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Abstract 
Minimizing overland transport of aquatic invasive species (AIS) via recreational 
watercraft is an essential component of invasive species spread prevention. 
Watercraft inspections at launch sites are a widely applied strategy to reduce human-
mediated transport of AIS to protect priority waterbodies and offer public education 
and training of preventative cleaning procedures. Watercraft inspections also 
represent an opportunity to collect useful information for ecosystem managers on 
watercraft movement patterns and species occurrences that can be applied to risk 
assessments and early detection rapid response programs. New York State (NYS) in 
the Northeastern USA implemented use of a Watercraft Inspection Steward Program 
Application (WISPA) in 2018, which is a form-based survey that populates a 
centralized database with several data fields that include spatially explicit location, 
watercraft type, origin waterbody, and species observations. Coordinated and 
standardized collection of this data equips AIS managers with substantial information 
to make data-driven decisions. Here, we summarize the information collected in the 
WISPA database during the first six years of use and highlight two key management 
uses for this information using a set of eight popular destination lakes. Boater 
connectivity maps of origin-destination links are valuable to acknowledge the breadth 
of origins travelling to NYS destinations, and to identify the highest-magnitude 
connections that likely represent increased-risk pathways for species transport. “Hits” 
analysis is an applied mechanism to relate species interceptions to a confirmed 
presence database to identify previously undocumented species occurrences and 
direct early detection rapid response survey priorities. WISPA has been effective to 
establish the data infrastructure needed to support systematized data collection during 
watercraft inspection surveys and increase managers’ ability to make informed 
decisions about AIS management. 

Key words: spread prevention, boat stewards, Early Detection Rapid Response, 
network analysis 
  

Introduction 

Recreational boater movements represent a major vector of aquatic invasive 
species (AIS) secondary spread (i.e., continued spread of established invasive 
species to additional sites) by creating complex overland interconnections 
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from invaded to uninvaded systems (Cole et al. 2019; Kao et al. 2021; 
Pradhananga et al. 2015; Rothlisberger et al. 2010; Vander Zanden and 
Olden 2008). Watercraft inspection programs have been widely adopted in 
response to this pathway, to reduce the likelihood of transfer and introduction 
of AIS biomass attached to the exterior (e.g., trailer, hull, motor), and 
interior (e.g., anchor, bilge, and live wells) structures of recreational vessels 
(Moore et al. 2024). Inspections typically consist of visually checking all 
boating and other recreational equipment (e.g., personal floatation devices, 
fishing tackle, bait buckets) before and/or after use of a waterbody, and 
removing all plants, animals, sediment, and water. Inspections additionally 
offer an opportunity for effective public education and outreach that can 
garner support for environmental stewardship programs and bolster the 
effectiveness of outreach campaigns (e.g., “Clean. Drain. Dry.”; “Stop Aquatic 
Hitchhikers”) employed at public access points (Cimino and Strecker 2018; 
Moore et al. 2024). Widespread adoption by recreationists to inspect and 
clean their watercraft is a critical hurdle for effective prevention and 
slowing of AIS secondary spread (Golebie et al. 2023; Moore et al. 2024; 
Pradhananga et al. 2015; Vander Zanden and Olden 2008).  

New York State (NYS) is in the Northeastern USA with extensive 
opportunities for residents and visitors to access lakes, ponds, rivers, and 
coastal marine areas. Waterways in NYS are particularly vulnerable to the 
introduction and spread of AIS through shipping ports on two of the 
Laurentian Great Lakes and the Atlantic coast, and extensive canal systems 
connecting waterbodies and drainages (Hinchey et al. 2013). Numerous 
aquatic invasive species have established widespread distributions in NYS 
(e.g., zebra mussels, Dreissena polymorpha (Pallas, 1771); curly-leaved 
pondweed, Potamogeton crispus (Linnaeus, 1753); Eurasian watermilfoil, 
Myriophyllun spicatum (Linnaeus, 1753)), while other species are currently 
limited in extent but are at risk of further spread (e.g., hydrilla, Hydrilla 
verticillata (Royle, 1839); spiny waterflea, Bythotrephes longimanus (Leydig, 
1860); starry stonewort, Nitellopsis obtusa (Groves, 1919); Asian freshwater 
clam, Corbicula fluminea (O.F. Müller, 1774)). Widespread boater movements 
across the landscape make AIS prevention a challenging endeavor, and 
NYS has implemented regulations and developed a network of local and 
regional organizations focused on spread prevention (Hinchey et al. 2013; 
NYSDEC 2018). New York State’s Watercraft Inspection Steward Program 
(WISP) is intended to support 6 New York Codes, Rules and Regulations 
Part 576 (6 CRR-NY 576 2015; NYSDEC 2018), which requires that all 
watercraft be cleaned, drained, and dried (or treated) before launching into 
public waters.  

