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Abstract

The unsustainable and illegal trade of passerine birds, such as the threatened

red siskin (Spinus cucullatus), is deeply embedded in social, economic, and cul-

tural systems. Understanding these complexities is essential for designing effec-

tive behavioral interventions to reduce unsustainable wildlife demand. We used

social network analysis, decision-making models, and interview data from

204 breeders involved in red siskins captive breeding across Venezuela (a source

and demand country), Brazil, Spain, and Portugal (demand countries) to explore

how socialization networks, shape their decisions to adopt sustainable bird

sourcing practices. Adoption intentions were partially explained by psychosocial

variables such as attitudes and social norms towards breeders' collaboration.

Incorporating social network metrics, such as information flow, significantly

improved model explanatory power. Actors classified as adults in formation

were the most active advice-seekers (high outdegree) and the lowest adoption

intention. Brazil and Venezuela had a clear relationship between membership

proportion and network coordination metrics, but not Portugal and Spain. We

discuss how to use the insights of the breeder’ psychosocial and their roles

within the network, to inform tailored behavior change strategies. These results

emphasize the importance of integrating insights into breeders' behaviors and

roles within networks to inform tailored behavior change strategies.
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1 | INTRODUCTION

A quarter of the existent songbird species (i.e., Passeri-
formes) are traded globally (1589 species of 6659)
(Juergens et al., 2021). Seventy percent of the songbird

species traded as pets in domestic markets is driven either
by bird-keeping hobbyists (who keep birds as pets), contes-
tants (who keep birds for entry into contests), or breeders
(who keep birds to breed or train) (Alves, 2013; Silva Souto
et al., 2017).
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Research about songbird trade have been largely focus
on describe market magnitude and dynamic (De Oliveira
et al., 2020; Fink et al., 2021; Nijman et al., 2018) as well as
the effectiveness of law enforcement measures like seizures,
bans, and prosecutions into volumes and scope (Hitchens &
Blakeslee, 2020; Liang et al., 2024; Shepherd et al., 2020;
Xiao et al., 2021). However, this focus on supply-side
actions have proven insufficient (Veríssimo et al., 2020).
Increasingly, demand-side interventions aimed at reducing
consumer demand are being explored alongside traditional
supply-side actions. By promoting sustainable alternatives
and using behavior change strategies, conservationists seek
to decrease the demand that drives poaching and trafficking
(Marshall et al., 2020; Thomas-Walters et al., 2020).

Amidst growing demand for unsustainable bird sourc-
ing in bird-keeping, captive breeding operations have
been considered as alternatives to promote sustainable
sourcing for the pet market (Hogg et al., 2018; Jepson
et al., 2011), with some studies exploring customers' buy-
ing perspective (Tensen, 2016). However, the sustainabil-
ity of captive breeding extends beyond financial
feasibility. Bird-keeping is deeply rooted in various socie-
ties, encompassing cultural and social complexities that
must be comprehended to assess the broader impact of
proposed solutions (Burivalova et al., 2017; Marshall
et al., 2021). Therefore, a better understanding of factors
driving breeders' intentions in using sustainable sources
in captive breeding is necessary to inform more ground-
based behavioral interventions.

One of the most frequently used behavioral models to
explain the adoption of environmental behaviors is the
Theory of Planned Behavior (TPB) (Ajzen, 1991;
Miller, 2017; Steinmetz et al., 2016). The TPB postulates
that the most important determinant of behavior is inten-
tion. The intention, in turn, is influenced by attitude
towards behavior, perceived norms about the behavior,
and the sense of control of the individual over that
behavior (in terms of ease or difficulty of the work)
(Miller, 2017). Additionally, perceived moral obligation
could be crucial to promote behavior adoption at the
group level (Godin et al., 2005).

In the context of the illegal or unsustainable bird
trade, behavioral models have only recently been applied
to understand demand dynamics and characterize user
groups among songbird keepers (Marshall et al., 2020,
2021). However, most research on reducing bird-keeping
practices has primarily focused on broadly describing
motivations, attitudes, and preferences, often without
using behavioral models (Chiok et al., 2022; de Oliveira
et al., 2018). Only a few studies have applied behavioral
models to understand demand dynamics and characterize
user groups among songbird keepers (Marshall
et al., 2020, 2021; S�anchez-Mercado, Blanco, et al., 2022).

The adoption of anti-trafficking behaviors is complex
because there are social risks involved (fear to retaliation,
conflict with peers) (Bitanyi et al., 2012) or because they
require coordination between adopters (Centola
et al., 2018). This mean that network processes such as
information flows, social influence, and coordination
must be also monitored to assess at what point socializa-
tion among actors prevent or speed behavior change
(de Lange et al., 2019, 2021). Adopting a reduce-demand
behavior may be shaped by how prevalent intention for
adoption within the community is. Also, socialization,
the tendency to adopt behaviors, attitudes, or norms from
people with similar personal attributes (e.g., kinship,
friendship, age, gender, profession), may contribute to
people's adoption intention (de Lange et al., 2019, 2021;
Dobson et al., 2019). The relative importance of social
influence and information flow in explaining the current
adoption intentions among actors, as well as the direction
(positive or negative) of this relationship, could help us to
understand which social network processes are more rel-
evant for preventing or accelerating behavior change,
and how the adoption intentions of the actors driving this
process can influence others (Guerrero et al., 2020). For
example, if social influence is the most significant factor
influencing adoption intentions, then, a behavior change
campaign focusing on leveraging these “bridge”
breeders—individuals who connect different groups
within the network—as key agents could be effective to
bridge isolated groups and foster network cohesion. Con-
versely, if information flow is the most important factor
driving adoption intentions, a campaign aimed at trans-
forming the outreach behavior of high-outdegree actors
into an effective channel for broader influence may be
more effective.

