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Abstract

Science denial causes a range of damaging impacts on society. This is particularly the case with climate
science denial, which has resulted in strong polarization around a non-controversial scientific issue,
and prolific  dissemination of  climate misinformation.  This  in  turn has  had the effect  of  reducing
public acceptance of climate change, and eroding support for policies to mitigate climate change. In
order to develop effective responses to science denial, it is necessary to first understand the drivers of
science denial, which leads to deeper understanding of the techniques employed to cast doubt on the
reality of climate change. Analysis of denialist techniques can inform development of interventions
that neutralize misinformation. Inoculation has been shown to be an effective way to preemptively
reduce the influence of climate science denial. Two methods to practically implement inoculation are
misconception-based learning (teaching science by addressing scientific misconceptions) and techno¬
cognition (an interdisciplinary approach that implements psychological principles in the design of
technological solutions to misinformation). Interventions and procedures developed for the counter¬
ing of climate misinformation may also be applied to other scientific topics rife with misinformation,
such as vaccination and evolution.

Introduction

here  is  an  overwhelming  scientific  con¬
sensus  that  humans  are  causing  global

warming.  Between  90  to  100%  of  climate
scientists  have  concluded  that  humans  are
causing  global  warming,  with  a  number
of  studies  converging  on  97%  consensus
(Cook  et  al.,  2016).  Despite  the  strength¬
ening  consensus,  a  small  proportion  of  the
U.S.  public  continue  to  reject  the  findings  of
mainstream  climate  science  (Leiserowitz  et
ah,  2017).  This  small  but  vocal  minority  has
persistently  and  prolifically  produced  misin¬
formation  about  climate  change,  with  the
purpose  of  confusing  the  public  about  the
reality  of  human-caused  climate  change.

Misinformation  is  commonly  defined  as
information that is  initially  presented as true
but later shown to be false (Lewandowsky et
al.  2012).  There  is  growing  awareness  of  the

damaging  and  significant  impacts  of  misin¬
formation.  In  2014,  the  World  Economic
Forum  named  online  misinformation  as  one
of the top ten trends of  global  concern (WEF,
2014).  In  recognition  of  the  salience  of
misinformation,  Oxford  Dictionary  named

“post-truth” the 2016 word of the year (Flood,
2016).  One  year  later,  Collins  Dictionary
named  “fake  news”  the  2017  word  of  the
year  (Flood,  2017).

Climate  misinformation  has  contributed
to  public  misperceptions  about  climate
change  (McCright  and  Dunlap,  2010).  For
example,  there  is  a  significant  gap  between
scientific  understanding  of  climate  change,
and  public  perceptions,  with  only  12%  of
the  American  public  aware  that  the  scien¬
tific  consensus  on  climate  change  is  greater
than  90%  (Leiserowitz  et  al.  2017).  Students
hold  a  number  of  misconceptions  about
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the greenhouse effect  and its  role  in  causing
global  warming  (Chang  and  Pascua,  2015).
These misconceptions are dangerous because
they  reduce  concern  about  climate  change
and  support  for  mitigation  policies  (van  der
Linden,  2017;  Ranney  and  Clark,  2017).

Understanding  science  denial

Science  denial  is  the  unwillingness  to  accept
existing  scientific  evidence.  In  the  case  of
climate  science  denial,  this  may  apply  to  evi¬
dence  supporting  the  existence  of  climate
change,  humanity’s  role  in  causing  recent
global  warming,  and/or  the  severity  of  cli¬
mate impacts.  A  number of  terms have been
used  to  characterize  climate  science  denial,
such  as  scepticism,  contrarianism,  dismissal,
dissent,  doubt,  or  anti-climate  change.  Most
common  is  the  term  sceptic  (e.g.,  Capstick
and  Pidgeon,  2013;  Rahmstorf,  2004).  How¬
ever,  using  the  term  sceptic  to  describe  the
rejection  of  scientific  evidence  is  problematic
and  misleading  (Lewandowsky  et  ah,  2016;
Odenbaugh,  2016).  Genuine  scientific  scep¬
ticism  requires  an  evidence-based  approach,
eschewing  pseudo-scientific  principles.  This
is  the polar opposite to science denial,  which
involves  denial  of  inconvenient  evidence
and  eager  adoption  of  pseudo-scientific
arguments  if  they  support  preconceptions.
Consequently,  this  paper  refers  to  the  rejec¬
tion of mainstream climate science as climate
science  denial.  We  begin  our  examination  by
first  exploring  what  motivates  some  people
to  reject  climate  science.

Psychological  drivers  of  science  denial

A  survey-of-surveys  found  that  the  strongest
drivers  of  climate  beliefs  are  political  affili¬
ation  and  political  ideology  (Hornsey  et  al.
2016).  Politics  is  a  greater  influence  on  cli¬
mate  perceptions  than  education,  income
level,  gender,  race,  and  even  science  literacy

levels.  Why  would  political  beliefs  influence
a  person’s  views  on  a  scientific  matter  such
as climate change? The answer is aversion to
proposed  policies  to  mitigate  human-caused
global  warming.  When  political  conserva¬
tives  are  presented  with  information  about
climate  change  as  well  as  one  of  two  pro¬
posed  solutions  to  climate  change  (either
regulation  of  pollution  or  nuclear  energy),
they  respond  positively  to  the  nuclear  ver¬
sion  but  negatively  to  the  regulation  version
(Campbell  and  Kay,  2014).  Disliking  the
solution  to  climate  change,  political  con¬
servatives are predisposed to deny that there’s
a  problem  that  needs  solving.

While  individual  cognition  plays  a  strong
role  in  people’s  climate  attitudes,  social  and
external  cues  are  also  important.  One  of  the
strongest  external  influences  are  cues  from
political  elites  (Brulle  et  ah,  2012).  Public
concern  about  climate  change  dropped  dra¬
matically  around  2009.  Analysis  of  public
surveys  conducted  over  this  time  found  that
the  change  in  climate  attitudes  was  due  pri¬
marily  to  elite  cues  (Mildenberger  and  Leise-
rowitz,  2017).  Over  this  same  time  period,
there  was  a  sharp  up-tick  in  the  production
of  misinformation  targeting  climate  science
(Boussalis  and  Goan,  2016;  see  Figure  2).
Putting  these  disparate  studies  together,  we
see  that  misinformation  disseminated  by
conservative  leaders  played  a  strong  part
in  reducing  public  concern  about  climate
change.

