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Abstract 
Aquatic invasive species (AIS) cause substantial ecological and economic harm 
worldwide, yet options for controlling established populations remain limited, 
particularly in large, connected ecosystems such as the Laurentian Great Lakes. 
Considerable progress has been made in developing suppression methods for 
invasive aquatic plants, whereas comparatively there has been limited progress on 
animal taxa. Here, we compile and evaluate operational control tools currently available 
for 20 priority invasive aquatic animals in the Great Lakes, reviewing mechanical, 
physical, chemical, and biological methods, and summarizing their effectiveness and 
limitations. Our goal was to evaluate the overall availability of viable tools for each 
species of interest. We found that none of the reviewed species had high availability 
of control tools. Species with moderate availability of control tools tended to have 
higher impact scores, broader global distribution, and more years established in the 
Great Lakes than species for which there was low availability of viable control 
tools. Case studies, such as common carp control with exclusion barriers and targeted 
harvest in coastal wetlands, demonstrate both ecological benefits (e.g., macrophyte 
recovery, improved water clarity) and risks of unintended outcomes, such as 
enhanced recruitment under partial control. Across taxa, integrated control studies 
show that combining multiple tools in a site-specific, adaptive framework offers the 
greatest potential for achieving long-term ecological benefits. Finally, we identify 
key research needs that will advance operational control of invasive aquatic 
animals, including development of innovative tools, improved understanding of 
population-level responses to suppression, and decision-support frameworks to evaluate 
trade-offs among ecological outcomes. Many of the 20 species are considered 
invasive in other parts of the globe and may therefore also represent global 
priorities for control. By synthesizing the current state of control efforts for 
invasive aquatic animals in the Great Lakes, this work provides a foundation for 
prioritizing investments and guiding ecosystem-based management. 

Key words: integrated control, suppression, common carp, rusty crayfish, round goby, 
red swamp crayfish 

   
Introduction 

The global impacts of aquatic invasive species (AIS) across taxonomic 
groups, including gastropods (Jiang et al. 2022), crayfish (O’Hea Miller et al. 
2024), plants (Macêdo et al. 2024), and fish and zooplankton (Gallardo et 
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al. 2016), are well documented. Management of these AIS falls into three 
areas: prevention, early detection/rapid response, and control of established 
populations. Successful control often requires some combination of 
mechanical, physical, biological, and/or chemical tools. The ability to reduce 
population size to either contain an established species or to mitigate a 
species’ impacts is influenced by various factors, including the characteristics 
of the invaded ecosystem, presence of valued non-target species or 
ecosystem services or functions, the life history of the invasive animal, 
public opinion, available funding, and the availability of effective control 
methods (Booy et al. 2017).  

Here, we compile information on the tools that are available for effectively 
suppressing populations of established invasive aquatic animals (IAA), 
using the Laurentian Great Lakes basin as a case study. This work 
represents a complementary analysis to Weibert et al. (2024) that focused 
on control tools for invasive aquatic plants in the Great Lakes. Like plants, 
IAA are a serious threat to biodiversity and ecosystem services in the Great 
Lakes (DeRoy and MacIsaac 2020). Many of the IAA that threaten the 
Great Lakes have a global invasion history. Management of these IAA is 
especially challenging; the size, depth, climate, and interconnectedness of 
the Laurentian Great Lakes facilitate rapid reinvasion, produce spatial or 
seasonal refugia, or limit management accessibility. In addition, the binational, 
state, provincial, and Tribal/First Nation jurisdictional considerations can 
complicate management lines of authority (sensu Myers et al. 2000). These 
challenges are more akin to those found in marine systems, the world’s 
largest rivers, and other great lakes. Notwithstanding these challenges, the 
Laurentian Great Lakes has a proven history in the long-term successful 
population reduction of established IAA most notably the control of 
Alosa pseudoharengus (Wilson, 1811; alewife), Osmerus mordax (Mitchell, 
1814; rainbow smelt), and Petromyzon marinus (Linnaeus, 1758; sea 
lamprey). Management of the former two was achieved through biological 
control (the introduction of pacific salmonids; Fuller et al. 2019), and the 
latter via the Sea Lamprey Control Program that integrates a combination 
of methods, including larval lampricide treatments, adult barriers and 
traps, and a sterile male release program designed to prevent access to 
spawning habitats or interfere with spawning success and recruitment 
(Sullivan et al. 2021). A fourth effort is currently underway to employ an 
integrated set of control tools to prevent grass carp from attaining 
densities that cause adverse impacts in lakes Erie and Huron (Lake Erie 
Committee GLFC 2023).  

Despite these successes and effective multination fisheries management 
systems (Gaden et al. 2021), invasive species control programs within the 
lakes have (with a few localized exceptions) been limited to these three 
fishes and a handful of plants (Weibert et al. 2024). There is limited 
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understanding of control options within the Great Lakes across multiple 
animal taxa (but see Sturtevant et al. 2016). The objectives of this study 
were to 1) identify established invasive animal species in the Great Lakes 
that are regional priorities for targeted control efforts; 2) assess the status 
of available control tools for each species and recommend priorities for 
future research to inform management; and 3) compare control tool 
availability to other factors such as invasion history, regulation status, and 
impacts to understand potential impediment to tool development.  

Although this case study focuses on the Laurentian Great Lakes basin, 
the control tools discussed here are pertinent to management of these globally 
invasive species anywhere within their invasive range. A comprehensive 
understanding of operational control options can direct future research 
investments, ultimately leading to more effective and efficient AIS 
management. This assessment not only contributes to the broader field of 
invasion biology but also addresses specific knowledge gaps within the 
Great Lakes region. 

Materials and methods 

Here we define “control” as a management strategy implemented to reduce 
or suppress the distribution, abundance, spread, and impacts of an invasive 
species within a defined geographic area (IPBES 2023). Hence, operational 
control implies the continuous application of any technique used alone or 
in combination that results in a reduction or alteration of a target population 
(sensu Weibert et al. 2024). A special case of control is containment, where 
the aim of suppression actions is to limit the spread of the nonnative 
invasive species and to contain its presence within defined geographical 
boundaries (Clout and De Poorter 2000). Eradication is the complete and 
permanent removal of all individuals of a target species from a defined 
geographic area. Eradication implies an end of removal actions and no risk 
of reestablishment or reinvasion (Myers et al. 2000). While some policy 
frameworks (e.g., early U.S. executive definitions) have used “control” as 
an umbrella term encompassing eradication, containment, and suppression, 
here we treat eradication as a distinct end-point from suppression/control 
to avoid ambiguity (IPBES 2023). Given several of the tools identified 
herein can be used for both eradication and suppression, however, we include 
references to eradication case studies.  