The direction of the relationship between adoption
intentions and metrics of social influence and informa-
tion flow also has critical implications for the role of key
actors in the behavior change campaign. If breeders with
high social influence or information flow demonstrate
higher adoption intentions (i.e., a positive relationship),
they can facilitate the spread of new practices across
breeder groups, promoting broader adoption. Alterna-
tively, if these breeders exhibit lower adoption intentions
(i.e., a negative relationship), they may hinder the flow of
new ideas and instead reinforce established practices and
norms within the network.

Here, we use network analysis, Theory of Planned
Behavior, and data from red siskin breeders' surveys (Spi-
nus cucullatus), an Endangered, sought-after finch in the
global illegal pet trade (BirdLife International, 2015;
Rodríguez-Clark et al., 2015), to evaluate psychosocial
and socialization factors driven the adoption of responsi-
ble sourcing practices that avoid the use of wild-caught
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birds for aviculture. The red siskin have been captive-
bred since the 19th century and despite a stable and big
captive population in several European countries,
demand for wild-caught red siskins persist (Martínez-
Espinosa & Abell�an, 2016; Moreno-S�anchez & Abell�an-
Baños, 2005). The main motivation is breeders' belief that
genetic variability in the captive stock is achievable if
wild-caught are regularly incorporated (genetic refresh-
ment) (S�anchez-Mercado et al., 2024; S�anchez-Mercado,
Pineda, et al., 2022). Specifically, we aim to assess:
(1) How red siskin breeders' intentions to use sustainable
sources in captive breeding are influenced by psychoso-
cial variables (e.g., attitudes, social norms, and perceived
behavioral control) and network metrics that account for
social influence and information flow, and how these
relationships vary depending on the breeders' context
(such as age and expertise level). (2) How network-level
metrics that describe coordination among actors
(e.g., clustering and density) correlate with captive breed-
ing practices, such as membership in avicultural
societies.

2 | METHODS

2.1 | Red siskin's trade context

Red siskin trade routes span countries across the Ameri-
cas (United States, Curaçao, Aruba, Cuba, Colombia,
Mexico, Argentina, Brazil), Europe (Spain, Portugal,
Ireland), and Asia (China, Vietnam, Indonesia). Brazil,
Colombia, and Mexico serve as main consumers, while
Venezuela, the USA, and Spain act as suppliers (S�anchez-
Mercado et al., 2019). Since Venezuela is the only country
with wild red siskin populations (Rodríguez-Clark
et al., 2015), trade originating there likely involves illegal
capture of wild specimens, whereas supply from the USA
and Spain may include both legally captive-bred birds
and smuggled wild-caught ones from Venezuela
(S�anchez-Mercado et al., 2019).

Currently, around 300 red siskins are traded per year
(most of them suspected wild-caught) (S�anchez-Mercado
et al., 2019). This rate is expected to have a high negative
impact on the remaining small populations present in
Venezuela (< 6000 individuals) (Rodríguez et al., 2015).
The key actors demanding red siskins are breeders, who
are mostly middle-class professional males, between
30 and 46 years of age, who profess a deep interest in
improving their breeding skills and are motivated by rec-
ognition among peers, more than profit (S�anchez-
Mercado et al., 2019). Demand for red siskins appears to
be driven by breeders' belief that maintenance of genetic
variability in the captive stock could be more easily

achieved by including wild-caught red siskins (S�anchez-
Mercado, Pineda, et al., 2022; S�anchez-Mercado, Moran,
et al., 2022). This misguided belief is enhanced by the fact
that the closed community of red siskin expert breeders
lacks tools and channels to share expertise with the more
inexperienced breeders, particularly across language bar-
riers, perpetuating misguided and unsustainable captive-
breeding practices among Venezuelan and international
breeders (S�anchez-Mercado, Moran, et al., 2022). In 2021,
we implemented the behavior change campaign, Nesting
Future, aimed to increase adoption of responsible sourc-
ing practices that exclude the use of wild-caught red sis-
kin in aviculturism. The focal audience were red siskin's
breeders from Venezuela, Brazil, Spain, and Portugal.
Barriers hindering sustainable bird sourcing include low
proficiency in managing captive-bred specimens effi-
ciently, limited availability, and high costs of captive-bred
options in South American countries, and legal variabil-
ity concerning captive breeding operations across coun-
tries (S�anchez-Mercado, Moran, et al., 2022). The
Behavior Centered Theory of Change for Nesting Future
proposes that by providing information and employing
emotional appeals, strategies would increase positive atti-
tudes towards the adoption of sustainable captive-
breeding practices, while promoting bottom-up social
norms changes and top-down regulation and policy
changes would increase social influence towards adop-
tion by both, linking relevant values (e.g., prestige, recog-
nition, and ethics) with the adoption of responsible
sourcing and by promoting stricter regulations, guide-
lines, and oversight among aviculturist societies to ensure
birds' welfare and responsible sourcing (S�anchez-
Mercado et al., 2024).

2.2 | Survey instrument and process

We used questionnaires as sampling instruments. Ques-
tionnaires comprised four sections measuring: (1) Audi-
ence's social and demographic characteristics and captive
breeding practice context; (2) Audience's socialization
network, (3) self-reported possession, and (4) statements
measuring Theory of Planned Behavior components
(i.e., attitudes, intentions, perceived social norms, and
perceived behavioral control) regarding the intention to
adopt the alternative behavior.