Figure  1,  derived  from  Cook  and  Lewand¬
owsky  (2016),  provides  a  concise  visual  sum¬
mary  of  some  of  the  contributing  factors  to
misconceptions  about  climate  change.  The
graph shows survey results of perceived con¬
sensus,  with  the  horizontal  axis  representing
political  ideology,  depicting  clearly  the  gap
between public perceptions of consensus and
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the  actual  97%  agreement  among  climate
scientists  that  humans  are  causing  global
warming.

Ideology
Figure  1:  The  consensus  gap  (Cook  and
Lewandowsky,  2016).
While  political  ideology  has  a  strong  influ¬
ence  on  climate  perceptions,  there  is  still  a
large  “consensus  gap”  among  political  lib¬
erals  who  possess  no  ideological  reason  to
reject climate science. This “liberal consensus
gap”  is  driven  by  either  lack  of  awareness  of
the  consensus,  or  misinformation  that  casts
doubt  on  the  consensus.  Climate  mispercep¬
tions  are  the  result  of  both  cultural  biases
and  informational  deficiencies.

The  origiii  of  climate  science  denial

Climate  change  hasn’t  always  been  a  polar¬
ized,  partisan  issue.  In  1989,  Republican
President  George  H.  W.  Bush  promised
to  “fight  the  greenhouse  eflPect  with  the
White  House  effect”  (Peterson,  1989,  p.
Al).  However,  the  issue  gradually  became
polarized  due  to  misinformation  campaigns
in  the  early  1990s  conducted  by  conserva¬
tive  think-tanks  with  the  purpose  of  under¬
mining  the  Kyoto  Protocol  (McCright  and
Dunlap,  2000).  These  campaigns  were  ena¬
bled  and  amplified  by  billions  of  dollars  of
funding  from  the  fossil  fuel  industry  (Brulle,
2014;  Farrell,  2016a;  Farrell,  2016b).  Ini¬
tially,  conservative  think-tanks  disseminated

their  misinformation  through  the  publica¬
tion  of  a  number  of  books  sceptical  about
environmental  science  and  policy  (Jacques
et ah,  2008).

To  disseminate  their  messages,  think-
tanks  relied  on  a  small  number  of  contrar¬
ian  scientists.  Only  a  small  minority  of  cli¬
mate  scientists  reject  human-caused  global
warming  (Anderegg  et  al.,  2010;  Doran  and
Zimmerman,  2009),  and  climate  misinfor¬
mation  has  a  vanishingly  small  presence  in
the  scientific  literature  (Cook  et  al.,  2013;
Oreskes,  2004).  The  few  number  of  papers
that  do  manage  to  get  published  in  peer-
reviewed  journals  have  been  shown  to  pos¬
sess  fatal  flaws  in  their  analysis  (Abraham et
al.,  2014;  Benestad  et  al.,  2016).  However,
conservative  think-tanks  have  exploited
the  journalistic  norm  of  media  balance  to
ensure that  contrarian voices receive roughly
equivalent  media  coverage  to  mainstream
climate  scientists  (Painter  and  Ashe,  2012).
The  prevalence  of  false  balance  coverage  in
mainstream  media  has  had  broad  impact,
with  analysis  indicating  semantic  similari¬
ties  between  misinformation,  media  cover¬
age,  and  U.S.  Presidential  statements  (Far¬
rell,  2016b).  The  spilling  of  misinformation
into  public  statements  by  political  leaders  is
especially  significant  given  that  cues  from
political  elites  has  been  found  to  be  a  cru¬
cially  important  influence  on  public  concern
over climate change.

Rejection  of  climate  science  continues
unabated.  An  analysis  of  conservative  think-
tank articles about climate change found that
misinformation  casting  doubt  on  climate
science  has  been  on  the  increase  relative  to
arguments against climate policy, as depicted
in  Figure  2  (Boussalis  and  Coan,  2016).  In
2016,  the  most  shared  climate  story  on
social  media  featured  the  Global  Warming
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Petition  Project:  an  online  petition  listing
tens  of  thousands  of  dissenting  people  with
a  science  degree  as  evidence  that  there  was
no  scientific  consensus  on  climate  change
(Readfearn,  2016).

Figure  2:  Relative  increase  of  climate  sci¬
ence  denial  relative  to  climate  policy  denial
(Boussalis  &  Coan,  2016,  with  updated  data
incorporating  blog  posts).

Second,  misinformation  can  cancel  out
the  positive  effect  of  accurate  information.
McCright  et  al.  (2017)  found  that  denial-
ist  frames  reduced  the  positive  effect  of  a
number  of  different  climate  frames.  Van  der
Linden  et  al.  (2017)  found  that  when  par¬
ticipants  were  presented  with  information
about the scientific consensus alongside mis¬
information  casting  doubt  on  the  consensus,
the  overall  effect  was  no  significant  change
in  perceived  consensus.  Cook  et  al.  (2017)
found  that  false  balance  media  coverage  of
climate  change,  where  factual  information
was  presented  along  with  misinformation,
resulted  in  a  decreased  in  perceived  consen¬
sus.

Third,  misinformation  has  a  polarizing
effect,  disproportionately  influencing  politi¬
cal  conservatives  (Cook  et  al.,  2017;  van  der
Linden  et  ah,  2017).  Consequently,  com¬
munities  that  receive  misinformation  show
a divergence in climate attitudes along politi¬
cal lines.

Lastly,  another  mostly  overlooked  but
dangerous effect of climate denial is the mis¬
conception  of  pluralistic  ignorance—the  lack
of awareness among people concerned about
climate  change  that  most  people  share  their
concern.  National  surveys  of  the  U.S.  public
find  that  most  of  the  public  are  alarmed  or
concerned  about  climate  change  (Leiserow-
itz  et  ah,  2017),  but  also  that  they  think  they
are  in  the  minority.  This  causes  people  to
self-censor  and  refrain  from  discussing  cli¬
mate  change  with  their  friends  (Geiger  and
Swim,  2016).  This  silence  in  turn  reinforces
the  misconception  of  pluralistic  ignorance,
resulting  in  a  “spiral  of  silence”  (Maibach
et  ah,  2016).  Pluralistic  ignorance  and  the
subsequent  climate  silence  is  another  insidi¬
ous  impact  of  a  small  but  vocal  dissenting
minority.

