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It is difﬁcult to overstate the value of images in science. Visualization is often the most effective tool to
convey scientiﬁc concepts, and the opportunities that come with imaging techniques are growing.
Nevertheless, we noticed that recent articles in animal behaviour journals include few images of animals
or behaviour. To see whether their numbers have declined, we selected ﬁve behaviour journals and
collected data from 1114 articles published over the journals' histories. We discovered that graphs (xey
plots) have increased over time, charts and tables have not changed, and images (graphical representations, including photographs, of animals, of behaviour, of animals expressing behaviour and of
experimental design) have signiﬁcantly decreased. To test whether supplementary online information
has had effects, we compared the use of visual devices in 75 articles with or without supplementary
online information. We found that supplementary online information has added means of visually
presenting information, but has not compensated for the decline of images.
© 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd.

Images of animals and behaviours have long played a prominent
role in the scientiﬁc literature on animal behaviour (Darwin, 1872;
von Frisch, 1927; Lorenz & Tinbergen, 1938, Tinbergen, 1951). Early
ethologists stressed the importance of making a precise catalogue
(ethogram) of what animals actually do as part of making a broad,
descriptive reconnaissance of a behavioural subject (Tinbergen,
1953). Words alone are generally inefﬁcient, confusing or biased
when describing multicomponent actions unfolding over time and
space, so various graphical techniques were used. The logical ﬁrst
choice for depicting behaviour patterns, motion picture ﬁlm, was
expensive and so was rarely used. The early ethologists faced,
therefore, the challenge of portraying complicated movements in
three-dimensional space as static, two-dimensional images. Tufte
(2006, page 32) has called this the problem of translating a
‘movie-land graphic’ into ‘still-land examples’. Brilliant solutions
were achieved, as shown by the classic works by Tinbergen (1951,
1960), von Frisch (1937) and Eibl-Eibesfeldt (1970). By using images of animals and behaviour to describe the behaviours under
investigation, the early ethologists provided descriptions with
many more layers of information than if they had used only words
and graphs.
* Correspondence: B. A. Klein, 1725 State Street, University of Wisconsin e La
Crosse, La Crosse, WI 54601, U.S.A.
E-mail address: barrett@pupating.org (B. A. Klein).

Given the importance of visually describing the behaviour patterns of animals, we became intrigued with how rarely we see
images (either photographs or drawings) of animals and behaviour
in behaviour journals today. To describe how the use of images in
behaviour journals has changed, and to begin to analyse why it has,
we investigated the use of visual information in animal behaviour
papers during the past 77 years, and we tested the hypothesis that
the advent of supplementary online information (SOI) has inﬂuenced the changes that we found. We predicted that if images
remain as important to scientists and journals in the present as
they have been in the past, and if the number of images per article
has declined, then SOI has compensated for this by including
additional images.

METHODS
We surveyed papers published by ﬁve behaviour journals:
Ethology (formerly Zeitschrift für Tierpsychologie), Behaviour, Animal
Behaviour (formerly The British Journal of Animal Behaviour),
Behavioral Ecology and Sociobiology and Behavioral Ecology,
recording data on the use of visual devices in each journal over the
course of its history. We recorded a total of 8735 ﬁgures and tables
in 1114 articles by sampling 20 articles per year every 5 years. The
journals are the same ﬁve as used by Price, Clapp, and Omland
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(2011) in their analysis of declining use of phylogenies in animal
behaviour journals. We focused on papers representing original
research and did not collect data from editorials, book reviews,
symposium abstracts or reports on ‘featured articles’ because these
contributions were unlikely to include data or visual devices
related to research.
Various visual categorization and taxonomic schemes exist
(Briscoe, 1990; Cleveland, 1993; Wright, 2007). We categorized
visual devices into images (Fig. 1), graphs, charts and tables, with
seven subject categories of images and eight types of graphs
(Table 1, Supplementary Fig. S1). For the purposes of our study, we
treated a single video clip as an image. Like photographs and
videos, drawings are images, but drawings are considered here as
rendered interpretations of a subject (e.g. schematic in pen and ink,
realistic painting, digitally manipulated photograph, computerrendered illustration). See Supplementary Material for additional
details.

Twenty articles were randomly selected (www.randomizer.org,
choosing a sequence of issue numbers) from a journal in its ﬁrst
year, the closest subsequent year ending with 5 or 0, followed by
every ﬁfth year, ending with 2010 (see Fig. 2). By selecting from
years ending with 5 and 0, we compared effects across journals for
identical years. All journals except Behavioral Ecology (1990) premiered during interim years (1937, 1948, 1953, 1976), so data from
these years were excluded from global analyses, but were included
in within-journal analyses. Ethology did not publish articles from
1944 to 1948, so between the years 1940 and 1950, we sampled
from the year 1943. When a journal did not publish 20 articles
within a sampled year, we sampled from the issue(s) closest in
publication date to this year (N ¼ 19 articles; Ethology: eight articles
in 1941 (six articles for 1940, two articles for 1943) and one article
in 1951; Behaviour: six articles in 1951 and three articles in 1956;
Behavioral Ecology and Sociobiology: one article in 1977 (for premiere year 1976)). Behaviour published only 14 articles in its

