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ABSTRACT

CHECK THE COMMENTS SECTION:
EXPLORING DRIVERS OF ONLINE COMMENTARY

ON COLORADO’S WOLF REINTRODUCTION

The success of carnivore reintroductions depends on public tolerance of species and public
acceptance of management decisions. Agenda-setting theory holds that mass media coverage
shapes both what issues are salient and how audiences understand and discuss those issues.
Previous studies have demonstrated that media coverage influences how publics perceive
carnivores and moderates tolerance toward those carnivores; however, the convergence of top-
down media agendas and decentralized online discourse during an active reintroduction remains
understudied. We examined the sentiment and thematic content of online discourse surrounding
Colorado’s gray wolf reintroduction (Proposition 114) and tested whether prior mass media and
stakeholder media coverage predicted the content of social media comments. Using mass media
articles, YouTube and Reddit posts, and the comments on posts from 2020 through 2025, we
quantified sentiment through multi-lexicon classification and themes through transformer-based
topic modeling coupled with qualitative thematic coding. Governance and Management
dominated mass media coverage, while Rural Livelihoods occupied the largest share of
comments. Comment sentiment tracked originating posts more closely than mass media coverage
and trended more negative over time. Above average mass media coverage of Rural Livelihoods
predicted the same theme in subsequent comments. These results are consistent with second-

level agenda-setting and suggest that management agencies can monitor online discourse and

il



media coverage of ongoing initiatives, and frame communications appropriately to support

management objectives.
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Introduction

Carnivore conservation success is largely dependent on public tolerance of the species
and public acceptance of the management policies surrounding the species (Ripple et al., 2014;
Waters & Mars, 2021). Public perceptions compete with and often surpass tangible biological
outcomes in determining the perceived success of management initiatives, with lasting success
often contingent on the extent of public support for management efforts (Manfredo, 2008;
Waters & Mars, 2021). Support and opposition for carnivore management initiatives in the
United States frequently align with socio-political demographics and underlying beliefs and
attitudes about the relationship between humans and wildlife (Manfredo et al., 2020; Nie, 2001).
Carnivore management is therefore deeply intertwined with stakeholder management, and
wildlife managers are challenged with rapidly and effectively assessing stakeholders’
values, perceptions, and support for management decisions (Schroeder et al., 2021). If
management agencies implement initiatives without broad-based public support, goals may be
undermined by legal injunctions, legislative hurdles, or individual non-compliance (e.g., illegal
killings) that hamper management efforts (Nie, 2001).

The Colorado wolf reintroduction initiative, Proposition 114, exemplifies
these management challenges and highlights long-standing divisions in public opinion on
predator management in the American West (Gonzalez et al., 2024). Passed on Nov. 3, 2020, this
initiative illustrates the polarization between stakeholder groups with diverging
values, identities, and geographical locales—younger residents, urban residents, and residents
who identified as pet owners or wildlife advocates showed higher levels of support than older
residents, rural residents, and residents who identified as ranchers or hunters (Niemiec et al.,

2022). Due to the divisive social context of the initiative, and complicated by perceived threats to



rural livelihoods, considerable resources have been dedicated to both biological and
social conflict mitigation (V. Yovovich, personal communication, September 5, 2024).
Because direct experience with carnivores in the wild is limited for many people, media
portrayals may exert a strong influence on individuals seeking to understand and quantify risk
(Jacobson et al., 2012). Media portrayals of predators have been shown to exhibit systematic
biases in their framing toward graphic content, negative content, and conflict-centered
narratives (Bombieri et al., 2018; Jacobson et al., 2012; Niemiec et al., 2020). This negative
framing can increase public risk perception of predatory species and decrease social tolerance,
even in the absence of personal experience. Macdonald et al. (2023) found that
public perceptions of shark bite risks closely followed negative media coverage of shark bite
attacks, increasing audiences’ perception of the likelihood of such events. Gore and Knuth
(2009) found that exposure to media coverage of a neighborhood bear watch
campaign emphasizing fear was associated with decreased acceptance of bear-related risks.
The capacity of media framing to actively shape public perception can be fundamentally
understood through the lens of agenda-setting theory. Agenda-setting theory established that
mass media organizations, particularly those operating on national and international scales, can
shape public agendas by determining the salient issues that emerge in public discourse,
informing audiences what to think about (McCombs & Shaw, 1972). Built upon this framework,
second-level agenda-setting theory suggests this influence is extended to the salience of
attributes about an issue, which guides audiences in sow to think about
issues by setting substantive attributes, e.g., the characteristics or properties detailing an issue,
and affective attributes, e.g., the tone or valence through which an issue is communicated

(McCombs, 2005; McCombs et al., 2000).



While this traditional framework assumes a centralized, top-down flow of information
from media organizations to a passive public, the digital revolution has reconfigured these
dynamics. The advent and widespread adoption of blogging and social media as both platforms
of inter-public discourse and venues through which media stories are shared has facilitated a shift
in the classical ideas of information transmission from mass media to audiences. With the rise of
online communication platforms, audiences can now affect agenda signals and set attribute
salience through blogs, emergent (online-only) media, and social media posts (Hunter et al.,
2013; Meraz, 2011). These “stakeholder media entities” have the power to sidestep traditional
mass media gatekeepers and directly influence the strategic agendas of both mass media and
the general public (Hunter et al., 2013). Operating under fundamentally different guidelines than
mass media, stakeholder media entities may leverage influencers, trusted individuals who shape
public thought through online presence, to build strong advocacy agendas, setting attribute
salience in alignment with their own values and ideologies (Hunter et al., 2013; Meraz, 2011).

