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In this paper, we explore the news messaging surrounding the introduction and expansion of Blue Catfish Ictalurus furcatus in 
mid-Atlantic tidal waters. In the early news reports surrounding the non-native catfish controversy, the species was described 
with hyperboles and terms that evoked threats, danger, and the need for caution, all of which make science-based debate diffi-
cult. Three evidence-based models of invasion effects refer to introduced species as passengers, back-seat drivers, and drivers of 
ecosystem degradation. Like other non-native species introduced and supported by humans, the Blue Catfish story should shift 
from the invasiveness metaphor to one of collaborative problem solving to conserve elements of our natural heritage in the face 
of growing pressures from urbanizing watersheds. We recommend that scientists and managers, in all their communications, 
avoid value-laden language and focus on exploration of evidence to support alternative management interventions, rather than 
promoting automatic management positions without considering all aspects of the problem.

INTRODUCTION
Invasiveness is a metaphor that connotes the invasion of a 

hostile enemy (Verbrugge et al. 2016). The adjective “invasive” 
often implies a guilty until proven innocent rule. Literature 
from biological, social sciences, and humanities continues the 
debate about non-native species introductions (Boltovskoy et 
al. 2018) and identifies three problems. First, definitions of in-
vasive are inconsistent even among invasion scientists (Heger 
et al. 2013). Second, published studies focus almost entirely 
(92%) on ecological questions (Vaz et al. 2017), although con-
flicts over and opposition to management actions arise from 
clashes in perceptions between different stakeholder groups 
(Shackleton et al. 2019). Third, metaphors, hyperbole, and 
anchoring and confirmation biases (Chew 2015) often replace 
science in informing policy.

As invasion biology grew since the 1990s, mainstreamers 
and denialists have emerged (Thomaz et al. 2015). Debates 
between the camps continue over whether non-native species 
present no real threat to biodiversity (or ecosystems) and are 
no more likely than natives to cause environmental damage 
or that most, if  not all, non-native organisms threaten bio-
diversity and ecological stability (Ricciardi and Ryan 2018). 
Introductions of non-native organisms have negative, neutral, 
and positive effects (Chew 2015; Briggs 2017) and species 
should not be labeled invasive based entirely on origin (Davis 
et al. 2011). Definitions vary, but the U.S. policy defines inva-
sive species as “a non-native species that causes harm to the 
economy, to the environment, or to human health” (ISAC 
2006). Conclusions about non-native species should be based 
on "quantifiable empirical evidence" and not speculation 
(Gozlan 2008). Furthermore, “inaccurate, unsubstantiated, 
deceiving and manipulated results and conclusions in academ-
ic and non-academic media must be confronted” (Boltovskoy 
et al. 2018). Although the media has been criticized for 
alarmist metaphors and hyperbolic language in stories about 
non-native introductions (Kueffer and Larson 2014), report-
ers are often adapting language used by experts.

More than half  of the river basins in the world currently 
host at least one non-native fish species (Leprieur et al. 2008). 
Generalizations about non-native effects are often influenced 
by certain highly invasive fishes, whose spread was facilitated 
by human activities and caused dramatic shifts in communi-
ty characteristics (Thomaz et al. 2015; Toussaint et al. 2016). 
Human activities facilitate the establishment of non-native 
species by disturbing natural landscapes and by increasing 
propagule pressure (Leprieur et al. 2008). Widespread use of 
emotional and manipulative language and nativism bias in the 
field of invasion biology may hinder effective management at 
local levels. This is primarily due to unproductive debate with-
out resolutions on how to move forward (Kueffer and Larson 
2014). One bias, nativism, i.e., that non-indigenous species are 
inherently evil, is built into measures such as indices of biotic 

integrity. Yet they do not always demonstrate that non-native 
species cause negative biological effects (Parker et al. 1999). In 
some cases, non-native fishes provide forage for native fishes 
(e.g., American Shad Alosa sapidissima and Pacific salmonids; 
Petersen et al. 2003) and invasive plants may create refuge for 
fish prey (Figueiredo et al. 2015). Framing of media coverage 
on invasive fish may influence the public interpretation and 
negative events may amplify perceived threats of alternative 
future scenarios. The amplification of risk model posits that 
seemingly minor risks or risk events often produce extraordi-
nary public concern due to a combination of psychological, 
social, institutional, and cultural processes (Kasperson et al. 
1988).

Blue Catfish Ictalurus furcatus were purposefully intro-
duced to many rivers and reservoirs in the Atlantic slope drain-
ages of the USA (Fuller and Neilson 2019). Introductions to 
Virginia’s tidal rivers in the 1970s and 1980s were intended 
to enhance recreational fishing opportunities for catfish at a 
time when many Chesapeake Bay fishes were in decline. At the 
time there were no laws, such as the Nonindigenous Aquatic 
Nuisance Prevention and Control Act of 1990 (P.L. 101–646), 
or even conservative guidance on risk assessments associated 
with fish stocking. Blue Catfish were known to be as palat-
able as Channel Catfish I. punctatus, but more likely to attain 
large sizes. Populations of Blue Catfish expanded slowly at 
first and it took over 2 decades before densities dramatically 
increased, trophy fisheries developed, and individuals spread 
to other drainages (Greenlee and Lim 2011; Schloesser et al. 
2011). Concurrently, concern about the negative impacts of 
non-native catfish through predation ultimately resulted in 
the Chesapeake Bay Program’s Sustainable Fisheries Goal 
Implementation Team’s resolution on invasive catfish to ad-
dress the predatory impact of Blue Catfish and, to a lesser de-
gree, Flathead Catfish Pylodictis olivaris (ICTF 2014).

In this paper, we establish a narrative from analysis of 
media reports and suggest that (1) the Blue Catfish storyline 
has been socially constructed via news reports that routinely 
adopted the language of invasion biology, which often has a 
militaristic tone; and (2) metaphors and hyperboles, seldom 
used in scientific writing, arise from interviews with experts 
and amplify risk before scientific investigations are conclusive.

MEDIA ANALYSIS
We conducted a content analysis of articles in magazines, 

newspapers, and online media with a library search from 1990 
through May 2019 during the time when Blue Catfish were 
routinely collected from Virginia waters in long-running fish 
surveys (Tuckey and Fabrizio 2017). We searched for articles 
using keyword “blue catfish” in Academic Search Complete 
database (EBSCOhost), in addition to google.com. Only 
non-primary literature articles that dealt with Blue Catfish 
in their non-native range were analyzed to summarize the 
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language used therein. For each article, we counted whether 
sources were mentioned or quoted, and counted and docu-
mented each occurrence of metaphors, similes, and hyperbo-
les. We also counted the mention of key issues, specifically 
population expansion, dominant fish, apex predator, trophy 
fishing, state records, voracious feeding, invasivorism, U.S. 
Department of Agriculture food safety inspections, predation, 
and competition. Themes in these articles were qualitatively 
examined to understand and explore the narrative that was de-
veloped by the media reporting on Blue Catfish in its non-na-
tive range. Consequently, we did not apply any quantitative 
statistical analyses of the qualitative data. Rather, we attempt 
to develop the storyline as it relates to issues of managing a 
non-native fish that has expanded into multiple management 
jurisdictions.