Figure 1. Composite of images from behaviour journals. Top row, from left to right: animals expressing behaviour, including ants defending their colony (Wilson, 1976; reprinted
with permission: Wilson, Springer); a bat pursuing prey (coupled in the original ﬁgure with echolocation sequence; Kalko, 1995; reprinted with permission: Elsevier); threatening
goose gestures (Fischer, 1965; reprinted with permission: J. Wiley); two illustration techniques (a drawing and a schematic) depicting ungulate behaviours (Walther, 1965; reprinted
with permission: J. Wiley); and a schematic of ﬁghting female trout (Jones & Ball, 1954; reprinted with permission: Elsevier). Middle row: animal and behaviour, uncoupled. Animal:
infantile and adult animals (Lorenz, 1943; reprinted with permission: J. Wiley). Behaviour: the tell-tale corpse-laden trail left by a red fox (Tinbergen, 1965; reprinted with
permission: J. Wiley); plants used as crow tools (Holzhaider, Hunt, & Gray, 2010; reprinted with permission: Holzhaider); schematized grasshopper call components (Jacobs, 1950;
reprinted with permission: J. Wiley); and a larval caddisﬂy case (Wallace & Sherberger, 1975; reprinted with permission: Elsevier). Bottom row: experimental design. Rat chamber
without animal (Eayrs, 1954; reprinted with permission: Elsevier); olfactometer with ants (Hangartner, Reichson, & Wilson, 1970; reprinted with permission: Elsevier); arena
featuring antisnake behaviour by ground squirrel (Coss & Owings, 1978; reprinted with permission: J. Wiley); robotic sage grouse without animal (Patricelli & Krakauer, 2009;
reprinted with permission: Patricelli); Y-maze globe with beetle (Hassenstein, 1959; reprinted with permission: Elsevier); and artiﬁcial predators without animal (Curio, 1969;
reprinted with permission: J. Wiley). Many of the ﬁgures were cropped from original source and most scanned images were adjusted for saturation, brightness and contrast.
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Table 1
Glossary of terms used to distinguish different visual devices (image, graph, chart,
table) and to distinguish categories of images and graphs
Visual device

Deﬁnition

Image

Visual device that conveys essence of an observation or
an idea, without distilling information into plotted data
(e.g. photograph, drawing, video, etc.; see Methods for
deﬁnition of drawing)
Recognizable representation of animal(s)
Depiction of action performed or orientation without
representation of animal (e.g. photograph of nest,
schematic of migratory pattern)
Depiction of animal expressing a behaviour (e.g.
drawing of predator capturing prey, video of courtship
display)
Image depicting methods or materials of experiment,
including manipulation of organism, experimental setup, or apparatus
Geographical representation (e.g. animal territory)
Anatomical portion of animal (e.g. tissue, gland, eye,
etc.), less recognizable or identiﬁable than an image of a
greater portion of the animal
Subject of image other than listed above (e.g. habitat)

Animal
Behaviour

Animalþbehaviour

Experimental design

Map
Animal parts

Other image
Graph
Bar graph

Histogram

Frequency distribution of data, shown as bars or the
tops of bars

Line graph

No bar/line

Data connected by line segments (we included graphs
with curved or straight lines with no plotted data
points, sometimes representing model estimations/
predictions)
Means plotted, but without bars or lines

Box plot

Plots highlighting medians and quartiles

Scatterplot

Collection of points in xey or xeyez plot, unconnected
by a line (but could feature trend line running through
scatter)
Plot of sound frequency against time (we included
oscillograms)

Sonagram

Other graph

Chart

Table

Visual device that translates data primarily into xey
plots
Measured amounts in the form of bars, horizontally or
vertically aligned against an axis

Graph not belonging to any category above; usually not
in the form of an xey plot (e.g. circular orientation
graph, pie chart, phylogenetic tree, etc.)
Visual device organizing or mapping sequences,
timelines or pathways (e.g. life cycle, network,
ﬂowchart, experimental timeline; sequence of
behavioural events)
Information organized in the form of columns and rows;
usually limited to words and numbers (see selfreferential visual device, here)

Deﬁnitions of bar graph, histogram, chart and table are based on Briscoe (1990). See
Fig. 1 for examples of image categories.