This shift from traditional information transmission to stakeholder-driven advocacy and
related attribute salience is especially relevant in public debates on carnivore
management. Carnivore coverage by mass media can vary widely across rural-urban gradients,
media types, and media organizational size, varying the salient attributes that audiences receive
(Braun et al., 2025; Chandelier et al., 2018; Trainotti et al., 2024). Stakeholder media
may further exacerbate this gradient, setting salience using sensationalized imagery and
persuasive storytelling (Crown & Doubleday, 2017). Additionally, the rise of social media has
transformed some public discourses on wildlife management into “echo chambers,” in
which issue attributes set by stakeholder media interact with audience emotions to both

catalyze emotions and propagate misinformation (DeConcini & Rice, 2021). However, a critical



gap remains in our understanding of how traditional top-down agenda-setting forces and
decentralized, bottom-up stakeholder dynamics converge to shape public discourse during active
wildlife reintroduction efforts.

To bridge this gap, this study examined how three distinct agendas interact within the
online Colorado wolf reintroduction discourse: 1) the mass media agenda, represented as news
media coverage and social media posts by news organizations, 2) stakeholder media
agendas, represented as social media posts by stakeholder media entities and individuals,
and 3) the public agenda, represented as public discourse via social media comments.

We quantified substantive attributes using unsupervised topic modeling and qualitative thematic
analysis to represent salient themes, and affective attributes using sentiment

analysis to represent the emotional valence of discourse. We asked the following research
questions:

RQ:: What sentiment and theme patterns characterize Colorado wolf reintroduction
online discourse and mass media coverage?

RQ.: To what extent do prior mass media coverage and stakeholder media coverage
predict the sentiment and thematic content of social media comments on Colorado wolf

reintroduction?



Methods

Data Collection and Cleaning

Our dataset consisted of written mass media articles, YouTube videos and comments, and
Reddit posts and comments related to the Colorado wolf reintroduction. To collect mass media
articles, we used an automated script in R (R Core Team, 2021) to query Google News RSS
using the search string ["Colorado" AND ("wolf" OR "wolves") AND ("reintroduction" OR
"release")] for September 2020 through October 2025. We collected publication date, title,
source, and URL for each article, then extracted article body text using Selenium library in
Python (Python Software Foundation, n.d.). To collect YouTube videos and comments, we
queried the YouTube Data API v3 in three-month windows using the search string ["colorado"
wolflwolves reintroduction|release] from November 2020 through June 2025, then filtered by
videos whose titles contained both "colorado" and either "wolf" or "wolves" and that had
received at least one comment. We then retrieved transcripts using the youtube-transcript-api
library (Depoix, 2018) in Python. For each retained video, we collected first order comments,
recording the video identifier, comment text, replies, author display name, and publication
timestamp. To collect Reddit posts and comments, we used the PRAW library in Python to search
nineteen subreddits selected based on relevance to Colorado, conservation, hunting, ranching,
and rewilding using four search string variants combining "Colorado" with "wolf" or "wolves"
and "reintroduction" or "release." We retained posts published between November 2020 and June
2025 that had received at least one comment. For each retained post we retrieved author, score,

upvote ratio, comment count, content flags, and the full comment thread. We then filtered by



first order comments and their replies. All data collection was approved by the Colorado State
University Institutional Review Board, protocol #6937.

We aggregated comments from Reddit and YouTube into a single corpus and
anonymized the dataset by replacing each username with a unique hash. We cleaned comments
by stripping @mentions, hashtags, and URLSs, then applied domain-specific spelling corrections
(e.g., "em"/"um" = "them", "sss" = "shoot shovel shut up"). For sentiment analysis, we converted
emoji to text via a custom Unicode 15 lookup table, and for topic modeling we removed emoji
entirely. We detected non-English comments using the Compact Language Detector 2 library
(Ooms, 2025) in R, manually validated flagged cases, and removed 11 confirmed non-English
entries. We then deduplicated comments, removing 36 exact duplicate comments from the same
user on the same post on the same day. We then bound the content of each social media post

(originating Reddit post or YouTube video transcript) to each comment.

Sentiment Analysis

To quantify sentiment in the corpora, we utilized a multi-lexicon model-averaged
sentiment analysis via the WoCSentiment package in R (Hill et al., 2025). This method calculates
sentiment scores from thirteen publicly available sentiment lexicons (AFINN, Bing, Inquirer,
Loughran, NRC, SenticNet, SentiWordNet, Slang, Socal, Syuzhet, TextBlob, VADER, and
WKWSCI). We set parameters to use all thirteen lexicons and use relative score calculation,
producing a sentiment score from each lexicon by scoring the individual words of the transcript
and calculating the difference in positive and negative words divided by the total words in each

transcript, while accounting for negations and multi-word expressions. We analyzed social media



comments, social media posts, media articles, and media article titles individually, and appended

continuous sentiment scores to each of these categories.

