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ABSTRACT

KEYWORDS

Aquatic invasive species (AIS) management often requires a humancentered focus that entails communicating with resource-users about
needed mitigation behaviors. Messaging is a common communication practice to this end, and evaluating how messaging inﬂuences
user behavior is an essential component. To test the eﬀects of
messaging on AIS mitigation behavioral intentions, 1,338 participants
were randomly assigned to one of four message framing conditions:
standard, regulation, descriptive, and injunctive. Overall, a signiﬁcant
eﬀect of message framing was observed, with regulation-framed
messages garnering signiﬁcantly higher intentions. Further analysis
revealed a signiﬁcant main eﬀect of messaging among participants
reporting low frequencies of past behaviors. Similar results were
found among participants reporting stronger perceived barriers to
AIS mitigation behaviors. We discuss these results in relation to other
message framing studies, their managerial implications, and future
research directions.
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Introduction
As the ecological and societal eﬀects of aquatic invasive species (AIS) introduction and
spread intensify, scientiﬁc and policy inquiry that examines those eﬀects and the eﬃcacy
of prevention- and mitigation-oriented management practices becomes focal (Lockwood,
Hoopes, & Marchetti, 2013). Understanding and inﬂuencing boater behavior is central to
management aimed at AIS prevention and mitigation (Cole, Keller, & Garbach, 2016). In
the context of freshwater AIS, recreational boaters represent a high-risk user group with
the potential to unintentionally spread invasive species while transporting boats and
equipment from one body of water to another (Clarke Murray, Pakhomov, &
Therriault, 2011; Johnson, Ricciardi, & Carlton, 2001; Kelly, Wantola, Weisz, & Yan,
2013). As such, eﬀective communication between management agencies and users is
essential (Hine, Please, McLeod, & Driver, 2015; McLeod, Hine, Please, & Driver, 2015).
For recreational boating contexts, this often takes the form of public awareness and
outreach campaigns, which represent indirect, passive communication strategies
(Seekamp, McCreary, Mayer, Zack, Charlebois, & Pasternak, 2016; States Organization
for Boating Access [SOBA], 2015).
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The Clean, Drain, Dry™ (CDD) campaign is one such public awareness and communication strategy implemented in various U.S. states. The CDD campaign aims to communicate with boaters (and anglers) via messages that contain general information and/or
appeals to (a) inspect and clean boats and equipment, (b) drain bilges/livewells, and (c)
dry boats, trailers, and gear before traveling among waterbodies (Texas Parks and Wildlife
Department [TPWD], 2017). Generally, the content of these messages inform users that
AIS are present in a public waterbody and appeal to users to engage in behaviors that
prevent and mitigate AIS introduction and spread (Figure 1a).
In contrast to the general information provided by many AIS messages, communications and psychological research suggest messages that structure and organize (i.e., frame,
a message to include broader contextual or societal meaning may more consistently
inﬂuence intentions and behavior) (Chong & Druckman, 2007; Lakoﬀ, 2010). For
instance, given the social and public context of recreational boating, AIS management
may beneﬁt from framing messages with normative social information (Cialdini, 2003) or
appeals that reference formal regulations and ﬁnes associate with AIS mitigation behaviors
(Witte & Allen, 2000).
Given how extensively communication campaigns within natural resources management use messaging, studies examining how diﬀerent message frames inﬂuence users’
intentions and behaviors represent a necessary and useful contribution to the human
dimensions of AIS management. However, framing concepts have yet to be broadly

