature review, 39 were identified as 
containing studies or models that met our inclusion criteria and pertained 
to ANS and shipping. These models covered a range of invasive species 
and geographic regions. Geographic regions along with number of papers 
per region included 

• Africa (1), 
• Indo-Pacific (6), 
• Europe (7), 
• North America (13), and 
• Global studies (12). 

The studies and models described had a global distribution. Of the 39 pa-
pers, 33% (13 of 39) of the studies focused on recipient geography (that is, 
where the non-native species was invading) within the coastal United 
States, followed by 18% (7 of 39) in Europe and Mediterranean regions 
and 15% (6 of 39) in the Indo-Pacific (Figure 3). 

Figure 3. Distribution of literature reviewed across study locations according to recipient geography. 
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Of the 39 papers reviewed, 23 (59%) highlighted specific taxonomic 
groups or invertebrate clades of interest whose non-native range has or 
may spread via shipping vectors. Non-native species modeled within the 
literature reviewed include terrestrial and aquatic plants, algae (Chloro-
phyta, Phaeophyceae, and Rhodophyta species), invertebrates (that is, tu-
nicates, crustaceans, bivalves, etc.), vertebrates (fish, reptiles, and am-
phibians), and invertebrate clades such as zooplankton or hull-fouling 
benthic invertebrates. 

A detailed analysis of the model components incorporated across studies 
revealed six standard categories: Invasiveness, Habitat Suitability, Envi-
ronmental Metrics, Shipping Frequency or Connectivity, Shipping Vol-
ume, and Socioeconomic Factors (Table 2). The Invasiveness category fo-
cuses on the spreading potential of ANS, concentrating on metrics such as 
the number of introduction events, propagule or colonization pressure, 
and the number of sampled species (that is, concerning species occur-
rences, richness, abundance), among several other available metrics. Habi-
tat Suitability describes a species’ ability to survive and persist through 
factors such as dispersal pathways, gene flow, amount of available habitat, 
and ecological impacts. Related to Habitat Suitability, Environmental Met-
rics focus on aspects that can determine a species’ ability to survive in a 
given environment (that is, salinity, temperature, nutrient levels, etc.). 

The Shipping Frequency or Connectivity category, which assesses ships as 
vectors of ANS spread, had the most data-collection metrics (18) of all the 
categories, exhibiting the highest degree of variance in assessment meth-
ods across studies. The Shipping Volume category displayed less variety in 
data collection metrics (6), focusing on ballast water and cargo. Shipping 
Volume is an essential aspect in the characterization of invasion risk be-
cause of stowaways found inside or on the surface of the container or ves-
sel. In all, 33% (13 of 39) of studies used metrics of shipping volume in 
their models. Finally, Socioeconomic factors (for example, population 
growth, gross domestic product, the value of imported goods) were used to 
capture how societal elements (such as treaties, trade practices, legal bor-
ders) are connected to the physical risk of ANS spread. 

In Table 2, each column represents a component category containing an 
unordered list, where each cell is individually considered a measurement 
metric. Modeling component categories varied in the types and number of 
representative data sets used across the literature reviewed—suggesting 
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that there may be greater flexibility in representing specific model compo-
nents. This greater flexibility proved especially true for the Shipping Fre-
quency or Connectivity category, defined by 18 metrics, while the Shipping 
Volume category only included 6 unique metrics. 

When examining how each category of metrics was incorporated into indi-
vidual studies, we found that 87% (33 of 39) of models considered Inva-
siveness, and 92% (35 of 39) considered Shipping Frequency or Connectiv-
ity (Table 3). Out of 39 models, one (2%) study incorporated all six catego-
ries (Hulme 2009), 2 (5%) studies contained five categories (Seebens et al. 
2013; Seebens et al. 2016), and the rest used four or fewer categories in 
their models (Table 3). Only 6 (15%) studies included Socioeconomic fac-
tors in their models (Hulme 2009, Azmi et al. 2015; Early et al. 2016; Tid-
bury et al. 2016; Turbelin et al. 2017; Sardain et al. 2019). The relative 
brevity of individual measures listed in the Environmental Metrics cate-
gory (Table 2) is likely due to the wide recognition of sea surface tempera-
ture (mean, maximum, and minimum) and salinity metrics as significant 
biological determinants (or limiting factors) of ANS spread in the reviewed 
models (Keller et al. 2011; Ware et al. 2014; Seebens 2016, Goldsmit et al. 
2017). That is, temperature and salinity influence the likelihood of organ-
ism survival in a new area so strongly that other factors are simply not 
measured. Model types included regression analysis, fuzzy logic models, 
species-distribution models, ecological-niche models, gravity models, and 
spatial models. 
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Table 2. Model component categories and individual measures. 