Topic Modeling

To identify topics in the dataset, we utilized BERTopic (Grootendorst, 2022), a sentence
transformer-based automated topic model, paired with all-mpnet-base-v2 transformer model for
sentence encoding. To begin, we applied NLTK’s sentence tokenizer in Python to segment all
text into a sentence-level dataset, aggregated by date and data type (comments, mass media
articles, and posts). We then encoded each sentence with all-mpnet-base-v2 and stored
embeddings for consistency across downstream model runs.

To select optimal hyperparameters, we used a two-stage tuning loop with the Optuna
package in Python (Akiba et al., 2019). In stage one, we tuned UMAP and HDBSCAN
parameters using a multi-objective Pareto search designed to maximize relative validity score
(DBCV) and number of clusters, preventing topic collapse in the downstream model. We iterated
over n_components (10-20), n_neighbors (15-50), min_dist (0.0-0.3), min_cluster_size (10-30),
min_samples (1-10), cluster selection_epsilon (0.0-0.5), and cluster selection method (eom or
leaf). In stage two, we added BERTopic parameters and tuned to optimize coherence, measured
with gensim’s CoherenceModel, and topic diversity, measured as the proportion of unique words
across the top words per topic. Stage 2 tuning used narrowed search parameters identified in
stage 1: n_components (13-16), n_neighbors (25-40), min_dist (0.03-0.04), min_cluster_size
(25-30), min_samples (15-25), and cluster_selection_epsilon (0.15-0.20). We also iterated over

the following BERTopic and vectorized parameters in this stage: min_topic_size (7-10),



ngram max (1-3), and bm25_ weighting (true/false). We held cluster selection_method at “leaf,”
top_n_words at 5, and reduce frequent words at “true.”

We then fit the final tuned UMAP, HDBSCAN, and BERTopic model with the stage 2
best parameters on the mass media and social media comment sentence corpora, as these datasets
were less noisy and contained more relevant topical context than the social media post sentences.
To reduce outlier topic assignments, we used BERTopic's embedding-based outlier reduction
with 0.3 cosine-similarity threshold, followed by manual refinement in which thematically
related topics were merged and low-quality or off-topic clusters were pruned to outliers. The full
tuned pipeline was then re-run on all social media post sentences to search for additional topics
not identified in the media and comment corpora. We then merged the two tuned BERTopic
models with a minimum cosine similarity of 0.7, refit topics on the combined corpus, and
exported document-level topic assignments for all sentences. Each social media comment
received a single topic assignment based on the dominant topic identified by the model. Social
media posts and mass media articles retained all topics with predicted probability of P > 0.5,

retained as topic counts.

Thematic Coding

We developed thematic categories using inductive, deductive, and abductive methods.
First, topic model clusters were reviewed for interpretive coherence and labels were created for
each cluster using inductive coding. We then inductively collapsed these 89 labeled topics into
25 sub-themes. Next, we constructed a deductive codebook from seven peer-reviewed studies
examining stakeholder discourse in wolf reintroduction and predator management following

Braun and Clarke (2006), extracted thematic codes, and combined them into seven overarching



meta-themes representative of previously published wolf discourse analysis (Appendix A).
Finally, we applied this codebook to the BERTopic model outputs and evaluated topics against
themes by examining representative documents from each topic cluster, following the abductive
logic described by Timmermans and Tavory (2012). All coding was performed by two
independent coders, and Cohen’s Kappa scores for each level of coding (topic labels, sub-
themes, and meta-themes) were recorded, with scores of k > 0.75 considered satisfactory. We
compared each thematic code against representative reference sentences drawn from the three
corpora to verify that the assigned codes corresponded to the substantive content of the

documents they labeled (Appendix B).

Exploratory Data Analyses

To explore sentiment across the three corpora, we calculated the mean, median, and
standard deviation of sentiment scores for mass media articles, social media posts, and social
media comments, and assessed the normality of distributions through visual inspection of
histograms and quantile-quantile plots. To explore potential sentiment biases in media coverage,
we calculated media article title sentiment for each mass media publisher with greater than five
published articles. To explore thematic distributions across the three corpora, we mapped each
sentence to its modeled topic label, sub-theme, and theme, excluding sentences assigned as
BERTopic noise. We then summarized the proportion of sentences within each theme, both

overall and separately by corpus, to describe the thematic composition of the dataset.



Modeling Sentiment

We calculated daily theme counts and mean article title sentiment scores for the mass
media corpus using a 7-day rolling window, selected based on previous work by Gilardi et al.
(2022), who used a 7-day lag structure to capture a full news cycle and Roberts, Wanta, and
Dzwo (2002), who found that online public discourse responded to media coverage within 1 to 7
days. Comments on dates with no media coverage within the prior 7-day window were excluded
from final models. Parent post topic counts were joined to each comment via post identifier and
included as document-level covariates. The final sample contained 15,706 comments with
complete predictor data.

