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Appendix S2: Stochasticity Word Association Methods and Results

Semantics of Stochasticity: Syntax and Context

The term “stochasticity” has been used in a multitude of ways in ecology (Vellend et al., 
2014) with interpretations being largely context-dependent. This has resulted in similar 
language being used to refer to different phenomena, which has led in turn, to a general 
confusion about stochasticity and its value for understanding ecological processes. To 
demonstrate this, we use a word association approach to search the literature for corre-
lations between words related to stochasticity and examine how this language is used in 
different contexts. Word association methods demonstrate cognitively-grounded dif-
ferences in the specific use of language, and reveal difficult-to-articulate differences in 
syntax that reflect topical mental maps (Cardak, 2009; Gravino et al., 2012). The results of 
a word association analysis can be represented and analyzed as a network, with key 
terms [either pre-selected Glossary terms (blue points), or author-choice terms (red 
points)] as nodes and correlated use of these terms (i.e., words most frequently placed in 
close prox-imity of the key terms above the 75th percentile) represented as edges. 
Therefore, this approach estimates how authors studying different ecological contexts 
convey language related to stochasticity. If differences are found between the word 
association networks produced in different contexts, this provides evidence that 
ecologists are not using the term stochasticity in a synthetic manner, which hampers our 
ability to make significant, unified progress in the field of stochastic ecology.

Methods

To determine the context surrounding different uses of “stochasticity” within population 
and community ecology, we searched the recent literature for journal articles related to 
stochasticity. We limited our word association analysis to focus on the comparison be-
tween the three forms of stochasticity encountered in ecological systems (Fig. 1) - demo-
graphic stochasticity (using search terms: “demographic stochastic*” AND “ecology”),
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environmental stochasticity (using search terms: “environmental stochastic*” AND “ecol-
ogy”), and measurement error (using search terms: “measurement error” OR “observa-
tion* error” AND “ecology”). We applied our search terms to the TOPIC and TITLE fields
in Web of Science and limited journal articles to the recent literature from 2010-2015. This
search yielded 46, 43, and 55 relevant articles respectively (Table S1). We removed less
than 5 papers per type of stochasticity, and only if the results were not regarding commu-
nity ecology specifically, or clearly did not pertain to ecology.

Word association analysis was performed in R 3.2.4 using the tm package (Feinerer &
Hornik, 2017; Meyer et al., 2008). Common English stop words, as delineated in the tm
package, and other words that did not convey any meaning to our analysis were removed
(e.g. effects, important, given, figure). We grouped articles by form of stochasticity (de-
mographic, environmental, measurement/observational error), and calculated correla-
tions between all words in each article but only considered pairs where at least one word
was related to stochasticity (Table S2 – a slightly extended version of Box 1). The strength
of correlations between word pairs was defined by distance – words closer in the text
had stronger correlations than words farther from each other. To construct the networks,
we made a list of edges (i.e. all associations between word pairs) and created distri-
butions of correlation coefficients for each pair within the list across all papers within
a group. To reduce the complexity of each network, we removed words that had abun-
dances across all papers that fell below the 95th percentile. Further, relationships between
words were removed if the correlation coefficient fell below the 75th percentile. Networks
were constructed and plotted using the igraph and GGally packages (Csardi & Nepusz,
2006; Schloerke et al., 2016).

Results

Assuming “stochasticity” has one definition, then finding differences in the associations
between words across contexts provides evidence that the field does not use the term
synthetically (Cattuto et al., 2009; Gravino et al., 2012). We find language concerning de-
mographic stochasticity (Fig. S1) tends to be more inclusive (i.e. a larger, more connected
network of terms), and includes the key concepts of uncertainty, random, and variation.
In comparison, the environmental stochasticity (Fig. S2) word association network has a
smaller main component (i.e. less words connected in a single module, or cluster), but
contains the key concepts of probability and noise. From our networks, we observe that
both demographic and environmental stochasticity are invoked at both population and
community levels, exemplifying that ecologists are interested in how stochastic processes
scale to alter both levels of ecological organization. Surprisingly, none of the contexts had
“distribution” – which is central to the concept of stochasticity – within the module con-
taining “stochasticity” or “error”, though the term did appear in both the demographic
stochasticity and measurement error (Fig. S3) networks.

While the outcomes of this word association analysis can vary based on the papers cho-
sen and the inclusion parameters selected, the purpose of this work is to demonstrate that
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there is inconsistency across subfields of ecology when it comes to thinking about stochas-
ticity. Our work illustrates the interest in stochastic processes across ecology, while also
emphasizing the need for cohesive vocabulary within the field that ecologists can use to
communicate across disciplines and scales.
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Figure S1: Demographic Stochasticity