210



Journal  &  Proceedings  of  the  Royal  Society  of  New  South  "'^^es
Cook—Understanding  and  countering  climate  science  denial

The  techniques  of  science  denial

Content  analysis  of  conservative  think-tank
articles  about  climate  change  has  identified
three  major  topics  in  denialist  text:  science,
policy,  and  scientific  integrity  (Boussalis
and  Coan,  2016).  Within  the  science  topic,
Rahmstorf  (2004)  lists  three  categories  of
misinformation:  trend  (global  warming  isn’t
happening),  attribution (humans aren’t  caus¬
ing  it),  and  impact  (climate  impacts  are  not
bad).  Poortinga  et  al.  (2011)  found  that
denial  of  one  aspect  of  climate  science  (e.g.,
trend)  was  associated  with  denial  of  other
aspects  of  climate  science  (e.g.,  impact).

However,  there  is  little  coherence  across
these  positions—a  denialist  blog  can  be
seen  arguing  that  global  warming  isn’t  hap¬
pening  one  day,  then  claiming  that  global
warming  is  caused  by  the  sun  the  next  day
(Lewandowsky  et  al.,  2016).  The  one  con¬
sistent  theme  among  denialist  claims  is  the
conclusion  of  each  argument—opposition
to  climate  mitigation  policies.  Climate
science  denial  is  not  a  coherent,  evidence-
based  worldview—rather,  it  is  a  collection
of  rhetorical  arguments  pursuing  political
objectives.

Among  the  various  movements  that
reject  a  scientific  consensus,  whether  it  be
on  climate  change,  evolutionary  biology,  or
the  health  impacts  of  smoking,  five  char¬
acteristics  or  techniques  of  science  denial
are  observed  (Diethelm  and  McKee,  2009;
Hoofnagle,  2007).

F  L  I  C  C

C)  o  o  ®  o

Fake  Logical  Impossible  Cherry  Conspiracy
Experts Fallacies Expectations Picking Theories
Figure  3:  FLICC^—the  five  characteristics  of
science  denial  (Cook  et  al.,  2015;  Hoofnagle,
2007).

Fake  experts:  This  involves  spokespeople
who convey the impression of  expertise on a
topic and yet possess little relevant expertise.
The  Global  Warming  Petition  Project  is  the
most  prevalent  form of  this  technique within
climate  misinformation,  featuring  31,000
signatories  of  an  online  petition  dissent¬
ing  against  human-caused  global  warming.
However,  99.9%  of  the  signatories,  while
holding  a  science  degree,  possess  no  exper¬
tise  in  climate  science.  This  petition  has
been  found  experimentally  to  be  one  of  the
most  effective  denialist  arguments  in  lower¬
ing  acceptance  of  climate  change  (van  der
Linden  et  al.,  2017).

Logical  fallacies:  Arguments  designed  to
persuade  people  consist  of  one  or  more
premises,  leading  to  a  conclusion.  Climate
denialist  arguments  typically  contain  fatal
logical  flaws  (Cook  et  al.,  in  review).  There
are  three  classes  of  logical  fallacies  found
in  climate  misinformation:  fallacies  of  rel¬
evance  (where  the  premises  are  irrelevant
to  the  conclusion),  scope  (where  not  all
relevant  evidence  is  considered),  and  pre¬
sumption  (where  the  argument  contains
false premises).

Impossible  expectations:  This  involves
demanding  unrealistic  levels  of  proof,  or
misrepresenting  the  nature  of  scientific
uncertainty.  As  science  is  typically  proba¬
bilistic,  calls  for  absolute  scientific  certainty
are  an  effective  method  of  casting  doubt  on
scientific  findings.  This  denialist  technique
is  known  as  “Scientific  Certainty  Argumen¬
tation  Methods”  (SCAMS,  Freudenberg  et
al.,  2008).

Cherry picking: This technique is defined as
selectively  chooses  data  leading to  a  desired
conclusion  that  differs  from  the  conclusion
arising  from  all  the  available  data”  (Cook  et
al,  in  review).  A  common  example  of  cherry
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picking  is  arguing  that  global  warming  isn’t
happening because  of  cold  weather  in  a  par¬
ticular  location  at  the  same  time  that  the
planet as a whole is experiencing record high
temperatures.

Conspiracy  theories:  Around  20%  of  the
U.S.  public  believe  that  climate  change  is  a
scientific  hoax  (Lewandowsky  et  al.,  2013).
Conspiracy  theories  have  a  number  of  nega¬
tive  effects,  even  when  people  are  not  con¬
vinced  by  them.  They  can  lower  support
for  climate  action  (van  der  Linden,  2015),
decrease one’s intent to reduce one’s carbon
footprint  (Jolley  and  Douglas,  2014),  and
decrease  trust  in  government  (Einstein  and
Click,  2014).

It  is  important  to  recognise  that  denialist
techniques  may  manifest  from  both  genuine
belief  and  intentional  deception,  and  that  it
is  virtually  impossible  to  distinguish  between
the  two.  This  is  because  ideologically-driven
denial  causes psychological  biases that  mani¬
fest  in  the  same  type  of  denialist  behaviour
as  intentional  deception.  For  example,
people  ascribe  greater  expertise  to  spokes-
people  whom  they  agree  with,  resulting  in
the  vulnerability  of  relying  on  fake  experts
(Kahan,  2011).  Correia  (2011)  argues  that
motivational biases can cause people to use a
number of logical fallacies in false arguments,
which  also  explains  why  these  types  of  argu¬
ments  tend  to  be  so  persuasive.  Impossible
expectations  can  arise  from  disconfirmation
bias—-where  threatening  evidence  is  vigor¬
ously  opposed.  The  flip  side  of  disconfirma¬
tion bias is confirmation bias—-where people
place  greater  weight  on  evidence  that  sup¬
ports  their  prior  beliefs-—resulting  in  cherry
picking.  Lastly,  climate  science  denial  has
been  associated  with  conspiratorial  thinking
(Lewandowsky  et  ah,  2013).