Invasiveness Habitat Suitability Environmental Metrics 
Shipping Frequency 
or Connectivity Shipping Volume Socioeconomic Factors 

Threat scoring system Ecological impact Sea surface 
temperature 
(mean, max, and min) 

Types of transport nodes 
(ports, harbors, marinas) 

Ballast-water 
volume 

Income growth 

Invasive potential Geographic extent 
or distance 

Salinity Number of ports Ballast-water 
release 
protocols 

Gross domestic product 

Propagule pressure Estimate environmental 
suitability of the region to 
specific aliens 

Source-sink 
environmental 
matching 

Number of voyages 
connected to foreign 
ports to unique 
connections 

Shipping-cargo 
volume 

Human population size 

Colonization pressure Assign dispersal costs to 
distinct landscape features 

Total land area of a 
country (km2)* 

Number of voyages 
connected to foreign 
ports to total voyages 

Volume of 
goods shipped 

Distance between two 
countries (ports) 

Patterns of recorded 
species invasions 

Biogeography dissimilarity 
(community mismatch) 

Environmental 
conditions for each 
port 

Frequency of port visits 
by international arrivals 

Magnitude of 
ballast water 
exchanged in 
ports 

Common colonial history 

Number of 
introduction events 

Potential donor regions and 
dispersal pathways 
of future invaders 

Forecasted 
environmental 
conditions based on 
IPCCa scenarios 

Vectors traffic derived 
from geo-referenced 
monitoring data 

Water and 
sediment 
retention 

Common land border 

Sampled number of 
species 

Biological characteristics of 
selected potential invaders 

Mean nutrient levels 
(calcite, nitrate, 
phosphate, silicate) 

Transport efficiency 
(sailing speed) — 

Existence of regional 
trade agreement 

a Intergovernmental Panel on Climate Change 

 

* For a full list of the spelled-out forms of the units of measure used in this document, please refer to US Government Publishing Office Style Manual, 
31st ed. (Washington, DC: US Government Publishing Office, 2016), 248–52, https://www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO 
-STYLEMANUAL-2016.pdf. 

https://www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO-STYLEMANUAL-2016.pdf
https://www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO-STYLEMANUAL-2016.pdf
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Table 2 (cont.). Model component categories and individual measures. 

Invasiveness Habitat Suitability Environmental Metrics 
Shipping Frequency 
or Connectivity Shipping Volume Socioeconomic Factors 

Asymmetry level between 
number of invasive species 
in country and number of 
native species invasive 
elsewhere 

Gene flow 
via migration 

Chlorophyll minimum 
and maximum 

Geographic extent 
of vectors 

— 

Management difficulty 
(measure of effort to reverse 
threat, remove or manage 
species) 

Occurrence data of native 
and invaded ranges 

Total amount of 
habitat available 

Sea-ice concentration Capacity of transport 
vectors — Number of international treaties 

subscribed to 

Invasion history Latitude and 
longitude 

Bathymetry Arrival and departure 
dates of single 
shipments 

— 
Quantity of international trade 

Species richness 
— 

Mean photosynthetically 
available radiation 

Ship physical 
characteristics 
(size, length, type) 

— 
Human population density used 
as a proxy for spatial-
introduction pressure 

Transmission rate 

— 

Geography layers such 
as distance to land 
(in km) and maximum 
depth (in m) 

Port dwell time 
(total and average) — 

Mean annual USD value of all 
goods imported by country 

Macrophyte fouling score 
or fouling rank — — 

Recreational cruising 
routes, total number 
of cruise ports per 
spatial area 

— 

USD value of imported live 
plants and animals not intended 
for food 

Likelihood of invasion 
(that is, present status, rate 
of introduction, survival, 
establishment, and spread) 

— — 

Vessel type 
(container ships, bulk 
carriers, tankers) — 

Import USD value per m2 
(product of per capita import 
values and population density) 

Species percent cover 
— — 

Time since last dry-
docking, time since 
last painting 

— 
Number of live aquaculture and 
shellfish imports per spatial unit 

Note: USD—US dollars. 
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Table 3. Studies, model types, and categories of model components. 