A total of 74 news articles were reviewed for qualitative 
analysis. These articles were published from 1997 through 
2019; no articles were located for earlier years. Most of the 
articles focused specifically on Maryland and/or Virginia wa-
ters (57 of 74, 77%) and approximately half  of the articles in-
cluded quotes or interviews of scientists or local fishers (36 of 
74). Of those journalists who interviewed others, the number 
interviewed averaged 3.3 and ranged from 1 to 8. Hyperboles, 
metaphors, and similes were used infrequently in news articles, 
yet one hyperbole used repeatedly maintained that “The wild 
blue catfish is one of the greatest environmental threats the 
Chesapeake Bay has ever faced” (Table 1). This quote echoes 
sentiment popular since the late 1990s that “alien species were 
the second greatest threat to biodiversity” (Chew 2015). The 

most frequent themes mentioned in news articles were the 
predatory habits of Blue Catfish, invasive species, rapid ex-
pansion, trophy fishing, and invasivorism (Table 2). Some of 
the news articles were simply reporting the most recent state or 
water body record. Conflict emerged as sport anglers were be-
ginning to view Blue Catfish as a new target for trophy fishing. 
Statements like “Maryland’s DNR is urging catfish enthusiasts 
to do something that goes against their angling sensibility: kill 
every blue catfish they haul in” created controversy for trophy 
catch-and-release anglers. Few news articles made mention of 
the other threats that native species were facing in addition 
to Blue Catfish (3 of 74) or that other non-native fishes were 
introduced, and still managed, in support of popular sport 
fisheries (2 of 74). Media reports in 2016 and 2017 reported 
on newly required U.S. Department of Agriculture (USDA) 
catfish inspections stating, “the inspections could take us off  
that track. The USDA has never really dealt with a fish before, 
a wild-caught fish, let alone an invasive species.” The media 
portrayals of Blue Catfish outside its native range provided 
equal treatments with both positive (22) and negative (26) and 
sometimes provided both perceptions, which supports a lack 
of media bias (Table 3).

THE BLUE CATFISH NARRATIVE
The Blue Catfish narrative played out in the press and social 

media far ahead of the first investigations of ecological effects 
(Schloesser et al. 2011). The Blue Catfish have been reviled 
in much of the public discourse. For example, two statements 
in headlines—“Behind pollution, blue catfish are the biggest 
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threat to the Chesapeake Bay,” and “The wild blue catfish is 
one of the greatest environmental threats the Chesapeake Bay 
has ever faced” (Springston 2015)—have never been exam-
ined in any scientific manner. The uncertainty regarding Blue 
Catfish feeding habits was repeatedly mentioned by scientists, 
conservationists, and the news media “Also troubling is their 
food, which includes some of the same species that wildlife 
managers are trying to save and restore—the Blue Crab, 
American Shad, American Eel, river herring, Menhaden” 
(Harper 2010). However, the uncertainty was accompanied 
with negative language, such as “Up close and in person, Blue 

Catfish are gruesome creatures. They grow big and ugly and 
gray. They croak like pigs. And because they have no scales, 
they are especially slimy, even as fish go” (Harper 2010). At a 
time when the population was growing, “Blue Catfish boom 
threatens region’s river ecosystems. Predator accounts for 
75 percent of all fish biomass in some places, scientists say” 
(Blankenship 2011). This statement was repeated in 12 of 74 
media articles, although the basis for this statement is data 
of limited spatiotemporal scope that was never published 
(Schloesser et al. 2011).

Concerns were expressed that invasive catfish would con-
trol abundance of species at lower trophic levels and have 
dramatic effects on mussels, crabs, and migratory fishes. In 
particular, some scientists interviewed used hyperboles, such 
as “this isn’t just at the top of the food chain, this is a whole 
new trophic level.” and “It’s a predator on par with a shark.” 
Disruption of the Chesapeake Bay food web depends on the 
feeding behavior and abundance of the Blue Catfish. Yet, es-
timating the true abundance of a new species in the system 
required developing new field tagging studies, which produced 
estimates for relatively small spatial areas (Fabrizio et al. 2017; 
Bunch et al. 2018).

Preliminary and unpublished estimates of abundance, 
which were admittedly highly uncertain, were spread through 
the media before any scientific vetting of procedures or publi-
cation of findings with appropriate caveats. The “100 million 
hungry Blue Catfish” could now be compared to iconic spe-
cies, such as 308 million blue crabs Callinectes sapidus and 215 
million Striped Bass Morone saxatilis. Headlines focused on 
expected effects via predation on other valued fish “Experts 
from Virginia and Maryland agree their growing presence 
in local waters spells likely trouble for other fish species, like 
shad and bass.” Although subsequent work has shown that 
most Blue Catfish are opportunistic omnivores that may func-
tion as herbivores, benthic invertivores, or piscivores depend-
ing on size, season, and location (Schmitt et al. 2017, 2019a, 
2019b), many claimed that Blue Catfish were apex predators 
in these systems without supporting scientific evidence (e.g., 
“It’s a predator on par with a shark”). “Blue Catfish are de-
stroying the Chesapeake Bay” and “their black-hole-like 
mouths vacuum up whatever marine life gets in their way.” 
Also “Due to their large size and predatory habits, blue cat-
fish are consuming many native fish species at an enormous 
rate, and they have few natural predators to prevent them 

Table 2. Frequency of occurrence of themes that were directly men-
tioned in media articles reviewed (N = 74). If a theme was mentioned 
several times in one article, it was only counted one time.

Themes Frequency of Occurrence

Predation 38

Invasive 30

Population expansion 29

Trophy fishing 22

Invasivorism 20

Fishing records 14

Voracious feeder 12

Dominant fish 12

USDA inspections 7

Competition 6

Apex predator 5

Fishing guides 4

Native fish face other threats 3

Other non-native fishes 2

Table 3. Subjective description of the overall orientation expressed 
with respect to Blue Catfish Ictalurus furcatus in new environment in 
news articles (N = 74).

Orientation Frequency

Neutral 4

Negative 26

Positive 22

Both 10

Table 1. Hyperboles, metaphors, and similes used in 74 news articles analyzed. The N indicates the frequency of occurrence of different figures 
of speech or quotes in articles.