premiere year, 1948, and nothing in 1949, so this remains the only
year in our data set represented by fewer than 20 articles.
In addition to the data collection just described, we surveyed
150 articles from the year 2010 to assess the impact that supplementary online information (SOI) has had on the numbers of images published per article. Forty articles were randomly selected:
20 articles with SOI and 20 articles without SOI from each of the
journals Animal Behaviour, Behavioral Ecology and Sociobiology and
Behavioral Ecology. Ethology only published 13 articles with SOI in
2010, and Behaviour published only two articles, so an equal
number of articles without SOI was randomly selected for paired
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analyses conducted within these two journals. We compared the
sum of each visual device in articles with SOI (e.g. number of images in article þ number of images in SOI associated with article) to
the sum of each visual device in articles that had no SOI.
For statistical analyses, we applied a log transformation or
boxcox power transformation on each data set prior to running a
linear regression analysis, because our data were not normally
distributed (for speciﬁcs, see Supplementary Table S1). We performed a linear regression analysis of each study variable by year to
measure within-journal effects. Data from our study comparing
two related samples within each journal (articles with or without
SOI) were also not normally distributed, but because transformations did not normalize the distributions of data, we applied
the nonparametric Wilcoxon signed-ranks test. We combined P
values from the linear regression analyses or from the Wilcoxon
signed-ranks tests using Fisher's method (Fisher, 1925) to assess
whether there was an effect across journals. Fisher's method was
appropriate because our samples were independent (from different
journals) and challenging an identical null hypothesis (either
Ho ¼ there is no difference in presence of study variable over time,
or Ho ¼ there is no difference in presence of study variable between
two populations of articles). We set a ¼ 0.05 for all tests, and report
untransformed means ± SEs. Within-journal tests were two tailed,
and Fisher's method combined values to produce a single, onetailed P value. All analyses were programmed in R (R
Development Core Team., 2005) and models we used are
included in Supplementary Models S1.
RESULTS
We found an overall decline in the use of visual devices. This
decline was a result of the signiﬁcant decrease in use of images
(Fisher's method: P ¼ 2.5  105), particularly of photographs and
drawings (Fig. 2). Decreases in images occurred in every measured
category, including images of animals, behaviour, animals expressing behaviour and experimental design (Fisher's method:
P ¼ 4.1  105, 1.8  105, 1.6  106, 0.002, respectively; Fig. 3). The
presence of images per article varied across journals (4.30 ± 0.77),
with a 17-fold difference between Ethology (8.46 ± 2.03) and
Behavioral Ecology (0.45 ± 0.15), the latter being nearly devoid of
images (Table S1). Most of the decline in use of visual devices and
images, speciﬁcally, was driven by the two older journals, where the
image counts started high, as shown in Fig. 3 and Fig. S2.
Although the number of total images per article has declined
over the years, the use of tables has not signiﬁcantly changed for
any journal, the use of charts has changed in only one journal
(decline in Behaviour), and the use of graphs (xey plots) per article
has increased (7.59 ± 0.74; Fisher's method: P ¼ 0.004; Fig. 2).
Changes in the use of different categories of graphs and images are
visually represented in Fig. S1. All results were calculated per article
and by year. Numbers of pages per article did not signiﬁcantly increase or decrease over the years, so we did not have to consider
change in article length as a reason for changes in any of our
measures. The only exception was the journal Animal Behaviour, in
which article length has increased over time (linear regression:
F1,11 ¼ 5.06, N ¼ 13 years, R2adj ¼ 0.25, P ¼ 0.046). No changes in
Animal Behaviour measures could be attributed to article length,
however, because the only values that increased per article (graphs)
increased per page as well.
Articles with SOI did not signiﬁcantly differ from articles
without SOI with respect to the number of tables, charts, graphs or
images, or to the number of any speciﬁc category of images (animals, behaviour, animals expressing behaviour or experimental
design) (Fisher's method: P ¼ 0.772, 0.599, 0.139, 0.231, 0.081,
0.140, 0.064, 0.098, respectively; Fig. 4).

174

B. A. Klein, T. D. Seeley / Animal Behaviour 103 (2015) 171e177

26
Images
22

18

14

Number per article

10
Graphs
6
Tables

2

Charts
Photos

14

Drawings
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2
1940

1950

1960

1970

1980

1990

2000
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Behavioral Ecology (1990): 5 yrs
Behavioral Ecology & Sociobiology (1976): 7 yrs
Animal Behaviour (1953): 12 yrs
Behaviour (1948): 13 yrs
Ethology (1937): 15 yrs sampled after premiere year (× 20 articles/yr = 300 articles)
Figure 2. Number of visual devices per article published by ﬁve behaviour journals over time, categorized into images, graphs, charts and tables. Images are further divided into
photographs, drawings and video clips, below. Video clips appeared only in our 2010 sample, and only amounted to an average of 0.2 per article. For the present study, we would
have reported Fig. 2 as two graphs and one chart. To see patterns within journals, see Supplementary Fig. S2.

Of the 75 articles containing SOI, 19 included videos, with over
half coming from one of the ﬁve journals (10/20 Animal Behaviour,
3/20 Behavioral Ecology, 1/20 Behavioral Ecology and Sociobiology, 3/
13 Ethology, 2/2 Behaviour). Numbers of pages per article did not
signiﬁcantly differ between articles with or without SOI, so article
length could not have inﬂuenced any of our measures. The only
exception was Behavioral Ecology and Sociobiology, but having more
pages in articles with SOI did not correspond to having more visual
devices in any category measured. The raw data, including all data
for both studies, can be found in Tables S3 and S4.
DISCUSSION
The number of graphical representations of animals, of behaviour, of animals expressing behaviour and of experimental design

all signiﬁcantly decreased over time in our sample of animal
behaviour journal articles, while the number of xey plots and
related graphs increased, and the number of charts and tables did
not change. These patterns, largely driven by the two oldest journals, held true when controlling for page count and number of
articles. SOI has occasionally introduced different means (i.e. video
clips) of visually presenting data, but has not quantiﬁably
compensated for the meagre presence of images in recent behaviour publications.
How can we explain these strong and curious patterns, particularly when more journals are requesting graphical abstracts, and
presentations at scientiﬁc meetings are typically replete with images? The decline of image use, to our knowledge, is not well
documented or explained. Is the decrease of images a result of
topedown (publisher/editor-controlled) or bottomeup (author-
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Figure 4. Number of each visual device in articles with supplementary online information (SOI) versus articles without it. No statistically signiﬁcant differences in
number of images, graphs, charts or tables were found when articles with SOI (e.g.
number of images in article þ number of images in SOI associated with article) and
articles without SOI were compared.