Model type Study 
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Asymmetry index Turbelin et al. (2017) X — X — X X 

Demographic Hulme (2009) X X X X X X 

Dynamic spatial 

Sieracki, Bossenbroek, and 
Chadderton (2014) X X — X X — 

Sieracki, Bossenbroek, and 
Faisal (2014) X X — X X — 

Fault tree analysis Acosta and Forrest (2009) X — — X X — 

First-order Markov 
chain 

Paini and Yemshanov 
(2012) X — — X — — 

Fuzzy logic systems 
Acosta et al. (2010) X X — X — — 

Ferrario et al. (2016) X — — X — — 

Gravity 
Kaluza et al. (2010) X — — X — — 

Sardain et al. (2019) X — X X — X 

Heat map Tidbury et al. (2016) X — X X — X 

Hub-and-spoke network Azmi et al. (2015) — — — X — X 

Hypothetical dispersal 
network Darling et al. (2012) — X — X — — 

Invasion threat risk 
map with binned risk 
levels 

Early et al. (2016) X — X X — X 

Multivariate 
comparisons Mineur et al. (2007) X — X X — — 

Regression 
(linear, GLM,a GAMb) 

Chan et al. (2018) X — — X — — 

Iacarella et al. (2020) X — — X — — 

Keller et al. (2011) — — X X — — 

Kelly et al. (2013) X — — X X — 

Martínez-Laiz et al. (2019) X — — X — — 

Lacoursière-Roussel et al. 
(2016) X — — X X — 

a GLM—generalized linear model 
b GAM— generalized additive model 



ERDC SR-23-10 12 

 

Table 3 (cont.). Studies, model types, and categories of model components. 

Model Type Study In
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Regression 
(linear, GLM,a GAMb) 

Molnar et al. (2008) X X — X X — 

Montes et al. (2018) — — X X — — 

Peters et al. (2019) X — — X — — 

Sylvester et al. (2011) X — X X — — 

Ulman et al. (2019) X — — X — — 

Ware et al. (2014) X — X X X — 

Spatially explicit 
Floerl et al. (2009) X X — X — — 

Mellin et al. (2016) X X X — — — 

Species distribution 

Crafton (2015) X — X X — — 

Goldsmit et al. (2017) X X X X — — 

Herborg et al. (2009) X — X X — — 

Hertzog et al. (2014) X X X — — — 

Leidenberger et al. (2015) X X X X — — 

Moore et al. (2018) X — X X — — 

Species-flow networks Saebi et al. (2020) — X X X X — 

Vector based 

Seebens et al. (2013) X X X X X — 

Seebens et al. (2016) X X X X X — 

Williams et al. (2013) X — — X X — 
a GLM—generalized linear model 
b GAM—generalized additive model 

3.2 Commercial versus Recreational Vessel Movements in Aquatic 
Nuisance Species (ANS) Literature 

Commercial vessels may include large oceangoing ships with extensive 
hull surface and ballast-water storage. In contrast, recreational vessels 
(that is, pleasure crafts) tend to be smaller (in dimension), travel at slower 
speeds, dwell for extended periods in one location, and have limited off-
shore range. Distinguishing between commercial vessel movements and 
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recreational vessel movements is essential because of these vessels’ differ-
ent usage and activity patterns. Of the articles included in this literature 
review, only a few (Hulme 2009; Seebens et al. 2013; Williams et al. 2013; 
Tidbury et al. 2016) used historic vessel-movement information in their 
model. Of the 39 papers, 18 (46%) included recreational-vessel move-
ments as model components, while 28 (72%) included commercial vessels 
(Figure 4). Only 9 (23%) studies included both commercial and recrea-
tional vessels in their analysis (Figure 4). Finally, 2 (5%) studies did not 
have shipping components in their models: Mellin et al. (2016) focused on 
biotic interactions and demographics influencing marine invasions, while 
Hertzog et al. (2014) focused on a terrestrial species. 

Figure 4. Summary of studies identified in reviewed publications that included recreational 
vessels, commercial vessels, both vessel types, or no shipping factors. 
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4 Conceptual Model 