Figure 1. Messaging design and frames of (a) standard and the modiﬁed campaign materials developed for this study: (b) regulation, (c) descriptive, (d) injunctive.
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implemented or investigated in this context. To ﬁll this gap, keeping in mind that eﬀective
AIS management is contingent upon the collective actions of users, we examine CDD
messages framed around broader societal meaning (i.e., state regulations and social norms.
Using a statewide survey of licensed Texas boaters), we employ a between-subjects design
to examine the eﬀects of four message frames on participants’ AIS mitigation behavioral
intentions.
Framing
Individuals tend to respond diﬀerently to diﬀerent but objectively equivalent forms of
information. The form of information—its structure or organization—and the medium
it is communicated through is often referred to as a frame. As a communication
device, a frame creates, organizes, limits, or ﬁxes an observer on relevant and/or
broader information and meaning (Payne, 2001). Framing refers to the process by
which individuals develop a conceptualization or reorient their thinking about an issue
or scenario based on the frame (Chong & Druckman, 2007). The phenomenon of
diﬀerent forms of similar information aﬀecting subsequent thinking or behavior is
referred to as a framing eﬀect. For example, an oft replicated framing eﬀect based on
valence presents information in terms of an (in)action resulting in gain (beneﬁt/
positive) or loss (cost/negative). This framing eﬀect takes advantage of a tendency
for information presented in the form of gain to be risk-averse and loss to be risktaking (Tversky & Kahneman, 1981). That is, information framed as “you will gain X,
if you do Y” versus “you will lose X, if you do not do Y” tends inﬂuence behavior to a
greater degree when outcomes are relatively certain and the latter when uncertain (Lu,
Siemer, Baumer, Decker, & Gulde, 2016).
In the context of invasive species management, message framing eﬀect studies are few.
Lee, O’Keefe, Oh, and Han (2015) used pro-environmental, economic loss, and comprehensive message frames to understand boaters’ willingness to engage (WTE) in AIS
mitigation behaviors, ﬁnding WTE did not diﬀer among frames. DeGolia (2017) compared attribute (economic/ecological) and outcome frames (gain/loss) in the context of
feral hog management, ﬁnding ecological messages increased support for management
signiﬁcantly more than economic frames, with participants more responsive to loss
framed messages than gain. The few biological invasion framing eﬀect studies that exist
suggest theory-based message framing may provide management with a useful tool
capable of integrating with existing public awareness and outreach campaign messaging
(Lee et al., 2015). Hence, our overarching research question asks as follows:
RQ1:

Do boaters’ intentions to engage in AIS mitigation behaviors (i.e., CDD behaviors)
vary based on exposure to diﬀerent message frames?

Normative social information (social norm) frames
Normative social information refers to information that alludes to a social norm (i.e.,
behavior(s) others do or approve of), and is widely used to frame messages implemented
in public or social settings (Cialdini, 2003, 2007). Messages that provide information using
a social norm frame have found empirical support within several domains, including
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natural resources management (Cheng, Woon, & Lynes, 2011; Miller & Prentice, 2016).
For example, Van Der Linden (2015) observed the largest reduction in plastic bottle usage
when participants were exposed to a message framed with normative social information
(“65% of current students are actively reducing their consumption of bottled water”).
Similarly, De Groot, Abrahamse, and Jones (2013) observed shoppers reduced plastic bag
usage when exposed to a message framed with social approval (“shoppers in this store
believe that re-using shopping bags is a useful way to help the environment”). The eﬃcacy
of normative social information framing, while demonstrated in many contexts, is not
without limitations. For example, replications of social norm messaging experiments have
garnered mixed results (Scheibehenne, Jamil, & Wagenmakers, 2016; Silva & John, 2017).
Whereas some studies demonstrate the eﬀectiveness of social norm messages to increase
sustainable behavior (Goldstein, Cialdini, & Griskevicius, 2008; Terrier & Marfaing, 2015),
others were unable to replicate those results in similar contexts (Bohner & Schlüter, 2014;
Mair & Bergin-Seers, 2010).
Normative social information can be communicated in two forms: (a) descriptive,
pertaining to what behavior(s) is common or typical among others within a group or
setting (is), and (b) injunctive, pertaining to what behavior others within a group or
setting accept or approve (ought) (Cialdini, 2012). These frames are inﬂuential as descriptive information provides individuals with social proof—evidence of which behavior(s) is
common or typical—and injunctive evidence of what behavior is appropriate or expected
—evidence of which garner social approval or avoid disapproval. A substantial amount of
research supports the independent and interactive behavioral inﬂuence of these two forms
of normative social information (Cialdini, 2003, 2007). Injunctive information can be
more eﬀective at reducing undesirable behavior or inﬂuencing desirable behavior in
contexts where undesirable behavior is common (Cialdini et al., 2006). In other situations
(i.e., novel situations or situations where injunctive information is lacking), descriptive
information is inﬂuential (Cialdini, 2007). Importantly, the inﬂuence of these two forms of
normative social information does not necessarily require direct observation of others’
behavior; a considerable portion of social norm messaging research stems from this
assumption (Miller & Prentice, 2016). Hence, stemming from this literature, and in
conjunction with RQ1, we hypothesize as follows:
H1:

Participants exposed to normative social information message frames will report
signiﬁcantly higher intentions compared to a standard message framing.

H2:

Participants in the descriptive and injunctive normative conditions will not diﬀer
signiﬁcantly from one another in terms of intentions.