Figure of speech Quote from news media sources and year

Hyperboles (N = 9) “Blue catfish are destroying the Chesapeake Bay.” 2017
“A real time environmental catastrophe happening in the Chesapeake Bay right under our noses.” 2016
“The wild blue catfish is one of the greatest environmental threats the Chesapeake Bay has ever faced.” 
(N = 3, 2015)
“It’s a predator on par with a shark.” 2009
“Everybody loves them.” 2018
“The top predator has been described as the Bengal tiger of local rivers.” (N = 2, 2011, 2015)

Metaphors (N = 4) “underwater vacuums”(N = 2, 2010)
“…the tastiest ways to save the bay.” 2015
“…vacuumed their way through local flora and fauna — even some precious Maryland blue crabs.” 2013

Similes (N = 3) “They croak like pigs.” 2010
“…reproduce like mad dogs.” 2008
“Like a creature from a Hollywood B-movie, it has grown fat from conditions created by pollution.” 2011
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from out-competing native species.” Tim Sughrue, owner of 
Congressional Seafood, which processes and distributes Blue 
Catfish, called the Blue Catfish “a real time environmental ca-
tastrophe happening in the Chesapeake Bay right under our 
noses" that threatens to “100 percent change the dynamic in 
the Chesapeake over the next 2 decades.”

Our natural response to a differing position is to resort 
to identity-protecting reasoning (Kahan 2010) that protects 
our values and beliefs without scientific basis. Pauwels (2013) 
maintains that “although metaphors are essential in enabling 
science and in communicating research to the rest of the 
world, their use can also mislead the public, and even scien-
tists themselves.” In summary, the public discourse regarding 
Blue Catfish in the Chesapeake Bay region was characterized 
by terms that evoke threats, danger, and the need for caution, 
all of which make debate and discourse difficult (Ernwein and 
Fall 2015). During the same timeframe, the James and Potomac 
rivers made the list of the 10 best rivers for catching monster 
catfish in 2015 (Hamper 2015). Bay Catfish Advocates (2017) 
promoted the development of trophy fishing destinations and 
claimed that “the media is the primary entity responsible for 
painting catfish as villains.” In some cases the media may have 
overstated or misstated the severity or nature of the impacts 
without acknowledging the scientific uncertainty present. Our 
findings also showed several instances of reasonably balanced 
coverage by the media.

Governments and industries are overwhelmed with the pace 
of change in appearance of non-native species. Chesapeake 
Bay supports reproducing populations of nearly 150 non-na-
tive aquatic species, including 27 non-native fishes (Ruiz and 
Reid 2007), and this estimate is likely outdated. Metaphors, 
such as invasional meltdown and nativeness, may give a stron-
ger voice for change and create a sense of urgency (Verbrugge 
et al. 2016). Increasingly ecologists are questioning the nativ-
ism assumption (Kueffer and Larson 2014). However, the me-
dia reports often portrayed Blue Catfish as ultimate predators, 
or villains. Labeling a fish invasive automatically means they 
are something to battle, not a resource to manage.

Metaphors are useful linguistic expressions as long as they 
help us conceptualize the unfamiliar in terms that are more fa-
miliar to us. Two opposite metaphors we often use with respect 
to species like Blue Catfish, are nativism and cosmopolitanism. 
These terms reflect our normative beliefs about good and bad 
(Callicott et al. 1999). Nativism is considered as pure and in 
harmony where numbers remain roughly constant, although 
this ideal condition is seldom present. Cosmopolitanism is the 
view that humans are part of nature and considers the reality 
of adapting to altered ecosystems.

In framing the language, invasive species may be viewed 
as “passengers” that spread in response to environmental 
changes rather than “drivers” of ecological impacts (Hart and 
Lawson 2014). Bauer (2012) proposed “back-seat drivers,” as 
those species that “require or benefit from disruptions of eco-
system processes or properties that lead to declines of native 
species but also contribute to changes in ecosystem properties 
and further declines of native species.” This use of language 
is important because it affects the public’s willingness to take 
action (Hart and Lawson 2014). The driver model emphasizes 
the characteristics of the species that cause ecological change, 
whereas the passenger model focuses on characteristics that 
allow species to thrive under conditions of ecological change. 
If  the driver model is correct, then the reduction of the inva-
sive species should result in proportional change in the system. 

However, if  the back-seat driver or passenger models are more 
accurate, then efforts to reduce the abundance of the inva-
sive species without concurrent ecosystem restoration actions 
will not result in the significant changes expected (Prior et al. 
2018). The driver, back-seat driver, and passenger metaphors 
were never encountered in our review of news media, yet these 
metaphors seem to be especially important in these highly de-
graded tidal rivers.

As Kueffer and Larsen (2014) recommend for scientific 
writings, “when a metaphor is used, it should be introduced 
as such, and its connection with specific aspects of a scientific 
concept should be illustrated.” If  we adopt the back-seat driv-
er metaphor we need to admit that dams, human population 
density, development, and nutrient loading were also driving 
ecosystem change in Chesapeake Bay and its tributaries (Kemp 
et al. 2005; Limburg et al. 2011; Jordan et al. 2018). The James 
and Rappahannock rivers have total maximum daily load pre-
scriptions for nutrients that are indicative of long-standing 
impairments (Linker et al. 2013). Consequently, the back-seat 
driver model appears to be the most parsimonious hypothesis 
to describe the Blue Catfish case. The Chesapeake Bay is far 
from pristine, and most of its tidal tributaries have changed 
dramatically since European colonization in 1605. In sum-
mary, these rivers were once free flowing, relatively clear, and 
supported vast beds of aquatic vegetation, yet are now char-
acterized by erosion, increased turbidity, excessive nutrients, 
and dams that block migratory corridors. These altered condi-
tions are ideal for Blue Catfish because they possess enhanced 
mechanoreceptory, gustatory, and olfactory senses, allowing 
them to thrive in the naturally productive and turbid waters 
of the Mississippi, Missouri, and Ohio rivers for thousands 
of years.

However, the storyline suggests that the many hyperboles 
reflecting negative impacts of non-native catfish through pre-
dation may have influenced the resolution to address the pred-
atory impact of Blue Catfish and not other interactions (ICTF 
2014). Context and criteria are critically important to judg-
ing impact of the non-native species. Since Blue Catfish first 
appeared in standardized surveys in the 1980s (Tuckey and 
Fabrizio 2017), White Catfish Amieurus catus have declined. 
Describing the early history of catfish fisheries in Virginia, 
Menzel (1945) reported that the catch in pots in the James 
River was made up almost entirely of the non-native Channel 
Catfish, whereas native White Catfish and bullheads predom-
inated in the Potomac River. Recent research demonstrates 
that Blue Catfish eat blue crab and river herring (Schmitt et 
al. 2017, 2019a), as did non-native Channel Catfish and na-
tive White Catfish (Menzel 1945). Blue Catfish have replaced 
non-native Channel Catfish and native White Catfish in most 
of Virginia’s tidal rivers (Tuckey and Fabrizio 2017).