The earliest Steward Program in NYS was established in the early 2000’s 
and the statewide WISP has since expanded to host stewards at more than 
200 boat launches. Launches are chosen based on frequency of use, 
accessibility, risk of introduction or spread, and capacity. In general, 
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watercraft inspections are not required at most stations, but all watercraft 
users must take spread prevention measures. All stewards are tasked with 
talking with recreationists about their purpose for visiting a waterbody and 
determining if the recreationists have encountered stewards before and have 
taken preventive measures on their own. We note that in some cases the 
aforementioned data may not be a true representation of a boater’s activity 
and experience. Once this initial conversation is complete, stewards assist 
watercraft users with voluntary inspections and cleaning of their equipment 
before (i.e., launching inspection) and/or after (i.e., retrieval inspection) 
use of a waterbody, thus ensuring compliance with Part 576 (NYSDEC 
2022). At select locations, additional decontamination services (e.g., 
pressurized hot water washing station) are also made available depending 
on local program resources and priorities, especially at locations where 
boats frequently launch after overland transport from known AIS source 
waterbodies. NYSDEC and New York State Office of Parks, Recreation, 
and Historic Preservation collaborated with the New York Natural Heritage 
Program to develop a standardized survey titled “WISPA” (Watercraft 
Inspection Steward Program Application) and a centralized GIS database 
as a repository for data collected using the survey. Establishing this survey 
and centralized database enables consistency in data collection and reporting 
across inspection stations, which in turn facilitates better state-wide analyses 
of species detections and boater movements that can be used to improve 
AIS prevention and management (van Rees et al. 2022). 

One of the benefits of WISPA is to improve understanding of boater 
connectivity patterns between waterbodies. Estimating the relative magnitude 
of watercraft movements between systems is useful to reconstruct routes of 
AIS dispersal and identify specific locations that are likely to serve as sources 
or recipients of AIS (Escobar et al. 2019; Kao et al. 2021; Vander Zanden 
and Olden 2008). The WISPA survey protocol involves asking the operator 
to indicate if and where the watercraft was launched in the previous two 
weeks prior to launching at the current location (NYSDEC 2022). Assessing 
the extent of boater connections is often limited due to lack of comprehensive 
data, but survey information collected via WISPA offers the opportunity to 
identify waterbodies across NYS with extensive connections via boat traffic. 
This information can then be used to direct outreach and infrastructure 
such as decontamination units, mobile systems that provide hot water at 
high pressure to rinse watercraft and trailer surfaces and compartments, to 
locations with high risks of spreading and/or receiving invasive species 
(Haight et al. 2021; Kao et al. 2021; Stewart-Koster et al. 2015). 

In addition to estimating connectivity, WISPA data provides the 
opportunity to use AIS interceptions on watercraft leaving waterbodies to 
detect invasions in locations where the species was not previously 
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documented. Spatiotemporally explicit information on species occurrences 
is fundamental to design field surveys, prioritize sites for active management 
interventions, and provide supporting information for regulatory decisions 
(van Rees et al. 2022). New York State uses novel species observations in a 
waterbody to trigger early detection rapid response (EDRR) efforts using 
“hits” analysis, where records of AIS encountered during retrieval are 
compared to existing observation records in a centralized invasive species 
occurrence database, iMapInvasives (NatureServe 2021). AIS detections by 
stewards can either be a “match” to iMapInvasives, meaning that the 
species has a previously confirmed presence in the waterbody, or represent 
a “hit” where there is no previously confirmed presence of the detected 
species in the waterbody. Upon a new species “hit”, managers can verify 
and delineate the extent of species establishment in that previously unknown 
location. Integration of watercraft inspection data and iMapInvasives provides 
a more comprehensive depiction of species’ spatial extents in the state, and 
“hits” analysis increases coordination for identification and assessment of 
newly detected species, with the goal of detecting new species populations 
at early stages of invasion when eradication is possible. 

Invasive species research and policy actions often require collating data 
across sources, and it is imperative that standards and formats be established 
to improve the quality and relevance of established data infrastructure, and 
avoid data loss or incompatibility (Groom et al. 2017; Rice 2007). Empirical 
information on spread patterns of AIS is needed by policy and management 
decisionmakers to support risk analyses, horizon scanning, and rapid 
response planning, create decision support tools, and intercept non-native 
organisms along spread corridors (Reaser et al. 2020). Platforms that can 
enable the exchange of information about invasive species occurrence and 
spread between entities at international, national, and subnational scales is 
increasingly encouraged to improve coordination and identify pathways of 
dispersal (Büyüktahtakın and Haight 2018; Groom et al. 2017; Reaser et al. 
2020; Wallace et al. 2020). WISPA makes progress towards establishing 
protocols, standards, and formats to create an aggregate database of watercraft 
inspections with consistent interoperability between data collection origins 
that could be expanded to assemble information at larger geographical 
scales (Groom et al. 2017; Wallace et al. 2020). 

Synthesis of the data collected during watercraft inspections and making 
the information publicly available is vital in fostering confidence among 
recreational boaters that the behaviors they take to prevent the spread of 
AIS are effective and beneficial (Rothlisberger et al. 2010). We analyzed the 
information collected through the first six years of using WISPA (2018–
2023) to summarize the core data collected by the application, create boater 
movement networks that identify high-magnitude links for a selection of 
eight popular destination lakes, and highlight the mechanism of “hits” 
analysis to couple the outcomes of boat inspections with EDRR programs. 
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Materials and methods 

Watercraft Inspection Steward Program Application (WISPA) 

WISPA is a survey form within Esri’s Survey123 mobile application. All 
stewards from participating organizations use WISPA to document every 
boater survey, including visual observations by the steward and verbal 
responses from the boater to questions asked by the steward. During each 
inspection, stewards are prompted with the series of standardized questions 
and discrete response options on tablet computer devices to complete the 
survey, enabling them to enter the data immediately and minimize 
transcription errors. The data collection application automatically populates 
some metadata fields (e.g., date, time, location) thereby increasing speed of 
the inspection process and supporting data quality. Each record represents 
one survey for watercraft being launched or retrieved, with several core 
fields required in every record that represent the standard questions asked 
and observations made by stewards for every watercraft inspection (Table 1). 
Some programs opt for custom questions and data fields in addition to the 
core survey to facilitate local data needs while maintaining the consistency 
and standardization of the core survey data across all programs. Completed 
surveys are uploaded to populate a cloud-based spatial database in Esri’s 
ArcGIS Online platform, where the information collected by stewards is 
reviewed and quality-checked by the program managers of each participating 
host organization. This results in a centralized database of boater surveys 
and inspections conducted each year, providing opportunities for analyzing 
overland boat traffic and the movement of invasive species between 
waterbodies, and changes in boater involvement in spread prevention 
measures. Analyses are conducted with the understanding that not all 
boaters may be forthright in their responses.  