Regulation and law frames
In juxtaposition to framing messages with informal, normative social information, messages
that provide information referencing formal regulations and laws, and associated sanctions,
are eﬀective frames. These types of messages make salient broader personal or societal
concerns in the form of legal action, ﬁnes, or tickets, aiming to deter undesired behavior
by specifying the possibility of incurring hardship (Witte & Allen, 2000). Similar to social
norm messaging, the success of regulation message frames has varied across natural resources
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management and recreation contexts. For example, Gramann, Bonifeld, and Kim (1995)
observed participants receiving a message informing them of sanctions for rule violation
were more likely to indicate they intend to obey regulations compared to participants who
did receive the treatment message. Hunt and Hosegood (2008), in the context of vehicle
access to public lands, found signs referencing federal regulations restricting vehicle access
were eﬀective at limiting unwanted traﬃc. Martin (1992) observed messages that reference
sanctions or ﬁnes increased compliance in the context of public lands vandalism.
Other studies have found regulation-based messages to be ineﬀective at deterring
undesired behavior. Duncan and Martin (2002) observed messages indicating a $250
ﬁne for ﬁrewood collection and campﬁre use did not diﬀer from a message stating
ﬁrewood was limited and should not be used. In the context of recreational boating,
Sorice, Flamm, and McDonald (2007) found messages referencing a $500 ﬁne associated
with speeding did not increase compliance in comparison to a message that only asked
boaters to slow down. In general, results of past research are mixed. Yet, messages that use
existing regulations or policy to frame and focus individuals on laws and sanctions
associated with AIS mitigation behavior in public water may be an eﬀective method of
behavioral inﬂuence. As such, we hypothesize as follows:
H3:

Participants exposed to a message framed with regulation information will report
signiﬁcantly higher intentions compared to the standard message.

Resource-user characteristics: past behavior and behavioral barriers
Although messages designed to elicit a framing eﬀect can be inﬂuential, the eﬀect is potentially
enhanced or attenuated by pre-existing characteristics of a population. That is, it is unlikely a
designed framing eﬀect can inﬂuence every individual exposed to it, and consideration should
be given to relevant interceding variables and audience characteristics. An analysis of an
overall sample may not reveal a signiﬁcant eﬀect, but additional segmentation based on a
relevant characteristic of the population of interest may reveal a signiﬁcant framing eﬀect
(Kyle, Kerstetter, & Guadagnolo, 2002; Kyle, Norman, Jodice, Graefe, & Marsinko, 2007). For
instance, segmentation based on high or low levels of past behavior or involvement, for
example, may remove a “preaching to the choir” eﬀect, revealing a signiﬁcant eﬀect on
participants who report lower levels of involvement or past behavior, with past often a robust
predictor of future behavior (Nadkarni, 2004; Pradhananga, Davenport, Seekamp, & Bundy,
2015). In the context of applying message framing to inﬂuence AIS mitigation behaviors, this
is an important variable to consider when evaluating eﬀectiveness.
Another consideration is users’ perceptions of behavioral barriers (Giﬀord, 2011;
Takács-Sánta, 2007). For instance, in the context of invasive plants, Shackleton, Le
Maitre, Van Wilgen, and Richardson (2016) identiﬁed several perceived barriers, such as
limited knowledge, insuﬃcient funding, conﬂicts of interest, and poor planning; ﬁnding
these perceptions to vary among stakeholders. As this example implies, users reporting
strong perceived behavioral barriers may require more tailored or targeted persuasion to
alleviate those barriers (i.e., exposure to speciﬁc message frames). While acknowledging
myriad characteristics, cognitive or structural, can serve as a moderator, covariate, or
segmenting variable, we focus on users’ past behavior and perceived behavioral barriers.
Speciﬁcally, we ask as follows:
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RQ2:

How does message framing eﬀect intentions to engage in future CDD behaviors
among participants self-reporting low or high past CDD behaviors and strong or
weak perceptions of behavioral barriers to CDD behaviors?

Methods
Study context
Texas contains 5,607 mi2 of inland water (ﬁrst in the contiguous United States), +6,000
reservoirs >10 acre-feet, and ~580,000 licensed boats (sixth in the United States). The majority
of Texas lakes are human-made, which require extensive infrastructure and provide various
recreational boating opportunities. Within these freshwaters, AIS have become an exigent
management issue. Of concern are species such as zebra mussel (Dreissena polymorpha), giant
salvinia (Salvinia molesta), and Bighead carp (Hypophthalmichthys nobilis). To mitigate their
negative eﬀects on infrastructure, property, biodiversity, and water-based recreation, an
estimated $45 million is spent annually by the state (TPWD, 2017). The Texas CDD campaign
was enacted throughout the state as part of its mitigation and prevention strategy, with
campaign materials present on relevant websites, at commercial and retail venues, and on
billboards and signage near public water access points.