We modeled comment-level sentiment as a function of lagged media sentiment,
originating post sentiment, comment date, channel type, and social media platform by fitting
generalized additive models using the mgcv package (Wood, 2011) in R. To accommodate
heavy-tailed residuals, we used a scaled-¢ response distribution in all models and estimated
smoothing parameters by restricted maximum likelihood. Due to collinearity among predictors in
exploratory models, we regressed media article title sentiment against total media coverage per
seven-day window and used the residuals of this regression as our media predictor variable.
Smooth terms were explored for all continuous variables. Variables whose estimated degrees of
freedom approach one were fit as parametric linear terms. We set the basis dimension for each
supported smooth a priori at k = 8 and then reduced to the smallest value supported by residual
diagnostics, favoring parsimony across the candidate model set. Smooths were retained at k = 6
for lagged mass media title sentiment and social media post sentiment. We then compared all
subsets of our global model by AIC using the dredge function in MuMIn (Barton, 2025), and

estimated coefficient effects via model averaging across all models with delta AIC < 4.
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Modeling Themes

We modeled comment-level thematic assignments as a function of lagged media theme
counts, originating post dominant theme, comment date, and channel type by fitting multinomial
logistic models using the nnet package (Venables & Ripley, 2003) in R. Due to collinearity
among media theme counts in exploratory models, we regressed theme counts against total
media coverage per seven-day window and used the residuals of this regression as our media
predictor variable. Comment date was explored as a linear, natural spline, and interaction term
by media coverage, and ultimately retained as a linear term due to modest gains in AIC versus a
substantial cost in model parameters. We then compared all subsets of our global model by AIC
using the dredge function and estimated coefficient effects via model averaging across all models
with delta AIC <4 while holding date and post dominant theme as fixed terms. To reinforce
modeling results and determine whether media coverage and comment content were temporally
related, we constructed a weekly time series of comment and media sentences coded to “Rural
Livelihoods” and conducted bidirectional Granger causality tests at a lag time of seven days

(Granger, 1969).

Results

Exploratory Data Analysis

Sentiment distributions in all three corpora departed from normality. Media and post

sentiment showed slight negative skew (—0.28 and —0.27) with moderate leptokurtosis. Comment

sentiment was positively skewed (0.90) with strong leptokurtosis (Fig. 1). Across all corpora, the
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histograms and quantile-quantile plots indicated heavy-tailed distributions centered near neutral.
Media article title sentiment averaged slightly negative (mean: —0.0097, SD: 0.0609, median:
—0.0016). Social media posts averaged slightly positive (mean: 0.0014, SD: 0.0466, median:
0.0058). Comment sentiment averaged slightly positive (mean: 0.0036, SD: 0.1475, median:

0.0005), and showed more variance than mass media article titles or social media posts. (Table

Mass media articles
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Figure 1. Sentiment distributions by corpus. Note: Histograms (left) and normal quantile-
quantile plots (right) for mass media articles (n = 1,198), social media posts (n = 662), and social
media comments (n = 11,792). Q-Q plots indicate heavy-tailed, non-normal distributions.

Table 1. Sentiment measures of central tendency by corpus.

Corpus n Mean Median SD
media 1198 -0.0097 -0.0016 0.0609
posts 662 0.0014 0.0058 0.0466
comments 11792 0.0036 0.0005 0.1475

Examining theme distributions across the three corpora, we found that mass media

coverage and social media posts followed a similar pattern, with Governance and Management
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representing the largest proportion of the discourse (48.81% in Mass Media and 55.5% in Social
Media Posts), followed by Ecology and Wolf Biology (26% in Mass Media and 26.32% in
Social Media Posts), then Rural Livelihoods (18.35% in Mass Media and 10.26% in Social
Media posts). In the comments corpus, Rural Livelihoods held the highest proportion (29.6%),

followed by Values and Affect (22.6%), and then Ecology and Wolf Biology (20.23%) (Fig. 2).

l

Governance and Management 48.81% 10.61%

)
o
o
S
S

Ecology and Wolf Biology 1 20.23%

l

Rural Livelihoods 8.35% 29.60%

Values and Affect .89% 6.61% 22.60%

Identity and Political Conflict 1 3.30% 9.93%

Science Legitimacy 1 0.99% 1.27% 3.46%

I I ‘ Q
3 3

Human Safety 0.66% 3.56%

Mass Media Social Media Posts Comments

Figure 2. Thematic Distributions across Corpora. Note: Percentages represent the proportion of
each theme per corpus based on sentence-level counts.

Mass Media Sentiment
The mean sentiment of mass media article titles of Colorado’s wolf reintroduction was
variable across media entities, with more publishers exhibiting negative title sentiment means

than positive across their collective coverage of the reintroduction (Fig. 3). After controlling for

13



publisher, we did not find a significant effect of time on the sentiment of article titles (S = -

1.40e-06, 95% CI [-9.28e-06, 6.48¢e-006]).
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Figure 3. Mass Media Article Title Sentiment by Publisher. Note: Plot includes media channels
with more than five articles on Colorado wolf reintroduction. Bootstrapped 95% confidence
intervals shown.

Comment Sentiment Modeling

Model selection by AIC identified six candidate models with a delta AIC less than four

carrying 77% of the full set weights. Lagged media coverage sentiment, social media post
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sentiment, and comment date were supported by five of six top models, and social media
platform was supported by all top models. (Table 2).

Table 2. Model Selection Results for Comment Sentiment.