We evaluated breeders' social and demographic con-
texts by asking about age categories (young adults, adults,
and seniors) and country of residence. We explored two
aspects of red siskin captive breeding practices: expertise
level and current membership status in avicultural socie-
ties (“active” or “inactive”). Participants self-categorized
their expertise into four levels: “amateurs,” “in training,”
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TABLE 1 Summary statistics for the statements used to assess the components of the Theory of Planned Behavior.

TPB scale Variable code Statement
Sampled
size

Mean
(SD)

Likert (percent of
answers)

1 2 3 4 5

Intention int_adoption1 I would adopt breeding practices that do
not require the use of wild-caught red
siskins this year.

175 4.17
(1.36)

11.1 5.6 2.8 18.1 62.5

int_adoption2 I would implement breeding practices
that do not require the use of wild-
caught red siskins this year.

200 4.33
(1.21)

9.7 1.4 2.8 22.2 63.9

Attitude att_recognition I would like to use breeding practices
that exclude wild-caught red siskins to
enhance my reputation as a breeder.

165 4.59
(0.70)

0 2.8 6.9 22.2 68.1

att_collaboration1 Breeders who avoid using wild-caught
red siskins constitute a large and
recognized group within aviculture.

168 4.09
(1.10)

4.2 5.6 16.7 26.4 47.2

att_collaboration2 I like the idea of adopting sustainable
breeding practices, such as avoiding the
use of wild-caught red siskins, as it
connects me and allows me to
collaborate with other prestigious
breeders.

168 4.61
(0.62)

0 1.4 4.2 27.8 66.7

att_self-doubt1 I find that breeding red siskins using
only ancestral specimens requires
complex techniques.

152 2.60
(1.27)

23.6 27.8 22.2 16.7 9.7

att_self-doubt2 I find it challenging to learn how to
breed red siskins using only ancestral
individuals.

154 3.88
(1.20)

0 18.1 23.6 11.1 47.2

Social
norms

norm_recognition1 The most prestigious breeders do not
recommend the use of wild-caught red
siskins for breeding practices.

168 4.21
(0.85)

0 0 27.8 23.6 48.6

norm_recognition2 Following the recommendations of
prestigious breeders regarding the non-
use of wild-caught red siskins in
breeding is important to me.

161 4.40
(0.78)

0 2.8 12.5 29.2 55.6

norm_collaboration1 The largest and most productive
breeding societies are composed of
breeders who adopt sustainable
breeding practices, such as avoiding the
use of wild-caught red siskins.

157 4.23
(0.85)

0 2.8 20.8 29.2 47.2

norm_collaboration2 For me, it's important to be part of large
and productive breeding societies that
avoid the use of wild-caught red siskins
in breeding practices.

95 3.40
(0.69)

0 0 11.1 37.5 51.4

norm_self-doubt1 I will be accepted by my fellow breeders
only if I maintain high breeding
standards, such as avoiding the use
wild-caught red siskins.

156 4.35
(0.73)

0 1.4 12.5 37.5 48.6

norm_self-doubt2 It is important to me, that my breeders
peers view my breeding standards as
high.

90 2.93
(1.01)

0 11.1 20.8 31.9 36.11

Moral
norms

moral1 It's my obligation to the aviculture
community and to Siskin conservation
to adopt breeding practices that reduce

87 3.56
(0.71)

0 2.7 4.16 27.7 65.27

4 of 15 SÁNCHEZ-MERCADO ET AL.

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70086 by V

enezuela R
egional Provision, W

iley O
nline L

ibrary on [11/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



“experts,” and “not currently breeding,” the latter refer-
ring to breeders with prior experience in red siskin cap-
tive breeding who are now inactive.

We measured audience's socialization network by
asking “Do you seek advice or opinions from others
regarding the breeding of red siskins when making deci-
sions about managing your aviary?” and ask them to
describe these people in terms of the relationship with
the person (e.g., friend, coworker, fellow member of avi-
culturist association, businessmen), for how long they
met (e.g., 1 year, 1–2 years, 3–10 years, >10 years), how
frequently they meet (e.g., once per year, twice per year,
once per month), gender, age group (e.g., young people,
adults, seniors), level of expertise in red siskin’ captive
breeding (“amateurs,” “in training,” “experts,” and “not
currently breeding”), and the contact's residency country.

We measured self-reported possession by directly
asking whether they currently have red siskins in their
captive operations (without distinguishing between
captive-bred and wild-caught).

We based the formulation of TPB statements on the
previous evaluation of benefits, impacts, barriers, and
opportunities (S�anchez-Mercado et al., 2024; S�anchez-
Mercado, Moran, et al., 2022). We identified four factors
driving adoption: increase in recognition (“recognition”),
willingness to increase collaboration network between

breeders (“collaboration”), and sense of moral debt for
the damage the past aviculturist extractive practice
imposes on the wild population (“moral”). On the other
hand, a sense of self-doubt and insecurity stemming from
a perceived lack of knowledge or skill in comparison to
those with more experience (“self-doubt”) could prevent
adoption in novice breeders. We formulated statements
to evaluate attitudes, social norms, and perceived behav-
ioral control based on these adoption drivers. Addition-
ally, we formulated statements to evaluate adoption
intentions (Table 1). Participants answered using a Likert
scale ranging from “totally disagree” (1) to “totally agree”
(5), with a neutral option “Not sure” (3). To reduce social
desirability in the answers (i.e., people answering what
they believe is socially expected rather than what they
think), we highlighted across different sections in the
questionnaire that our interest was to understand peo-
ple's opinions and perceptions, and there are no “correct”
or “wrong” answers.