Participants
A random (probabilistic) sample of licensed Texas boaters (n = 9,500) was selected from a
licensed boater database provided by TPWD for this cross-sectional study. Participants
were solicited via email and provided a link to an questionnaire hosted by Qualtrics.
Following tailored design protocols, participants were contacted, exclusively via email, up
to ﬁve times, approximately one-week apart, until they completed the instrument or
opted-out of the survey (Dillman, Smyth, & Christian, 2014). After accounting for
undeliverables and opt-outs, 8,609 participants were eligible, with 2,324 completes or
partials obtained (27% eﬀective response rate). After data cleaning procedures, 1,338
usable questionnaires were available for analysis. Participants ranged from age 19 to 85
(M = 56.2), and it was primarily male (91%) and white (95%). In terms of highest level of
education attained, 20% reported a high school diploma or equivalent, 23% a vocational or
two-year degree, 37% a four-year degree, and 20% a graduate degree. Sixty-six percent
reported a gross annual income >$100,000 USD and 13% <$60,000.

Design and procedure
After providing informed consent, participants were ﬁrst asked about their past CDD
behaviors and perceived barriers to those behaviors. Next, to test our hypotheses, participants were randomly assigned (based Qualtrics’ internal algorithm) to one of four
conditions: standard, regulation, descriptive, injunctive. Participants were shown the
CDD campaign image and message reﬂecting their assignment (Figure 1). After viewing
the message, participants were asked to indicate their CDD behavioral intentions the next
time they boat. Finally, participants answered a standard suite of sociodemographic
questions.
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Clean, drain, dry messages
The visual design of the image and message for each condition was derived from existing CDD
campaign material. The standard campaign message serves as the basis of comparison to the
other three conditions (Figure 1a) (Schroeder, Fulton, Penning, & Don Carlos, 2012). Each
image was composed of three parts: (a) the bottom half of the image states the CDD campaign
message, “Clean, Drain, & Dry your boat, trailer, and gear every time;” (b) the top half of the
image reﬂects the message frame; and (c) the middle section contains a secondary message in
alignment with the framing. The standard message, derived from an existing CDD campaign
message, stated, “Don’t be a Carrier for Aquatic Invasives,” with the secondary message
stating, “Stop the Spread” (Figure 1a). The regulation message was modiﬁed to state, “It’s
the Law,” with the secondary message stating, “Fines up to $500” (Figure 1b); the descriptive
message, “Most Texans Clean, Drain, & Dry,” with the secondary message stating, “85% of
Boaters.” (Figure 1c); and the injunctive condition stated, “Texans Expect you to Clean, Drain,
Dry” and “Texas Approved.” (Figure 1d).
Key measures
Past behavior and behavioral barriers
Past CDD behaviors were measured on a scale of 1 (never) to 5 (always) with the item
stem, “Over the past 12 months, I. . .” followed by four statements related to cleaning,
washing, draining, and drying their boat, trailer, and equipment (Table 1). Behavioral
barriers were measured by asking participants to indicate on a 1 (strongly disagree) to 5
(strongly agree) scale their agreement with statements, which were codeveloped with
agency staﬀ, referencing reasons for not engaging in CDD behaviors (Table 1).
Behavioral intentions
Participants’ behavioral intentions were measured with four items on a scale of 1 (extremely unlikely) to 5 (extremely likely). The item stem read as follows: “Based on the
Table 1. Self-reported past behavior and perceived behavioral barriers means, frequencies, and
construct reliability.
Frequencies (%)
M
Past behavior (α = .89)
Drained all water from my livewell, bilge, motor, and other receptacles that have
been in contact with public waters before leaving that same waterbody
Cleaned my boat, gear, and trailer; removed any mud, plants, and animals before
transporting my boat to another public waterbody
Dried my boat and trailer for at least 7–10 days before launching into other public
waters
Washed my boat and trailer before traveling to another public waterbody
Perceived behavioral barriers
I do not think CDD will slow the spread of AIS
Boat ramps are too crowded
There are no cleaning stations to do CDD
I do not know what AIS to look for
I do not think CDD behaviors are eﬀective
I am rushed, too tired, or have no after boating
I do not have the ability to do CDD