WISPA summary 

Data from the core survey fields recorded during the first six years of 
WISPA implementation (2018–2023) were summarized. Total sums of survey 
records were calculated according to program year and each of the nine 
NYSDEC regions (each region is a distinct area with unique geography and 
management goals) to describe spatiotemporal coverage of NYS’s WISP. 
The waterbody with the most completed inspections in each NYSDEC 
region was identified. The relative proportion of launching versus retrieved 
watercraft were evaluated, and the composition of boaters accessing NYS’s 
recreational waterways were characterized by registration locations and 
types of inspected vessels (e.g., motorboat, kayak, personal watercraft, etc.). 
Species observations were summarized separately for launching and retrieval 
directions, and the proportion of inspections where any material or at least 
one invasive species detected was determined for each direction. Retrieval 
records where at least one invasive species was detected were further used 
for the “hits” analysis (see below). 
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Table 1. Summary of core fields in the WISPA data collection form, required for all surveys.  

Field Name Description 
Launch name Boat launch site where the survey was conducted. 
Organization Name of WISP host organization  
Location Geographic coordinates for the launch where the survey was conducted. 
Date Date that the survey was conducted. 
Launch direction Launching (boat entering the waterbody) or retrieving (boat exiting the waterbody) 

Watercraft type Select from: motorboat, personal watercraft (jet ski), kayak, canoe, sailboat, 
rowboat, stand-up paddleboard, windsurfer, barge (construction), or dock. 

Boater Registration State/province code at the beginning of the boater registration. 
Was the watercraft in water in the past two 
weeks? 

Whether the watercraft was in the same or different waterbody within the past 
two weeks, if known, as a potential indicator of aquatic invasive hitchhikers. 

Last waterbody used by this watercraft Select from list of waterbodies by state, with a free-text field available if not listed. 
Did the watercraft user agree to an inspection? Yes or no; for most programs the inspection is voluntary. 
Organisms or debris detected on the watercraft 
or trailer 

Multiselect from organism list, with free-text field available if the taxon is not 
listed. 

The extent of boater movement between waterbodies was examined 
using responses to the “Was the watercraft in water in the past two weeks?” 
field. The different response options were tallied and represented as the 
percentage of total observations in the WISPA database. Additionally, the 
proportion of records where the response was “Yes, different waterbody” 
were computed by destination lake, and the waterbodies with the highest 
percentage of surveys specifying boater movement between waterbodies 
were identified. Records where the operator indicated “Yes, different 
waterbody” were further used for connectivity analyses (see below).  

We selected eight case study destinations to showcase the variability of 
waterbody and connectivity information that can be derived from the 
database. Waterbodies with the most survey records in NYSDEC regions 
5–9 were used, because regions 1–4 remain data limited. We also selected 
the inter-jurisdictional waterbody with the most survey records (i.e., waterbody 
that shares shoreline with another US state or Canadian province), and two 
waterbodies with the highest percentages of boaters reporting inter-waterbody 
movement. The five most popular waterbodies were indicative of highest 
spread and/or introduction risk while the interjurisdictional waterbody 
demonstrates the potential risk of introduction from neighboring states. The 
remaining two waterbodies illustrated the risk of a waterbody receiving 
high amounts of boaters with movement between systems. We selected 
these eight destination waterbodies to further demonstrate the management 
utility of connectivity analyses and “hits” analysis derived from WISPA 
information. 

All summary and statistical analysis was conducted in R version 4.3.2 
(R Core Team 2023).  

Connectivity analysis 

Connectivity networks are produced using responses that indicate the 
watercraft was used in a different body of water (origin waterbody) prior to 
launching at the new location (destination waterbody) following overland 
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transport. Survey records from separate launches on a single waterbody are 
aggregated to the waterbody level, and origin-destination links are mapped 
to show overland watercraft pathways from the origin waterbody stated by 
the watercraft user to the destination body where the survey occurred. 
Each pathway is summarized to determine the number of survey records 
that specify each origin-destination link, which can indicate the relative 
risk of AIS spread via different pathways (Escobar et al. 2019; Rothlisberger 
et al. 2010). The waterbody mapping layer was originally derived from the 
National Hydrography Dataset (USGS 2018), with subsequent updates. For 
some unknown or unrecorded origin waterbodies outside NYS, particularly 
those with few records, the centroid of state/province was used as the 
origin. The results are published on an annual basis to an interactive data 
viewer developed using the ArcGIS Web AppBuilder (Esri Inc. 2024), and 
shared with WISP coordinators and regional AIS managers, allowing users 
to filter by origin or destination waterbody.  

We produced a set of maps using the full aggregated database of reported 
pathways for the set of eight case study waterbodies: Chautauqua Lake, 
Keuka Lake, Cayuga Lake, Skaneateles Lake, Black Lake, Lower Saranac 
Lake, Lake George, and Lake Champlain. We measured the distance between 
each origin waterbody (when known, otherwise state/province) centroid to 
the destination waterbody centroid. Mean distance of all reported origins 
to a given destination waterbody were compared to the mean distance of 
the 10 most frequently reported origins using a t-test.  