Responding  to  science  denial

As  the  use  of  denialist  techniques  may  arise
from  genuine  belief,  accusing  people  who
adopt  these  techniques  of  intentional  decep¬
tion  is  problematic  (and  often  incorrect).  A
more  robust  response  is  to  focus  on  the
techniques  employed,  rather  than  the  often-
unknowable  intentions  of  the  misinformer,
Diethelm  and  McKee  (2009)  argue  that
identifying  and  exposing  denialist  tactics  are
necessary  in  order  to  counter  science  denial.
Critical  thinking  analysis  of  climate  myths
is  useful  in  developing  refutations  (Cook  et
ah, in review).

Debunking

Once  misinformation  has  taken  hold,  it  is
extremely  difficult  to  dislodge  (for  a  review
of  research  into  debunking  misinforma¬
tion,  see  Lewandowsky  et  al.  2012;  Swire
and  Ecker,  in  press).  If  a  refutation  threat¬
ens  a  person’s  worldview,  it  can  even  cause
a  counterproductive  backfire  effect  (Hart
and  Nisbet,  2012).  Informing  people  that  a
piece  of  information  is  false  creates  a  gap  in
their  mental  model  of  the  world.  If  the  gap
is  not  filled  by  a  replacement  fact,  the  myth
will  continue  to  influence  people  (Seifert,
2002),  Consequently,  refutations  are  most
effective when they include a factual  replace¬
ment that meets the causal explanations sup¬
plied  by  the  original  misinformation  (Ecker
et  ah,  2015).  Another  element  of  an effective
debunking  is  a  warning  preceding  the  myth,
which makes people cognitively alert and less
likely  to  be  influenced  by  the  misinforma¬
tion  (Ecker  et  al.,  2010).

212



Journal  &  Proceedings  of  the  Royal  Society  of  New  South  ^Wales
Cook  “-“Understanding  and  countering  climate  science  denial

Inoculation

Research  indicates  that  wherever  possible
when  countering  misinformation,  preven¬
tion  is  better  than  cure  (Bolsen  and  Druck-
man,  2015).  Inoculation  theory  offers  one
framework  for  pre-emptive  strategies  to
neutralize  misinformation.  This  approach
applies  the  concept  of  vaccination  to  knowl¬
edge  (McGuire  and  Papageorgis,  1961).  Just
as  exposure  to  a  weak  form of  a  virus  helps
people  build  resistance  to  the  actual  virus,
similarly when people are exposed to a weak
form  of  misinformation,  they  become  less
vulnerable  to  being influenced by actual  mis¬
information.  An  inoculating  text  requires
two  elements:  a  warning  of  the  threat  of
being  misinformed,  and  counterarguments
explaining  how  the  misinformation  is  false.

The  efficacy  of  inoculation  against  misin¬
formation  has  been  found  in  several  stud¬
ies  involving  climate  misinformation.  One
experiment  found  that  after  specific  flaws
in  the  Global  Warming  Petition  Project
were  explained  to  participants,  the  misin¬
formation  was  mostly  neutralized  (van  der
Linden  et  ak,  2017).  In  another  experiment,
when  participants  received  an  explanation  of
how  false  balance  media  coverage  can  mis¬
lead  people,  the  typical  negative  impact  of
false  balance  media  coverage  was  removed
(Cook  et  al.,  2017).  This  study  also  found
that  explaining  a  general  technique  of  mis¬
information  was  effective  in  neutralizing  the
misinformation  without  actually  mentioning
the  specific  myth.  Figure  4  shows  how  cli¬
mate  misinformation  has  a  disproportionate
effect  among  political  conservatives  (orange
line) but is  completely neutralized across the
political  spectrum  after  receiving  an  inocula¬
tion  treatment  (blue  line).

Figure  4:  Inoculation  (Cook  et  al.  2017).
This  approach  of  general  inoculation  with¬
out  mentioning  a  specific  myth  is  consistent
with  the  idea  of  an  “umbrella  of  protection”,
with  inoculation  found  to  convey  resistance
to  other  arguments  besides  the  one  men¬
tioned  in  the  inoculation  (Parker  et  al.,  2012;
Pfau  et  al.,  1997).  It  also  echoes  a  millennia-
old  approach  advocated  by  Aristotle,  who
argued  that  understanding  the  logical  falla¬
cies  of  false  arguments  provides  a  universal
safeguard  against  misinformation  (Comp¬
ton,  2005).  This  is  particularly  relevant  with
climate  science  denialist  arguments,  which
employ  recurrent  fallacious  errors  (Cook  et
al.,  in  review).

Another  benefit  of  inoculation  is  that
people  exposed  to  an  inoculation  are  more
likely  to  talk  about  the  issue  (Ivanov  et  al.,
2015).  This  is  particularly  relevant  given  the
prevalent “climate silence”, with even people
who are alarmed or concerned about climate
change  mostly  not  talking  about  climate
change  with  family  and  friends  (Maibach
et  ah,  2016).  One  of  the  drivers  of  this  cli¬
mate  silence  is  fear  of  looking  incompetent
(Geiger  and  Swim,  2016).  Consequently,  it
is  possible  that  inoculating  people  against
counter-arguments  from  denialists  mitigate
this fear.
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Misconception-based  learning

Misconception-based  learning  offers  a  pow¬
erful  and  practical  way  to  apply  inoculation
in  an  educational  setting.  Tliis  involves
teaching  scientific  concepts  by  examining
misconceptions  and  how  they  distort  the
science,  or  by  critiquing  misinformation  and
the  techniques  employed  to  mislead.  Mis¬
conception-based learning has been found to
be one of the most powerful ways of teaching
science,  with  a  number  of  benefits  in  com¬
parison to standard science teaching that fails
to address misconceptions. It leads to greater
and  longer  lasting  learning  gains  (McCuin
et  ah,  2014),  improved  argumentative  and
critical  thinking  skills  (Kuhn  and  Crowell,
2011;  Berland  and  Reiser,  2008;  Todd  and
O’Brien,  2016),  and  is  more  engaging  to
students  (Mason  et  ak,  2008).

Consequently,  teachers  are  recommended
to  benefit  from  courses  that  target  climate
misconceptions  (Frankie,  2014).  Educa¬
tors  have  already  employed  this  teaching
approach  in  classrooms  (Bedford,  2010;
Cook  et  ak,  2014;  Lambert  and  Bleicher,
2017;  Lovitt  and  Shuyler,  2016).  There
have  also  been  attempts  to  develop  educa¬
tional  resources  for  educators,  in  the  form
of  a  textbook  (Bedford  and  Cook,  2016)
and  a  Massive  Open  Online  Course  (Cook
et  ak  2015).  Nevertheless,  there  remains  a
dearth  of  educational  resources  that  adopt
a  misconception-based  learning  approach
(Tippett,  2010),  and  further  development  of
resources  using  this  approach  is  required.