Animal

Number images per article

10
directed) phenomena in science publishing? Many factors can play
a role in the publishing of graphics, including the convenience that
has come with the advent of computers and graphic software
programs, other technological advances (e.g. hardware such as
scanners, microscopes, etc.), the expense of printing high-quality
and colour images, journal-speciﬁc constraints, and the introduction of SOI.
Here we brieﬂy present a few nonmutually exclusive, post hoc
hypotheses.

6
2
22
18
14
10

(1) Less descriptive work is published today, reducing the need
for images depicting behaviour patterns. Although this
cannot explain the decline in images portraying animals or
experimental methods, it may be that recent work is capitalizing on past work featuring the same animals using
similar methods, so publishing images of either might be
redundant. In addition, as noted by Tinbergen,

Behaviour

6
2
22
18

… there are journals which demand a reduction of descriptive

Experimental
design

14
Ethology
Beh
AnBeh
BES
BehEcol

10
6

material to the absolute minimum required for an understanding of
the experiments reported on (or even to less than this minimum);
the descriptions (and often the argument behind the work) one has
to pick up in personal conversations at conferences (Tinbergen,
1963)
In the 50 years since Tinbergen's insight, this limitation may be
even more relevant, both in text and image.

2
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Year
Figure 3. Number of images per article that depict animals performing behaviour
(represented by dancing honeybee), animals (represented by honeybee alone),
behaviour (represented by waggle dance alone), and some aspect of experimental
design, shown for each journal over time. An image counted in the top graph would
not also be counted as ‘animal’ or ‘behaviour’ in the middle graphs. An image counted
in the top graph would, however, also be counted in the bottom graph if the image of
the behaving animal pictured an aspect of experimental design. See Fig. 2 for sampling
regimen. Journals, in order of appearance, are Ethology, Behaviour (Beh), Animal
Behaviour (AnBeh), Behavioral Ecology and Sociobiology (BES) and Behavioral Ecology
(BehEcol). For the present study, we would have reported Fig. 3 as four graphs and
three images (animal þ behaviour, animal, behaviour).

(2) Having images created by others has become less convenient
or more expensive. Fewer institutions support staff illustrators than have in the past. Although this might explain the
decline we observed in numbers of drawings, it seems unlikely to explain the decline in numbers of photographic
images, which are far less expensive and easier to produce
and acquire today than ever before.
(3) Demand on scientists to publish articles more quickly results
in less time devoted to producing images. Producing ﬁgures
takes time, and we recorded an overall decline in published
visual devices. The publication of one of these devices
(graphs) has increased, however, and if creating publishable
graphs takes as much time as creating ﬁgures with images,
this explanation is unsatisfying. Contemporary time
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constraints seem especially unlikely to constrain the inclusion of photographs in recent articles.
(4) Journals impose stricter limits on images than before. A
careful reading of instructions to authors revealed that none
of the journals has imposed explicit limits in recent history.
Behaviour has never stated limits, and authors were openly
‘encouraged to illustrate their papers freely where necessary’
(through 1990, at least). Ethology used to request that pictures be limited to their essentials and even to a ‘minimum
number’ (1980, 1985), but by 1990 it stated no limits and by
2010 it encouraged visuals for SOI. Behavioral Ecology and
Sociobiology has only stated that illustrations be at a ‘minimum needed to clarify the text’, and since 1995 it has
encouraged illustrations as SOI. The only explicit limits were
imposed by Behavioral Ecology (ﬁve image ﬁles per article for
SOI in 2010) and by Animal Behaviour (no more than six
photos per article allowed prior to 1970, but no such limit
stated in subsequent years).
(5) The introduction of SOI has reduced the need to publish images
in the main body of the paper. The potential beneﬁts of SOI are
vast, particularly with respect to offering more space for imagery as well as the opportunity to capitalize on different image
media largely unavailable except as SOI (e.g. videos, animations, three-dimensional and interactive graphics, etc.). Videos,
for example, have the potential to reduce the need for static,
graphical presentations of behaviour found in articles today.
Our ﬁndings show no evidence, however, that authors or
publishers have been taking advantage of SOI in ways that can
explain the decline in images published in main articles. Of the
75 articles we examined containing SOI in the second study,
only 23 (31%) contained media not typically published within
the main bodies of articles: 19 articles contained videos and
four articles contained audio ﬁles. Our study of the effect of SOI
is limited to a single year (2010), however, and we treated
videos as images, perhaps understating the novel value of this
medium in portraying behaviour.
Leaving out illustrations is one piece of Sand-Jensen's (2007)
sarcastic advice for how to succeed in writing boring scientiﬁc papers. Images, as we have argued above, uniquely offer opportunities to
clearly (and aesthetically) depict behaviour, often with the capacity to
attract the reader's interest, explain a complex spatial relationship,
and vividly report a discovery at several levels of detail beyond that
offered by xey graphs. Possibly just as important as depicting images
of behaviour can be depicting images of experimental design, to
powerfully convey information essential to researchers wishing to
understand and replicate published studies. Different visual devices
serve different purposes, and we caution our fellow students of animal
behaviour to use each device appropriately and effectively. Although
we advocate a return to publishing more images in scientiﬁc articles,
we promote the use of any visual device most suitable to disseminating information, and caution against the use of gratuitous, redundant images, or using the image as ‘end product’ (Fox & Hendler, 2011).
The future of scientiﬁc visualization is an exciting topic, with
journals presently experimenting with what media can be published not only as SOI, but within the main article published online,
or as the focal ‘article’ itself, as with the Journal of Visualized Experiments (Pritsker, 2013). We predict that an awareness of the
importance of images in science, and their capacity to augment and
facilitate the communication of behaviour will lead to a reversal of
the patterns we report here. The future of scientiﬁc visualization
includes meeting the potential of SOI by incorporating more
advanced visual media, incorporating these visual media in the
main articles published online, and increasing free access to these
materials. In a time when so much is at stake with respect to