The priority animals were chosen based on a set of criteria determined 
by the Research Coordination Committee (RCC) within the Great Lakes 
Panel on Aquatic Nuisance Species (GLP). The GLP was first convened in 
1991 by the Great Lakes Commission in response to the U.S. Nonindigenous 
Aquatic Nuisance Prevention and Control Act of 1990. Duties of the GLP 
include coordinating aquatic nonindigenous species program activities in 
the Great Lakes region and advising public and private interests on 
prevention and management efforts. 
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Criteria and definitions for selection of the priority animal species follow 
Weibert et al. (2024) and are provided below. 

1. Total impact score: impact scores were obtained from the Great Lakes 
Aquatic Nonindigenous Species Information System (GLANSIS), a 
regional node of the United States Geological Survey (USGS) database 
on Nonindigenous Aquatic Species (NAS). Species with a transformed 
total impact score of 4, 5, or 6 (transformed total impact score determined 
by summing environmental plus social/cultural impacts, possible maximum 
total of 6), and/or a 3 in either environmental or social/cultural 
category, were considered for inclusion. This corresponds to a moderate 
or high impact score (for more detail on impact categories, see 
Davidson et al. 2016). If a species did not meet the impact threshold but 
was under review by GLANSIS or was considered high priority by 
members of the GLP RCC, it was included. Due to their unique status in 
the invasion timeline and the likelihood that full impacts have not been 
realized, watchlist species with known, recent populations in the Great 
Lakes as confirmed by RCC members were considered for inclusion 
regardless of impact score. Watchlist species are those not officially 
established per GLANSIS protocols or only established in inland waters 
of the Great Lakes that have recent, reported populations in the Great 
Lakes basin. 

2. Distribution: species present in the Great Lakes basin (Great Lakes and 
inland waters) were considered for inclusion if they were (as defined by 
NOAA 2022):  

a. nonindigenous;  
b. range expander species; or 
c. watchlist species. 

3. Conflict of interest: species that provide substantial beneficial value 
(e.g., species part of recreational or commercial fisheries) and would 
therefore not be the focus of control efforts (based on GLP RCC feedback) 
were excluded. 

4. Existing management effort: species that are the focus of existing significant 
regional management efforts were excluded. 

5. Taxonomic group: fish, invertebrates, mollusks, reptiles, amphibians, 
and mammals were considered. Virus/bacteria were excluded. 

Operational control tools for each priority species were identified 
through species-specific literature reviews. Literature reviews summarized 
knowledge on existing control tools and related gaps in understanding related 
to operational control, across a species’ global distribution. Literature 
reviews included peer-reviewed literature found using a standard set of 
search terms (e.g., “control”, “management”, “action plans”, along with species 
name). Given that managers most frequently communicate their work 
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informally (Matzek et al. 2014), the literature review process also focused 
on contacting managers from each Great Lakes jurisdiction (state, province, 
and Tribal territories) to request unpublished case studies related to the 
priority species (see Supplementary material Appendix 1). Each literature 
review was reviewed by a subject-matter expert with experience in operational 
control of that species. Based on the literature reviews, an analysis of 
factors related to tool availability was completed.  

For the analysis of the availability of effective tools (see “tool availability” 
definition, below), tool availability for each species was compared to the 
following factors that may explain the differences in availability of effective 
tools:  

• Total, environmental, and social/cultural impact (using GLANSIS data 
from original criteria setting);  

• regulatory status (number of jurisdictions in the Great Lakes regulating 
the respective species, e.g., any jurisdiction with laws regulating any 
aspect of species trade, sale, transport, etc., including prohibited and 
restricted species);  

• regional distribution in the Great Lakes;  
• global distribution;  
• taxonomic group; and 
• years since introduction in the Great Lakes.  

Several of these factors were scored categorically to aid analysis: 

• Tool availability. Given the variety of spatial scales and endpoints 
against which control tools are measured (e.g., reduction in abundance 
and duration of population suppression) and lack of data on control 
tool efficacy, it was not possible to quantitatively describe the availability of 
effective tools across all species. Tool availability was categorized as 
“low” (no demonstrably effective tool available; containment often a 
primary management goal); “moderate” (one or more existing tools that 
alone or in combination can suppress population abundance by at least 
50%); or “high” (no research/knowledge gaps identified in this process; 
may have had successful eradication efforts in natural water bodies).  

• Great Lakes and global distribution. For Great Lakes distribution, 
species were categorized as “limited” (present in < 5 of the 10 Great 
Lakes jurisdictions, often in isolated populations); “moderate” (< 10 
jurisdictions, populations are generally controlled, still have many 
uninvaded lakes in the jurisdiction); and “widespread” (in all 10 
jurisdictions, in many waterbodies in each jurisdiction). For global 
distribution, species were categorized based on number of countries 
with introduced populations (GBIF 2024) with categories based on natural 
inflection points, i.e., “limited” (present in < 13 countries); “moderate” 
(13–36 countries); and “widespread” (> 36 countries). 
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Table 1. Priority established animal species. *Formerly Bythotrephes longimanus. 
Taxa Scientific name Common name 
Fish Carassius auratus (Linnaeus, 1758) Goldfish 

Fish Cyprinus carpio (Linnaeus, 1758) Common carp 

Fish Gambusia affinis (Baird and Girard, 1853) Western mosquitofish 

Fish Gymnocephalus cernuus (Linnaeus, 1758) Ruffe 

Fish Neogobius melanostomus (Pallas, 1814) Round goby 

Fish Proterorhinus semilunaris (Heckel, 1837) Freshwater tubenose goby 

Fish Pylodictis olivaris (Rafinesque, 1818) Flathead catfish 

Fish Scardinius erythrophthalmus (Linnaeus, 1758) Rudd 

Fish Tinca tinca (Linnaeus, 1758) Tench 

Crayfish Faxonius rusticus (Girard, 1852) Rusty crayfish 
Crayfish Procambarus clarkii (Girard, 1852) Red swamp crayfish 
Mollusk Bithynia tentaculata (Linnaeus, 1758) Faucet snail 

Mollusk Cipangopaludina chinensis (Gray, 1834) Chinese mystery snail 

Mollusk Corbicula fluminea (O. F. Müller, 1774) Golden clam 

Mollusk Potamopyrgus antipodarum (J.E. Gray, 1853) New Zealand mudsnail 

Mollusk Viviparus georgianus (Lea, 1834) Banded mystery snail 

Zooplankton Bythotrephes cederstroemii* (Schodler, 1877) Spiny waterflea 

Zooplankton Cercopagis pengoi (Ostroumov, 1891) Fishhook waterflea 

Zooplankton Daphnia galeata galeata (G.O. Sars, 1864) Waterflea 

Zooplankton Hemimysis anomala (G.O. Sars, 1907) Bloody red shrimp 

• Years since introduction. “Years since introduction” was categorized into 
the following time periods: > 50 years (species which have been present 
for so long they may be considered ‘naturalized’), 10–50 years (species 
introduced near the start of invasion biology but long enough to 
potentially develop control tools), and < 10 years (recent introductions 
for which managers may have not had time to develop effective tools).  