Technocognition

While  psychological  research  offers  best
practices  for  designing  refutation  content
in  response  to  misinformation,  there  is  also
a  need  to  develop  ways  to  deploy  such  con¬
tent  in  a  timely  and  scaleable  fashion.  Given

that  social  media  and  the  Internet  have  con¬
tributed  to  the  dissemination  and  amplifi¬
cation  of  misinformation,  it  is  fitting  (and
indeed  necessary)  that  technology  should
be  employed  to  neutralize  misinformation’s
influence.  However,  technological  solutions
can  be  ineffective  or  counterproductive.
Zollo  et  ak  (2017)  found  that  Facebook  fact-
checks caused conspiratorial users to increase
their  engagement  with  conspiratorial  posts.
General  warnings  about  fake-news  run  the
danger of breeding cynicism about news arti¬
cles  in  general  (Pennycook  and  Rand,  2017;
van  Duyn  and  Collier,  2017).

In  order  for  technological  solutions  to
be  most  effective,  they  should  incorpo¬
rate  the  findings  of  psychological  research,
an  approach  known  as  “technocognition”
(Lewandowsky  et  ak,  2017).  This  is  an  inter¬
disciplinary approach that combines research
findings  from  psychology,  critical  thinking
approaches  from  philosophy,  and  behav¬
ioural  economics  principles,  in  the  design
of  information  architectures  deployed  via
scaleable,  technological  solutions.

For  example,  automatic  detection  and
instant  assessment  of  the  veracity  of  arti¬
cles  is  considered  the  “holy  grail”  of  fact¬
checking  (Hassan  et  al.,  2015).  There  are  a
number  of  ways  that  researchers  are  explor¬
ing  the  detection  of  misinformation,  with
the  approaches  grouped  into  linguistic
or  networking  approaches  (Conroy  et  ak,
2015).  Linguistic  approaches  include  ana¬
lysing  language  structure,  discourse  analy¬
sis,  and  using  machine  learning  to  sort  text
into  categories.  Network  approaches  include
social  network  analysis  and  construction  of
knowledge  networks  in  order  to  assess  how
new  claims  integrate  within  existing  knowl¬
edge structures.
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While  automatic  detection  of  misinforma¬
tion  is  a  steep  challenge,  the  characteristics
of  climate  science  denial  mean  that  real¬
time  debunking  is  a  practical  reality.  The
denialist  arguments  deployed  today  are  the
same arguments deployed in the early 1990s
(McCright  and  Dunlap,  2000).  The  static
nature  of  climate  misinformation  means
that the last  few decades offer a vast  corpus
of  data  containing  consistent  textual  pat¬
terns,  potentially  allowing  the  detection  of
specific  denialist  claims.  Automated  analysis
of  climate  misinformation  is  already  being
conducted,  with  Boussalis  and  Goan  (2016)
analysing  conservative  think-tank  articles
using  a  supervised  machine-learning  tech¬
nique. This enabled them to detect overarch¬
ing  topic  categories  such  as  science,  policy,
and  scientific  integrity.  This  research  needs
to  be  extended  to  be  able  to  detect  specific
denialist  claims  about  climate  change,  which
could  then  be  mapped  to  refutations  in  real-
world,  automated  applications.

Conclusion

Fake  news  and  post-truthism  has  become
a  highly  salient  issue  in  recent  times,  with
misinformation  playing  prominent  roles  in
the  Brexit  and  U.S.  Presidential  elections.
While  the  mainstreaming  of  post-truthism  is
a  recent  phenomenon,  climate  misinforma¬
tion  has  existed  for  decades  and  there  is  a
corresponding  large  body  of  research  study¬
ing  its  nature  and  how  to  counter  it.

This  research  tells  us  that  the  damaging
influence  of  misinformation  cannot  be
ignored.  Fortunately,  there  is  a  large  and
growing  body  of  psychological  research  into
understanding  and  responding  to  climate
misinformation.  These  lessons  need  to  be
implemented  in  technological  solutions  that
seek  to  neutralize  the  influence  of  misinfor¬
mation  in  broad,  scalable  applications.

The  lessons  learnt  from  the  study  of  cli¬
mate  misinformation  can  also  be  applied  to
other  disciplines.  Misinformation  abounds
in  other  scientific  topics  such  as  vaccination,
health,  and  evolution.  Consequently,  the
procedures and applications being developed
to  counter  climate  misinformation  may  also
be  adapted  and  applied  to  science  denial  in
general.

References

Abraham,  J.  R,  Cook,  Fasullo,  J.  T.,  Jacobs,
P.  FI.,  Mandia,  S.  A.,  &  Nuccitelli,  D.
A. (2014). Review of the consensus and
asymmetric quality of research on human-
induced climate change. Cosmopolisy 1, 3-18.

Anderegg,  W.  R.  L.,  Prall,  J.  W,  Harold,  J.,  &
Schneider,  S.  H.  (2010).  Expert  credibility
in climate change. Proceedings of the National

Academy of Sciences of the United States of
America,  107,  12107-12109.

Bedford, D. (2010). Agnotology as a teaching
tool: Learning climate science by studying
misinformation.  of  Geography,  109(4),
159-165.

Bedford,  D.,  &  Cook,  J.  (2016).  Climate
Change: Examining the Facts. Santa Barbara,
CA:  ABC-CLIO.

Benestad,  R.  E.,  Nuccitelli,  D.,  Lewandowsky,
S.,  Hayhoe,  K.,  Hygen,  H.  O.,  van  Dorland,
R.,  &  Cook,  J.  (2016).  Learning  from
mistakes in climate research. Theoretical and

Applied  Climatology  126(3-4),  699-703.
Berland,  L.  K.,  &  Reiser,  B.  J.  (2009).  Making

sense of argumentation and explanation.
Science Education, 93(1), 26-55.

Bolsen,  T,  &  Druckman,  J.  N.  (2015).
Counteracting the politicization of science.

Journal of Communication, 65(5), 745-769.
Boussalis,  C.,  &  Coan,  T.  G.  (2016).  Text¬

mining the signals of climate change doubt.
Global Environmental Change, 36, 89-100.