communicating science clearly and broadly, students of animal
behaviour will do well to embrace the visual vehicles that have
historically enhanced our ﬁeld of science.
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Figure	
  S1.	
  Number	
  per	
  article	
  of	
  different	
  categories	
  of	
  images	
  (top)	
  and	
  graphs	
  (bottom)	
  with	
  respect	
  
to	
  time	
  (year).	
  The	
  categories	
  of	
  images	
  and	
  graphs	
  are	
  vertically	
  stacked	
  in	
  the	
  same	
  order	
  as	
  
depicted	
  in	
  their	
  respective	
  keys.	
  Note	
  different	
  scales	
  on	
  the	
  Y	
  axis.	
  	
  We	
  recorded	
  graphs	
  as	
  separate	
  
if	
  they	
  did	
  not	
  share	
  the	
  same	
  continuous	
  (usually	
  y)	
  axis.	
  See	
  Fig.	
  2	
  for	
  sampling	
  regimen.	
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Journal-specific Patterns
Image use significantly decreased over time in two of the journals (Ethology and
Behaviour) and for each subject examined (animals, behaviour, animals expressing behaviour,
and experimental design) in these two journals (Table S1, Fig. S2). Decline in the use of
images is easily seen in counts of photographs and drawings, with a negligible count of video
clips per article (Fig. 2). Significant decreases occurred in Ethology and in Behavioral
Ecology for photographs and drawings. Although image use consistently decreased, graphs
increased for a period of time. Increases were statistically significant in two journals
(Ethology and Animal Behaviour) (Table S1, Fig. S2).

Figure	
  S2.	
  Number	
  of	
  visual	
  devices	
  per	
  article	
  published	
  by	
  five	
  behaviour	
  journals	
  over	
  time,	
  categorized	
  
into	
  images,	
  graphs,	
  charts	
  and	
  tables.	
  Images	
  are	
  further	
  divided,	
  in	
  the	
  second	
  row,	
  into	
  photographs	
  (dark	
  
red)	
  and	
  drawings	
  (lighter	
  red).	
  All	
  charts	
  and	
  tables	
  were	
  recorded,	
  even	
  though	
  some	
  were	
  not	
  individually	
  
and	
  numerically	
  labelled	
  within	
  the	
  journals.	
  We	
  recorded	
  images	
  as	
  separate	
  if	
  they	
  were	
  labelled	
  
individually	
  (e.g.	
  a–d),	
  or	
  could	
  have	
  been	
  labelled	
  individually.	
  Note	
  the	
  third	
  value	
  for	
  images	
  in	
  Ethology	
  
extends	
  beyond	
  the	
  scale	
  of	
  the	
  graph,	
  top	
  left.	
  For	
  this	
  study,	
  we	
  would	
  have	
  reported	
  Fig.	
  S2	
  as	
  10	
  graphs.	
  
See	
  Fig.	
  2	
  for	
  overall	
  effect,	
  after	
  pooling	
  journal	
  data.	
  BES:	
  Behavioral	
  Ecology	
  and	
  Sociobiology;	
  BehEcol:	
  
Behavioral	
  Ecology.	
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Table S1
Results for the first study, examining change in study variables over time, either across all journals, or within each journal
Study variable

Journal

Images
Ethology
Beh
AnBeh
BES
BehEcol
Animal images
Ethology
Beh
AnBeh
BES
BehEcol
Behaviour images
Ethology
Beh
AnBeh
BES
BehEcol
Animal +
behaviour images

Experimental
design images

Ethology
Beh
AnBeh
BES
BehEcol
Ethology
Beh
AnBeh
BES
BehEcol

Graphs
Ethology
Beh
AnBeh
BES
BehEcol

Variable
Mean ± SE
4.30 ± 0.77
8.46 ± 2.03
5.07 ± 1.29
1.63 ± 0.26
1.36 ± 0.67
0.45 ± 0.15
2.30 ± 0.51
5.03 ± 1.46
2.48 ± 0.61
0.58 ± 0.15
0.65 ± 0.44
0.22 ± 0.08
2.60 ± 0.56
5.24 ± 1.53
3.30 ± 0.95
0.77 ± 0.18
0.64 ± 0.50
0.13 ± 0.06
1.92 ± 0.45
4.24 ± 1.29
2.12 ± 0.58
0.42 ± 0.14
0.49 ± 0.42
0.09 ± 0.05
1.38 ± 0.32
2.23 ± 0.69
2.20 ± 0.90
0.51 ± 0.11
0.41 ± 0.29
0.17 ± 0.07
7.59 ± 0.74
8.64 ± 1.92
8.38 ± 1.60
6.19 ± 1.03
7.50 ± 1.46
5.79 ± 0.46