4.1 Conceptual Model Development 

Our literature review highlighted standard components incorporated 
within ecological models that describe or predict species spread via vessel 
movement. Using the review findings as a guide, we developed a concep-
tual model to determine biofouling invasion risk due to environmental 
constraints, vector and propagule pressure, and disturbance regime (Fig-
ure 5). Conceptually, ecological conditions are modeled through habitat 
suitability (also known as habitat matching) of nonindigenous species (or 
suite of species) with the new location under assessment. Vector and prop-
agule pressure can be separated into commercial- and recreational-vessel 
patterns, which are related but may have different impacts on a species or 
taxonomic group of interest because of distinctly different traffic patterns. 
Disturbance regime, which influences both habitat compatibility and prop-
agule success, could incorporate ongoing and future environmental dis-
turbances, such as climate variability, sea-level rise, and extreme weather 
events (for example, hurricanes, flooding). An additional disturbance com-
ponent is an operational activity such as harbor deepening or channel 
maintenance (that is, dredging), which can alter the habitat suitability, es-
pecially within the benthic footprint of the channel. The three components 
in our conceptual model—Environment, Disturbance, and Vector/Propa-
gule Pressure—contribute to invasion risk. 
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Figure 5. Conceptual model informed by current studies showing four components: Disturbance (top), Environment (left), Vectors/Propagule Pressure 
(right), and Biofouling Invasion Risk (bottom). 
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4.2 Future Research and the Automatic Identification System (AIS) 

Additional research is underway to examine the level of vessel movement 
in domestic waters that may contribute to the spread of ANS within the 
United States. This information would benefit USACE’s navigation mis-
sion; other federal and state agencies would benefit from estimates of the 
relative magnitude of potential ANS transfer risk caused by different cate-
gories of vessels (that is, pleasure craft, commercial freight vessels, and 
working vessels such as dredges). Future research will use historic vessel-
position reports from the US Coast Guard (USCG) Nationwide Automatic 
Identification System (NAIS), described in Section 4.3. 

4.3 AIS 

The Automatic Identification System (AIS) is a ship-to-ship, ship-to-shore, 
and shore-to-ship communication system based on radio-frequency trans-
missions and approved by the International Maritime Organization, or IMO 
as a global communication standard (USCG [2018?]). Extensive infor-
mation on AIS specifications can be found through international associa-
tions that set technical standards (IALA 2008; IEC 2018; ITU 2014; PIANC 
2019, as cited by Kress et al. 2021, 2). AIS transponders have been standard 
equipment on oceangoing commercial ships for over a decade, but wide-
spread usage installation on inland vessels is more recent. As Kress et al. 
(2021) explain, since 2016, AIS carriage requirements set by the USCG 
“have included most commercial self-propelled vessels on US navigable wa-
ters” (2). Specifically, any vessel over 65 ft* (19.8 m) in length, vessel towing 
vessels over 26 ft (7.9 m) in length with an engine greater than 600 hp (608 
metric hp), vessel certified to carry 150 or more passengers, dredge in or 
near a commercial channel, or vessel moving specific dangerous cargo must 
adhere to USCG AIS carriage requirements (USCG [2023?]); 33 C.F.R. § 
164.46†, as cited by Kress et al. 2021, 2). AIS transponders are now carried 
on most commercial vessels in the United States, including those that re-
main within domestic waters, such as tugs and towboats (USCG [2023?]). 

 
* For a full list of the spelled-out forms of the units of measure used in this document, 

please refer to US Government Publishing Office Style Manual, 31st ed. (Washington, DC: US 
Government Publishing Office, 2016), 248–52, https://www.govinfo.gov/content/pkg/GPO 
-STYLEMANUAL-2016/pdf/GPO-STYLEMANUAL-2016.pdf. 

† Automatic Identification System. 33 C.F.R. § 164.46. https://www.govinfo.gov/content/pkg 
/CFR-2021-title33-vol2/pdf/CFR-2021-title33-vol2-sec164-46.pdf. 

https://www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO-STYLEMANUAL-2016.pdf
https://www.govinfo.gov/content/pkg/GPO-STYLEMANUAL-2016/pdf/GPO-STYLEMANUAL-2016.pdf
https://www.govinfo.gov/content/pkg/CFR-2021-title33-vol2/pdf/CFR-2021-title33-vol2-sec164-46.pdf
https://www.govinfo.gov/content/pkg/CFR-2021-title33-vol2/pdf/CFR-2021-title33-vol2-sec164-46.pdf
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Noncommercial private vessels (recreational vessels, pleasure crafts) can 
also use AIS transponders the same way as commercial vessels. 