Covariates AIC _ Delta Weight
date + lagged media volume + lagged media sentiment + platform + post

sentiment -17280.48 0.00 0.28
date + lagged media volume + lagged media sentiment + channel type +

platform + post sentiment -17279.59 0.89 0.18
date + platform + lagged media sentiment + post sentiment -17279.05 1.44 0.14
platform + lagged media sentiment + post sentiment -17277.68 2.80 0.07
date + channel type + platform + lagged media sentiment + post sentiment -17277.38 3.10 0.06
date + platform + post sentiment -17276.50 3.98 0.04

Note: response variable is social media comment sentiment.

We found that 7-day lagged media coverage sentiment showed a non-linear positive
relationship with social media comment sentiment (EDF = 2.05, w = 0.873). As the sentiment of
mass media articles on the wolf reintroduction in the seven days prior to a comment increased,
the sentiment of social media comments was predicted to increase (Fig. 4). After controlling for
platform biases and a negative trend over time, the mass media coverage of the wolf
reintroduction in the week leading up to a comment showed a positive relationship with the
language valence of that comment.

We also found that social media post sentiment showed a non-linear positive relationship
with social media comment sentiment, with the effect existing both above and below zero and
leveling off near zero (EDF = 2.61, w = 1.0). As the sentiment of social media posts became
more negative, the comments on that post were predicted to become more negative. Alternately,
as posts become more positive, comments were also predicted to follow (Fig. 4).

Social media platform was supported by five of the six top models, with YouTube
commenters showing lower predicted mean sentiment than Reddit commenters (5 = —0.0052,

95% CI [—0.0102, —0.0003], w = .924) (Fig. 4). Finally, social media comments showed a
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Figure 4. Model-averaged estimated effects on comment sentiment by mass media coverage and
social media posts Note: Lagged media residuals represent the residuals from a regression of 7-
day lagged mass media coverage by 7-day lagged mass media volume, measured as sentence
counts. Post sentiment represents the sentiment of the post a comment was produced by.
negative linear relationship with date across our study period (f =—0.0017, 95% CI [—0.0038,
0.0005], w = .836), indicating that after controlling for all other supported covariates,

commenters across the wolf reintroduction discursive space used more negative language to

discuss the reintroduction as time passed (Fig. 5).

Topic Inferential Modeling

Model selection identified five candidate models with a delta AIC less than four carrying
64% of the full set weights (Table 3). Of all the variables, mass media coverage of Rural
Livelihoods was retained by all candidate models and was the only predictor variable to show a

theoretically bounded relationship with our response — it increased the probability of the same
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Figure 5. Model-averaged estimated effects on comment sentiment by date and social media
platform.

theme appearing in comments. After full model averaging, we found that as 7-day lagged mass
media residuals of Rural Livelihoods increased, the probability of Rural Livelihoods being

discussed in the comments section also increased (£ = 0.00562, 95% CI [0.00301, 0.00823])

(Fig. 6).

Table 3. Model Selection Results for Comment Thematic Coverage.
Covariates AIC Delta  Weight
channel type + date + media ecology + media rural livelihoods + media 35385.03 0.00 0.30

science legitimacy + platform + post theme

channel type + date + media ecology + media rural livelihoods + platform + 35387.11 2.08 0.11
post theme

channel type + date + media ecology + media human safety + media rural 35387.16 2.14 0.10
livelihoods + platform + post theme

channel type + date + media governance + media rural livelihoods + media 35387.96 2.93 0.07
science legitimacy + platform + post theme

channel type + date + media ecology + media human safety + media rural 35388.21 3.18 0.06

livelihoods + media values affect + platform + post theme

17



1.001

o o
o N
S o1

Predicted probability of thematic comment
0
T

0.00

-50 0 50 100
Mass media thematic coverage
(7-day lagged, residuals)

Figure 6. Rural Livelihoods predicted theme probability in social media comments by mass
media coverage. Note: Mass media residuals represent the residuals of a regression of 7-day
lagged mass media coverage by 7-day lagged mass media volume, measured as sentence counts.
A Granger causality test on sentence-level counts of Rural Livelihoods theme showed
strong evidence for a one-way predictive relationship, with lagged media coverage of Rural
Livelihoods predicting the same theme appearing in social media comments (F = 11.198, p =

0.00095) (Fig. 7). A reverse causality test of this theme (social media comments predicting mass

media coverage) was not significant (F = 0.1892, p = 0.664).

Discussion

This study examined the sentiment and thematic content of online Colorado wolf reintroduction

discourse and the extent to which prior media coverage and social media posts predicted the
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Figure 7. Rural Livelihoods theme prevalence in mass media coverage vs. social media
comments. Note: y-axis shows counts of total sentences in each corpus labeled with Rural
Livelihoods theme. Mass media coverage is lagged by 7 days.
content of social media comments. Sentiment in all three corpora centered near neutral, with
mass media titles skewed slightly negative and posts and comments slightly positive. Sentiment
of mass media article titles showed more publishers with negative means than positive. Thematic
composition differed by corpus: governance and management dominated mass media and posts,
while Rural Livelihoods held the largest share of comments. We found that lagged mass media
sentiment and originating post sentiment both predicted comment sentiment, and that lagged
media coverage of Rural Livelihoods predicted the prevalence of the same theme in subsequent
comments, a finding additionally supported by a Granger causality test. These patterns are
consistent with second-level agenda-setting, though the study’s observational design precludes
true causal inference.