“Hits” analysis 

The goal of “hits” analysis is to identify instances where an invasive species 
detection during a watercraft retrieval survey suggests the presence of a 
species not otherwise documented in the waterbody (referred to as a “hit”). 
The analysis focused on a suite of fourteen species including the most 
frequently reported non-native species, several prohibited and regulated AIS, 
and priority AIS selected by NYSDEC and WISP managers (“focal species”). 
Observations of the focal species upon retrieval for each waterbody in 
WISPA are compared spatially (using ArcGIS software by Esri) to the known 
occurrences of that species within the centralized NYS Invasive Species 
Database hosted through iMapInvasives (NatureServe 2021), which stores 
aggregated species occurrence data from natural resource managers, 
community science contributors, and other databases such as the USGS 
Nonindigenous Aquatic Species Database (USGS 2024). 

We extracted all waterbodies that were associated with watercraft 
inspection records (for data between 2018 and 2023) from the National 
Hydrography Dataset (USGS 2018) into a discrete layer to serve as the 
foundation for the analysis. The dataset comprising observations of existing 
populations and occurrences was dynamically accessed via a web feature 
service (WFS) from iMapInvasives. For each species, the WFS was filtered 
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to only return occurrence records for that species. An intersection with the 
waterbodies was then performed with the filtered occurrences. All waterbodies 
with any intersecting species occurrence records were assigned a value of 
“1” in a data field representing presence of that species. Next, each retrieving 
watercraft inspection record where at least one species was detected by the 
steward was spatially joined to the waterbody to which it is physically 
connected. All retrieval records were then aggregated by waterbody and by 
sum of the detection count for each species. For each waterbody feature, 
each retrieving species detection sum is then compared to the waterbody 
species “Presence” value. Each instance of retrieving species detection count 
greater than zero and waterbody “Presence” value for that species equal to 
zero constituted a “hit”, or potential data gap species for the specific 
combination of species and waterbody. 

The results of the “hits” analysis are published in an Esri online map 
viewer (Esri Inc. 2024) for WISP managers and regional AIS coordinators 
to review. In some cases, a “hit” may indicate a data gap or an opportunity 
for early detection. AIS professionals are encouraged to conduct surveys 
for the “hit” species within the waterbody and then submit an observation 
or not detected survey record to iMapInvasives to determine if an established 
population exists for the species. Species flagged as a “hit” do not guarantee 
an actual infestation in need of documenting, but rather an actionable 
trigger to direct on-the-ground surveillance. We summarized the potential 
gap species identified via hits analysis for the eight case study lakes. 

Results 

Watercraft Inspection Steward Program Application (WISPA) summary 

New York State’s centralized WISPA database contains inspections from 
19 host organizations, 166 waterbodies, and 333 launches. A total of 
1.352.849 watercraft inspections were entered from 2018–2023, with an 
average of 225,475 ± 91,589 (mean ± SD) entries annually (Supplementary 
material Table S1). Currently, WISPA coverage is unequal across NYS, 
with downstate regions (NYSDEC regions 1–3, Figure 1) having fewer 
surveyed launches and total records than the rest of the state (Table 2). 
Destination waterbodies with the most inspection records in each NYSDEC 
region are outlined in Table S2.  

Launching inspections (n = 834,189) exceeded retrieving inspections (n = 
518,660), making up a majority (62%) of the database. Motorboats comprise 
the bulk (68%) of inspected vessels, with non-motorized watercraft (i.e., 
kayaks, canoes, stand-up paddleboards, rowboats, windsurfers) making up 
a smaller portion (22%) of inspection records (Table S3). The majority 
(63.8%) of inspected boats were registered within NYS, and much of the 
representation from other states or provinces came from those contiguous with 
New York (i.e., Vermont, Pennsylvania, New Jersey, Quebec, Massachusetts, 
Connecticut) (Table 3). 
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Figure 1. Map of boat launches surveyed as part of New York State WISP, where inspection 
data has been collected using WISPA. Boundaries within New York represent Department of 
Environmental Conservation regions. 

Table 2. Summary of watercraft survey records from different NYSDEC regions. NYSDEC 
Region 2 is the five boroughs of New York City and there are no public boat launches into 
freshwater lakes or ponds. 
NYSDEC Region n (%) 
1 1,880 (0.1%) 
3 18,483 (1.4%) 
4 55,076 (4.1%) 
5 510,968 (37.8%) 
6 90,154 (6.7%) 
7 123,505 (9.1%) 
8 193,563 (14.3%) 
9 120,976 (8.9%) 
Border 238,244 (17.6%) 
Total 1,352,849 
Average 150,317 

Organisms or other debris were identified and removed during 141,383 
inspections (10.5%), and 66,623 (5.0%) of records included detection of 
invasive species. Fourteen AIS, including 9 macrophyte species and 5 
invertebrate species, have been intercepted during WISP inspections (Table 4). 
Invasive species interceptions were over seven times more common in 
retrieval inspections (n = 54,910, 10.6%) than launching inspections (n = 11,713; 
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Table 3. The ten most frequent registration states or provinces represented among watercraft 
inspected in New York State. 
Registration State n (%) 
New York 863,343 (63.8%) 
Vermont 59,066 (4.4%) 
Pennsylvania 46,613 (3.4%) 
New Jersey 15,470 (1.1%) 
Ohio 11,612 (0.9%) 
Québec 8,251 (0.6%) 
Massachusetts 7,336 (0.5%) 
Connecticut 6,281 (0.5%) 
New Hampshire 5,208 (0.4%) 
Florida 4,017 (0.3%) 