Results 

The priority species review process identified 20 priority animal species 
that met the criteria: significant impacts, established (or in the process of 
establishing) in the region, no beneficial impacts that would preclude 
management, not virus/bacteria, and lacking extensive management efforts 
within the Great Lakes jurisdictions (Table 1). 

There were several notable exclusions. Trachemys scripta elegans (Wied-
Neuwied, 1839; red eared slider) was considered and excluded due to 
cryptic status (experts now consider it likely native to much of the Great 
Lakes; James Harding, Michigan State University, pers. comm.) Rainbow 
smelt was excluded due to beneficial impact (it is managed as a sport fishery 
in several Great Lakes jurisdictions). Most of the priority animal species 
were established nonindigenous species, with a few exceptions. Rusty 
crayfish is classified as a range expander (per GLANSIS), considered native 
to part of the Great Lakes basin but its current range has been reliant on 
human spread. Tench is a watchlist species with confirmed populations in 
inland waters and is well established in the St Lawrence River (the outflow 
of the Great Lakes). Its invasion of Lake Ontario seems imminent with it 
seemingly on the cusp of expanding past the last lock and dam barrier 
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Table 2. Factors related to tool availability. See Methods for explanation of categorical thresholds for Great Lakes distribution 
(“DIST”), years in Great Lakes (GL), and tool availability (1 = low, 2 = moderate, 3 = high). H indicates a high risk categorization 
by U.S. Fish and Wildlife Service Ecological Risk Screening Summary (ERSS); NA indicates ERSS not released/completed. Tool 
availability for general tool categories (C = chemical; P = physical; B = biological) was scored using the same definitions as for 
overall tool availability (e.g., 1 = low, 2 = moderate, 3 = high).  

Species DIST Total impact Years in GL Jurisdictions 
regulating 

Tool availability 
(overall) C P B 

B. tentaculata (E) 2 5H 145 3 1 1 1 1 
B. cederstroemii (E) 2 4H 42 3 1 1 1 1 
C. auratus (E) 2 1H 144 3 2 1 2 1 
C. pengoi (E) 2 6H 26 2 1 1 1 1 
C. chinensis (E) 3 0H 93 3 2 2 2 1 
C. fluminea (E) 2 5H 44 3 2 1 2 1 
C. carpio (E) 3 4H 145 3 2 2 2 2 
D. galeata galeata (E) 1 3NA 44 0 1 1 1 1 
F. rusticus (RE) 3 5H 63 7 2 1 2 2 
G. affinis (LI) 2 3H 101 4 1 1 1 1 
G. cernua (LI) 1 2H 38 10 1 1 1 1 
H. anomala (LI) 2 2H 18 3 1 1 1 1 
N. melanostomus 2 6H 34 10 2 2 2 2 
P. antipodarum (LI) 2 3H 33 5 2 2 2 1 
P. clarkii (E) 2 4H 57 6 2 2 2 1 
P. semilunaris (E) 2 1H 34 10 1 1 1 1 
P. olivaris (E) 2 2H 134 1 2 1 2 1 
S. erythrophthalmus (LI) 2 3H 93 10 2 2 2 1 
T. tinca (W) 2 2H 6 7 1 1 1 1 
V. georgianus (E) 3 4NA 158 2 2 2 2 1 

(Wiley-Dondero Canal/Moses-Saunders Dam, NY, USA) before Lake Ontario 
(Kelly 2024). Nine species have impact scores below the threshold but were 
included due to GLP RCC feedback and status as management priorities: 
goldfish, Chinese mystery snail, ruffe, bloody red shrimp, New Zealand 
mudsnail, freshwater tubenose goby, flathead catfish, rudd, and tench. It is 
notable that all of these species scored “high risk” in U.S. Fish and 
Wildlife Service Ecological Risk Screening Summaries (ERSS) (Table 2). 
Species with high impact but ultimately excluded because they are subject 
to established multi-agency management programs were Ctenopharyngodon 
idella (Valenciennes in Cuvier and Valenciennes, 1844; grass carp), 
Dreissena polymorpha (Pallas, 1771; zebra mussel), D. bugensis (Andrusov, 
1897; quagga mussel), Hypophthalmichthys nobilis (Richardson, 1845; bighead 
carp), H. molitrix (Valenciennes in Cuvier and Valenciennes, 1844; silver 
carp), and sea lamprey. 

Availability of control tools  

The full suite of chemical, physical, mechanical, and biological tools that 
have been applied globally and could potentially be applied in the Great 
Lakes were considered (see Appendix 2 for summary of control tools). The 
literature provides evidence that for most species, a subset of these tools 
has been used for population control, but application of these tools was 
generally limited to small, closed water bodies, or headwater streams. No 
species had high tool availability (Table 2). Globally the control tools employed 
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to manage these species vary but approaches are generally more similar 
within than across taxa, as described below. Notably, environmental 
manipulation was a control tool that had moderate success for several 
species, including high water flows for New Zealand mudsnail (Geist et al. 
2022) and reduced nutrient inputs for D. galeata galeata (Spaak et al. 2012).  

Full literature reviews for each species are provided in Appendix 3. 

Fish 

The priority species list included nine fish species. Rotenone has been used 
effectively for eradication of five of the priority species (western 
mosquitofish, tench, goldfish, common carp, and rudd) in isolated water 
bodies (Chadderton et al. 2001; West 2015). Two moderately effective 
strategies include restoring variable flow regimes to suppress western 
mosquitofish (Bunn and Arthington 2002) and electrofishing to suppress 
flathead catfish to a level that allows native fish to persist (Bonvechio et al. 
2011). Attempts to eradicate larger populations of invasive fish in more 
complex waterbodies, however, have been less successful and non-target 
impacts of rotenone and other general piscicides like Antimycin means 
these tools are currently unlikely to be used for control programs, which 
would require ongoing biocide applications. Thus, once a species becomes 
more widespread or invades a large river or lake system, species-specific 
control tools are usually the only acceptable option to suppress populations. 
Historically, harvest has been the most popular tool but with the realization of 
its limited long-term effectiveness in most scenarios, strategies have shifted 
to more integrated approaches. The successful application of integrative 
and adaptive control approaches in large, complex systems has been shown 
for common carp, in particular. The two most common control methods 
for carp have been removal (e.g., mechanical harvest) and exclusion (e.g., 
barriers). Carp removal or exclusion has resulted in significant water 
quality improvements such as reduced turbidity, decreases in chlorophyll-a, 
and increased submerged aquatic vegetation (Kowal et al. 2022). However, 
physical removal alone has often been only successful in the short term 
with carp populations usually rebounding quickly (e.g., Tempero et al. 
2019). With this understanding, researchers have looked to better 
understand life history to identify a more effective control approach. 