To estimate survey sample size, we considered a mini-
mum of 5 people and an ideal of 10 people per TPB state-
ment (Boateng et al., 2018; Crawford & Kelder, 2019).
With 18 TPB statements, this translates into 90–180
people from each focal country, resulting in a total of
360–720. We shared the questionnaire virtually (https://
es.surveymonkey.com/r/7KK7KX7) and used a snowball

TABLE 1 (Continued)

TPB scale Variable code Statement
Sampled
size

Mean
(SD)

Likert (percent of
answers)

1 2 3 4 5

the use of wild-caught red siskins in my
aviary.

moral2 For me, the most responsible and
appropriate approach towards the
aviculture community and the species is
to adopt breeding practices that reduce
the use of wild-caught red siskins.

86 3.49
(0.75)

0 4.2 22.2 30.5 43.1

Perceived
behavioral
control

control_recognition I believe I can succeed as a breeder
without needing to adopt breeding
practices that reduce the use of wild-
caught red siskins.

165 4.35
(0.87)

0 5.6 11.1 27.8 55.6

control_collaboration Breeding societies allow discussing and
resolving doubts and problems about
breeding red siskins without using wild-
caught specimens.

114 3.13
(0.90)

0 4.16 22.2 30.5 43.1

control_self-doubt Breeders who know how to breed using
only ancestral red siskins form their
own “club/society/federation” and do
not allow other breeders to join.

147 3.24
(1.03)

0 23.6 47.2 9.7 19.4

Note: The percent of responses at each level of Likert scale is shown, with higher values in darker shade of grays. Mean values and standard deviation of each
statement is shown.
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approach to reach the sample size, starting with 33 con-
tacts (i.e., breeders and aviculturist associations) based in
Venezuela, Brazil, Spain, and Portugal. We performed a
pre-pilot survey sharing the questionnaire with members
of the Red Siskin Specialists and Aviculturists Network
(ReSSAN) to check that the jargon and tone used was
adequate to breeders' communities across countries and
increase response rates. We then did a pilot using the
adapted questionnaire with 50 participants to evaluate
internal consistency (i.e., how closely related are a set of
statements within a group) of TPB statements by using
Cronbach's alpha (Piedmont, 2014). Standardized alfa
was 0.72 which was a reasonable value, so we decided to
launch the complete survey through social media groups.
Questionnaires and implementation protocols were
approved by the Universidad Sim�on Bolívar's ethics com-
mittee (approval date: 16th December 2021).

We achieved 214 answers (30%–59% of the goal) with
most of the answers coming from Brazil (86 answers), fol-
lowed by Venezuela (67), Spain (39), and Portugal (22).

2.3 | Network analysis

We created an actors' typology based on individual char-
acteristics that are assumed to have no change within the
study time. In our case, actors are groups of individuals
under an age category (young adult, adults, seniors) and
breeding experience levels (amateur, expert, in forma-
tion, not currently breeding), resulting in 12 actor types.

We used graph analysis as implemented in the R
package ggraph (Pedersen, 2024) to build the audience's
socialization network. A social network consists of ties
between actors. The tie variables are binary variables,
denoted by xij. A tie from actori to actorj, denote di!j, is
either present or absent (xij then having values 1 and
0, respectively). The tie variables constitute the network,
represented by its n � n adjacency matrix x = (xij) (self-
ties are excluded), where n is the total number of actors.
Ties are a measure of strength of actors' relations that in
our case was seeking advice frequency, directed from one
actor to another (Snijders et al., 2010). A tie from actor
i to actor j indicates i seeks advice from j. For each coun-
try, we developed a network and conducted two separate
analyses on each: (1) We calculated metrics at the node
level (i.e., actor level) that account for social influence
(i.e., Betweenness Centrality and Indegree Centrality) and
information flow (Outdegree Centrality) (Csardi
et al., 2024) to evaluate how these metrics relate to adop-
tion intentions across breeder typology (Table 2); (2) We
calculated metrics at the network level that describe coor-
dination among actors (e.g., Clustering and Density)
(Csardi et al., 2024) to evaluate how they correlate with

captive breeder practices context like membership in the
avicultural society (Table 2). A high Outdegree Centrality
would indicate that an actor actively seeks advice or
information from others, while a high Betweenness Cen-
trality or Indegree Centrality reflects actors who are fre-
quently consulted by others.

For each country's network, we calculated clustering
and density using the transitivity and edge_density func-
tions, respectively, from the igraph package (Table 2).
Also, within each country, we determined the proportion
of participants who reported being current members of
an avicultural society. We then visually inspected the
relationship between membership proportion and
the coordination metrics.

2.4 | Theory of planned behavior

We used the function principal from package psych in R
(Revelle, 2023) to develop a Principal Component Analy-
sis to understand the internal structure of a set of state-
ments, and the extent to which the relationships between
them are internally consistent. This allowed us to create
scales measuring the TPB's components (attitudes, social
norms, and perceived behavioral control) based on the
most parsimonious, functional, and internally consistent
statements (Boateng et al., 2018).