SD

1

2

3

4

4.33 1.39 13

3

1

6 78

4.13 1.48 15

4

1 12 68

4.03 1.51 16

6

2 13 64

3.64 1.67 23

8

3 14 51

3.14
2.85
2.26
2.50
1.91
1.90
1.82

1.22
1.17
1.02
1.11
.98
1.03
.94

12
15
25
20
40
43
44

19
26
39
35
38
37
38

27
26
22
23
14
11
12

5

28 14
26 7
11 2
18 4
5 3
6 3
4 2

Note. Past behavior scale: 1 (never), 2 (sometimes), 3 (about half the time), 4 (most of the time), 5 (always). Perceived
behavioral barriers scale: 1 (strongly disagree), 2 (disagree), 3 (neither agree nor disagree), 4 (agree), 5 (strongly agree).
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message you have just read, if you saw this message on signs or billboards around the
Texas lakes and reservoirs, how likely are you to do the following Clean, Drain, Dry™
behaviors the next time you boat?,” followed by statements measuring past behavior
worded in present tense.
Data analysis
Chi-square tests, independent sample t-tests, and analysis of variance (ANOVA) were
used to test for signiﬁcant diﬀerences among treatment groups and between segments.
One-way ANOVA was used to compare message conditions to the standard and least
signiﬁcant diﬀerence (LSD) was used for post hoc analyses. Signiﬁcant diﬀerences are
reported at the p < .05 level.

Results
Preliminary analyses
We tested our randomization procedure, observing no diﬀerences by condition regarding
sociodemographic and boating activity: gender (χ2(3) = 6.25, p = .10), income (χ2(24) = 23.58,
p = .49), education (χ2(15) = 6.39, p = .97), boating frequency (χ2(15) = 9.59, p = .85), and
region boated (χ2(18) = 17.37, p = .50). Next, we tested ANOVA assumptions (Rutherford,
2011). Independence of observations was maintained as diﬀerent participants were randomly
and exclusively assigned to one condition (standard, n = 330; regulation, n = 324, descriptive,
n = 316, injunctive, n = 295). Homogeneity of regression, F(3) = 1.11, p > .05, and homogeneity of variances, F(3) = .23, p > .05, were not statistically signiﬁcant. Residuals were
observed to be non-normally distributed, D(3) = .18, p < .001. Inspection of histograms and
Q–Q plots concluded that this was as an artifact of a sample size and our main analysis was
enacted (Howell, 2013). An exploratory factor analysis was conducted on the four behavioral
intention items; one factor with eigenvalues greater than 1.0 was observed. Therefore, a
“behavioral intention” variable was computed from the sum of the four intention items
(Cronbach’s α = .92, M = 4.33, SD = .82).
In terms of past behavior, no diﬀerence was observed across conditions: standard,
2
χ (12) = 8.16, p = .77; regulation, χ2(12) = 7.87, p = .80; descriptive, χ2(12) = 8.04,
p = .78; injunctive, χ2(12) = 6.67, p = .88. Participants’ self-reported past CDD
behaviors were relatively high (M = 4.13, SD = 1.43; 4.33, SD = 1.33; 4.03,
SD = 1.46, respectively), with self-reported washing behavior signiﬁcantly lower
(M = 3.64, SD = 1.66) (Table 1). As no diﬀerences in our characteristics of interest
were observed, segmentation of the sample based on self-reported past behavior
resulted in sample sizes of n = 634 for low (“never”–“most of the time”) and
n = 704 for high (“always”). Perceived behavioral barriers did not diﬀer across
conditions but variation among statements was observed; statements reﬂecting a
belief that “CDD will slow the spread of AIS” (M = 3.14, SD = 1.22) and “boat
ramps are too crowded” (M = 2.85, SD = 1.17) garnered signiﬁcantly higher levels of
agreement (Table 1). As such, perceived behavioral barriers segmentation was based
on these statements. Participants were segmented into two groups based on their
reported level of agreement with both statements: those selecting 4 (agree) and 5
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(strongly agree) to both statements were categorized as having strong perceptions of
behavioral barriers (n = 397) and those selecting 1 (strongly disagree), 2 (disagree),
and 3 (neither agree nor disagree) to both as having weak perceptions (n = 941).