Relative to the number of introduced populations, common carp are not 
heavily managed in the Great Lakes region, although notable exceptions 
include Cootes Paradise Marsh (coastal marsh, Ontario, Canada; Piczak et 
al. 2023b; Lougheed and Chow-Fraser 2001) and Phalen and Riley Creek 
chain of lakes (inland lakes, Minnesota, USA; Bajer et al. 2011; Bajer and 
Sorensen 2015; Sorensen and Bajer 2020). In many watersheds, common 
carp abundance appears to be driven by source-sink dynamics in which 
carp reproduce successfully in peripheral ponds that lack egg/larva micro-
predators (in part due to winterkill hypoxia) which then serve as sources of 
recruits for deeper lakes (Bajer et al. 2012; Koch 2014; Dauphinais et al. 
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2018; Bajer et al. 2019; Poole and Bajer 2019; Sorensen and Bajer 2020). 
Sorensen and Bajer (2020) implemented strategies to control this 
recruitment in two lake chains including: (i) aerating source ponds to 
reduce hypoxia and increase micro-predator abundance, (ii) blocking carp 
migration to and from spawning grounds, and (iii) locating and removing 
adults from sinks using targeted netting guided by Judas fish (via winter 
netting, baited box nets, and/or stream traps). After initial treatment, the 
project managers monitored and adapted. Using this strategy, the density of 
carp in three lakes in one chain was reduced from 177 kg/ha to ~ 100 kg/ha 
in three years and held constant for a decade. Similarly, adult density was 
reduced from 300 kg/ha in two lakes in the other chain to 25 kg/ha (Sorensen 
and Bajer 2020). Similar efforts have yielded ecosystem benefits—for 
example, water quality and macrophyte bed recovery—and monitoring to 
determine ecosystem response remains an important component of any 
control program (Kowal et al. 2022). 

The Minnesota program was modeled off a similar integrated and adaptive 
approach that was used to successfully eradicate common carp from two 
much larger lakes in Tasmania, Australia (lakes Crescent (23 km2) and Sorell 
(54 km2)). In Tasmania, techniques progressively evolved from undirected 
removal to more sophisticated targeted removal with assistance from 
biotelemetry, in conjunction with gill netting and electro-fishing. When 
eggs were detected, a combination of physically removing the affected 
substrate, in addition to isolating and poisoning the spawning beds, proved 
to be most effective. Young carp aggregations were located and electrofished 
or poisoned by spot rotenone. Real-time population estimates and in 
situ observations resulted in a detailed cumulative understanding of carp 
population dynamics, behavior, and seasonal habitat choice. This allowed 
strategic deployment of fences to block access to marshes, and the 
installation of steel traps within the fences. These gears specifically prevented 
spawning opportunities, while concurrently capturing mature fish. 
Following over 20 years of adaptive and integrated effort, carp were 
declared eradicated from both lakes (Diggle et al. 2012; Yick et al. 2021) 

The successful eradication of common carp from two Tasmanian lakes 
serves as a valuable case study in integrated and adaptive management, 
offering key insights for population control efforts in the Great Lakes. The 
core principle of the Tasmanian approach was its evolution from broad-
scale removal to a more sophisticated, targeted strategy informed by real-
time data. This involved using biotelemetry to track fish movements and 
understand population dynamics, which allowed for the strategic deployment 
of methods like gill netting, electrofishing, and even physical barriers and 
traps in conjunction with targeted chemical treatments. 

While the principles of an integrated, adaptive approach are highly 
applicable to the Great Lakes, the sheer scale and connectivity of the Great 
Lakes system present significant challenges to scaling up the Tasmanian 

https://doi.org/10.3391/mbi.2026.17.2.04
https://www.invasivesnet.org


Invasive aquatic animal control status and needs 

 Davidson et al. (2026), Management of Biological Invasions 17(2): 265–293, https://doi.org/10.3391/mbi.2026.17.2.04 274 

methods. The vast size makes physical removal techniques like gill netting 
and electrofishing impractical for achieving widespread population 
control. Furthermore, the use of chemical treatments like rotenone, which 
was effective in the isolated Tasmanian lakes, is not feasible in a massive, 
interconnected system due to the risk of non-target impacts and the 
difficulty of containment. The key takeaway for the Great Lakes is not to 
replicate the exact techniques, but to adopt the underlying strategy: combine a 
variety of tools, use technology like biotelemetry to inform and target 
efforts, and continuously adapt the control program based on a detailed 
understanding of the species’ behavior and population dynamics within 
the unique characteristics of a large, interconnected waterbody. 

There remain some important uncertainties and knowledge gaps that 
could prevent successful applications of these approaches to common carp 
in the Great Lakes. In particular, there is a need for foundational ecological 
research on Great Lakes carp-specific life history and behavioral traits. 
Such knowledge is essential for developing more sophisticated control 
techniques and strategies that can target specific weaknesses while 
minimizing impacts on native ecosystems (Sousa et al. 2014; Bajer et al. 
2019) and for optimizing existing control tools (Drake et al. 2024; Diallo et al. 
2025; Lang et al. 2025). Developing successful control strategies in the 
Great Lakes will require a better understanding of the sources of common 
carp recruitment. Characterizing the number, size, and temporal availability 
of predator free spawning habitats will dictate whether early life stages can 
be successfully targeted. Whether seasonal control of adult carp can be 
successful in open Great Lakes habitats like coastal wetlands, drowned 
river mouths or estuaries will be influenced by how quickly adult fish 
reinvade areas under management. Carp movement studies have shown 
that carp are capable of large migrations in excess of 10 to 100 kms both in 
Great Lakes (e.g., Kim and Mandrak 2017) and elsewhere (e.g., Australia in 
Stuart and Jones 2006). Whether these movements reflect large home 
ranges that could result in rapid recolonization or are primarily spawning 
migrations and the majority of fish are resident and vulnerable to removal 
needs to be understood. In addition, a key part of the Minnesota carp control 
strategy was the targeted removal of winter aggregations. There is limited 
data on winter behavior in the Great Lakes, including whether carp form 
similar aggregations in deeper coastal waters. But if such aggregations 
occur, they may be more accessible to commercial fishing operations in the 
Great Lakes, particularly during years with reduced ice cover, potentially 
offering a scalable control opportunity. Mirroring the approach that has 
been successfully deployed to target and reduce a nascent population of 
grass carp in Lake Erie could help to advance common carp control in the 
Great Lakes (Lang et al. 2025; Herbst et al. 2021). 