Although native White Catfish have clearly been affected 
by the expansion of Blue Catfish (Schloesser et al. 2011), most 
media concerns continued to be focused on American Shad, 
America Eel Anguilla rostrata, river herring, Atlantic Sturgeon 
Acipenser oxyrinchus, and blue crabs. One news story relayed 
the concern that Blue Catfish “are following American Shad 
up the river and eating their eggs,” which was never evident 
from examination of Blue Catfish diets (Schmitt et al. 2017; 
Schmitt et al. 2019a). Declines of American Shad, river her-
rings, and sturgeon, as well as fluctuations in blue crab are 
not fully understood, especially with respect to the appearance 
of Blue Catfish (Hilton et al. 2016, 2018; Schmitt et al. 2017, 
2019a; Wilberg et al. 2019). However, the high abundance and 
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continuing spread of Blue Catfish calls for integration of all 
fishery management plans in the region (Nepal and Fabrizio 
2019).

Jurisdictions and management agencies took varying po-
sitions on Blue Catfish, resulting in angler–agency conflicts. 
Blue Catfish were purposefully introduced in Virginia tid-
al rivers and spread to Maryland tributaries in the less sa-
line middle and upper Chesapeake Bay (Nepal and Fabrizio 
2019). Consequently, the full effects of Blue Catfish are un-
known. In Maryland waters, catch and release is discouraged. 
Furthermore, Blue Catfish have become a profitable commod-
ity for commercial fishermen and a desirable product for chefs, 
wholesalers, and retailers. Bay Catfish Advocates (2017) and 
Virginia Catfish Anglers Association have pressed for recre-
ational fishing regulations that would promote sustainable 
catch of large Blue Catfish, though the Maryland Department 
of Natural Resources had no interest in supporting trophy 
catfish and continues to encourage anglers to keep all Blue 
Catfish and Flathead Catfish caught. Reduction in angler-re-
ported trophy-size fish and declines in growth are evident 
(Hilling et al. 2018; Hilling et al. in review). Despite the de-
cades of controversy, no management jurisdiction has devel-
oped a performance-based fishery management plan.

Invasivorism is the only solution actively pursued in the 
Chesapeake Bay region, with the approach of literally eating 
our way out of the problem. One manager said “the best way 
to deal with a Chesapeake Bay menace is to let fishermen take 
as many as they can, with minimal red tape, while offering 
consumers a healthy, plentiful, and relatively inexpensive pro-
tein source.” One problem with invasivorism is that when a 
species has high value that becomes an incentive to increase 
or tolerate its spread (Nuñez et al. 2012; Nepal and Fabrizio 
2019). Bilkovic and Ihde (2014) suggested that invasivorism 
would have limited potential for Chesapeake Bay Blue Catfish 
because: “(i) the threat posed to the public by contamination 
of the fillets with bioaccumulated toxins; (ii) the lack of desire 
to kill the largest, most fecund fish for the sake of the trophy 
fishery; (iii) the predicted population response to being fished; 
(iv) the perverse incentivization of the preservation of these 
populations to maintain the fishery; and (v) the potential neg-
ative consequences to native populations of catfish (through 
bycatch and misidentification).”

CONCLUSIONS
Marketing strategies and strong metaphors or dominant 

news frames assist in getting the messages across via social me-
dia networks, even if  the message is wrong (Liang et al. 2014). 
Was the Blue Catfish story line accurate? No, it was mislead-
ing. Blue Catfish are opportunistic omnivores, therefore, a 
long list of fishes in their diet is no surprise and inferring pre-
dation impact requires more evidence than a diet description 
(Schmitt et al. 2017, 2019a). Examination of spatial variation 
in Blue Catfish diets suggests that consumption of blue crabs 
is the greatest potential for conflict in lower James River, es-
pecially during times of reduced freshwater inflow (Schmitt 
et al. 2019b). Furthermore, the combination of Blue Catfish, 
Flathead Catfish, complex fall zone habitats, and Boshers 
Dam in the freshwater section of the James River creates ad-
ditional concern for at-risk alosine fishes (Schmitt et al. 2017, 
2019b, 2019c). A lack of abundance data on alosine fishes and 
rapidly changing distribution of Blue Catfish will continue to 
make it difficult to infer a predation impact on a spatial or 
temporal basis.

Scientists can corrupt the management processes when 
they present findings with hidden policy preferences (Lackey 
2007). Simply using the term invasive or hyperboles illustrates 
a policy preference for removal. Similarly, terms often used 
such as ginormous fish, giant, monster, huge, megafish, or tro-
phy (Hamper 2015; Francis et al. 2019) creates a news buzz, 
but may mislead the public. Scientists must get involved in 
policy deliberations, but play the appropriate role to provide 
facts, probabilities, and analysis, but avoid normative science 
(Parke and Russell 2018; Salafsky et al. 2019). Scientists have 
much to lose when they unthinkingly adopt leading language, 
such as “alien” or “invasive” and thereby practice stealth 
policy advocacy. When approached by journalists, scientists 
should act as honest brokers of policy alternatives rather than 
advocates (Kueffer and Larson 2014). Journalists are often on 
deadlines, but it is advisable to ask them about their questions 
or topic, and do not answer immediately. Rather, ask for a rea-
sonable time to think about the questions and prepare a few 
key messages for the general public. While you should request 
to review stories, you typically have no control in the final me-
dia story.

We present the narrative as a way of revealing the potential 
effects of media coverage and issue framing on media con-
sumers. The Blue Catfish storyline suggests an “amplification 
of risk” where the media helped build a buzz while commu-
nicating emotionally loaded issues (Leiserowitz et al. 2012; 
Opperhuizen et al. 2019). Understanding the plural views and 
values of stakeholders toward Blue Catfish management is a 
prerequisite to anticipate and then minimize conflict as man-
agement programs are implemented (Evans et al. 2008; Pasko 
et al. 2014; Estévez et al. 2015). Education initiatives build 
understanding and capacity for citizen science and collabo-
rative problem solving in order to develop alternative future 
storylines (Lenzner et al. 2019). Because value-laden messag-
ing hinders communication and action, we must ensure that 
a message draws on scientific evidence to make itself  persua-
sive and legitimate, no matter what the level of uncertainty is 
(Kendall-Taylor et al. 2013). That message may sometimes be 
the possibility of being wrong (i.e., Cromwell’s Law), variabil-
ity in quantities measured, ignorance of underlying processes, 
or disagreement among experts (van der Bles et al. 2019).