Initially, we included all the TPB statements, except
intention, in a single PCA, using VARIMAX rotation to
yield maximum discrimination between the PCA's com-
ponents. We selected the four components with eigen-
value higher than one, which explained 63% of variance.
Then, we constructed four scales, moral, attitudes, social
prestige, and social conformity by assigning statements to
a scale for which they attained the highest component
loading (coefficients). Statements with a component load-
ing <0.40 on any scale were eliminated, as were those
with cross-loadings or that appear not to load uniquely
on an individual component (Boateng et al., 2018)
(Table 3). Moral scale aggregate four statements related
to social norms towards sustainable breeding practices.
Attitude scale aggregate four statements related to atti-
tudes and norms towards breeders' collaboration. The
social conformity scale combines two statements describ-
ing conformity to expert breeder recommendations.
Social prestige combines three statements related to social
norms and attitudes towards the perceived prestige of
sustainable practices in breeding (Table 3).

We then checked correlation and internal consistency
among scales by using Pearson correlation coefficients
and Cronbach's alpha (Table 3). The social prestige scale
had a high correlation with moral (0.58) and attitudes
(0.68). Overall alpha was acceptable (0.72) and
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reasonable values of standardized alpha (>0.6) for all
scales except the prestige scale (Table 3). So, we excluded
the social prestige scale from subsequent analysis.

2.5 | Regression analysis

We fitted random effect logistic regressions as implemen-
ted in the R package glmer, using a binomial error distri-
bution (link = “logit”) (R Development Core
Team, 2021) to evaluate the relationship between the
breeders' intention to adopt sustainable bird sourcing
with network metrics at node level and behavioral vari-
ables. The model captures the response of the binomial
dependent variable (intention) as a function of six contin-
uous independent variables: Indegree Centrality (inde-
gree), Outdegree Centrality (outdegree), Betweenness
Centrality (betweenness), attitude and norms towards
breeders' collaboration (attitude), social norms towards
sustainable breeding practices (moral), and conformity to
expert breeder recommendations (conformity). We
included actor type (actor_type) as random intercept to
account for actor level-specific variations in the
predictor-intention relationships (see Supplemental
Material for alternative models evaluated and model
diagnosis and selection approach; Table S1).

For the regression analysis, we assigned each actor-
type-level metric to all respondents who shared the same
age and expertise level. For example, if “adult experts” in
the Venezuelan network had an outdegree value of 2, that

same value was assigned to all Venezuelan respondents
classified as “adult” with an expertise level of “expert.”

We transformed the intention variable from a 5-point
Likert scale into a binomial variable by assigning a value
of zero (i.e., no adoption intention) to Likert values from
1 to 3 and a value of one (i.e., adoption intention) to
values of 4 and 5.

3 | RESULTS

Each country has a distinct network structure, with dif-
ferent numbers of actor types (nodes), node sizes
(i.e., number of participants identified in each category of
actor typology), and connections between nodes
(Figure 1). Brazil had the largest (11 actor types) and
most connected network, with experimented and in for-
mation adults and seniors being the most numerous and
well connected (Figure 1a). Venezuela was the second
largest network (10 actor types) but had a smaller num-
ber of connections between them, with the inactive
breeders across all age categories being the most preva-
lent actors in the network (Figure 1b). Portugal and
Spain's networks were the smallest, with eight and nine
actor types respectively, and slightly simpler networks
compared to Venezuela and Brazil. Similar to Brazil,
adults in formation and expert adults were the most prev-
alent actor types in the Iberian countries (Figure 1c,d).

Fifty-five percent of the variation in adoption inten-
tion (R2

conditional = 0.558) was explained by the entire

TABLE 2 Summary of social network metrics used to evaluate coordination, social influence, and information flow among actors.

Aspect to be
evaluated Metric Function in igraph What it measures

Coordination
among
adopters

Clustering transitivity() The global clustering coefficient (also known as transitivity) measures the
degree to which nodes in a graph tend to cluster together. High clustering
can indicate better coordination among actors, as they may work more
closely together.

Density edge_density() Computes the network density as the ratio of the number of edges to the
number of possible edges. A high network density suggests more connections
between actors, indicating greater potential for coordination as actors are
more interconnected.

Social
influence

Betweenness
centrality

centrality_betweenness
()

Actors with high betweenness control the flow of information between other
actors, positioning them as potential influencers or gatekeepers in the
network.

Indegree
centrality

centrality_degree
(mode = “in”)

Measure the indicated the number of edges directed into each node. High
indegree suggests that an actor is a recipient of many ties, which can be
interpreted as trustworthiness, influence, or popularity within the network.

Information
flow

Outdegree
centrality

centrality_degree
(mode = “out”)

Measure the number of edges that a given node directed to others. An actor
with high outdegree can spread information to many others, indicating its
potential as a source of information dissemination.

Note: The table describes each metric, the igraph package's function used to calculate it, and what it measures in the context of network analysis.

SÁNCHEZ-MERCADO ET AL. 7 of 15

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70086 by V

enezuela R
egional Provision, W

iley O
nline L

ibrary on [11/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
L
E

3
Sc
al
es

m
ea
su
ri
n
g
th
e
T
h
eo
ry

of
Pl
an

n
ed

B
eh

av
io
r
co
m
po

n
en

ts
.