The largest knowledge gaps for round goby control are direct, empirical 
case studies where control efforts have been applied in the field (Matthew 
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Kornis, U.S. Fish and Wildlife Service, pers. comm.) Aside from the 
application of rotenone in Pefferlaw Brook (Ontario, Canada), and the use 
of intensive trapping and/or barriers to yield local suppression and protect 
native fish spawning habitats in the Great Lakes (Enriquez et al. 2024, 
Andrew Tucker pers. comm.), there have been few, if any, concerted and 
sustained round goby control efforts. Controlling this species in the Great 
Lakes may be particularly challenging given multiple spawning events over 
summer, male nest-guarding behavior that protects eggs, and the potential 
for rapid reinvasion (N’Guyen et al. 2018). Thus, most control options 
have been evaluated in laboratory or small-scale field experiments, or 
through modelling exercises. Control options are available but effectiveness 
has not been adequately evaluated in a management context.  

Crayfish 

Two crayfish species were identified as control priorities: rusty crayfish and 
red swamp crayfish. The most successful control effort for rusty crayfish 
occurred in Sparkling Lake, WI (USA), using a combination of intensive 
trapping and augmented fish predation to achieve low abundance of rusty 
crayfish (functional eradication, sensu Green and Grosholz 2021). Despite 
cessation of trapping > 10 years, low abundance of rusty crayfish has 
continued (Perales et al. 2021). Control of red swamp crayfish is 
complicated by their burrowing habit. Most control tools for red swamp 
crayfish (e.g., trapping, harvest) target the adult life stage, and these efforts 
generally have not resulted in sustained population reductions due to 
their short lifespan (2–5 years), rapid sexual maturity (2–5 months), 
high fecundity (100–500 eggs per female), and ability to disperse 
overland into new waterbodies (Barkhuizen et al. 2021; Schueller et al. 
2021). Integrated control strategies (e.g., that combine trapping and 
chemical treatment) are more effective in reducing red swamp crayfish 
populations, especially when these strategies also target early life stages 
(Krieg et al. 2020; Erickson et al. 2023).  

There have been several eradication successes for these crayfish, but only 
in isolated water bodies and with an integrated approach using trapping, 
habitat destruction, and pyrethrum (the crude form of pyrethrin) which 
can drastically reduce numbers (Michigan DNR 2023). Pyrethroids show 
the most promise for chemical control for both species but have yet to be 
registered for use with crayfish in the USA or Canada. 

Mollusks (gastropods and bivalves) 

There are few similarities in control tools for the five mollusks that are 
included as priorities, apart from a general lack of effective control. A range 
of control efforts have been attempted for golden clam (heat treatments, 
benthic barriers, and dredging), but most have significant non-target 
impacts and low long-term success (although they may be appropriate for 
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rapid response actions; Wittmann et al. 2012; Coughlan et al. 2021; 
Modesto et al. 2025). A drawdown in a Montana (USA) reservoir resulted 
in eradication of golden clam. While copper-based molluscicides have been 
used with some success for faucet snail and New Zealand mudsnail, they 
are only feasible in artificial water bodies such as hatcheries due to non-
target impacts (Galbraith et al. 2021). The only control effort found for the 
two mystery snails was an intense hand harvest effort in Ontario (Canada) 
and Minnesota (USA), with the former project collecting over a million 
mystery snails (Brook Schryer, Ontario Federation of Anglers and Hunters, 
pers. comm.). While populations haven’t been monitored in Ontario, the 
Minnesota effort resulted in an observed decrease in snail abundance (Kelsey 
Taylor, Fond du Lac Band of Lake Superior Chippewa, pers. comm.). 

Zooplankton (cladocerans and mysids) 

No control tools were found for any of the plankton. Native predators have 
been suggested as a method to regulate spiny or fishhook water flea 
abundances (Branstrator et al. 2006; Young et al. 2009; Keeler et al. 2015; 
Gatch et al. 2021; Martin et al. 2023). 

Factors influencing availability of control tools  

While no species had high availability of control tools, the proportion of 
species with moderate number of available control tools was generally 
higher for species with higher impact scores (Figure 1a). The exception to 
this was Chinese mystery snail, that had low impact on GLANSIS (score of 
“0”; included due to expert feedback) but had moderate availability of 
control tools. There was no observable relationship between environmental 
impact score and tool availability (Figure 1b). Most species with moderate 
social/cultural impact had moderate tool availability and only one species 
with high social/cultural impact had low tool availability (fishhook waterflea; 
Figure 1c). Distribution in the Great Lakes basin as measured by the 
number of jurisdictions invaded by the species was seemingly related to 
tool availability; species with limited distribution having low tool availability, 
whereas all species with widespread distribution had moderate tool 
availability (Figure 2). There were also proportionally more species with 
widespread global distribution that had moderate tool availability compared to 
those with limited or moderate global distribution (Figure 3). Tool 
availability also varied by taxonomic group. All crayfish had moderate tool 
availability, whereas all planktonic species (cladocerans and mysids) had 
low tool availability. Mollusks and fishes were split between low and 
moderate availability (Figure 4). Species with > 50 years since introduction 
in the Great Lakes were more likely to have moderate tool availability than 
those with < 50 years since introduction (Figure 5). 
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Figure 1. Relationship between (A) total impact, (B) environmental (ENV) impact, and (C) social/ 
cultural (S/C) impact of a species and percentage of species with low, moderate, or high tool 
availability. 

0%

20%

40%

60%

80%

100%

0 1 2 3 4 5 6

%
 o

f s
pp

.

Total impact

Low Mod HighA

0%

20%

40%

60%

80%

100%

Low ENV
impact

Moderate ENV
impact

High ENV
impact

%
 o

f s
pp

.

Low Mod HighB

0%

20%

40%

60%

80%

100%

Low S/C impact Moderate S/C
impact

High S/C impact

%
 o

f s
pp

.

Low Mod HighC

https://doi.org/10.3391/mbi.2026.17.2.04
https://www.invasivesnet.org


Invasive aquatic animal control status and needs 

 Davidson et al. (2026), Management of Biological Invasions 17(2): 265–293, https://doi.org/10.3391/mbi.2026.17.2.04 278 

 

Figure 2. Relationship between Great Lakes distribution of a species and percentage of species 
with low, moderate, or high tool availability. 