The issues surrounding Blue Catfish in the Chesapeake 
Bay region highlight the shortcomings of managing in a sin-
gle-species manner when the drivers of ecosystem change sup-
port an integrated management approach (Chaffin et al. 2016). 
Local stakeholders and enthusiasts can certainly support a fo-
cus on ecosystem restoration and reduction in nutrient load-
ing if  they are convinced of the relationship with protection 
of flagship species, such as American Shad, American Eel, 
Atlantic Sturgeon, river herring, and blue crabs. Analyses of 
these species identified many threats in riverine and marine 
environments keeping stocks from recovery (Cote et al. 2013; 
Hilton et al. 2016; Turner et al. 2017; Hilton et al. 2018; Kahn 
2019; Wilberg et al. 2019).

Differing human values associated with Blue Catfish are 
similar to those seen in other contexts where non-native sport 
fish are widely stocked. Brook Trout Salvelinus fontinalis, 
Brown Trout Salmo trutta, and Rainbow Trout Oncorhynchus 
mykiss, have been widely stocked outside their native range 
for 150  years (Karas 2002; Halverson 2010; Newton 2013). 
Similarly, black bass Micropterus spp. were widely stocked 
outside their native range long before scientists realized effects 
on native species, including conservation concerns of up to 19 
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recognized forms (Taylor et al. 2019). Anglers have adapted 
and actively pursued non-native sport fish and eradication is 
virtually impossible without harming native fauna. Yet, the 
long history of stocking black basses and trouts has coincid-
ed with a recent paradigm shift and changes in conservation 
ethics to protect native fishes. In such cases, the logical path 
forward takes a conflict resolution approach via societal dis-
course and balancing of tradeoffs (Evans et al. 2008; Jeschke 
et al. 2014; Woodford et al. 2016; Crowley et al. 2017). The 
perceptions, beliefs, attitudes, and motivations related to in-
troduced trouts, black bass, and Blue Catfish were shaped 
largely by media, such that conflict is intractable, unless and 
until beliefs change over time. The Black Bass Conservation 
Committee initiated outreach efforts to enhance awareness of 
anglers and scientists about newly described or endemic black 
bass species (Taylor and Sammons 2019). Divergent values 
among stakeholders, sparse historical records, and changing 
goals remain future challenges (Schlaepfer et al. 2011). In the 
future, the narrative should shift away from inadequate meta-
phors to focus on participant dialogue and collaborative deci-
sion-making to alleviate multiple complex interacting threats 
in Chesapeake Bay tidal rivers (Dana et al. 2014; Jackson et 
al. 2016).

ACKNOWLEDGMENTS
Research was supported by a grant from the Virginia 

Department of Game and Inland Fisheries through a Federal 
Aid in Sport Fish Restoration Grant from the U.S. Fish and 
Wildlife Service. D.J.O. was supported in part by the U.S. 
Department of Agriculture through the National Institute of 
Food and Agriculture Program and Virginia Tech University. 
J.D.S. and C.D.H. were supported through fellowships from 
Virginia Sea Grant. Mention of trade names or commercial 
products does not imply endorsement by the U.S. Government. 
We thank Aaron J. Bunch, Mary C. Fabrizio, Yan Jiao, and 
Robert S. Greenlee for advice and insights during the course 
of this study. We thank many journalists and reviewers for in-
terviews, writings, and thoughts about issues in this paper. The 
final manuscript was improved by comments and suggestions 
made by Tim Bonvechio, Aaron J. Bunch, Robert S. Greenlee, 
Clifford Hutt, John S. Odenkirk, Rob O’Reilly, and anony-
mous reviewers and editors.

ORCID
Donald J. Orth   https://orcid.org/0000-0002-9236-0147 
Joseph D. Schmitt   https://orcid.org/0000-0002-8354-4067 
Corbin D. Hilling   https://orcid.org/0000-0003-4040-9516 

REFERENCES
Bauer, J. T. 2012. Invasive species: “back-seat drivers” of ecosystem 

change? Biological Invasions 4:1295–1304.
Bay Catfish Advocates. 2017. Letter to David Blazer, Maryland Fisheries 

Service. Dated February 27, 2017, signed by Brad S. Hierstetter.
Bilkovic, D. M., and T. F. Ihde. 2014. Review of the final report of the 

Sustainable Fisheries Goal Implementation Team Invasive Catfish 
Task Force. Chesapeake Bay Program Scientific and Technical 
Advisory Committee. No. 14-007, Edgewater, Maryland.

Blankenship, K. 2011. Blue Catfish boom threatens region’s river ecosys-
tems. Bay Journal (May 1). Available: https://bit.ly/2WbCOTd (August 
2017).

Boltovskoy, D., F. Sylvester, and E. M. Paolucci. 2018. Invasive species 
denialism: sorting out facts, beliefs, and definitions. Ecology and 
Evolution 8:11190–11198.

Briggs, J. C. 2017. Rise of invasive species denialism? A response to 
Russell and Blackburn. Trends in Ecology and Evolution 32:231–232.

Bunch, A. J., R. S. Greenlee, and E. M. Brittle. 2018. Blue Catfish densi-
ty and biomass in a tidal tributary in coastal Virginia. Northeastern 
Naturalist 25:333–340.

Callicott, J. B., L. B. Crowder, and K. Mumford. 1999. Current normative 
concepts in conservation. Conservation Biology 13:22–35.

Chaffin, B. C., A. S. Garmestani, D. G. Angeler, D. L. Herrmann, C. A. Stow, 
M. Nystrom, J. Sendzimir, M. E. Hopton, J. Kolasa, and C. R. Allen. 
2016. Biological invasions, ecological resilience and adaptive gover-
nance. Journal of Environmental Management 183:399–407.

Chew, M. K. 2015. Ecologists, environmentalists, experts, and the invasion 
of the second greatest threat. International Review of Environmental 
History 1:7–40.

Cote, C. L., P.-A. Gagnaire, V. Bourret, G. Verreault, M. Castonguay, and 
L. Bernatchez. 2013. Population genetics of the American Eel Anguilla 
rostrata: FST = 0 and North Atlantic Oscillation effects on demographic 
fluctuations of a panmictic species. Molecular Ecology 22:1763–1776.

Crowley, S. L., S. Hinchliffe, and R. A. McDonald. 2017. Conflict in inva-
sive species management. Frontiers in Ecology and the Environment 
15:133–141.