P
ea

rs
on

co
ef
fi
ci
en

ts

Sc
al
e

D
es
cr
ip
ti
on

V
ar
ia
bl
e
co

d
e

St
an

d
ar
d
iz
ed

lo
ad

in
gs

E
xp

la
in
ed

va
ri
an

ce
(%

)
C
ro
n
ba

ch
's

al
p
h
a

M
or
al

A
tt
it
u
d
e

So
ci
al

p
re
st
ig
e

So
ci
al

co
n
fo
rm

it
y

M
or
al

N
or
m
s
to
w
ar
ds

su
st
ai
n
ab
le

br
ee
di
n
g
pr
ac
ti
ce
s
an

d
th
ei
r
im

po
rt
an

ce
in

th
e
co
n
te
xt

of
R
ed

si
sk
in

C
on

se
rv
at
io
n

at
t_
se
lf
-d
ou

bt
2

0.
36

52
0.
66

1.
00

0.
32

0.
58

0.
31

n
or
m
_s
el
f-
do

ub
t2

0.
77

m
or
al
1

0.
85

co
n
tr
ol
_r
ec
og
n
it
io
n

0.
79

A
tt
it
u
de
s

A
tt
it
u
de

an
d
n
or
m
s
to
w
ar
ds

br
ee
de
rs
'c
ol
la
bo

ra
ti
on

,
re
co
gn

it
io
n
of

pr
es
ti
gi
ou

s
br
ee
de
rs
,a
n
d
th
e
ad

op
ti
on

of
su
st
ai
n
ab
le

br
ee
di
n
g
pr
ac
ti
ce
s

at
t_
co
la
bo

ra
ti
on

1
0.
73

58
0.
65

0.
32

1.
00

0.
69

0.
34

at
t_
co
la
bo

ra
ti
on

2
0.
72

n
or
m
_
re
co
gn

it
io
n
1

0.
81

n
or
m
_c
ol
ab
or
at
io
n
1

0.
78

So
ci
al

pr
es
ti
ge

P
er
ce
iv
ed

pr
es
ti
ge

of
su
st
ai
n
ab
le

pr
ac
ti
ce
s
in

br
ee
di
n
g

at
t_
re
co
gn

it
io
n

0.
65

55
0.
57

0.
58

0.
69

1.
00

0.
39

n
or
m
_c
ol
ab
or
at
io
n
1

0.
79

n
or
m
_i
m
po

st
or
2

0.
79

So
ci
al

co
n
fo
rm

it
y

C
on

fo
rm

it
y
to

br
ee
de
r
re
co
m
m
en

da
ti
on

s
co
n
tr
ol
_i
m
po

st
or

0.
83

70
0.
72

0.
31

0.
34

0.
39

1.
00

co
n
tr
ol
_c
ol
ab
or
at
io
n

0.
83

N
ot
e:
St
an

da
rd
iz
ed

lo
ad

in
gs

of
ea
ch

st
at
em

en
t
fo
r
th
e
fi
rs
t
co
m
po

n
en

t
of

th
e
Pr
in
ci
pa

lC
om

po
n
en

t
A
n
al
ys
is
ar
e
sh
ow

n
,a
s
w
el
la

s
th
e
pe
rc
en

ta
ge

of
ex
pl
ai
n
ed

va
ri
an

ce
.I
n
te
rn
al

co
n
si
st
en

ci
es

ar
e
pr
ov
id
ed

by
C
ro
n
ba
ch

's
al
ph

a
an

d
Pe

ar
so
n
co
ef
fi
ci
en

ts
.S

ig
n
if
ic
an

t
co
rr
el
at
io
n
s
(p

<
0.
01
)
ar
e
in

bo
ld
.
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model, which included both fixed effects (i.e., network
metrics and psychosocial variables) and random effects
(i.e., actor type). The marginal R2 value (R2

marginal

= 0.352) suggested that 35% of this variation was
explained by the network metrics and psychosocial vari-
ables (i.e., the fixed predictors), while the Intraclass Cor-
relation Coefficient (ICC = 0.318) indicated that 32% of
the variation in adoption intention could be attributed to
differences between actor types (Table S1).

Outdegree was significantly associated with a lower
likelihood of adoption intention, whereas indegree and
betweenness were not significant predictors (Table 4,
Figure 2a). Most actor types exhibited gradual declines in
predicted adoption intention as outdegree increased; how-
ever, adults in formation showed a steeper decline
(Figure 2a). Of the psychosocial variables, only attitudes
had a significant positive effect in explaining adoption
intention. Again, adults in formation were the actor type
with the steepest increase in the relationship between
adoption intention and attitudes (Table 4, Figure 2b).

Half of the actor types had random effect estimates close
to zero, suggesting they had minimal influence on the
predicted adoption intention (Figure 2c). Adults currently
inactive and senior experts had the highest positive ran-
dom effect values (1.231 and 0.989, respectively), suggest-
ing that they contributed more to the likelihood of
intentions to adopt sustainable bird sourcing in their
breeding practice, though these effects were not statisti-
cally significant. In contrast, seniors inactive (�2.150),
seniors amateurs (�0.915), and adults amateurs (�0.848)
were the ones with fewer adoption intentions
(i.e., negative random effect). However, this effect was
only statistically significant for senior inactive
(Figure 2c).

A clear relationship between membership propor-
tion and network coordination metrics was observed in
both Brazil and Venezuela. For Brazil, a higher propor-
tion of membership (0.868) was associated with greater
coordination among actors in the network (Density =

0.236, Clustering = 0.387), while for Venezuela had the

FIGURE 1 Socialization network for Brazil (a), Venezuela (b), Spain (c), and Portugal (d). The frequency of socialization is depicted

using lines, and the direction is indicated by arrows. Line thickness is proportional to how often breeders from one expertise-age category or

country consult with breeders from another category or country. Node shapes indicate breeders' expertise in the red siskin's captive breeding,

amateurs are circle, expert are triangles, in formation squares, and no currently practicing captive breeding (no_breed) are cross. Age

categories are indicated by color young are in blue, adults in red, and seniors in green. Shape size are proportional to the number of

participants in each actor typology.
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lowest membership proportion (0.295) and the lowest
values for coordination metrics (Density = 0.344,
Clustering = 0.219). However, Portugal and Spain did
not exhibit a clear pattern, as these countries had a
high proportion of membership (0.954 and 0.867 respec-
tively) but low or intermediate values for network coor-
dination metrics (Density, 0.517 for Portugal, 0.236 for
Spain; Clustering, 0.315 for Portugal, 0.387 for Spain)
(Figure S1). Spain, Brazil, and Portugal had higher
prevalence of keeping (55%–63%) than Venezuelan
breeders (11%) (Figure S1).