Tests of hypotheses and research questions
We conducted a one-way ANOVA to explore framing eﬀects (RQ1) and variations in
behavioral intention based on message condition in the overall sample (H1-3).
Results indicate a signiﬁcant main eﬀect of framing on intention, F(3,
1265) = 4.90, p = .002, ηp = .02, but with a negligible eﬀect size (Table 2). Post
hoc pairwise comparisons of the overall sample revealed signiﬁcant diﬀerence mean
by condition between standard and regulation, descriptive and injunctive, and regulation and descriptive conditions (Table 2). These results do not lend support to H1
or H2, but provide support for H3.
RQ2 was explored using one-way ANOVA to examine framing eﬀects within each
subsample created via segmentation (independent samples t-test to compare across).
With regards to participants self-reporting low levels of past CDD behavior, results
indicate a signiﬁcant main eﬀect of messaging on intention, F(3, 634) = 3.06, p = .03,
ηp = .01. Post hoc pairwise comparisons revealed no signiﬁcant diﬀerence between the
standard message and three other conditions but participants’ mean intention diﬀered
signiﬁcantly comparing across regulation and descriptive and descriptive and injunctive
conditions. Analysis of the group self-reporting high levels of CDD behavior revealed no
signiﬁcant main eﬀect, F(3, 631) = 2.51, p > .05. Comparing across the low and high
past CDD behavior segments, behavioral intention was signiﬁcantly lower within each
message condition: standard t(316) = 5.08, p < .001; regulation, t(313) = 6.16, p < .001;
descriptive, t(308) = 5.35, p < .001; injunctive, t(284) = 3.91, p < .001 (Table 2). In terms
of participants reporting strong behavioral barriers, results indicate a signiﬁcant main
eﬀect on intentions, F(3, 384) = 3.38, p = .02, ηp = .03. Post hoc pairwise comparisons
revealed a similar pattern compared to the overall sample results, with participants’
mean intention diﬀering signiﬁcantly between standard and regulation, regulation and
descriptive, and descriptive and injunctive conditions. No signiﬁcant main eﬀect was
observed in the group reporting weak behavioral barriers, F(3, 881) = 2.29, p > .05.
Comparing across strong and weak segments, behavioral intention was only signiﬁcantly
diﬀerent in the standard condition, t(328) = 2.24, p = .03 (Table 2).
Table 2. Behavioral intentions of overall sample and subsamples by message condition.
Past Behavior
Low
(n = 598)

Overall
Condition
Standard
Regulation
Descriptive
Injunctive

M
4.391
4.522
4.271
4.431,2

SD
.81
.77
.96
.78

M
4.171a
4.231,2a
3.991a
4.261,2a

SD
.89
.90
1.08
.85

Behavioral barriers
High
(n = 631)