The USCG NAIS program archives AIS records from coastal and inland ar-
eas received by shoreside towers (USCG [2023?]). AIS messages are time-
stamped and geospatially referenced and include user-input fields such as 
vessel name and Maritime Mobile Service Identity, or MMSI, number. The 
geospatial reference information (latitude and longitude) inside an AIS 
message is derived from a connection to an onboard GPS device (USCG 
[2023?]). Archived AIS records can be accessed from the USCG through 
requests to the agency, via web services (such as those used by the AIS 
Analysis Package, or AISAP, software), or through collaborative efforts for 
large-scale releases of AIS data such as the Marine Cadastre website at 
MarineCadastre.gov (NOAA 2023). Researchers can use archived AIS rec-
ords to investigate a wide variety of topics related to vessel movements, in-
cluding port connectivity (Kress et al. 2021), waterway use by commercial 
vessels (Kress et al. 2020; Mitchell and Scully 2014; Tabbert et al. 2021; 
Young and Scully 2018), travel time along inland river systems (DiJoseph 
et al. 2019), and maritime resilience (Farhadi et al. 2016; Scully and 
Chambers 2019; Touzinsky et al. 2018). 

Reception of AIS transmissions goes through a network of shoreside (ter-
restrial) towers, with higher-powered AIS transmissions received by satel-
lites. The USCG maintains an archive of these terrestrial AIS signals 
through their NAIS program (USCG [2023?]). While there are gaps in AIS 
reception coverage along coastal and inland waterways, the US Atlantic 
and Gulf coasts generally have excellent AIS coverage in nearshore areas. 
A map of AIS towers and generalized reception zones as of 2018 are shown 
below in Figure 6. 

This project carried out a preliminary examination of the existence of AIS 
data to describe and quantify the movement of recreational vessels (that is, 
pleasure craft) in and out of the state of Florida during the years 2019 and 
2020. Initial results suggest that AIS data for vessels that self-identify as 
pleasure craft are available in sufficient quantity to compare the magni-
tude of pleasure-craft movements to those of commercial ships. An exam-
ple of plotted historical position reports from pleasure craft is shown in 
Figure 7, depicting track lines of vessels that called at Jacksonville, Flor-
ida, and their track line for seven days. Although not all pleasure crafts 
carry AIS transponders, thousands do. 
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Figure 6. Map showing the approximate spatial coverage (reception) of terrestrial Automatic Identification System (AIS) towers 
around the United States. (Reprinted from Kress et al. 2021, 9. Public domain.) 

 
Note: NAIS—Nationwide Automatic Identification System; ACOE—Army Corps of Engineers; PSS—primary shoreside (US Coast 
Guard); MXAK—Marine Exchange of Alaska; VTS—Vessel Traffic Service; SLSDC—St. Lawrence Seaway Development Corpora-
tion) 
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Figure 7. Example of pleasure craft track lines (created by connecting sequential AIS 
position reports) for vessels calling at Jacksonville, Florida, and tracked for seven days. 

 

In Figure 8, vessel hot spots are shown around the Sarasota-Tampa, Flor-
ida, area on the Gulf Coast; around the Florida Keys; along the southern 
Atlantic coast of Florida; in two areas along the Florida panhandle; one 
area near Houston, Texas; one area on the New Jersey Atlantic Coast; and 
in a few places along the Mississippi River from Tennessee to as far north 
as Iowa. These hot spots represent vessels identified as present in the Sar-
asota, Florida, area during the year 2020 and then tracked for one month 
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after their departure from Sarasota. The geographical extent of the hot 
spots demonstrates that vessels cover significant distances around the 
United States. This mapping of the hot spots supports the idea that private 
pleasure crafts can travel long distances and cross ecoregions in a rela-
tively short amount of time (for example, from subtropical saltwater to 
midlatitude freshwater) and thus serve as vectors for the movement of 
ANS. Because private pleasure crafts travel at slower speeds and to differ-
ent destinations (regions, ports, marinas) they likely present a different 
vector risk than commercial vessels. 

Figure 8. AIS signal-density plot of pleasure-craft vessels identified in the Sarasota, Florida, 
region (orange box) at some point in 2020 and then tracked for one month after departure 

from Sarasota (blue—low signal, red—middle signal, white—high signal) 
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5 Conclusion 

This special report presented a review of existing literature relevant to 
models that predict the spread of ANS. This review provided an overview 
of multiple approaches, parameters, and data sources that researchers 
have previously used to develop models. Understanding and ideally pre-
venting the introduction and spread of ANS is of interest to the US govern-
ment because of the known mitigation costs associated with existing ANS 
and the unknown potential costs of future ANS mitigation. In addition to 
the literature review, we describe a novel conceptual model combining en-
vironmental features, disturbance features, and vector features to develop 
a biofouling invasion risk prediction. The next step in this research project 
will be to identify and use quantitative data from a real-world case study to 
test the conceptual model. Preliminary research suggests that recreational 
boating in the state of Florida could serve as a real-world test case. 
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