4 | DISCUSSION

4.1 | The role of information flow to
inform behavior change interventions

Our study underscores the importance of social networks
and how the social system shapes actors' decisions within
the context of illegal wildlife trade. Decision-making
models are cornerstones for designing behavior change
campaigns as they can describe how psychosocial vari-
ables and contextual factors influence intentions to adopt
a given behavior (Beedell & Rehman, 2000). However,
beyond the psychosocial and socioeconomic characteris-
tics of each individual, how they interact with others also
plays a critical role in explaining adoption intentions.
Failing to consider network processes, such as informa-
tion flow and coordination, can lead to incomplete con-
clusions or ineffective conservation interventions (Barnes
et al., 2016).

In our case study, the average red siskin breeder
had a high likelihood of adopting sustainable bird
sourcing, with intentions even higher among breeders
who already held positive attitudes and norms support-
ing peer collaboration. Based on this partial picture,
which only considers psychosocial and socio-
demographic variables, we might suggest focusing our
behavior change campaign on increasing engagement
and visibility across all actor types. However, how
much attitudes and social norms matter to influence
adoption intentions, depends on the type of breeders,
specifically, their expertise and age (i.e., actor type) and
how they share or seek information within their peers.
Advice-seeker breeders (i.e., high-outdegree) had the
lowest adoption intentions. These individuals, catego-
rized as adults in formation in our typology, actively
interacted with breeders across different age groups and
expertise levels to gain knowledge that enhances their
captive breeding capacities. In this context, a behavior
change campaign that indiscriminately increase engage-
ment and visibility across all actor types could be coun-
terproductive. By amplifying the connectivity of low-
adoption intention, advice-seeker actors, we risk
fostering echo chambers that reinforce their existing
beliefs, rather than encouraging interactions with
adviser-providers with high adoption intentions.

With a better understanding not only of the psychoso-
cial profiles of actors, but also of their roles within the
network, we can inform a more nuanced behavior
change strategy. For example, for advice-seeker actors
with low adoption intentions (e.g., adults in formation),
the first step should be to understand whether their resis-
tance to adoption is due to established power dynamics, a
lack of trust in new practices, or perceived risks. Then, to
transform these “change resistors” into change agents, it
is essential to align their messaging with the campaign's
goals. This requires demonstrating the benefits of sustain-
able bird sourcing in ways that resonate with their values
and goals, while simultaneously addressing their main
concerns. On the other hand, strengthening the interac-
tion with high-indegree actors (advice-giver) with high
adoption intentions (e.g., adult experts) could boost the
adoption intake.

4.2 | The importance of coordination
among actors

The variable socialization style across country might
reflects differences in presence and strength of institu-
tions and mechanism enabling communication across
breeders. For example, in Venezuela, experts (seniors and
adults) are consulted by amateurs or peers in formations,

TABLE 4 The relationship between adoption intentions and

network metrics at the node level (left), as well as psychosocial and

contextual variables (right).

Fixed effects
Coefficients Estimate SE z value Pr(>jzj)
Intercept 4.055 0.945 4.29 0.000***

Moral 0.259 0.272 0.949 0.342

Attitude 1.021 0.366 2.788 0.005**

Conform 0.161 0.297 0.542 0.588

Indegree �0.021 0.031 �0.675 0.500

Outdegree �0.127 0.051 �2.51 0.012*

Betweenness 0.748 0.668 1.119 0.263

Random effects
Groups Name Variance SD

Actor type Intercept 1.536 1.239

Note: Estimates, standard errors (SE), z-values, and significance values are
shown for the fixed effect. Variability for the random intercept for actor type
(SD) is also shown. Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “” 1.
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but they primarily interact among themselves (Table S2).
The low membership rate to avicultural societies
observed in Venezuela is consistent with the disarticula-
tion between the “old school” of “everybody minds his
own business” (Marshal, 1988), and the emerging genera-
tion of Venezuelan breeders. In contrast, breeders from
Brazil, Portugal, and Spain, exhibited a more homoge-
neous role distribution, with breeders of different exper-
tise levels and ages interacting among them, with
experts, both being consulted by others and consulting
others. This open socialization style could be explained
by the role of avicultural societies, of which Brazilian,
Spaniards, and Portuguese breeders are more frequently
members, facilitating the acquisition of new knowledge
and the sharing of avicultural experiences (Hyde, 2000).

Regardless of the socialization styles among breeders
across countries, the new generation of breeders was the
least represented and the most isolated. Young breeders
had minimal influence on adoption intentions
(i.e., random effect close to zero), suggesting that they
lack strong opinions about whether to adopt the pro-
posed alternative behavior. Changing the current struc-
ture of breeder socialization networks to boost higher
interaction between young and high-outdegree actors
with high adoption intentions (i.e., bridge breeders)
would be a relevant factor to achieve the expected behav-
ioral outcome. This change will entail overcoming three
main challenges. First, overcoming the uncollaborative
modus operandi among red siskins expert breeders, who
historically have been reticent to participate in
conservation-related initiatives even though these have
been an impulse for aviculturist peers (Paul, 1994). Sec-
ond, overcoming the perceived lack of capacities

(impostorism) among young breeders that translates into
a more passive role in social interactions, making them
more willing to receive information rather than actively
engage with other peers. Third, managing and monitor-
ing interactions with adults in formation as they could
prevent greater adoption of sustainable bird sourcing
behavior among undecided young breeders, as adults in
formation may impose a more conservative viewpoint
(Brown et al., 2019; Zhang et al., 2020).