Brulle,  R.  J.,  Carmichael,  J.,  &  Jenkins,  J.  C.
(2012). Shifting public opinion on climate
change: an empirical assessment of factors
influencing concern over climate change
in  the  US,  2002-2010.  Climatic  Change,
114(2), 169-188.

215



Journal  &  Proceedings  of  the  Royal  Society  of  New  South  ^^les
Cook^—Understanding  and  countering  climate  science  denial

Brulle,  R.  J.  (2014).  Institutionalizing delay:
foundation funding and the creation of
US climate change counter-movement
organizations. Climatic Change, 122(4), 681-
694.

Campbell,  T.  H.,  &  Kay,  A.  C.  (2014).
Solution aversion: On the relation between
ideology and motivated disbelief Journal of
Personality and Social Psychology, 107(5), 809.

Carmichael,  J.  T,  &  Brulle,  R.  J.  (2017).  Elite
cues, media coverage, and public concern: an
integrated path analysis of public opinion on
climate change, 2001-2013. Environmental
Politics, 26(2), 232-252.

Chang,  C.  H.,  &  Pascua,  L.  (2015).  ‘The  hole
in the sky causes global warming : A case
study of secondary school students’ climate
change alternative conceptions. Review of
International Geographical Education Online
(RIGEO),  5(3),  316.

Compton,}.  (2005).  Comparison,  contrast,
and synthesis of Aristotelian rationality and
inoculation. Journal of the Speech and Theatre

Association of Missouri, 35, 1-23.
Conroy,  N.  J.,  Rubin,  V.  L.,  &  Chen,  Y.

(2015). Automatic deception detection:
Methods for finding fake news. Proceedings
of the Association for Information Science and
Technology, 52(1), 1-4.

Cook,  J.,  Bedford,  D.  &  Mandia,  S.  (2014).
Raising Climate Literacy Through Addressing
Misinformation: Case Studies in Agnotology-
Based Learning. Journal of Geoscience
Education,  62(3),  296-306.

Cook,  J.,  Ellerton,  R,  and  Kinkead,  D.  (2018).
Deconstructing climate misinformation to
identify reasoning errors. Environmental
Research Letters. DOI: 10.1088/1748-9326/
aaa49f

Cook,  J.  &  Lewandowsky,  S.  (2016).  Rational
Irrationality: Modeling Climate Change
Belief Polarization Using Bayesian Networks.
Topics in Cognitive Science. 8(1), 160-179.

Cook,  J.,  Lewandowsky,  S.,  &  Ecker,  U.
(2017). Neutralizing misinformation
through inoculation: Exposing misleading
argumentation techniques reduces their
influence.  PLOS  ONE,  12(5):  e0175799.

Cook,  J.,  Nuccitelli,  D.,  Green,  S.A.,
Richardson,  M.,  Winkler,  B.,  Painting,  R.,

Way,  R.,  Jacobs,  R,  &  Skuce,  A.  (2013).
Quantifying the consensus on anthropogenic
global warming in the scientific literature.
Environmental Research Letters, 8(2), 024024+.

Cook,  J.,  Oreskes,  N.,  Doran,  P.  T,  Anderegg,
W.  R.,  Verheggen,  B.,  Maibach,  E.  W,
Carlton,  J.  S.,  Lewandowsky,  S,,  Skuce,  A.
G.,  Green,  S.  A.,  &  Nuccitelli,  D.  (2016).
Consensus on consensus: a synthesis of
consensus estimates on human-caused global
warming. Environmental Research Letters,
11(4), 048002.

Cook,  J.,  Schuennemann,  K.,  Nuccitelli,
D.,  Jacobs,  R,  Cowtan,  K.,  Green,  S.,  Way,
R.  ,  Richardson,  M.,  Cawley,  G.,  Mandia,
S.  ,  Skuce,  A.,  &  Bedford,  D.  (April  2015).
Denial 10 lx: Making Sense of Climate
Science Denial. edX. http://edx.org/
understanding-climate-denial

Correia, V. (2011). Biases and fallacies: The
role of motivated irrationality in fallacious
reasoning. Cogency, 3(1), 107-126.

Diethelm,  R,  &  McKee,  M.  (2009).
Denialism: what is it and how should
scientists respond? The European Journal of
Pu blic Health, 19(1), 2-4.

Doran,  R  T,  &  Zimmerman,  M.  K.  (2009).
Examining the scientific consensus on
climate change. Eos, Transactions American
Geophysical Union, 90(3), 22-23.

Ecker,  U.K.H.,  Lewandowsky,  S.,  &Tang,
D.T.W.  (2010).  Explicit  warnings  reduce  but
do not eliminate the continued influence of
misinformation. Memory & Cognition, 38,
1087-1100.

Einstein,  K.  L.,  &  Click,  D.  M.  (2014).  Do  I
think BLS data are BS? The consequences of
conspiracy theories. Political Behavior, 37(3),
679-701.

Farrell, J. (2016a). Corporate funding and
ideological polarization about climate change.
Proceedings of the National Academy of Sciences,
113(1), 92-97.

Farrell, J. (2016b). Network structure and
influence of the climate change counter¬
movement. Nature Climate Change, 6(4),
370-374.

Flood, A. (2016). ’Post-truth’ named word
of the year by Oxford Dictionaries. The
Guardian. Retrieved from https://www.

216



Journal  &  Proceedings  of  the  Royal  Society  of  New  South  Wales
Cook—Understanding  and  countering  climate  science  denial

theguardian.com/books/2016/nov/15/post-
truth-named-word-of-the-year-by-oxford-
dictionaries

Flood, A. (2017). Fake news is Very real’ word
of the year for 2017. The Guardian. Retrieved
from https://www.theguardian.com/
books/2017/nov/ 02/fake-news-is-very-real-
word-of-the-year-for-2017

Frankie, Thomas J., “Facing the Controversy:
A Grounded Theory Study of How Teachers
Plan to Address Climate Change in Their
Classrooms” (2014). Education Doctoral,
http://fisherpub.sjfc.edu/education_„etd/191/

Freudenburg,  W  R.,  Gramling,  R.,  &
Davidson,  D.  J.  (2008).  Scientific  certainty
argumentation methods (SCAMs): science
and the politics of doubt. Sociological Inquiry,
78(1), 2-^38.