Table 4. Observed aquatic taxa and the number of records where they were detected during launching and retrieving inspections. 
*M. heterophyllum is considered native to some waterbodies in Western and Southern New York, but is introduced in much of the 
state, and both M. heterophyllum and its nearly indistinguishable hybrid with M. laxum are prohibited invasive species in New 
York State (Howard 2024; Part 575 Prohibited and Regulated Invasive Species 2015; Werier et al. 2024). 
 Species Common Name Native to New York n [launching] n [retrieving] 

M
ac

ro
ph

yt
es

 

Vallisneria americana Water celery Yes 6,736 45,252 
Myriophyllum spicatum Eurasian watermilfoil No 7,192 33,098 
Potamogeton spp. Native pondweed species Yes 5,909 30,832 
Potamogeton crispus Curly pondweed No 3,137 21,275 
Elodea spp. Elodea species Yes 3,078 17,761 
Ceratophyllum demersum Coontail; Hornwort Yes 2,787 14,372 
Nitellopsis obtusa Starry stonewort No 246 1,610 
Myriophyllum heterophyllum Variable-leaf watermilfoil Yes* 245 1,553 
Nymphaeaceae Native lily species Yes 80 1,261 
Trapa natans Water chestnut No 461 1,084 
Najas minor Brittle naiad No 66 760 
Utricularia spp. Bladderwort species Yes 71 645 
Hydrocharis morsus-ranae European frogbit No 17 167 
Egeria densa Brazilian waterweed No 13 59 
Hydrilla verticillata Hydrilla No 12 3 

In
ve

rte
br

at
es

 Dreissena polymorpha Zebra mussel No 1,981 7,642 
Bythotrephes Waterflea species No 54 673 
Dreissena bugensis Quagga mussel No 83 279 
Corbicula fluminea Asian clam No 6 12 
Faxonius rusticus Rusty crayfish No 1 9 

N
/A

 Miscellaneous Debris N/A N/A 10,313 11,721 
Unknown N/A N/A 1,521 1,624 

 Total   44,009 191,692 

1.4%). We recognize that certain AIS may persist following a launch and 
may not accurately indicate presence in a waterbody upon retrieval. The most 
frequently intercepted AIS include Eurasian watermilfoil (Myriophyllum 
spicatum), curly pondweed (Potamogeton crispus), and zebra mussel 
(Dreissena polymorpha).  

Most boaters reported past activity in the same waterbody (33.1%) or 
that the watercraft had not been launched in the last two weeks (18.6%) 
(Table 5). However, 9.7% of boaters reported recent activity in different 
waterbodies, providing data for movement and connectivity analyses (n = 
131,776). Two to nineteen percent of boaters in all surveyed waterbodies 
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Table 5. Summary of responses to “Was the watercraft in water in the past two weeks?” data field. 
Boater Response n (%) 
Yes, different waterbody 131,776 (9.7%) 
Yes, same waterbody 447.958 (33.1%) 
Not launched 251,557 (18.6%) 
Rented or borrowed 4,933 (0.4%) 
Refused to answer 1,181 (0.1%) 
Unknown / blank 515,444 (38.1%) 

reported arriving from a different waterbody. The top lakes where the 
highest percentage of surveyed boaters reported movement between 
waterbodies are outlined in Table S4. 

Waterbodies with the most survey records in NYSDEC regions 5–9 were 
Lake George, Black Lake, Cayuga Lake, Keuka Lake, and Chautauqua Lake, 
respectively (Table S2). Lake Champlain was the interjurisdictional waterbody 
with the most inspection records (Table S2). Skaneateles Lake and Lower 
Saranac Lake exhibited the highest recorded proportions of inter-waterbody 
traffic (Table S4). This set of waterbodies were selected as case studies to 
present connectivity and “hits” analysis results.  

Connectivity analysis 

Connectivity maps produced for the eight case study lakes are contained in 
Figures 2–3. These case study lakes were connected to an average of 309 ± 103 
(mean ± SD) different origins (Figure 2, 3). The mean (± SD) distance of 
the ten most frequently reported origin lakes (104.96 km ± 68.25 km) was 
significantly shorter than the mean (± SD) distance for all connected 
waterbodies (320.78 km ± 59.61 km) (t(13) = 6.43, P < 0.05) (Figure 4). 

“Hits” analysis 

In the eight case study lakes from the connectivity analysis, there were 143 
reported detections of focal species on watercraft exiting waterbodies 
where the species was not documented in iMapInvasives (“hits”, Table 6). 
Macrophyte species comprised more (n(observations) = 115, n(species) = 5) of the 
hits than animals (n(observations) = 28, n(species) = 3), which is consistent with 
macrophytes being generally more frequently reported (see Table 4). There 
was at least one hit for each of the eight case study lakes, with Skaneateles 
Lake having the most species not matched – out of the nine species 
reported on watercraft exiting the waterbody, five were not documented in 
iMapInvasives. The most frequent hit among the case study lakes was Najas 
minor in Lake Champlain (n = 56). There were no hits in the case study 
lakes for six of the fourteen focal species, meaning these species were only 
detected on retrieving watercraft at case study lakes where the species were 
already documented in iMapInvasives: Corbicula fluminea, Dreissena 
polymorpha, Hydrilla verticillata, Myriophyllum spicatum, Nitellopsis obtusa, 
and Potamogeton crispus. 
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Figure 2. Watercraft origins for four selected destination lakes: Chautauqua Lake, Keuka Lake, Cayuga Lake, and Skaneateles 
Lake. The first column of panels displays a zoomed-out view of all origin waterbodies recorded for each destination, only showing 
points east of the continental divide. The middle column shows the ten most frequently reported origin waterbodies for each 
destination, with zoomed-in views in the rightmost column. 