4.3 | Challenges in using social network
analysis to inform behavioral interventions

Despite the evidence that decisions making about partici-
pation in and on-going support of environmental pro-
grams is highly influenced by adopters social networks
(Barnes et al., 2016; Mills et al., 2014; Rhodes
et al., 2020), compile and analyses social-network data to
inform the designing of behavioral intervention is not a
simple task (Rhodes et al., 2020).

Many network analysis methods assume that we have
a representative dataset of the community being analyzed
(Wang et al., 2013). This implies that, like conservation
data, the dataset should be large and balanced, ensuring
that co-variables (such as intention, attitudes, perceived
social norms, etc.) are accurately represented. In addition
to this, network data requires that all actors within the
network are identified, and all interactions between them
are mapped (Guerrero et al., 2020; Wang et al., 2013).
Achieving this level of data quality necessitates a detailed
survey protocol that allows respondents to accurately
recall all their contacts. To ensure this, it is crucial to

FIGURE 2 (a) Relationship between Outdegree Centrality (outdegree) and predicted adoption intention with 95% confidence intervals.

Predicted values are based on the random effects model (GLMM) described in Table 4. (b) Relationship between the attitude scale (attitude)

and predicted adoption intention, modeled similarly. (c) Random effect estimates by actor type, showing variations across groups with the

zero-line indicated for reference.
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keep the questioning process short and simple (Guerrero
et al., 2020). In our case, rather than asking participants
to identify individuals by name (which many were reluc-
tant to do, due to privacy concerns and the potential for
long lists), we asked them to describe their contacts using
a few key characteristics (such as age, expertise, country,
and the nature of the relationship). This approach speeds
up the process by allowing participants to group several
individuals under the same typology, increasing the like-
lihood of identifying all their existing actors and connec-
tions. However, the strength of the connections is likely
affected by the unbalance in the sample (i.e., actor types
with few participants), as actor types conformed by one
or two participants would be able to nominate fewer con-
nections than those actor types with several participants.
Our snowball sampling strategy has proven effective for
identifying participants in the hard-to-reach red siskin
network (S�anchez-Mercado et al., 2019; Voicu &
Babonea, 2007). However, because breeders tend to refer
others within their social circles, the snowball method
often favors clusters of people with similar characteristics
or social ties. This tends to identify strong, homogeneous
connections, while weaker, more diverse connections
may be overlooked (Mulisa, 2022; Voicu &
Babonea, 2007). In our case, although our sample size
was relatively large for a social-ecological study, it may
not sufficiently represent the full range of connections
and perspectives within the broader breeding community
across the four countries analyzed. For example, breeders
from Spain represented 18% of our sample (only 39 partic-
ipants), even though one ornithological federation in
Spain—the Spanish Cultural and Sporting Ornithological
Federation—has over 9000 members (FOCDE, 2014).
Future efforts to ensure a bigger, more representative and
diverse sample of participants should consider using ran-
dom or stratified sampling, which would involve select-
ing participants from the entire population without bias
or referrals (Mulisa, 2022).

Beyond sample size and representativeness, a key
challenge in modeling the social aspects of illegal wild-
life trade lies in capturing all relevant factors. In our
case, including network metrics in the regression model
doubled the explained variance for adoption intentions
(Table S1). However, even our best model accounted
for only 55% of the variance in adoption intentions.
The model's explanatory power could likely be
improved by integrating additional psychological vari-
ables, such as spirituality and religion (Bethelmy &
Corraliza, 2019; Briguglio et al., 2020) and antecedents
of pro-environmental behaviors and self-identity
(Ateş, 2020).

The limited sample size across countries restricted
our ability to explicitly explore country-specific variations

in the relationships between predictors and intentions,
thereby missing important insights into how country-
level factors such as regulatory frameworks and politics
influence the adoption of sustainable environmental
behaviors. Our current study only addressed this indi-
rectly, by correlating the proportion of memberships in
avicultural societies with coordination metrics at the net-
work level (e.g., Density and Clustering). We were unable
to evaluate how the current collaborative arrangements
among breeders, both within and between countries, are
shaped by institutional roles (i.e., rules in use and rules
in form) and how this influences the adoption of sustain-
able bird sourcing. Multilevel Exponential Random
Graph Models that allow connecting two-layered net-
works through cross-level ties could be used to determine
if the way avicultural societies are connected influences
how breeders connect to each other (Wang et al., 2013).
The value of such research has been demonstrated when
there is a need to match social institutions to the scale of
ecological processes they are responsible for managing
(Guerrero et al., 2015).

4.4 | Conclusion

Our study highlights the importance of considering coor-
dination and socialization processes (information flow)
when designing behavior change interventions. By exam-
ining the interplay between individual behavioral charac-
teristics and their positions within social networks, we
have shown that ignoring network processes such as
information dynamics and coordination socialization
across actor types can lead to incomplete conclusions and
ineffective interventions. However, the success of such
efforts will depend on nuanced strategies that address
individual psychosocial profiles, social roles, and broader
network dynamics, while also overcoming methodologi-
cal and practical challenges in data collection and
analysis.
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