 
Figure 3. Relationship between global distribution of a species and percentage of species with 
low, moderate, or high tool availability. 
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Figure 4. Relationship between taxonomic group of a species and percentage of species with 
low, moderate, or high tool availability. 

 
Figure 5. Relationship between years a species has been in the Great Lakes basin and percentage 
of species with low, moderate, or high tool availability. 
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some general relationships were observed. The most obvious, and alarming, 
finding is the absence of highly effective control tools for any of the 
priority animal species. This contrasts with a review of invasive aquatic 
plant control tools (Weibert et al. 2024) that found that three of 20 species 
had high availability, and only 3 species had low availability, whereas more 
than half of animal species in this review had low availability.  

Developing effective control tools for invasive aquatic animal species in 
complex waterbodies like the Great Lakes presents numerous challenges. 
One significant hurdle is the persistent issue of reinvasion and compensatory 
population growth. Many invasive species exhibit high fecundity and rapid 
reproductive rates, allowing them to quickly rebound after control efforts. 
This resilience is compounded by the fact that even partial reductions in 
population density can trigger compensatory mechanisms, leading to 
accelerated growth and reproduction in surviving individuals (Weber et al. 
2016; Loureiro et al. 2018; Kvistad et al. 2023). Therefore, any control tool 
must account for the high potential for rapid population recovery, and the 
high likelihood that control efforts may need to be sustained across 
multiple years and with substantial investment of resources.  

Ongoing control necessitates robust funding models and adequate 
management capacity to ensure sustained efforts. But sustaining a long-
term management effort is a critical challenge, as multi-year commitments 
can be costly and face challenges related to social acceptability and 
maintaining decision maker support across different administration and 
budget cycles. Public and political support can wane over time, especially if 
tangible benefits are not immediately apparent. The need for demonstrable 
and tangible primary benefits often drives management decisions, but the 
ecological benefits of invasive species control can be subtle and long-term. 
This can be especially challenging when the focus of control is to avoid 
future impacts and the benefits are based upon model projections that can 
have large uncertainties. Additionally, social acceptability of sustained 
control is often compromised by concerns about non-target impacts, 
highlighting the need for highly specific control tools that minimize harm 
to native species. The issue of control specificity is paramount (Finlayson 
et al. 2010) but requires extensive research and development, which can be 
expensive and time-consuming. 

The dearth of control tools is exacerbated by low social demand for 
managing all but the most visible and impactful invasive species. It is 
perhaps unsurprising that no control tools were found for small pelagic 
zooplankton. The species that have received long term management 
attention in the Great Lakes have all been species with high profile impacts, 
including alewife with their massive highly visibly die-offs, sea lamprey 
with their obvious damage to prized commercial fisheries, jumping invasive 
carps or Phragmites with their visually dominant monocultures (Rosaen et al. 
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2012). The environmental and socioeconomic costs of invasive aquatic 
plants are well documented (Weibert et al. 2024), whereas with the exception 
of the species above and dreissenid mussels, there is limited data on the 
costs of invasive animals in the Great Lakes (Rosaen et al. 2012; Weibert et 
al. 2017). The absence of strong, direct economic drivers (beyond biodiversity 
conservation) will continue to limit investment in research and development. 
To justify future expenditures, there is a need for more specific and 
quantitative impact data that demonstrates the economic and ecological 
costs of specific invasive species and potential value of the benefits of 
population control. In addition, Great Lakes public funding models like the 
Great Lakes Restoration Initiative that have emphasized “shovel ready 
projects” (driven in part by the political need to demonstrate results) 
disincentivizes investment in new control tools. Past failures and poorly 
designed control programs may also contribute to managers’ reluctance to 
commit to long-term invasive species management. The result is that 
resource managers have few incentives to consider management of less 
conspicuous invasive species, especially where the benefits of control are 
equivocal.  

Considerations for development of control tools 

Chemical control  

Resource management agencies recognize a pervasive sensitivity to the use 
of chemicals and toxins for invasive animal species control in the Great 
Lakes, a concern that may stem from the region’s legacy of persistent 
pollution. Long-lasting contaminants such as dioxins, polychlorinated 
biphenyls (PCBs), and mercury, along with emerging pollutants like per- 
and polyfluoroalkyl substances (PFAS), have had substantial impacts on 
ecosystem health and continue to drive concerns about the safety of fish 
consumption (Murphy et al. 2012). Consequently, there are ongoing 
apprehensions regarding the retention of social license for the continued 
use of even highly selective lampricides, which have underpinned the 
region’s successful sea lamprey control program (Gaden et al. 2021). 
Future investments in chemical control agents will therefore need to 
prioritize the development of compounds that are highly selective, non-
bioaccumulative, and rapidly degradable into non-toxic byproducts. Even 
with such advances, regulatory approval for novel chemical compounds is 
expected to be lengthy, uncertain, and costly, which may favor efforts to 
improve and refine delivery mechanisms for existing approved toxins. 

Harvest 

Population control through harvest was the most common strategy 
employed to mitigate the impact of invasive animal species. The approach 
tends to rely on traditional fisheries tools, traps and nets, coupled with 
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repeated catch effort to sustain pressure on the target animals. However, 
harvest effectiveness can be compromised by complex demographic factors 
and density-dependent processes. Population control through intensive 
fishing effort can be effective (e.g., gill net control of rudd in small peat 
lakes in New Zealand; Neilson et al. 2004), but may inadvertently trigger 
counterintuitive responses, such as overcompensation and population 
instability. Zipkin et al. (2009) suggest that species characterized by high 
per capita fecundity during discrete breeding periods, short juvenile stages, 
and relatively constant survivorship rates are particularly prone to undesirable 
responses to harvest. Alternatively, removal of larger predatory adults may 
result in increased juvenile survivorship and an increase in the populations 
density (Ludgate and Closs 2003; Kvistad et al. 2023), including stunted 
populations, that may exacerbate environmental impacts as a result of a 
different prey base of smaller individuals. Effective control through harvest 
may therefore require removal of both adult and juvenile or egg life stages 
(e.g., N’Guyen et al. 2018).  