https://doi.org/10.3391/mbi.2025.16.3.08
https://www.invasivesnet.org


WISPA standardized survey and centralized database 

 Haws et al. (2025), Management of Biological Invasions 16(3): 725–747, https://doi.org/10.3391/mbi.2025.16.3.08 737 

 
Figure 3. Watercraft origins for four selected destination lakes: Black Lake, Lower Saranac Lake, Lake George, and Lake 
Champlain. The first column of panels displays a zoomed-out view of all origin waterbodies recorded for each destination, only 
showing points east of the continental divide. The middle column shows the ten most frequently reported origin waterbodies for 
each destination, with zoomed-in views in the rightmost column. 
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Figure 4. Boxplot of link distances for all origin lakes and the ten most frequently reported origins for eight selected destination 
lakes in New York State. 

Table 6. Summary of potential gap species and number of flagged inspection records through “hits” analysis for the eight case 
study lakes from 2018-2023. A * symbol denotes agreement between WISPA retrieving data and iMapInvasives Confirmed 
Presence for that particular species/waterbody combination. 
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Cabomba caroliniana   6 9     
Egeria densa 1 9 16      

Hydrilla verticillata   *      
Hydrocharis morsus-ranae 2  * 3 *    

Myriophyllum spicatum * * * * * * * * 
Najas minor * * * 1 6   56 

Nitellopsis obtusa * * * *     
Potamogeton crisups * * * * * * * * 

Trapa natans * * * 1 * 1 4 * 

In
ve

rte
br

at
es

 Bythotrephes 1 * * 6    * 
Corbicula fluminea   *      
Dreissena bugensis 18 * *      

Dreissena polymorpha * * * * *  * * 
Faxonius rusticus   3      

Discussion 

WISPA summary 

New York State has implemented substantial infrastructure to slow the 
human-mediated spread of AIS via recreational boating through expansion 
of the state’s WISP. The centralized WISPA database for watercraft inspection 
survey records establishes a systematized process for curation and assessment 
of information collected at a state-wide level. Data management and analysis 
are inherent precursors to science-based decision making, and implementation 
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of a data repository platform is an important step toward coordinated and 
spatially prioritized AIS research, management, and outreach (Reaser et al. 
2020; Rice 2007; van Rees et al. 2022). The core survey fields are used to 
better understand waterbody connectivity and species geographic distributions, 
and to identify previously unknown introductions. It is important to collect 
data from watercraft travelling in both directions from a waterbody, as 
different aspects of spread prevention are detailed in launching versus 
retrieval data. Interceptions of AIS on watercraft prior to launching 
illustrate prevention of new introductions, while retrieval inspections can 
demonstrate species containment and reductions in overland transport 
from infested waterbodies. The repository of watercraft inspections further 
offers the opportunity to meet data needs to investigate trends over time, 
guide surveillance programs, predict the spread of AIS, and recognize 
social and ecological patterns of AIS among recreational waterways (van 
Rees et al. 2022). Each waterbody where surveys are prioritized in NYS has 
a unique inventory of boater use, existing AIS, and potential AIS, and 
managers can use the extensive WISPA dataset to support informed 
management choices. The information contained in WISPA is rapidly 
growing, by an average of a quarter of a million records annually, and our 
capacity to employ this dataset to refine AIS programming is continually 
increasing. However, for this data collection platform to have the most impact, 
the information needs to be shared across state and international lines to 
recognize the potential for spread out of NYS, and implementation of 
WISPA should be expanded beyond NYS to more consistently document 
boater movements and AIS interceptions at a larger geographic scale. 

Connectivity analysis 

Boaters in NYS are highly mobile, with nearly ten percent of inspected 
watercraft reporting recent activity in a different waterbody than where the 
survey occurred. Network analyses are useful to reconstruct the flow of 
watercraft between waterbodies and illustrate high-magnitude pathways 
with an elevated risk of invasive species transport (Escobar et al. 2019). We 
found that while some boaters will travel long distances between waterbodies, 
most boaters travel short distances to their destinations indicating that 
frequent boating networks occur most commonly at the local or regional scale 
(Figure 4). This pattern of boater movements may suggest that “stepping stone” 
invasions may be central to AIS spread across NYS, where recreational boaters 
visit waterbodies with high connectivity and popularity that are more likely 
to have established AIS, and subsequently travel to other local waterbodies 
and facilitate regional spread (Floerl et al. 2009). Targeted invasive species 
control and management in waterbodies with the highest traffic and 
connectivity is likely necessary to reduce overall spread from shorter-distance 
movement (Floerl et al. 2009; Havel et al. 2015). However, at certain lakes 
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there are also extensive records of watercraft coming from outside of NYS. 
For example, destination lakes near or overlapping the state border (e.g., 
Chautauqua Lake, Lake George, Lake Champlain) experience substantial 
boater movement from other states or provinces that are adjacent to New 
York (e.g., Vermont, Pennsylvania, Massachusetts, Quebec) (Figures 2–4). 
We also note that since state/province centroids were used for some origins 
outside NYS, the lengths of distances from origins outside NYS may be 
generalized. These state/province centroids are a standardized way of 
representing origins from unknown waterbodies outside NYS. Even though 
boats that have longer travel distances may exhibit lower spread risk due to 
potential desiccation and mortality of organisms in transport, many AIS 
are known to remain viable after substantial drying (Barnes et al. 2013; 
Bickel 2015; Coughlan et al. 2018; Evans et al. 2011). Waterbody connectivity 
across northeastern North America demonstrated by WISPA data emphasizes 
that invasive species vectors do not observe political boundaries, and 
interstate and international coordination is necessary to achieve risk reduction 
goals (Büyüktahtakın and Haight 2018; Otts and Nanjappa 2016).  