Dana, E. D., J. M. Jeschke, and J. García-de-Lomas. 2014. Decision tools 
for managing biological invasions: existing biases and future needs. 
Oryx 48:56–63.

Davis, M. A., M. K. Chew, R. Hobbs, A. E. Lugo, J. J. Ewel, G. J. Vermeij, J. H. 
Brown, M. L. Rosenzweig, M. R. Gardener, S. P. Carroll, K. Thompson, 
S. T. A. Pickett, J. C. Stromberg, P. Del Tredici, K. N. Suding, J. G. 
Eherenfeld, M. P. Grime, J. Mascaro, and J. C. Briggs. 2011. Don’t 
judge species on their origins. Nature 474:153–154.

Ernwein, M., and J. J. Fall. 2015. Communicating invasion: understanding 
social anxieties around mobile species. Geografiska Annaler: Series 
B, Human Geography 97:155–167.

Estévez, R. A., C. B. Anderson, J. C. Pizarro, and M. A. Burgman. 2015. 
Clarifying values, risk perceptions, and attitudes to resolve or avoid 
social conflicts in invasive species management. Conservation 
Biology 29:19–30.

Evans, J. M., A. C. Wilkie, and J. Burkhardt. 2008. Adaptive management 
of nonnative species: moving beyond the either-or through exper-
imental pluralism. Journal of Agricultural and Environmental Ethics 
21:521–539.

Fabrizio, M. C., T. D. Tuckey, R. J. Latour, G. C. White, and A. J. Norris. 
2017. Tidal habitats support large numbers of invasive Blue Catfish 
in a Chesapeake Bay subestuary. Estuaries and Coasts 41:827–840.

Figueiredo, B. R. S., R. P. Mormul, and S. M. Thomaz. 2015. Swimming 
and hiding regardless of the habitat: prey fish do not choose be-
tween a native and a non-native macrophyte species as a refuge. 
Hydrobiologia 746:285–290.

Francis, F. T., B. R. Howard, A. E. Berchtold, T. A. Branch, L. C. T. Chaves, 
J. C. Dunic, B. Favaro, K. M. Jeffrey, L. Malpica-Cruz, N. Maslowski, J. 
A. Schultz, N. S. Smith, and I. M. Côte. 2019. Shifting headline? Size 
trends of newsworthy fish. PeerJ 7:e6395.

Fuller, P., and M. Neilson. 2019. Ictalurus furcatus (Valenciennes in Cuvier 
and Valenciennes, 1840): U.S. Geological Survey, Nonindigenous 
Aquatic Species Database, Gainesville, Florida. Available: https://
on.doi.gov/3gXMNnp, Revision Date: 11/16/2018, Peer Review Date: 
4/1/2016 (May 2019).

Gozlan, R. E. 2008. Introduction of non-native freshwater fish: is it all 
bad? Fish and Fisheries 9:106–115.

Greenlee, R. S., and C. N. Lim. 2011. Searching for equilibrium: popula-
tion parameters and variable recruitment in introduced Blue Catfish 
populations in four Virginia tidal river systems. Pages 349–367 in  
P. H. Michaletz, and V. H. Travnichek, editors. Conservation, ecology, 
and management of catfish: the second international symposium. 
American Fisheries Society, Symposium 77, Bethesda, Maryland.

Halverson, A. 2010. An entirely synthetic fish: how Rainbow Trout be-
guiled America and overran the world. Yale University Press, New 
Haven, Connecticut.

Hamper, A.2015. 10 best rivers for catching monster catfish. Game & Fish 
Magazine (Oct 28). Available: https://bit.ly/2OhYtFf (August 2017).

Harper, S. 2010. The rise and gall of Blue Catfish in Virginia rivers. The 
Virginian-Pilot (Aug 30). Available: https://bit.ly/3frqNRd (June 2017).

Hart, P. S., and B. M. H. Larson. 2014. Communicating about invasive 
species: how “driver” and “passenger” models influence public will-
ingness to take action. Conservation Letters 7:545–552.

Heger, T., W.-C. Saul, and L. Trepl. 2013. What biological invasions 
‘are’ is a matter of perspective. Journal for Nature Conservation 
21:93–96.

https://orcid.org/0000-0002-9236-0147
https://orcid.org/0000-0002-9236-0147
https://orcid.org/0000-0002-8354-4067
https://orcid.org/0000-0002-8354-4067
https://orcid.org/0000-0003-4040-9516
https://orcid.org/0000-0003-4040-9516
https://bit.ly/2WbCOTd
https://on.doi.gov/3gXMNnp
https://on.doi.gov/3gXMNnp
https://bit.ly/2OhYtFf
https://bit.ly/3frqNRd


Fisheries | www.fisheries.org    645

Hilling, C. D., A. J. Bunch, R. S. Greenlee, D. J. Orth, and Y. Jiao. 2018. 
Natural mortality and size structure of introduced Blue Catfish in 
Virginia tidal rivers. Journal of the Southeastern Association of Fish 
and Wildlife Agencies 5:30–38.

Hilling, C. D., Y. Jiao, A. J. Bunch, R. S. Greenlee, J. D. Schmitt, D. J. Orth. In 
Review. Growth dynamics of invasive Blue Catfish in four subestuar-
ies of the Chesapeake Bay, USA. North American Journal of Fisheries 
Management

Hilton, E. J., B. Kynard, M. T. Balazik, A. Z. Horodysky, and C. B. Dillman. 
2016. Review of the biology, fisheries, and conservation status of the 
Atlantic Sturgeon, (Acipenser oxyrinchus oxyrinchus Mitchill, 1815). 
Journal of Applied Ichthyology 21(S1):30–66.

Hilton, E. J., R. Latour, P. E. McGrath, B. Watkins, and A. Magee. 2018. 
Monitoring the abundance of American Shad and river her-
ring in Virginia’s rivers– 2017 Annual Report. Virginia Institute of 
Marine Science, College of William and Mary. Available: https://bit.
ly/3fQLVzU.

ICTF (Invasive Catfish Task Force). 2014. Final report of the sustainable 
fisheries goal implementation team invasive catfish task force. NOAA 
Chesapeake Bay Program Office, Annapolis, Maryland. Available: 
https://bit.ly/2ZmHS9q.

ISAC (Invasive Species Advisory Committee). 2006. Invasive species 
definition clarification and guidance white paper. National Invasive 
Species Council. U.S. Department of Agriculture, National Agricultural 
Library, Washington, D.C. Available: https://bit.ly/32cZI0v.

Jackson, M. C., C. J. Loewen, R. D. Vinebrooke, and C. T. Chimimba. 2016. 
Net effects of multiple stressors in freshwater ecosystems: a me-
ta-analysis. Global Change Biology 22:180–189.