Barriers 

Physical barriers are relevant for controlling many invasive species, 
particularly when integrated with other management methods. These 
barriers are increasingly used to protect sensitive wetlands and prevent the 
upstream spread of aquatic invasive species, though their effectiveness can 
be context-dependent and species-specific. For example, exclusion screens 
were installed at Delta Marsh, Manitoba (Canada) in 2012–2013 to block 
large common carp (> 70 mm body width) from entering during spawning 
while allowing early-migrating native fish access (Wrubleski et al. 2024). 
Monitoring showed overwhelmingly positive habitat responses, including 
improved water clarity, reduced suspended solids, and a doubling of 
submerged aquatic vegetation cover (Kowal et al. 2022). However, modeling 
suggests that partial exclusion may also create more favorable spawning 
conditions for carp inside the marsh, potentially increasing recruitment if 
too few adults are excluded, underscoring the need for complementary 
management strategies (Caskenette et al. 2018). Overall, the Manitoba case 
study demonstrates that carp exclusion can yield substantial ecosystem 
benefits but also highlights risks of population-level rebound and the 
importance of adaptive deployment of exclusion screens guided by water 
temperature and weather conditions (Wrubleski et al. 2024). 

Biological control 

The Great Lakes region has also experienced historic success with biological 
control. Notably, the introduction of Pacific salmon helped reduce 
populations of alewife and rainbow smelt, simultaneously creating a world-
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class sport fishery. Terrestrial and aquatic plant invasions have also been 
addressed through biocontrol, including the use of beetles (Neogalerucella 
calmariensis (Linnaeus, 1767) and N. pusilla (Duftschmid, 1825) to manage 
purple loosestrife (Lythrum salicaria L.) and, to a lesser extent, native milfoil 
weevils (Euhrychiopsis lecontei Dietz, 1896) for Eurasian watermilfoil 
(Myriophyllum spicatum L.). When properly developed, biological control 
can offer long-lasting and cost-effective management (Simberloff 2014; 
Hussner et al. 2017). However, concerns over non-target impacts have tempered 
investment in biocontrol in recent years. Nevertheless, many priority invasive 
species in the Great Lakes are not closely related to native taxa, and renewed 
research in biocontrol is probably warranted, particularly as part of integrated 
and adaptive management strategies (sensu DiTomaso et al. 2017). 

Researchers have proposed that genetic biocontrol tools may represent 
the only viable long-term control solution for many species (Thresher and 
Kuris 2004), especially small, planktonic species like spiny water fleas and 
fishhook water fleas for which few effective control tools exist in natural 
systems. Traditional control methods, like trapping, are largely ineffective 
for pelagic species in open water environments, and repeated applications 
of biocides are unlikely to be socially acceptable. Given these limitations, 
genetic biocontrol tools appear to offer the potential to selectively control 
or even eradicate many invasive species (Teem et al. 2020). Furthermore, 
the development of genetic biocontrol tools in the Great Lakes may be 
facilitated by the taxonomic distinctness of many of our priority invasive 
species (Lower et al. 2024) and the absence of closely related (i.e., congeneric) 
native taxa. But development of these methods will require large long-term 
investment and there is still significant uncertainty surrounding technological 
feasibility and ethical and social acceptance (Thresher et al. 2019; Ferreira-
Martins et al. 2021; Bernos et al. 2022). To ensure these potentially 
transformative tools retain public trust and social license, early and ongoing 
engagement with stakeholders will be critical. Comprehensive social science 
research, education programs, and transparent communication can help 
mitigate opposition or backlash—similar to controversies seen with anti-
genetically modified organism and anti-vaccine movements—even if the 
tools are ultimately proven safe and effective. 

Integrated control strategies 

Integrated pest management (IPM) is a science-based approach that 
combines diverse treatment methods, regular monitoring, and adaptive 
strategies. Informed decision-making is central to IPM, involving careful 
planning and monitoring. Many of the most successful case studies from 
the literature reviews used integrated strategies. A western mosquitofish 
population was eradicated via a water drawdown followed by bleach 
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application and mud smoothing (Alvarez et al. 2002). In a southern 
California (USA) reserve, over 6,300 (of an estimated 26,000) red swamp 
crayfish were removed via baited minnow traps prior to cypermethrin 
application. Water was drained to a temporary reservoir and manually 
filtered of all visible tilapia and crayfish. After the initial cypermethrin 
application to the drained reservoir, it was allowed to refill naturally. 
Pesticide application in the reservoir began in July 2019 and continued 
monthly until July 2020. During and after the application of the pesticide, 
regular monitoring was conducted including trapping and visual surveys. 
Red swamp crayfish were declared eradicated in 2023.  

Trends in tool availability and recommendations for prioritizing tool 
development and application 

Study findings highlight potential areas of need for a more proactive and 
less reactive strategy to develop control tools. For example: 

1) Prioritize investment in tools to control high impact, but 
underregulated species; 

2) Control new invaders and suppress emerging established populations; 
and 

3) Identify species for which control may not be desirable. 

High impact, underregulated species 

While there was no observed relationship between regulatory status and 
available control tools, it is notable that 4 species are regulated by all 10 
jurisdictions. This harmonization is important to enable future control 
efforts and spread prevention (Davidson et al. 2021). Conversely, 13 of the 
species were regulated by less than 5 jurisdictions (Table 2). Their inclusion 
on regulatory lists in the Great Lakes region would likely catalyze increased 
funding and focused efforts on developing effective control tools. For 
instance, the widespread regulation of sea lamprey happened alongside the 
creation of the Great Lakes Fishery Commission, a binational body that 
secures funding from the U.S. and Canadian governments for a successful 
sea lamprey control program using targeted lampricides and barriers. 
However, it is important to note that the absence of regulatory status does 
not necessarily reflect a diminished priority for management. These 
unregulated species, e.g., tench, may warrant even greater control efforts, 
particularly when considering the potential for introduction compared 
to highly regulated species with established management frameworks. 

New and emerging populations 

Great Lakes and global distribution as a predictor seemed positively 
correlated with tool availability. While widespread species benefit from 
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available control tools, it is also crucial to prioritize species with limited 
distributions. Managing invasive aquatic animal species that are well-
established but not yet widespread offers a critical window of opportunity 
for containment. At this stage, populations are often localized, making 
targeted management interventions more feasible and cost-effective. Early 
intervention can prevent the establishment of widespread, intractable 
populations that demand significantly greater resources and have a higher 
likelihood of impact.  

For example, ruffe outside traditional harvest methods currently has no 
available control tools and has relatively limited distribution in the Great 
Lakes. Surveillance/early detection (Tucker et al. 2016) could allow for 
measures to improve containment and limit further spread, and chemical 
control alone or in combination with pheromones may be a viable 
suppression method but appropriate formulations and precise application 
methods need to be adaptively field tested. 