Our analysis of mass media sentiment on Colorado's wolf reintroduction found more

publishers with a negative valence bias than with a positive one. Seven publishers in our dataset -

Axios, Newsweek, Colorado Springs Gazette, MeatEater (a podcast), Cowboy State Daily, The
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Coloradoan, and Colorado Public Radio - had consistently negative article titles. Conversely,
only two publishers - SkiHiNews.com and Defenders of Wildlife - had consistently positive
titles. This finding supports the work of Niemiec et al., 2020, who found that media coverage of
wolf reintroduction disproportionately emphasized a narrow range of negative impacts.
Consistent negative coverage of wildlife management carries real-world consequences. News
media are a primary channel through which public attitudes toward wolves are formed, and
repeated negative coverage has been associated with more negative attitudes toward the species
as exposure accumulates (Arbieu et al., 2019; Houston et al., 2010). Negatively framed reporting
of low-frequency events has been shown to amplify perceived risk and potentially reduce
tolerance for predators (Bombieri et al., 2018; Macdonald et al., 2023). Framing experiments
support this relationship, showing that negative frames yield decreases in public tolerance toward
predators (Casola et al., 2020). Given that tolerance shows a strong relationship with public
acceptance of management decisions (Treves & Bruskotter, 2014), the negative valence of
coverage observed in our study system may have an unmeasured negative influence on public
support for the wolf reintroduction program beyond its effect on online discursive spaces.
Additionally, previous work on media coverage found that audiences show greater psychological
activation in response to negative stories (Robertson et al., 2023; Soroka et al., 2019), suggesting
a publication-based incentive that extends beyond wolf reintroduction and into general media
trends.

Across the public discourse, we found that the sentiment of stakeholder media agendas
held a stronger relationship than mass media agendas with commenters' sentiment. When wolf
reintroduction social media posts exhibited positive or negative sentiment, either in written text

or video transcripts, they tended to generate comments in the same direction. This aligns with
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previous research that found framing of social media-based wildlife content influenced the tone
of comments (Ballejo et al., 2021). Social media comments function as social cues that readers
use to gauge prevailing opinion, and exposure to negative sentiment or uncivil comment threads
can shift readers' perceptions and increase polarization on issues (Anderson et al., 2014). Further,
when sentiment spreads from posts into comments, the resulting environment can influence the
attitudes of a larger population of users who read without posting (Zerback & Fawzi, 2017). In
wildlife management contexts, attitudes expressed and encountered in online discussions are
linked to the level of tolerance or intolerance people have for wolves, and such tolerance has a
demonstrated effect on public support, or lack thereof, for conservation and management
decisions (Bombieri et al., 2018; Casola et al., 2020).

Our findings indicate that platform-specific trends exist in the sentiment of wolf
reintroduction discourse, with YouTube showing more negative comments than Reddit. While
there is a body of research on positivity and negativity biases in discourse on various social
media platforms (Masciantonio et al., 2025; Waterloo et al., 2018), little research has been done
to empirically test these biases in wildlife-specific contexts. We believe these are novel findings
that illustrate either algorithmic biases by social media platforms, responsible for supporting and
promoting content that aligns with end users’ values and ideologies (Tasente, 2025; Van Der
Breggen et al., 2025), or user self-selection biases, e.g., users choosing platforms for discussions
that align with their preferred language on wildlife issues and discourse in general (Bruns,
2019).

We found that the sentiment of social media comments on Colorado’s wolf
reintroduction trended more negatively over time, after accounting for confounding

variables. We hypothesize two potential drivers to explain this trend: 1) real-world events created
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meaningful negative changes subsequently reflected in the discourse (e.g., wolf mortalities,
livestock depredations, federal intervention into the program), and 2) the failure to meet CPW’s
pre-defined 70% survival rate, set at the beginning of the reintroduction to trigger protocol
review (Colorado Parks and Wildlife, 2023), may have resulted in a perception that

the reintroduction process is failing, increasing use of negative language by multiple
stakeholders across ideological spectrums and reflected in the online discursive space.

The theme “Rural Livelihoods,” occupying the largest portion of the comment corpus, is
disproportionate to the share of Americans with direct experience with livestock production
(USDA, 2026). However, online comment data are often produced by a small, non-representative
minority of users, so thematic prevalence may represent an active commenting subset of people
rather than the general public (Oswald et al., 2025). This active commenting subset may
represent agriculturalists who are leveraging social media to promote their own self-interests and
defend production agriculture against the wolf reintroduction, aligning with prior research
showing that agriculturalists adopt social media to combat negative messaging about production
agriculture and advance their own operations (Meyers et al., 2011; White et al., 2014).