Geiger,  N.,  &  Swim,  J.  K.  (2016).  Climate
of silence: Pluralistic ignorance as a barrier
to climate change discussion. Journal of
Environmental Psychology, 47, 79-90.

Hart,  P.  S.,  &  Nisbet,  E.  C.  (2011).
Boomerang effects in science communication:
How motivated reasoning and identity cues
amplify opinion polarization about climate
mitigation policies. Communication Research,
39(6),  701-723.

Hoofnagle,  M.  (2007,  April  30).  Hello
Scienceblogs. Denialism Blog. Retrieved from
http://scienceblogs.com/denialism/about/

Hornsey,  M.  J.,  Harris,  E.  A.,  Bain,  P,  G.,  &
Fielding, K. S. (2016). Meta-analyses of
the determinants and outcomes of belief in
climate change. Nature Climate Change, 6(6),
622-626.

Ivanov,  B.,  Sims,  J.  D.,  Compton,  J.,  Miller,
C.  H.,  Parker,  K.  A.,  Parker,  J.  L.,  Harrison,
K.,  &  Averbeck,  J.  M.  (2015).  The  General
Content of Postinoculation Talk: Recalled
Issue-Specific Conversations Following
Inoculation Treatments. Western Journal of
Communication, 79(2), 218-238.

Jacques,  P  J.,  Dunlap,  R.  E,,  &  Freeman,
M. (2008). The organisation of denial:
Conservative think tanks and environmental
scepticism. Environmental Politics, 17(3),
349-385.

Jolley,  D.,  &  Douglas,  K.  M.  (2014).  The
social consequences of conspiracism:
Exposure to conspiracy theories decreases
intentions to engage in politics and to reduce
one’s carbon footprint. British Journal of
Psychology, 105(1), 35-56.

Kahan,  D.  M.,  Jenkins-Smith,  H.,  &  Braman,
D.  (2011).  Cultural  cognition of  scientific
consensus. Journal of Risk Research, 14(2),
147-174.

Kuhn,  D.,  &  Crowell,  A.  (2011).  Dialogic
argumentation as a vehicle for developing
young adolescents’ thinking. Psychological
Science, 22(4), 545-552.

Lambert,  J.  L.,  &  Bleicher,  R.  E.  (2017).
Argumentation as a strategy for increasing
preservice teachers’ understanding of
climate change, a key global socioscientific
issue. International Journal of Education in
Mathematics, Science and Technolo^, 5(1),
101 - 112 .

Leiserowitz,  A.,  Maibach, E.,  Roser-Renouf,
C.,  Rosenthal,  S.,  &  Cutler,  M.  (2017).
Climate change in the American mind: May
2017. Yale University and George Mason
University. New Haven, CT: Yale Program
on Climate Change Communication, http://
climatecommunication.yale.edu/publications/
climate-change-american-mind-may-2017/

Lewandowsky,  S.,  Ballard,  T,  Oberauer,  K.,  &
Benestad, R. (2016). A blind expert test of
contrarian claims about climate data. Global
Environmental Change, 39, 91-97.

Lewandowsky,  S.,  Cook,  J.,  &  Lloyd,  E.
(2016). The Alice in Wonderland’ mechanics
of the rejection of (climate) science:
simulating coherence by conspiracism.
Synthese, 1-22.

Lewandowsky, S., Ecker, U. K., Seifert,
C.  M.,  Schwarz,  N.,  &  Cook,  J.  (2012).
Misinformation and its correction continued
influence and successful debiasing.
Psychological Science in the Public Interest,
13(3), 106-131.

Lewandowsky,  S.,  Ecker,  U.  K.  H.,  and
Cook,  J.  (2017).  Beyond  Misinformation:
Understanding and coping with the post¬
truth era. Journal of Applied Research in
Memory and Cognition.

Ill



Journal  &  Proceedings  of  the  Royal  Society  of  New  South  Wales
Cook-—Understanding  and  countering  climate  science  denial

Lewandowsky,  S.,  Gignac,  G.  E.,  & Oberauer,
K. (2013). The role of conspiracist ideation
and worldviews in predicting rejection of
science.  PLOS  ONE,  8(10),  e75637.

Lovitt,  C.  E,  &  Shuyler,  K.  (2016).  Teaching
Climate Change Concepts and the Nature
of Science: A Library Activity To Identify
Sources of Climate Change Misconceptions.
In Integrating Information Literacy into
the Chemistry Curriculum (pp. 221-246).
American Chemical Society.

Maibach,  E.,  Leiserowitz,  A.,  Rosenthal,  S.,
Roser-Renouf,  C.,  &  Cutler,  M.  (2016).  Is
there a climate “spiral of silence” in America?
Yale University and George Mason University.
New Haven, CT: Yale Program on Climate
Change Communication,  March  2016.
http://climatecommunication.yale.edu/
publications/climate-spiral-silence-america/

Mason,  L.,  Gava,  M.,  &  Boldrin,  A.  (2008).
On warm conceptual change: The interplay
of text, epistemological beliefs, and topic
interest. Journal of Educational Psychology,
100(2), 291.

McCright,  A.  M.,  Charters,  M.,  Dentzman,
K.,  &  Dietz,  T.  (2016).  Examining  the
Effectiveness of Climate Change Frames
in the Face of a Climate Change Denial
Counter-Frame. Topics in Cognitive Science,
8(1), 76-97.

McCright,  A.  M.,  &  Dunlap,  R.  E.  (2000).
Challenging global warming as a social
problem: An analysis of the conservative
movement’s counter-claims. Social Problems,
47(4),  499-522.

McCright,  A.  M.  &  Dunlap,  R.  E.  (2010).
Anti-reflexivity: The American conservative
movement’s success in undermining climate
science and policy. Theory, Culture & Society,
27(2-3),  100-133.

McCuin,  J.  L.,  Hayhoe,  K.,  &  Hayhoe,  D.
(2014). Comparing the Effects of Traditional
vs. Misconceptions-Based Instruction on
Student Understanding of the Greenhouse
Effect. Journal of Geoscience Education, 62(3),
445-459.

McGuire,  W.  J.,  &  Papageorgis,  D.  (1961).
The relative efficacy of various types of prior
belief-defense in producing immunity against

persuasion. Public Opinion Quarterly, 26,
24-34.