2

Transform

F, ddf, R

log
log
log
log
log

11.76, 14, 0.42
48.97, 12, 0.79
0.03, 11, -0.09
1.44, 6, 0.06
2.13, 3, 0.22

log
log
log
log
log

20.83, 14, 0.57
22.34, 12, 0.62
0.23, 11, -0.07
4.49, 6, 0.33
0.40, 3, -0.18

log
log
log
log
log

14.85, 14, 0.48
33.21, 12, 0.71
0.05, 11, -0.09
4.06, 6, 0.30
3.01, 3, 0.33

log
log
log
log
log

24.97, 14, 0.62
30.38, 12, 0.69
0.10, 11, -0.08
4.68, 6, 0.34
6.74, 3, 0.59

log
log
log
log
log

4.78, 14, 0.20
21.73, 12, 0.61
0.66, 11, -0.03
0.38, 6, -0.10
4.64, 3, 0.48

-0.8
-0.8
-0.8
-0.8
-0.8

10.60, 14, 0.39
1.15, 12, 0.01
7.44, 11, 0.35
4.51, 6, 0.33
0.02, 3, -0.33

Figures containing variable a
P value
2.5 x 10-5
0.004
1.4 x 10-5
0.864
0.275
0.241
4.1 x 10-5
4.4 x 10-4
4.9 x 10-4
0.644
0.078
0.573
1.8 x 10-5
0.002
9.0 x 10-5
0.829
0.091
0.181
1.6 x 10-6
2.0 x 10-4
1.3 x 10-4
0.757
0.074
0.081
0.002
0.046
5.5 x 10-4
0.434
0.562
0.120
0.004
0.006
0.304
0.020
0.078
0.905

Mean ± SE
2.11 ± 0.42
4.47 ± 1.16
2.21 ± 0.57
0.73 ± 0.10
0.63 ± 0.25
0.24 ± 0.08
1.34 ± 0.31
3.04 ± 0.87
1.41 ± 0.39
0.30 ± 0.09
0.28 ± 0.15
0.13 ± 0.07
1.39 ± 0.33
3.15 ± 0.94
1.45 ± 0.44
0.34 ± 0.09
0.28 ± 0.18
0.06 ± 0.03
1.16 ± 0.28
2.67 ± 0.79
1.26 ± 0.39
0.21 ± 0.07
0.19 ± 0.14
0.05 ± 0.03
0.57 ± 0.10
0.91 ± 0.25
0.76 ± 0.21
0.32 ± 0.06
0.22 ± 0.12
0.13 ± 0.06
2.88 ± 0.17
2.61 ± 0.36
3.25 ± 0.40
2.45 ± 0.24
3.37 ± 0.52
3.10 ± 0.13

Transform

F, ddf, R2

log
log
log
log
log

21.08, 14, 0.57
37.06, 12, 0.74
0.69, 11, -0.03
1.24, 6, 0.03
3.14, 3, 0.38

-1
-1
-1
-1
-1

21.86, 14, 0.58
32.49, 12, 0.71
0.11, 11, -0.08
1.96, 6, 0.12
2.23, 3, 0.24

log
log
log
log
log

26.53, 14, 0.63
33.82, 12, 0.72
0.05, 11, -0.09
3.32, 6, 0.25
9.29, 3, 0.67

-1
-1
-1
-1
-1

19.01, 14, 0.55
57.52, 12, 0.81
0.01, 11, -0.09
4.06, 6, 0.30
14.38, 3, 0.77

-1
-1
-1
-1
-1

14.60, 14, 0.48
17.36, 12, 0.56
0.02, 11, -0.09
9 x 10-9, 6, -0.17
7.68, 3, 0.63

-0.01
-0.01
-0.01
-0.01
-0.01

8.26, 14, 0.33
0.80, 12, -0.02
12.63, 11, 0.49
4.32, 6, 0.32
0.64, 3, -0.10

P
5.2 x 10-6
4.2 x 10-4
5.4 x 10-5
0.425
0.309
0.162
1.2 x 10-5
3.6 x 10-4
9.9 x 10-5
0.743
0.210
0.232
1.0 x 10-6
1.5 x 10-4
8.3 x 10-5
0.835
0.118
0.056
2.3 x 10-7
6.5 x 10-4
6.5 x 10-6
0.925
0.091
0.032
5.1 x 10-4
0.0019
0.001
0.899
1.000
0.070
0.002
0.012
0.389
0.005
0.083
0.481
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Study variable

Journal

Charts
Ethology
Beh
AnBeh
BES
BehEcol
Tables
Ethology
Beh
AnBeh
BES
BehEcol
Photos
Ethology
Beh
AnBeh
BES
BehEcol
Drawings
Ethology
Beh
AnBeh
BES
BehEcol

Variable
Mean ± SE
0.36 ± 0.06
0.35 ± 0.09
0.50 ± 0.12
0.36 ± 0.17
0.28 ± 0.13
0.09 ± 0.03
2.68 ± 0.18
2.79 ± 0.53
3.01 ± 0.28
2.66 ± 0.26
2.44 ± 0.28
1.83 ± 0.12
1.38 ± 0.38
3.63 ± 1.13
0.75 ± 0.17
0.35 ± 0.13
0.48 ± 0.33
0.04 ± 0.03
2.88 ± 0.48
4.79 ± 1.03
4.30 ± 1.20
1.26 ± 0.19
0.78 ± 0.34
0.36 ± 0.12