Our results show that this active commenting subset may also be driven in part by mass
media agendas. Above average media coverage of “Rural Livelihoods” in the preceding week
increased the probability that the same theme appeared in subsequent online comments. This
pattern is consistent with second-level agenda-setting, in which an issue’s salient attributes,
represented here by thematic content, transfer from media coverage into public discussion
(McCombs et al., 1997; Wang et al., 2023). This finding adds context to previous work by
Niemiec et al. (2020) who found that mass media disproportionately covered the potential

negative effects of Colorado’s wolf reintroduction on livestock more than other content within a
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one-year sample. While we did not find that Rural Livelihoods was disproportionately covered
more than other themes in our five-year sample, our results suggest that when mass media cover
Rural Livelihoods, this theme is more likely to appear in online discourse. We did not find
evidence of reverse agenda-setting (e.g., social media comments setting the salient themes for
mass media) for this theme, nor did we find evidence of agenda-setting for any other themes
identified. This highlights a disconnect between what mass media proportionally cover and what
most shapes subsequent online discussion. Although Governance and Management constituted
the largest share of mass media coverage, it was coverage of Rural Livelihoods, a relatively

minor share of the media agenda, that predicted comment content.

Management and Communication Implications

The success or failure of wildlife reintroductions is often determined by public
tolerance of species rather than biological outcomes (Bruskotter & Wilson, 2014; Treves &
Bruskotter, 2014). Public tolerance is sensitive to the information environment surrounding
the reintroduction program, including social media discourse (Arbieu et al., 2019; Bombieri et
al., 2018). Consequently, the online discursive environment itself may be viewed
as a management variable. The second-level agenda-setting effect observed here indicates that
certain themes emphasized in media agendas transfer into public discussion. When mass
media coverage centers specific salient attributes of an issue, wildlife managers and
communicators should anticipate a correspondingly narrowed public discourse emphasizing
these attributes. Managers tracking online commentary may benefit from understanding which
specific themes transfer in order to anticipate shifts in the public conversation. Beyond thematic

content, our finding that emotional valence transfers from influencers and stakeholder media
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sources to comments suggests the tone of public discourse about wolf management is sensitive to
which sources participate in it, a dynamic managers and communicators may account for when
interpreting online sentiment and creating their own social media posts. Because science-based
information and trust in the managing agency are both associated with more moderate attitudes
toward carnivores (Arbieu et al., 2019; Bruskotter & Wilson, 2014),

consistently releasing program data through channels the public considers credible may

temper polarization. This could be particularly helpful after significant negative events, such as
livestock predations, negative interactions between wolves and pets, or contentious management
interventions.

For online communication, the propagation of social media post sentiment into comments
implies that the framing of posts shapes the tone of the discussion it generates. Because
positively framed content communicating the benefits of a species has been shown to increase
tolerance of predators (Casola et al., 2020), and comment threads serve as social cues that shape
the perceptions of the larger reading audience (Anderson et al., 2014; Lee & Jang, 2010),
selectively posting content to engage stakeholders is part of successfully managing
reintroduction communication. For example, Slagle et al. (2013) demonstrated that short
messages emphasizing the ecological benefits of black bears, paired with risk management
information, produced increases in public tolerance relative to posts containing only species
biology. Similarly, Lute and Gore (2014) found that framing wolf management around a shared
stewardship identity offered a bridging frame across otherwise polarized stakeholder groups.
Coupled with previous research, our findings give reintroduction managers an empirical

evidence base for designing online communication strategies to facilitate positive discourse.
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Finally, the data and methods used here carry an implicit secondary use: social media
content can be monitored as a near real-time indicator of emerging conflict, shifting public
perceptions, and emergent salient themes (Di Minin et al., 2015; Ladle et al., 2016), offering a
tool to evaluate the effectiveness of agency communications and build future communication

strategies to support management initiatives.

Limitations

This study is observational, so the reported associations cannot establish causation, only
relationships. The study design offers agenda setting as one explanation for the prevalence of
Rural Livelihoods in the comments corpus, but a similar thematic distribution could arise from
non-representative participation by an active minority of users (Oswald et al., 2025) or from

platform self-selection among users with shared prior views.

Conclusion

Overall, our findings support second-level agenda-setting in an active carnivore
reintroduction. Specific thematic content, when emphasized in mass media coverage, transferred
into subsequent online public discussion, indicating that media framing of issues shapes the
attributes repeated in public discourse. Language valence, when emphasized by stakeholder
media entities via social media posts, predicted the valence of the discourse that followed. This
study also found a convergence of top-down and bottom-up dynamics in online discursive spaces
— mass media coverage concentrated on Governance and Management, while the public used

decentralized social media channels to voice concerns and lived experiences focusing largely on
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Rural Livelihoods. The themes most covered by mass media were not proportionally represented
in the online space; rather, the subset of users most active in the comments appears to be those
whose concerns the mass media coverage underrepresented. For wildlife agencies, this suggests a
need to anticipate concerns regarding rural livelihoods and lifestyles and address them directly in
communication rather than treating coverage of policy and management as sufficient. Proactively
framing program information, particularly around livestock and other rural impacts, may shape
discourse in directions more conducive to management support. Future research could examine
whether the salience transfer observed in this system extends into other carnivore species,
regions, or platforms, and whether the active commenting subset observed here reflects broader
public opinion. The success of carnivore reintroductions depends as much on public opinion as
on biological outcomes; therefore, evaluating how mass media and stakeholder media framing
predicts public opinion is an essential part of promoting carnivore conservation and human-

carnivore coexistence.
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Appendices