Mildenberger,  M.,  &  Leiserowitz,  A.  (2017).
Public opinion on climate change: Is
there an economy-environment tradeoff?
Environmental Politics, 26(5): 801-824.

Odenbaugh, J. (2017). On the contrary:
how to think about climate skepticism.
Routledge Companion to Environmental Ethics,
Benjamin Hale and Andrew Light, eds.,
Routledge Press.

Oreskes, N. (2004). Tie scientific consensus
on climate change. Science, 306(5702), 1686-
1686.

Painter,  J.,  & Ashe,  T.  (2012).  Cross-national
comparison of the presence of climate
scepticism in the print media in six countries,
2007—10. Environmental Research Letters,
7(4), 044005.

Parker,  K.  A.,  Ivanov,  B.,  &  Compton,  J.
(2012), Inoculation’s efficacy with young
adults’ risky behaviors: can inoculation confer
cross-protection over related but untreated
issues? Health Communication, 27(3), 223-
233.

Pennycook,  G.,  &  Rand,  D.  G.  (2017).
Assessing the Effect of “Disputed” Warnings
and Source Salience on Perceptions of
Fake News Accuracy. SSRN. Retrieved
from https://papers.ssrn.com/sol3/papers.
cfm?abstract_id=3035384

Peterson,  C.  (1989,  May  9).  Experts,  OMB
spar on global warming: “Greenhouse Effect”
may be accelerating, scientists tell hearing.
Washington Post, Al.

Pfau,  M.,  Kyle,  M.  R,  Tusing,  J.,  Koerner,  A.  R,
Lee,  W,  Godbold,  L.  C.,  Penaloza,  L.  J.,  Shu-
Hei  Yang,  V.,  &  HONG,  Y.  Y.  H.  (1997).
Enriching  the  Inoculation  Construct  Tie
Role of Critical Components in the Process
of Resistance. Human Communication
Research, 24(2), 187-215.

Poortinga,  W,  Spence,  A.,  Whitmarsh,  L.,
Capstick,  S.,  &  Pidgeon,  N.  F.  (2011).
Uncertain climate: An investigation into
public scepticism about anthropogenic
climate change. Global Environmental Change,
21(3),  1015-1024.

Rahmstorf, S. (2004). The climate sceptics.
Potsdam Institute for Climate Impact

218



Journal  &  Proceedings  of  the  Royal  Society  of  New  South  W^es
Cook”—Understanding  and  countering  climate  science  denial

Research, Potsdam, http://www. pik-potsdam.
de/stefan/Publications/Other/rahmstorC
climate_sceptics_„2004. pdf (accessed 12.05.
11 ).

Ranney,  M.A.  &  Clark,  D.  (2016).  Climate
Change Conceptual Change: Scientific
Information Can Transform Attitudes. Topics
in Cognitive Science, 8(1), 49-75.

Readfearn, G. (2016). Revealed: Most Popular
Climate Story on Social Media Told Half
a Million People the Science Was a Hoax.
Desmogblog. Retrieved from https://www.
desmogblog.com/2016/11/29/revealed-most-
popular-climate-story-social-media-told-half-
million-people-science-was-hoax

Seifert,  C. M. (2002). Tbe continued influence
of misinformation in memory: What makes
a correction eflFective? The Psychology of
Learning and Motivation, 41, 265-”292.

Swire,  B.  & Ecker,  U.  K.  H.  (in press).
Misinformation and its correction: Cognitive
mechanisms and recommendations for mass
communication. In. B. Southwell,  E, A.
Thorson, & L. Sheble, (Eds), Misinformation
and Mass Audiences. Austin, TX: University of
Texas Press.

Todd,  C.,  &  O’Brien,  K.  J.  (2016).  Teaching
Anthropogenic Climate Change Through
Interdisciplinary Collaboration: Helping
Students Think Critically About Science
and Ethics in Dialogue. Journal of Geoscience
Education, 64(1), 52-59.

van der Linden, S. (2015). The conspiracy-
effect: Exposure to conspiracy theories (about
global warming) decreases pro-social behavior
and science acceptance. Personality and
Individual Differences. 87, 171-173.

van der Linden, S., Leiserowitz, A. A.,
Feinberg,  G.  D.,  &  Maibach,  E.  W  (2015).
The scientific consensus on climate change
as a gateway belief: Experimental evidence.
PLOS ONE,  10(2),  eO 118489.

van der Linden, S., Leiserowitz, A., Rosenthal,
S.,  &  Maibach,  E.  (2017).  Inoculating
the public against misinformation about
climate change. Global Challenges, 1(2). doi:
10.1002/gch2.201600008

van  Duyn,  E.  &  Gollier,  J.  (2017).  Priming
and Fake News: The Effect of Elite Discourse
on Evaluations of News Media. APSA 2017
conference paper.

World  Economic  Forum  (2014).  Outlook  on
the Global Agenda 2014. World Economic
Eorum. Retrieved from http://reports.
weforum.org/outlook-14/view/ top-ten-
trends-category-page/10-the-rapid-spread-of-
misinformation-online/

Zollo,  E,  Bessi,  A.,  Del  Vicario,  M.,  Scala,  A.,
Galdarelli,  G.,  Shekhtman,  L.,  Havlin,  S.
&  Quattrociocchi,  W.  (2015).  Debunking
in a world of tribes. arXivpreprint
arXiv:1510.04267.

219



Cook, John. 2017. "Understanding and countering climate science denial." 
Journal and proceedings of the Royal Society of New South Wales 150(2), 207–219.
https://doi.org/10.5962/p.361798.

View This Item Online: https://www.biodiversitylibrary.org/item/249921
DOI: https://doi.org/10.5962/p.361798
Permalink: https://www.biodiversitylibrary.org/partpdf/361798

Holding Institution 
Smithsonian Libraries and Archives

Sponsored by 
Biodiversity Heritage Library

Copyright & Reuse 
Copyright Status: In Copyright. Digitized with the permission of the rights holder
Rights Holder: Royal Society of New South Wales
License: https://creativecommons.org/licenses/by-nc-sa/4.0/
Rights: http://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 21 September 2023 at 18:38 UTC

https://doi.org/10.5962/p.361798
https://www.biodiversitylibrary.org/item/249921
https://doi.org/10.5962/p.361798
https://www.biodiversitylibrary.org/partpdf/361798
https://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