Goldfish are another species that appear to warrant more management 
attention. In fact, the literature review process for goldfish was notable 
because although the review of published control studies produced fewer 
results than most other AIS (though see Boston et al. 2023), interviews with 
natural resource managers in the Great Lakes yielded a number of 
unpublished agency projects and significant interest in what other agencies 
were doing with respect to control. There appears to be a growing 
awareness about their widespread distribution and concern about invasive 
goldfish (e.g., Hill et al. 2024), potentially because of an increase in goldfish 
populations coincident with an apparent decline in common carp abundance 
(Boston et al. 2023). Research into methods of controlling goldfish is in the 
initial stages and has centered on methods used for common carp (e.g., 
harvest methods and Judas fish).  

Focusing on new introductions also improves the chances of eradication. 
When eradication does occur, it is most often in small, isolated ponds, 
lakes or headwater streams, or on occasions when a nascent population has 
been detected in the earliest phases of establishment and distribution is 
limited to a small and confined area (e.g., Bax et al. 2002). Indeed, given 
the high likelihood of success when targeting recently introduced and 
restricted populations (pond or small lake), Simberloff (2021) suggests an 
eradication attempt should be made in these scenarios. There were several 
examples of suppression, and even eradication, for new introductions of 
several priority species including rudd, tench, and red swamp crayfish, 
both in the Great Lakes and elsewhere.  

Rudd (as well as western mosquitofish) have been eradicated from 17 small 
water bodies in New Zealand using rotenone (West et al. 2015), with 
similar results for tench (Rowe and Champion 1994). Eradication of red 
swamp crayfish has been achieved in several small, isolated water bodies, 
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usually after a combination of methods (drainage/dirt fill, predator stocking, 
and/or pyrethrum biocide) (Gherardi et al. 2011; Bunk and Egeren 2013; 
Ballare et al. 2023). While chemical control has been effective at eliminating 
large numbers of crayfish and in one instance eradication (Short 2021; Ballare 
et al. 2023), only physical habitat destruction (filling in of waterbody/ 
shoreline burrows) has had reliable success in eradication. Drainage of 
waterbodies alone has been successful in two water bodies in Switzerland 
but only if the water is drained for at least several months. Otherwise, there 
is a risk that some crayfish will survive in burrows or humid places and can 
rebuild stock. 

Eradication of new round goby populations may be possible in smaller 
systems if action is taken soon after detection of the species (Cerwenka et al. 
2023). The eradication attempt using rotenone in Pefferlaw Brook (Ontario) 
may have been successful if response efforts had occurred sooner after first 
detection (Dimond et al. 2010; Kornis et al. 2012), as the attempt occurred 
14 months after the initial discovery of round gobies in the system.  

Species for which control may not be desirable  

There were several species at specific scales or sites of introduction for 
which managers expressed hesitation in the feasibility and/or desirability of 
management. One scenario was small pelagic species at a widespread/ 
whole Great Lakes scale. Small, planktonic species in natural systems are 
known for the lack of available control tools. Given the limitations of 
traditional control tools (e.g., trapping) for pelagic species in open water 
systems, researchers have suggested biocontrol (genetic) tools may be the 
only feasible answer (Thresher and Kuris 2004).  

Managers have also expressed hesitation to control species that have 
become deeply integrated into Great Lakes food webs because of the potential 
for suppression efforts to have unexpected and undesirable effects. For 
example, in the Great Lakes, round gobies now serve as an important prey 
item for many native species including Salvelinus namaycush (Walbaum, 
1792; lake trout), Coregonus clupeaformis (Mitchill, 1818; lake whitefish), 
Micropterus dolomieu (Lacepède, 1802; smallmouth bass), Sander vitreus 
(Mitchill, 1818; walleye), and Lota lota (Linnaeus, 1758; burbot). By preying 
heavily on invasive dreissenid mussels, round gobies effectively transfer 
energy from a lower trophic level to higher ones. This newly established 
energy pathway helps mitigate some of the loss of the traditional pelagic 
energy pathway, which has been compromised by mussel invasion and 
other ecological changes in the Great Lakes. Round gobies as a prey item 
have been credited with helping lake trout rehabilitation in the Great Lakes, 
increasing abundances and condition of endangered Lake Erie water snakes 
(King et al. 2008; Jones et al. 2009), and producing trophy-sized smallmouth 
bass fisheries in some areas, among other things. Some managers no longer 
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consider round gobies a “villain” in the Great Lakes story, especially with 
recent declines in abundance of pelagic alewife, another invasive forage 
fish. In these cases, some have suggested that management focus on localized 
critical habitats (e.g., spawning reefs, nursery habitats) and seeking a new 
balanced ecosystem may be a more realistic goal than widespread control 
or eradication (Matthew Kornis, U.S. Fish and Wildlife Service, pers. comm.). 
However, this perspective assumes that current invasive-driven dynamics 
represent a stable equilibrium, which may not be the case—for example, 
recent work implicates round goby predation in ongoing whitefish 
recruitment declines (Hoyer et al. 2025).  

These scenarios highlight the complexity of invasive species control, 
where decisions about action or research depend on multiple ecological 
and management factors. Understanding which habitats, species, or 
ecosystem functions are threatened by specific invasive combinations is 
essential – for example, protecting native fish eggs on Great Lakes spawning 
reefs may require localized control of round goby, rusty crayfish (to reduce 
egg predation), and dreissenid mussels to restore interstitial space. Each 
habitat–species pairing varies in reinvasion rates, population dynamics, 
and control levels needed to achieve management goals. Given  the number 
of species requiring attention, a decision-support framework may be the 
most objective approach to identify tools with the greatest likelihood of 
success. These challenges are further compounded in the Great Lakes, 
where vast, interconnected habitats enable rapid reinvasion, making 
sustained control pressure difficult without understanding connectivity, 
migration, and barriers to recolonization. Because control efforts occur 
across diverse habitats, scales, and time frames, their effectiveness varies; 
rigorous pre- and post-treatment assessments are needed to optimize 
investments and tailor strategies to specific scenarios (Drake et al. 2024). 
Ultimately, moving beyond single-species approaches toward holistic, 
community-level management, supported by additional empirical studies 
on population-level responses (Zipkin et al. 2009), offers the best chance of 
avoiding unintended trade-offs and achieving lasting ecological benefits. 

Conclusion 

This review highlights the general paucity of effective control tools for 
IAA. These literature reviews can serve to further the field of invasion 
biology in several ways. First, by collating current knowledge on practical 
control tools (much of which is unpublished and therefore difficult for 
managers to find), they can inform management efforts, both in the Great 
Lakes and globally. Second, they underscore the urgent need for research 
into more effective control tools. Until further research is completed 
(which often takes years), further exploration of decision support tools and 
integrated approaches using current methods can optimize control efforts. 
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