Appendix A. Thematic Coding Results

Thematic Coding

Reintroduction operations and release logistics: 8333 (13.1%)
Management planning agency process: 5297 (8.3%)

Legal and regulatory framework: 2014 (3.2%)

Lethal control enforcement and take policy: 1160 (1.8%)

Governance / x Y,
( )
Management Rancher livelihoods and impacts: 7439 (11.7%)
Ungulate impacts and hunting economy: 2790 (4.4%)
ompensation program costs and fiscal criticism: 7%
. . C i d fiscal critici 2342 (3.7%)
Rural Livelihoods \Herd protection and non-lethal deterrents: 2146 (3.4%) )
( )
Monitoring, tracking, and sightings: 4584 (7.2%)
ECO|0gy & Wolf Carnivore ecology and reintroduction precedents: 2699 (4.2%)
. Wolf biology reproduction and population status: 2529 (4.0%
B I If biol d d lati %
lology \Ecosystem function and trophic ecology: 2196 (3.4%) )
| ff (Negative affective expression: 2062 (3.2%) )
g 2%,
Values & Affect Historical narrative and contested justice: 1941 (3.0%)
Coexistence ethics and environmental stewardship: 1934 (3.0%)
. Positive affective expression: 1763 (2.8%)
Identity & \_ J
s . s N
Political Conflict Urban-rural polarization and coalitional identity: 3693 (5.8%)
Democratic legitimacy and ballot-initiative conflict: 1440 (2.3%)
. P Political alienation blame and partisanship: 655 (1.0%)
Science Legltlmacy kIndigenous sovereignty land and treaty rights: 392 (0.6%) )
( )
Science expertise and epistemic conflict: 3077 (4.8%)
Human Safety & SQeFies puriFy and taxor‘u?my: 484 (0.8%)
Misinformation and Legitimacy: 324 (0.5%)
Threats \ /
,

Threat construction and predator demonization: 1723 (2.7%)
Human safety and personal risk: 710 (1.1%)

Themes

Note: Percentages reflect total sentence counts coded to each theme across mass media, social

media post, and social media comment corpora.
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Appendix B. Example Sentences from Thematic Codes

Theme

Sub-theme

Sentence

Ecology and Wolf Biology

Broader carnivore ecology and
reintroduction precedents

Ecosystem function and trophic
ecology

Monitoring tracking and sightings

Wolf biology reproduction and
population status

NE Washington has a pack density that's 3x what's in
Yellowstone.

Restoring balance to the ecosystem is part of conservation,
proving the reintroduction of wolves is conservation

A new Colorado Parks and Wildlife (CPW) map shows where
wolf activity is present across the state nearly two years after
being introduced back into its ecosystem.

The average pack size in Oregon is around five wolves, with
only two packs numbering more than 10 members.

Governance and
Management

Legal and regulatory framework

Lethal control enforcement and
take policy

Management planning agency
process

Reintroduction operations and
release logistics

Section 10(j) in the federal Endangered Species Act, which
was also used in the gray wolf reintroduction process, allows
the federal government to designate a population of a listed
species , like the wolverines , as experimental if they are set to
be released into natural habitat outside their current range, like
Colorado.

The federal agency proposed complementary rules in February
that include lethal management under certain conditions.

Colorado Parks and Wildlife commission votes to create wolf
management plan.

The first 10, from Oregon, were released in Summit and Grand
counties in December 2023.

Human Safety and Threats

Human safety and personal risk

Threat construction and predator
demonization

Carry a gun when you go in the wilderness.

They will kill just to train their pups and not even eat the
carcass.
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Identity and Political
Contlict

Democratic legitimacy and ballot-
initiative conflict

Indigenous sovereignty land and
treaty rights

Political alienation blame and
partisanship

Urban-rural polarization and
coalitional identity

November will show whether or not the numbers speak for
themselves.

In the resolution passed by the council, members expressed
concerns over how it would impact their tribal lands and
resources, including wildlife and livestock.

It is no different than woke morons claiming to be oppressed
and then trying to bully everyone to think like they do.

Thanks to the morons in Summit county and the front range.

Rural Livelihoods

Compensation program costs and
fiscal criticism

Herd protection and non-lethal
deterrents

Rancher livelihoods and impacts
Ungulate impacts and hunting
economy

The governor's office has not yet explained how more wolves
will be paid for.

It can include range riders working to make sure that they
know where the wolves are.

This was the first sheep that had been killed or injured by a
wolf in the county since reintroduction.

The wolves will destroy the deer and elk herds.

Science Legitimacy

Misinformation and Legitimacy
Science expertise and epistemic
conflict

Species purity and taxonomy

I hope people wake up to the truth and facts of the situation!!

Ballot box biology

The Grey Wolves that are being released into the wild in
Colorado are not native and are much larger than the native
wolves of the past.

Values and Affect

Coexistence ethics and
environmental stewardship
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Fuckin white guys whose ancestors helped destroy the
ecosystems that were just fine when it was us natives who
lived for 10s of thousands of years with the natural way think
they know better than our mother.



Historical narrative and contested

justice Wolves had this land long before we did.
Negative affective expression How stupid can you be.
Positive affective expression YA LOVE TO SEE IT

38