2

Transform

F, ddf, R

-4
-4
-4
-4
-4

0.72, 14, -0.02
4.51, 12, 0.21
0.30, 11, -0.06
1.66, 6, 0.09
0.29, 3, -0.22

log
log
log
log
log

1.41, 14, 0.03
0.01, 12, -0.08
0.37, 11, -0.06
5.82, 6, 0.41
0.19, 3, -0.26

log
log
log
log
log

15.33, 14, 0.49
14.62, 12, 0.51
1.99, 11, 0.08
2.49, 6, 0.18
3.00, 3, 0.33

log
log
log
log
log

7.95, 14, 0.32
60.76, 12, 0.82
0.58, 11, -0.04
0.51, 6, -0.08
1.06, 3, 0.01

Figures containing variable a
P value
0.261
0.410
0.055
0.592
0.245
0.629

Mean ± SE
0.21 ± 0.03
0.20 ± 0.03
0.34 ± 0.08
0.18 ± 0.05
0.16 ± 0.06
0.08 ± 0.03

0.382
0.255
0.932
0.555
0.052
0.696
1.1 x 10-4
0.002
0.002
0.186
0.165
0.182
2.9 x 10-5
0.014
4.9 x 10-6
0.461
0.504
0.380

2.62 ± 0.18
2.78 ± 0.53
2.90 ± 0.27
2.54 ± 0.26
2.43 ± 0.27
1.82 ± 0.12
0.94 ± 0.27
2.55 ± 0.82
0.51 ± 0.14
0.18 ± 0.06
0.26 ± 0.14
0.03 ± 0.02
1.17 ± 0.19
1.94 ± 0.39
1.70 ± 0.46
0.53 ± 0.06
0.37 ± 0.13
0.18 ± 0.04

Transform

F, ddf, R2

-4
-4
-4
-4
-4

1.08, 14, 0.01
6.55, 12, 0.30
0.35, 11, -0.06
1.68, 6, 0.09
2 x 10-28, 3, 0.33

log
log
log
log
log

1.46, 14, 0.03
0.006, 12, -0.08
1.19, 11, 0.02
5.65, 6, 0.40
0.25, 3, -0.23

log
log
log
log
log

20.56, 14, 0.57
28.01, 12, 0.68
2.80, 11, 0.13
2.36, 6, 0.16
2.58, 3, 0.28

log
log
log
log
log

16.25, 14, 0.50
33.04, 12, 0.71
0.004, 11, -0.09
0.46, 6, -0.08
2.71, 3, 0.30

P
0.343
0.316
0.025
0.566
0.242
1.000
0.395
0.247
0.939
0.298
0.055
0.652
4.4 x 10-6
4.7 x 10-4
1.9 x 10-4
0.123
0.176
0.207
6.5 x 10-5
0.001
9.2 x 10-5
0.952
0.522
0.199

We applied linear regression models within journals and combined these values using Fisher’s method when testing across journals. All data were transformed prior to
conducting tests, either with log transformations (‘log’), or boxcox power transformations (power listed under ‘Transform’). We report F values, degrees of freedom
(ndf = 1 for each case) and R2adj values for within-journal analyses. Journals: Ethology (N = 16 years, 20 articles per year), Behaviour (Beh; N = 14 years), Animal
Behaviour (AnBeh; N = 13 years), Behavioral Ecology and Sociobiology (BES; N = 8 years) and Behavioral Ecology (BehEcol; N = 5 years). Values in bold indicate
statistically significant results.
a
To address possible subjectivity when quantifying each variable, we also analysed ‘figures containing variable’ (e.g. if a numbered figure contained 17 photographs of
birds engaging in a series of behaviours, this figure would be treated as 17 images, 17 photographs, or, here, as one figure containing images).
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Effect of Supplementary Online Information
Very few measures differed between articles with and without supplementary online
information (Table S2).

Table S2
Results for the second study, examining change in study variables between articles with supplementary
materials (N = 75) and without supplementary materials (N = 75), either across all journals, or within each
journal
Study variable

Journal

Images
Ethology
Beh
AnBeh
BES
BehEcol
Animal images
Ethology
Beh
AnBeh
BES
BehEcol
Behaviour
images

Animal +
behaviour
images

Experimental
design images

Ethology
Beh
AnBeh
BES
BehEcol
Ethology
Beh
AnBeh
BES
BehEcol
Ethology
Beh
AnBeh
BES
BehEcol

Graphs
Ethology
Beh
AnBeh
BES
BehEcol

Variable
Mean ± SE
(w/ SOI)
1.76 ± 0.37
1.54 ± 0.69
4.50 ± 4.50
1.70 ± 0.85
2.05 ± 0.63
1.40 ± 0.75
1.32 ± 0.29
1.08 ± 0.55
6.50 ± 4.50
1.50 ± 0.53
1.60 ± 0.63
0.50 ± 0.36
1.03 ± 0.32
0.54 ± 0.37
11.0 ± 9.00
1.15 ± 0.47
0.85 ± 0.42
0.40 ± 0.21
0.81 ± 0.23
0.54 ± 0.37
6.50 ± 4.50
1.05 ± 0.45
0.75 ± 0.42
0.25 ± 0.16
1.04 ± 0.28
2.10 ± 0.78
0
1.55 ± 0.79
0.55 ± 0.23
0.45 ± 0.33
9.93 ± 1.32
5.31 ± 0.78
8.00 ± 0.00
11.6 ± 3.37
13.5 ± 3.05
7.95 ± 1.69