“Hits” analysis 

Efficient AIS management relies on accurate knowledge of the spatial 
distribution of species’ established populations and rapid identification 
and management of introductions while there is an opportunity for 
eradication (Finley et al. 2023). Traditional monitoring approaches using 
field surveys to achieve robust coverage over large geographical areas are 
time and personnel intensive (van Rees et al. 2022). Alternatively, these 
survey data sets can be supplemented using watercraft retrieval inspection 
data, where species observations can refine our knowledge of spatial extents, 
and flag previously unknown occurrence locations to reduce the time 
between introduction and first detection. “Hits” analysis is a mechanism 
that notifies regional AIS managers who are responsible for determining 
the need of response to previously unknown species occurrences, and this 
type of alert system is a core principle outlined in the US national invasive 
species information framework to support EDRR (Reaser et al. 2020). Each 
of the case study waterbodies we examined produced at least one “hit” 
across a range of macrophyte and invertebrate species, illustrating the 
waterbody-specific utility of this analysis to indicate potential presence of 
AIS. However, some species have been repeatedly reported during 
watercraft inspections but have not been confirmed in iMapInvasives (e.g., 
brittle naiad in Lake Champlain, Brazilian waterweed in Cayuga Lake, quagga 
mussels in Chautauqua Lake). These species may be confused by stewards 
with morphologically similar native or non-native species, suggesting that 
more targeted training of commonly misidentified species may be necessary. 
The summary of “hits” presented here can inform program managers for 
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which species they need to provide better training with “look alike” species 
to improve confidence in the “hits” output. Nonetheless, community-
generated data from watercraft retrieval inspections is particularly valuable 
to increase statewide species occurrence monitoring coverage and provide 
a useful action trigger for managers when a species “hit” is produced to 
inform EDRR surveys.  

Limitations  

There are limitations and biases to WISP data, including spatial biases in 
the regional and waterbody-specific distribution of staffed launches. Despite 
the substantial number of waterbodies and launches that are monitored as 
part of NYS’s WISP, there are data gaps in the state’s spatial coverage (i.e., 
NYSDEC regions 1–3) because launches are assigned based on ownership, 
user volume, program involvement, accessibility, risk of spread, and capacity. 
Furthermore, because participation in watercraft inspections is a voluntary 
action on the part of boaters in most locations, some individuals refuse to 
participate in the survey, or the accuracy of information solicited from the 
watercraft users (e.g., past activity, frequency of practicing preventative 
behaviors) may be dubious if offered reluctantly. We also found that 
proportional to launching inspections, retrievals were underrepresented in 
WISPA due to boaters staying on the water beyond the active hours of 
steward personnel, or a desire to clear the launch space as quickly as 
possible. Furthermore, there are numerous private launches throughout 
waterbodies in NYS, which generally do not have stewards conducting 
inspections. Even for waterbodies with inspection programs at local public 
launches, the dataset is not comprehensive for that waterbody unless private 
launches are also surveyed. Additionally, variation in staffing and inspection 
effort across sites poses challenges for comparing the magnitude of different 
origin-destination links. For example, the number of watercraft moving 
from Cayuga Lake to Skaneateles Lake may be higher than the number of 
watercraft moving from Cayuga Lake to Seneca Lake either because of a 
true difference in boater traffic, or simply because there are more stewards 
present at Skaneateles Lake to survey watercraft launching there. In the 
future, standardizing the frequency of each origin-destination link using an 
estimate of steward effort at each destination waterbody could mitigate 
potential biases.  

Another potential limitation in the WISP dataset is reliance on species 
detections made visually by stewards at boat launches. Some aquatic plants 
can be difficult to visually distinguish from one another, especially when 
only plant fragments are available (e.g. the various native and non-native 
species of Myriophyllum). This issue is partially mitigated through standard 
AIS identification training for stewards across the state, providing stewards 
with species identification resources such as guidebooks, the option to 
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report an “unknown” organism in the WISPA survey, and program managers 
verifying the species identity of key detections via photograph or specimen. 
Additionally, some aquatic invasive species are not visible to the native eye, 
particularly larval stages of aquatic invertebrates (e.g., veligers of zebra 
mussel, Dreissena polymorpha), which is why boaters are asked to drain 
water containing compartments during inspections. Furthermore, attached 
AIS (e.g., Dreissenid mussels) can persist following launches and retrievals, 
and observation of such species during watercraft retrievals may not 
accurately indicate presence from that particular waterbody if it were to 
generate a “hit”. “Hits” analysis reveals potential data gaps or data quality 
issues that managers can address. For example, if data managers review 
photo attachments to verify “hits” for particular species and find them to 
be unverifiable, program managers can then provide additional training to 
stewards on identifying those species and how to collect specimens for 
verification. In addition, that waterbody may be added to the aquatic plant 
survey rotation for the next field season. 