Jeschke, J. M., S. Bacher, T. M. Blackburn, J. T. Dick, F. Essl, T. Evans, 
M. Gaertner, P. E. Hulme, I. Kühn, A. Mrugała, and J. Pergl. 2014. 
Defining the impact of non-native species. Conservation Biology 
28:1188–1194.

Jordan, T. E., D. E. Weller, and C. E. Pelc. 2018. Effects of local watershed 
land use on water quality in mid-Atlantic coastal bays and subestu-
aries of the Chesapeake Bay. Estuaries and Coasts 41(Supplement 
1):38–53. 

Kahan, D. 2010. Fixing the communications failure. Nature 463:296–297.
Kahn, D. M. 2019. Trends in abundance and fishing mortality of American 

Eels. Fisheries 44:129–136.
Karas, N. 2002. Brook Trout: a thorough look at North America’s great na-

tive trout– its history, biology, and angling possibilitiesrevised. Lyons 
Press, New York.

Kasperson, R. E., O. Renn, P. Slovic, H. S. Brown, J. Emel, R. Goble, J. X. 
Kasperson, and S. Ratick. 1988. Risk Analysis 8:177–187.

Kemp, W. M., W. R. Boynton, J. Adolf, and D. F. Boesch. 2005. 
Eutrophication of Chesapeake Bay: historical trends and ecological 
interactions. Marine Ecology Progress Series 303:1–29.

Kendall-Taylor, N., M. Erard, and A. Haydon. 2013. The use of metaphor 
as a science communication tool: air traffic control for your brain. 
Journal of Applied Communication Research 41:412–433.

Kueffer, C., and B. M. H. Larson. 2014. Responsible use of language in sci-
entific writing and science communication. BioScience 64:719–724.

Lackey, R. T. 2007. Science, scientists, and policy advocacy. Conservation 
Biology 21:12–17.

Leiserowitz, A., E. Maibach, C. Roser-Renouf, N. Smith, and E. Dawson. 
2012. Climategate, public opinion, and the loss of trust. American 
Behavioral Scientist 57:818–837.

Lenzner, B., D. Leclère, O. Franklin, H. Seebens, N. Roura-Pascual, M. 
Obersteiner, S. Dullinger, and F. Essl. 2019. A framework for global 
twenty-first century scenarios and models of biological invasions. 
BioScience XX:1–14. Available: https://doi.org/10.1093/biosc​i/biz070

Leprieur, F., O. Beauchard, S. Blanchet, T. Oberdorff, and S. Brosse. 2008. 
Fish invasions in the world’s river systems: when natural processes 
are blurred by human activities. PLoS Biology 6:e28.

Liang, X., L. Yi-Fan Su, S. K. Yeo, D. A. Scheufelle, D. Brossard, M. Xenos, 
P. Nealey, and E. A. Corley. 2014. Building buzz: (Scientists) commu-
nicating science in new media environments. Journalism and Mass 
Communication Quarterly 91:772–791.

Limburg, K. E., R. M. Hughes, D. C. Jackson, and B. Czech. 2011. Human 
population increase, economic growth and fish conservation: colli-
sion course or savvy stewardship? Fisheries 36(1):27–35.

Linker, L. C., R. A. Batiuk, G. W. Shenk, and C. F. Cerco. 2013. Development 
of the Chesapeake Bay watershed total maximum daily load 

allocation. Journal of the American Water Resources Association 
49:986–1006.

Menzel, R. W. 1945. The catfish fishery of Virginia. Transactions of the 
American Fisheries Society 73:364–372.

Nepal, V., and M. C. Fabrizio. 2019. High salinity tolerance of invasive 
Blue Catfish suggests potential for further range expansion in the 
Chesapeake Bay region. PLoS One 14:e0224770.

Newton C. 2013. The trout’s tale–the fish that conquered an empire. 
Medlar Press, Ellesmere, Shropshire, UK.

Nuñez, M. A., S. Kuebbing, R. D. Dimarco, and D. Simberloff. 2012. Invasive 
species: to eat or not to eat, that is the question. Conservation 
Letters 5:334–341.

Opperhuizen, A. E., E. H. Klijn, and K. Schouten. 2019. How do media, 
political and regulatory agendas influence one another in high risk 
policy issues. Policy & Politics 48:461–483.

Parke, E. C., and J. C. Russell. 2018. Ethical responsibilities in invasion bi-
ology. The Ecological Citizen 2:epub-013. Available: https://bit.ly/3fq-
jIjV (January 2018).

Parker, I. M., D. Simberloff, W. M. Lonsdale, K. Goodell, M. Wonham, P. M. 
Kareiva, M. H. Williamson, B. von Holle, P. B. Moyle, J. E. Byers, and 
L. Goldwasser. 1999. Impact: toward a framework for understanding 
the ecological effects of invaders. Biological Invasions 1:3–19.

Pasko, S., J. Goldberg, C. MacNeil, and M. Campbell. 2014. Review of har-
vest incentives to control invasive species. Management of Biological 
Invasions 5:263–277.

Pauwels, E. 2013. Communication: Mind the metaphor. Nature 
500:523–524.

Peretti, J. H. 1998. Nativism and nature: rethinking biological invasion. 
Environmental Values 7:183–192.

Petersen, J. H., R. A. Hinrichsen, D. M. Gadomski, D. H. Feil, and D. W. 
Rondorf. 2003. American Shad in the Columbia River. Pages 141–155 
in K. E. Limburg, and J. R. Waldman editors. Biodiversity, status, 
and conservation of the world’s shads. American Fisheries Society, 
Bethesda, Maryland.

Prior, K. M., D. C. Adams, K. D. Klepsiz, and J. Hulcr. 2018. When does in-
vasive species removal lead to ecological recovery? Implications for 
management success. Biological Invasions 20:267–283.

Ricciardi, A., and R. Ryan. 2018. The exponential growth of invasive spe-
cies denialism. Biological Invasions 20:549–553.

Ruiz, G. M., and D. F. Reid. 2007. Current state of understanding about 
the effectiveness of ballast water exchange (BWE) in reducing aquat-
ic nonindigenous species (ANS) introductions to the Great Lakes 
Basin and Chesapeake Bay, USA: Synthesis and analysis of existing 
information. NOAA Technical Memorandum GLERL-I42. National 
Ocean and Atmospheric Administration, Michigan.

Salafsky, N., J. Boshoven, Z. Burivalova, N. S. Dubois, A. Gomez, A. Johnson, 
A. Lee, R. Margoluis, J. Morrison, M. Muir, S. C. Pratt, A. S. Pullin, 
D. Salzer, A. Stewart, W. J. Sutherland, and C. F. R. Wordley. 2019. 
Defining and using evidence in conservation practice. Conservation 
Science and Practice 1:e27.