M
4.61b
4.75b
4.56b
4.61b

SD
.65
.55
.72
.68

Strong
(n = 384)
M
4.251a
4.512a
4.151a
4.411,2a

Weak
(n = 881)
SD
.84
.77
.91
.80

M
4.46b
4.52a
4.32a
4.44a

SD
.79
.77
1.07
.71

Note. For each subsample, means under the same column that do not share a number subscript diﬀer at p < .05; means
across the same row that do not share a letter superscript diﬀer at p < .05.
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Discussion
This article examined how message frames aﬀect boaters’ intention to engage in AIS
mitigation behaviors, speciﬁcally those related to CDD in Texas. In general, a signiﬁcant
main eﬀect on boaters’ behavioral intentions was observed. Post hoc analyses also revealed
signiﬁcant diﬀerences among message conditions. Consistent with our hypothesis, boaters
receiving a message that emphasized existing regulations and an associated ﬁne reported
signiﬁcantly higher intention compared to the standard framing. Inconsistent with our
hypotheses, however, participants receiving messages framed with either descriptive or
injunctive normative social information did not report signiﬁcantly higher intention
compared to the standard.
This article also contributed to the human-centered, behavior-focused biological invasion literature with additional analyses and insights based on past behavior and perceived
behavioral barriers. Analyses revealed a signiﬁcant eﬀect of message framing among
boaters self-reporting lower levels of past CDD behavior or stronger perceptions of
behavioral barriers, but not vice versa. Results suggested intentions were highest among
participants in the regulation and injunctive conditions. In general, the standard message
out performed a descriptive framing, in terms of intentions. Moreover, for stakeholders
engaging in less frequent CDD behavior in the past and perceiving strong barriers to CDD
behavior, regulation or injunctive framing reﬂected a more eﬀective message. That is, the
regulation message increased intentions among high past behavior/low perceived barriers
boaters, though a small eﬀect size was observed.
With increasing focus on research and practice that aims to prevent the introduction
and mitigate the spread of AIS, management agencies more frequently attempt to inﬂuence user behavior (Hine et al., 2015; McLeod et al., 2015). The results of this article
provided AIS researchers and practitioners with a better understanding of the nuances of
message framing as a communication tool and potential inﬂuencer of behavior. Our
results suggested a regulation-framed message can elicit a meaningful framing eﬀect in
comparison to more general messaging, which builds upon similar results from past
applied research (e.g., Gramann et al., 1995; Hunt & Hosegood, 2008; Martin, 1992;
Witte & Allen, 2000).
As a caveat to these results, AIS-related laws have been established in Texas since 2011
(Texas Parks and Wildlife Department, 2017). Frames referencing established laws and
associated ﬁnes/sanctions aim to make salient the consequences of noncompliance to
increase compliance. The diﬀerences we observed in the overall sample and subsamples
may be partially explained by the laws speciﬁc to invasive species being in place for several
years. However, this does not consider whether individuals comply with the law or not
(sensu Sorice et al., 2007). In terms of applying regulation frames to a communications
strategy, the existence and users’ knowledge of the law and tendency to comply with it are
important context-dependent factors agencies must consider. For instance, does an existing law have relevance to the desired behavior a message would aim to inﬂuence, as is the
case in Texas where the law is speciﬁc to exotic ﬁsh, shellﬁsh, or aquatic plant transportation, disposal, or possession? Similarly, does it focus users’ attention (and decisionmaking) on relevant and tangible consequences of noncompliance (i.e., a signiﬁcant
monetary ﬁne, revocation of license). Another consideration, this study was not able to
address, is the extent to which boaters’ perceptions of monitoring and enforcement of the
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law aﬀects their future intentions or aﬀected their past behaviors. Although users may be
aware of the law, there is a diﬀerence between being aware of a law and believing it is
enforced and believing there is a probability of being caught noncompliant. Unfortunately,
our questionnaire did not ask any question pertaining to participants’ past experiences of
being inspected or ticketed themselves, or observing this happens to other boaters. In
genereal, results suggested regulation-based message framing is a viable option, though
notable considerations must be made prior to implementation.
The theoretical foundation of our social norm messages stems from past research
suggesting that these frames are eﬀective when descriptive information highlights the
prevalence of a desired behavior or injunctive information highlights approval of desired
behavior. Our study attempted to mimic these conditions. Although no signiﬁcant diﬀerence was observed between normative social information messages and the existing CDD
message, results provided useful insights. First, these results add to the body of literature
observing mixed results of normative social messaging in applied context (Scheibehenne
et al., 2016; Silva & John, 2017). Second, although inconsistent with our hypotheses, the
results of normative social information framing complement trends toward increased
evaluation of natural resources communication strategies and replication of psychological
studies. Third, we observed that injunctive information yields signiﬁcantly higher intentions compared to descriptive information in the overall and low past behavior subsample.
These results align with past research highlighting encouragement-based prescriptive
messages being more eﬀective than discouragement-based proscriptive messages
(Cialdini et al., 2006; Winter, Sagarin, Rhoads, Barrett, & Cialdini, 2000).
Although no framing eﬀect was observed, our results should not dissuade management
agencies from developing and implementing social norm messaging. A possible explanation for our results is that the assumption of salience was not met and, therefore,
participants were not focused on the presented normative social information as intended1
(Cialdini, 2012). Social norm messaging may be a necessary communications approach,
particularly if formal regulations are not established. Under these circumstances, maintaining AIS mitigation behaviors via conformity (to an informal social norms) rather than
compliance (to a formal law) is more pragmatic (Cialdini & Goldstein, 2004). Although
regulation messaging garnered higher intentions, others have found messaging not referencing rewards or punishments to be eﬀective (Winter et al., 2000; cf. Brennan & Binney,
2010). Management agencies may consider more systematic and structured frameworks