Future directions 

Future applications of WISPA data will focus on risk assessments, 
surveillance priorities, and active management recommendations (van Rees 
et al. 2022). Species distribution and network models are two analytical 
tools that are useful to integrate the current spatial extent of AIS and 
potential source waterbodies, habitat suitability of vulnerable recipient 
waterbodies, and the probability of spread between origin-destination pairs 
via boater movement networks (Escobar et al. 2019; van Rees et al. 2022). 
These types of analyses would advance our ability to anticipate invasions at 
the waterbody level, further direct EDRR, and prioritize management 
interventions to best minimize spread (Clarke Murray et al. 2011; Escobar 
et al. 2019; Vander Zanden and Olden 2008). Development of these models 
would be particularly valuable for species that currently have a limited 
distribution in NYS and a containment management focus (e.g., hydrilla, 
starry stonewort), cryptic invaders that may go unobserved by community 
scientists in iMapInvasives (e.g., spiny water flea, rusty crayfish), or species 
that may arrive from neighboring states or provinces (e.g., Connecticut 
River Hydrilla, Hydrilla verticillata ssp. lithuanica). 

While NYS has prioritized AIS prevention and WISP covers much of the 
state, decontamination stations at every recreational access point. 
Therefore, limitations still prevent establishment of inspection and managers 
need to optimize locations with higher risk of introductions or spread by 
considering both social and ecological factors of a launch (Moore et al. 
2024). Accomplishing effective placement of preventative AIS infrastructure 
requires knowledge of spatial distributions of AIS and connectivity 
between invaded and at-risk habitats created by anthropogenic spread 
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vectors (Cimino and Strecker 2018; Fischer et al. 2020; Moore et al. 2024). 
Hierarchical gravity and route choice models have previously been used to 
identify optimal locations for roadside decontamination stations and 
WISPA offers the spatially explicit data needed to fit models that can be 
used to identify the optimal placement of new preventative infrastructure 
(Fischer et al. 2020). 

The success of WISP and other outreach programs in creating boater 
self-efficacy and consistent practice of preventative behaviors should also 
be examined. NYS has invested in an elaborate network of voluntary 
inspection stations and, in some cases, decontamination stations at public 
access sites to teach recreational water users the protocol for preventative 
cleaning and educate about the impacts of AIS. However, risk reduction is 
also reliant on boaters conducting those behaviors when staff are not 
present. Outreach messages are shared broadly via online and physical 
media, signage and personnel at boat ramps, bait and boating stores, event 
tables, and personal communications between conservation authorities 
and the public. However, examination of the impact and outcomes of different 
types of public engagement to bridge the gap between research, management, 
and outreach and promote actual behavior change and support for investment 
in AIS management is needed to fine-tune messaging and outreach 
approaches (Cole et al. 2016; Seekamp et al. 2016).  

Conclusions 

It is difficult and expensive to remediate an ecosystem that has been 
degraded by AIS, and much of the costs are incurred from managing the 
density and spread of widely established species and reducing their direct 
damages (Cimino and Strecker 2018; Pimentel et al. 2005). Unfortunately, 
reintroduction vectors like recreational watercraft can reduce the efficacy 
of implemented management programs (Golebie et al. 2023; Moore et al. 
2024). Therefore, preventing initial introductions and secondary spread via 
human vectors are essential for sustainable AIS management (Golebie et al. 
2023; Vander Zanden and Olden 2008). Protecting freshwater ecosystems 
from introduction of AIS relies heavily on increasing public willingness to 
adopt consistent watercraft cleaning when travelling between waterbodies 
(Cimino and Strecker 2018). Embracing preventative boat cleaning is 
dependent on general awareness of the impacts that AIS have on aquatic 
ecosystems, how water recreationists can prevent the spread of AIS, and 
how invasive species are managed by environmental authorities (Cimino 
and Strecker 2018; Moore et al. 2024). Creating accessible, public-facing 
analysis and products that demonstrate how WISP surveys are used by 
ecosystem managers may improve support for AIS spread prevention 
behaviors and voluntary interactions with WISP personnel. Boater decisions 
to engage with preventative watercraft inspections are increased when AIS 
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are perceived as a significant threat, individuals feel confident in their 
ability to execute the actions to prevent AIS spread, and believe these actions 
are effective in reducing AIS spread (Golebie et al. 2023; Moore et al. 2024; 
Seekamp et al. 2016). Watercraft inspections are a significant opportunity 
to both increase public familiarity with AIS and strengthen the understanding 
that spread prevention measures significantly reduce AIS spread and benefit 
native ecosystems (e.g., better recreational experience, healthier ecosystem, 
improved boat maintenance) (Golebie et al. 2023; Moore et al. 2024). 

Controlling invasive species over large spatial scales and extended 
temporal periods is challenging due to the variable nature of human spread 
vectors and environmental conditions (Büyüktahtakın and Haight 2018). 
Creating models to predict where species may arrive and be capable of 
establishing requires large-scale empirical data that details landscape 
patterns of transport vectors (Büyüktahtakın and Haight 2018; Havel et al. 
2015). In NYS, the vast number of recreational boats moving across the 
state, combined with the large number of waterbodies that can serve as 
sources and recipients of invasive species, makes spread prevention a 
difficult goal. Data infrastructure to streamline the collection, curation, 
analysis, sharing and preservation of this information is key to efficient 
decision making and program implementation. New York State is striving 
to harness the community-generated information derived from WISP to 
refine AIS spread prevention and management programs. Collection and 
sharing of standardized watercraft data beyond NYS, such as described by 
Gruninger et al. (2024), has the potential to enable a more complete 
regional understanding of overland watercraft movement and potential 
AIS vectors. The demonstrated connectivity between waterbodies across 
state and national lines, as well as the record of AIS interceptions from out 
of state watercraft, emphasizes the need for dedicated watercraft inspection 
steward programs and associated data sharing across North America. 
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