Schlaepfer, M. A., V. F. Sax, and J. D. Olden. 2011. The potential conserva-
tion value of non-native species. Conservation Biology 25:428–437.

Schloesser, R. W., M. C. Fabrizio, R. J. Latour, G. C. Garman, R. S. Greenlee, 
M. Groves, and J. Gartland. 2011. Ecological role of Blue Catfish in 
Chesapeake Bay communities and implications for management. 
Pages 369–382 in P. H. Michaletz, and V. H. Travnichek, editors. 
Conservation, ecology and management of catfish: the second in-
ternational symposium. Symposium 77, American Fisheries Society, 
Bethesda, Maryland.

Schmitt, J. D., J. A. Emmel, A. J. Bunch, C. D. Hilling, and D. J. Orth. 2019c. 
Feeding ecology and distribution of an invasive apex predator: 
Flathead Catfish in subestuaries of the Chesapeake Bay. North 
American Journal of Fisheries Management 39:390–402.

Schmitt, J. D., E. M. Hallerman, A. Bunch, Z. Moran, J. A. Emmel, and 
D. J. Orth. 2017. Predation and prey selectivity by nonnative cat-
fish on migrating alosines in an Atlantic slope estuary. Marine and 
Coastal Fisheries: Dynamics, Management, and Ecosystem Science 
9:108–125.

Schmitt, J. D., B. K. Peoples, L. Castello, and D. J. Orth. 2019a. Feeding 
ecology of generalist consumers: a case study of invasive Blue Catfish 
Ictalurus furcatus in Chesapeake Bay, Virginia, USA. Environmental 
Biology of Fishes 102:443–465.

https://bit.ly/3fQLVzU
https://bit.ly/3fQLVzU
https://bit.ly/2ZmHS9q
https://bit.ly/32cZI0v
https://doi.org/10.1093/biosci/biz070
https://bit.ly/3fqjIjV
https://bit.ly/3fqjIjV


646    Fisheries | Vol. 45 • No. 12 • December 2020

Schmitt, J. D., B. K. Peoples, L. Castello, and D. J. Orth. 2019b. Modeling 
the predation dynamics of invasive Blue Catfish (Ictalurus furcatus) in 
the Chesapeake Bay. Fishery Bulletin 117:277–290.

Shackleton, R. T., D. M. Richardson, C. M. Shackleton, B. Bennett, S. L. 
Crowley, K. Dehnen-Schmutz, R. A. Estévez, A. Fischer, C. Kueffer, C. 
A. Kull, E. Marchante, A. Novoa, L. J. Potgeiter, J. Vaas, A. S. Vaz, and 
B. M. H. Larson. 2019. Explaining people’s perceptions of invasive 
alien species: a conceptual framework. Journal of Environmental 
Management 229:10–26.

Springston, R. 2015. State attempting to ‘thin the herd’ of blue catfish. The 
Daily Progress (August 17). Available: https://bit.ly/3iXLNRM (June 2016).

Taylor, A. T., J. M. Long, M. D. Tringali, and B. L. Barthel. 2019. 
Conservation of black bass diversity: an emerging management par-
adigm. Fisheries 44(1):20–36.

Taylor, A. T., and S. M. Sammons. 2019. Bridging the gap between sci-
entists and anglers: the black bass conservation committee’s social 
media outreach efforts. Fisheries 44(1):37–41.

Thomaz, S. M., K. E. Kovalenko, J. E. Havel, and L. B. Kats. 2015. Aquatic 
invasive species: general trends in the literature and introduction to 
the special issue. Hydrobiologia 746:1–12.

Toussaint, A., O. Beauchard, T. Oberdorff, S. Brosse, and S. Villéger. 2016. 
Worldwide freshwater fish homogenization is driven by a few wide-
spread non-native species. Biological Invasions 18:1295–1304.

Tuckey, T. D., and M. C. Fabrizio. 2017. 2017 Annual report: estimating 
relative juvenile abundance of ecologically important finfish in the 
Virginia portion of the Chesapeake Bay (1 June 2016 – 30 June 2017). 
Virginia Institute of Marine Science, College of William and Mary, 
Gloucester Point, Virginia. Available https://bit.ly/2ZmmT6L.

Turner, S. M., J. A. Hare, D. E. Richardson, and J. P. Manderson. 2017. 
Trends and potential drivers of distribution overlap of river herring 
and commercially exploited pelagic marine fishes on the northeast 
U.S. continental shelf. Marine and Coastal Fisheries: Dynamics, 
Management, and Ecosystem Science 9:13–22.

van der Bles, A. M., S. van der Linden, A. L. J. Freeman, J. Mitchell, A. B. 
Galvao, L. Zaval, and D. J. Speigelhalter. 2019. Communicating uncer-
tainty about facts, numbers and science. Royal Society Open Science 
6:181870. Available https://bit.ly/309vwRr

Vaz, A. S., C. Kueffer, C. A. Kull, D. M. Richardson, S. Schindler, A. J. Muñoz-
Pajares, J. R. Vicente, J. Martins, C. Hui, I. Kühn, and J. P. Honrodo. 
2017. The progress of interdisciplinarity in invasion science. Ambio 
46:428–442.

Verbrugge, L. N. H., R. S. E. W. Leuven, and H. A. E. Zwart. 2016. 
Metaphors in invasion biology: Implications for risk assessment and 
management of non-native species. Ethics, Policy & Environment 
19:273–284.

Wilberg, M. J., R. T. Woodward, P. Huang, and D. Tomberlin. 2019. 
Developing precautionary reference points for fishery management 
using robust control theory: application to the Chesapeake Bay 
blue crab Callinectes sapidus fishery. Marine and Coastal Fisheries: 
Dynamics, Management, and Ecosystem Science 11:177–188.

Woodford, D. J., D. M. Richardson, H. J. MacIsaac, N. E. Mandrak, B. W. van 
Wilgen, J. R. U. Wilson, and O. L. F. Wey. 2016. Confronting the wicked 
problem of management biological invasions. NeoBiota 31:63–86.

SUPPORTING INFORMATION
Additional supplemental material may be found online in 

the Supporting Information section at the end of the article.
Supplementary Material. News articles reviewed for qual-

itative analysis. Available: https://tinyu​rl.com/OrthB​lueCa​tfish​ 
News

https://bit.ly/3iXLNRM
https://bit.ly/2ZmmT6L
https://bit.ly/309vwRr
https://tinyurl.com/OrthBlueCatfishNews
https://tinyurl.com/OrthBlueCatfishNews