such as social marketing techniques to determine if normative social information is
appropriate and eﬀective for the context and audience being considered.
Our exploration of framing eﬀects among diﬀerent segments of the licensed boater population highlights how user characteristics can direct management agencies toward more speciﬁc
or appropriate message design and implementation (Lakoﬀ, 2010). As past behavior is a strong
determinant of future behavior, it was not unreasonable to assume messaging does not further
increase the intentions of users who have engaged in high levels of the desired behavior in the
past (i.e., a ceiling eﬀect) (Smith & Petty, 1996). In contrast, messaging is more likely to
inﬂuence the intentions of boaters who engaged in lower levels of CDD behavior in the past.
Our results suggested that this is likely the situation in this context as a signiﬁcant main eﬀect
was observed on the low past behavior segment but not high. Similar logic was applied to our
analysis of boaters’ perceptions of barriers to CDD, with similar results. As others have noted
(e.g., Prinbeck, Lach, & Chan, 2011; Shackleton et al., 2016), biological invasion managers that
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employ human-centered practices may face behavioral barriers that hinder users’ engagement
and, subsequently, eﬀective management. Our results contribute to and complement this
growing area of inquiry and suggest that further exploration of barriers to AIS mitigation
behaviors is warranted (Giﬀord, 2011; Takács-Sánta, 2007). This is particularly important as it
applies to practical and logistical consideration of public access locations (i.e., crowding at boat
ramps) and providing users with evidence of management practices’ eﬀectiveness (i.e., ambivalence and/or belief that boater mitigation behaviors will not aﬀect invasive species).
Limitations and future research
As with all research, limitations exist, which we attempt to address below, and inform
future research. First, our ﬁndings can only be interpreted in terms of behavioral intent
(i.e., stated behavior). On-site creel intercepts or observational methods may rectify this
limitation by collecting data on users’ actual behavior (i.e., revealed behavior) (e.g.,
Rothlisberger, Chadderton, McNulty, & Lodge, 2010). However, these types of on-site,
observational data collection methods are one of the more logistically taxing aspects of
applied human dimensions AIS research (particularly when seeking a large sample size), as
public waterbodies vary in location, size, visitation, and other logistical consideration.
Additionally, our study did not stratify the sampling design nor segment participants
based on geography. Boaters in certain regions, near high-risk waterbodies, or frequenting
recently invaded waterbodies may elicit diﬀerent responses to AIS message framing.
Future studies may segment participants based on these geographical parameters, which
may reveal an attenuated or strengthened framing eﬀects among boaters.
Second, diﬀerent from the regulation message, the normative social information used
was artiﬁcial, as actual information did not exist for our study population or context.
Similar logic has been used for normative social information messaging in other applied
contexts, particularly for descriptive messages (e.g., public access signage stating “98% of
boats enter this access with drain plugs out, let’s get to 100%”). Future research may begin
to disentangle diﬀerences, if any, between messages using artiﬁcial and those that use true
normative social information.
Third, our design lacked an eﬀective manipulation check as a secondary evaluation of
treatment eﬀect on the dependent variable2. Although an ineﬀective manipulation check
does not deﬁnitively refute a claim that the manipulation caused variation in the dependent variable, we acknowledge that without this type of information there is increased
potential for error, particularly, a Type II error (i.e., false negative).
Finally, although the context of this applied study was speciﬁc to an evaluation of a
message framing strategy targeting recreational boaters, the overarching goal of this research
is to inform on-the-ground management. In that regard, the frames we choose to test
represent a small sample of the types of frames available to test, apply, and evaluate in AIS
contexts. That is, certain message frames may be better suited for other AIS contexts, for
example, sense of place, environmental values, morality, economics, etc. (Lakoﬀ, 2010; Lee
et al., 2015). For example, a loss aversion frame referencing the potential for AIS presence to
cause lake closures, increase lake use, or raise entrance fees to fund mitigation maybe be
useful alternatives. Furthermore, segmenting our sample based on the extent of boaters’ past
behavior and perceived behavioral barriers was an attempt to underscore the importance of
considering the target audience when developing a communication strategy that incorporates
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message framing (Cheng et al., 2011). Management agencies should endeavor to develop and
implement targeted and tailored messages for the audiences of interest. In this respect, focus
groups, message mapping, and pilot testing may provide management agencies with a means
to eﬀectively engage with multiple audiences. Relatedly, research suggests combined strategies can be more eﬀective than singular standalone strategies (Osbaldiston & Schott, 2012).
Developing a multifaceted messaging strategy in conjunction with structural and/or technological strategies and techniques may increase the eﬃcacy of public outreach and awareness
campaigns attempting to inﬂuence behavior.

Conclusion
As this article observed both signiﬁcant and non-signiﬁcant results, additional research is
essential to explore the eﬃcacy of message framing in AIS contexts and/or if other frames are
eﬀective at eliciting increased CDD engagement. In terms of managerial application, agencies
may ﬁnd message framing and messaging evaluation a practical addition to their human
dimensions and communications toolboxes. The inclusion of human-centered, behaviorfocused research may ultimately lead to more eﬀective and evidence-based AIS management
that increases behaviors designed to prevent and mitigate the spread of aquatic invasive
species.
Note
1. Participants were asked to indicate what they believed the intent of the message they viewed
was: (a) to encourage CDD behaviors among Texas boaters, (b) to increase expectations that
CDD behaviors should be done, (c) to enforce Texas state CDD laws, or (d) to raise
awareness and educate boaters about CDD. However, after consultation with experts, the
question was deemed too ambiguous to yield reliable information as a manipulation check.
2. Ibid.
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