Figure S2: Environmental Stochasticity

Figure S3: Measurement/Observation Error
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Table S1. Papers used in word association analysis

type citations

Demographic Bansaye & Lambert 2013; Bessa-Gomes et al. 2010; Billiard & Tran 2012; Bolnick
et al. 2011; Bonachela et al. 2012; Carrara et al. 2015; Carroll & Nisbet 2015; Carval
et al. 2015; Cassey et al. 2014; Chisholm et al. 2014; Dochtermann & Gienger 2012;
zu Dohna & Pineda-Krch 2010; Drake et al. 2011; Dugaw & Ram 2011; Erickson
et al. 2015; Espinosa et al. 2012; Evans et al. 2010; Gascuel et al. 2015; Gibson &
Wilson 2013; Giometto et al. 2014; Golestani et al. 2012; Griffen et al. 2012; Gustafs-
son & Sternad 2013; Haegeman & Loreau 2011; Hammond & Niklas 2011; Haney
et al. 2015; He et al. 2012; Jacobs & Sluckin 2015; Jongejans et al. 2011; Kendall
et al. 2011; Kolpas & Nisbet 2010; Kramer & Drake 2014; Law et al. 2015; Lin
et al. 2015; Linnerud et al. 2013; Martı́n et al. 2015; M’Gonigle & Greenspoon 2014;
Münkemüller et al. 2011; Mutshinda & O‘Hara 2011; Pedruski et al. 2015; Poisot
et al. 2014; Sæther et al. 2013; Shipley 2014; Shipley et al. 2012; Tanentzap et al.
2013; Yamamichi et al. 2014

Environmental
Armstrong & Ewen 2013; Aubry et al. 2010; Bjørkvoll et al. 2012; Bode et al. 2011;
Bowler & Benton 2011; Campioni et al. 2010; Cassey et al. 2014; Cosentino et al.
2010; Crawford et al. 2015; Cronin & Reeve 2014; Cumming et al. 2012; Delgado
et al. 2010; Dugaw & Ram 2011; Epperson et al. 2010; Evans et al. 2010; Ferguson
& Ponciano 2014; Fowler & Ruokolainen 2013; Giometto et al. 2015; Gustafsson
& Sternad 2013; Harrison et al. 2011; Hostetler et al. 2012; Kalyuzhny et al. 2014;
Kessler et al. 2015; Kiernan & Moyle 2012; Lahoz-Monfort et al. 2011; Law et al.
2015; Linnerud et al. 2013; Menu et al. 2010; Ohlberger et al. 2014; Oppel et al. 2014;
Paiva et al. 2013a,b; Péron & Koons 2013; Robert et al. 2014; Sæther et al. 2013;
Scheihing et al. 2011; Shefferson et al. 2012; Sinclair et al. 2013; Soutullo et al. 2013;
Suhonen et al. 2010; Svardal et al. 2015; Tilles & Petrovskii 2015; Wilson White et al.
2014

Measurement Al-Wathiqui & Rodrı́guez 2011; Bird et al. 2014; Bjørkvoll et al. 2012; Borchers et al.
2015; Buoro et al. 2012; Burgman et al. 2012; Cardoso & Gomes 2015; Chakraborty
et al. 2010; Connette et al. 2015; Damgaard 2014; Dechaume-Moncharmont et al.
2011; Denham et al. 2011; Dingemanse & Dochtermann 2013; Dugaw & Ram 2011;
Dujon et al. 2014; Duncan & Vesk 2013; Eaton & Link 2011; Farmer et al. 2014;
Fieberg & Ditmer 2012; Fletcher & Dixon 2012; Foster et al. 2012; Freckleton 2011;
Garamszegi & Møller 2012; Goodenough et al. 2010; Gould et al. 2014; Hefley et al.
2014, 2017; Hoenner et al. 2012; Jabot 2015; Karban & De Valpine 2010; Kibler et al.
2011; Lambert et al. 2012; Laube & Purves 2011; Martin et al. 2013; McClintock
et al. 2010, 2013; McGeoch et al. 2012; Merow et al. 2011; Millar et al. 2014; Miller
et al. 2012; Mutshinda & O‘Hara 2011; Novak et al. 2011; Ohlberger et al. 2014;
Queenborough et al. 2011; Recio et al. 2013; Ross et al. 2012; Ross 2012; Sigourney
et al. 2012; Simard et al. 2012; Stoklosa et al. 2015; Suprenand et al. 2015; Taubert
et al. 2013; Van Moorter et al. 2010; Warton 2015; Winterhalder et al. 2010
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Table S2. Terms used in word association analysis

Terms

stochastic*
random
deterministic
distribution
variabil*
uncertainty
predict*
error
noise
autocorrelation
individual
population
community

References
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Bolnick, D.I., Amarasekare, P., Araújo, M.S., Bürger, R., Levine, J.M., Novak, M., Rudolf,
V.H., Schreiber, S.J., Urban, M.C. & Vasseur, D.A. (2011). Why intraspecific trait varia-
tion matters in community ecology. Trends in Ecology & Evolution, 26, 183–192.
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Martin, J., Festa-Bianchet, M., Côté, S. & Blumstein, D. (2013). Detecting between-
individual differences in hind-foot length in populations of wild mammals. Canadian
Journal of Zoology, 91, 118–123.

Martı́n, P.V., Bonachela, J.A., Levin, S.A. & Muñoz, M.A. (2015). Eluding catastrophic
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