Mean ± SE
(w/o SOI)
1.44 ± 0.47
0
0
2.85 ± 1.61
2.20 ± 0.63
0.35 ± 0.13
0.57 ± 0.23
0
0
1.25 ± 0.81
0.65 ± 0.21
0.25 ± 0.10
0.41 ± 0.22
0
0
1.25 ± 0.81
0.25 ± 0.10
0.05 ± 0.05
0.32 ± 0.22
0
0
0.95 ± 0.80
0.20 ± 0.09
0.05 ± 0.05
0.37 ± 0.11
0
0
0.45 ± 0.20
0.75 ± 0.32
0.20 ± 0.09
11.1 ± 2.63
155 ± 12.6
14.5 ± 12.5
6.20 ± 1.34
18.6 ± 5.07
5.15 ± 0.96

W, P
0.231
124, 0.007
3, 0.617
175, 0.453
194, 0.877
205, 0.890
0.081
111, 0.037
4, 0.221
259, 0.077
216, 0.639
185, 0.573
0.140
98, 0.166
4, 0.221
240, 0.223
220, 0.501
231, 0.151
0.064
98, 0.166
4, 0.221
265, 0.037
224, 0.400
221, 0.299
0.098
124, 0.007
2, 1.000
250, 0.122
189, 0.718
184, 0.499
0.139
118, 0.093
2, 1.000
249, 0.188
234, 0.371
262, 0.093

Figures containing variable a
Mean ± SE
Mean ± SE
(w/ SOI)
(w/o SOI)
0.60 ± 0.11
0.43 ± 0.09
0.62 ± 0.24
0
1. 00 ± 1.00
0
0.65 ± 0.23
0.70 ± 0.23
0.75 ± 0.22
0.60 ± 0.18
0.35 ± 0.17
0.30 ± 0.11
0.39 ± 0.06
0.23 ± 0.05
0.31 0.13
0
1.00 ± 0.00
0
0.60 ± 0.11
0.25 ± 0.10
0.40 ± 0.11
0.35 ± 0.11
0.15 ± 0.08
0.25 ± 0.10
0.32 ± 0.05
0.15 ± 0.04
0.15 ± 0.10
0
1.00 ± 0.00
0
0.50 ± 0.11
0.25 ± 0.10
0.30 ± 0.11
0.25 ± 0.10
0.20 ± 0.09
0.05 ± 0.05
0.31 ± 0.05
0.11 ± 0.04
0.15 ± 0.10
0
1.00 ± 0.00
0
0.50 ± 0.11
0.15 ± 0.08
0.30 ± 0.11
0.20 ± 0.09
0.15 ± 0.08
0.05 ± 0.05
0.31 ± 0.05
0.20 ± 0.05
0.46 ± 0.14
0
0
0
0.50 ± 0.11
0.25 ± 0.10
0.25 ± 0.10
0.30 ± 0.11
0.10 ± 0.07
0.20 ± 0.09
4.21 ± 0.36
2.89 ± 0.20
3.31 ± 0.43
2.54 ± 0.43
6.00 ± 2.00
6.50 ± 4.50
4.60 ± 0.95
2.40 ± 0.27
4.80 ± 0.86
3.00 ± 0.28
3.65 ± 0.34
3.15 ± 0.41

W, P
0.224
124, 0.007
3, 0.617
188, 0.712
219, 0.589
193, 0.821
0.038
111, 0.037
4, 0.194
270, 0.028
210, 0.759
180, 0.447
0.114
98, 0.165
4, 0.194
250, 0.110
210, 0.740
230, 0.164
0.048
98, 0.165
4, 0.194
270, 0.021
220, 0.482
220, 0.310
0.078
124, 0.007
2, 1.000
250, 0.110
190, 0.740
180, 0.394
0.108
106, 0.271
2, 1.000
271, 0.054
259, 0.109
243, 0.243
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Study variable

Journal

Charts
Ethology
Beh
AnBeh
BES
BehEcol
Tables
Ethology
Beh
AnBeh
BES
BehEcol

Variable
Mean ± SE
(w/ SOI)
0.28 ± 0.13
0.08 ± 0.08
0
0.65 ± 0.44
0.50 ± 0.40
0.05 ± 0.05
3.11 ± 0.39
2.61 ± 0.56
2.50 ± 1.50
2.30 ± 0.48
4.05 ± 1.02
3.10 ± 0.81

Mean ± SE
(w/o SOI)
0.56 ± 0.16
0.46 ± 0.46
0
0.35 ± 0.13
0.05 ± 0.05
0.20 ± 0.20
2.43 ± 0.30
1.77 ± 0.47
2.00 ± 2.00
1.95 ± 0.37
1.55 ± 0.28
1.70 ± 0.31

W, P
0.599
84, 1.000
2, NA
176, 0.373
155, 0.108
200, 1.000
0.772
107, 0.243
3, 1.000
212, 0.762
208, 0.849
243, 0.247

Figures containing variable a
Mean ± SE
Mean ± SE
(w/ SOI)
(w/o SOI)
0.13 ± 0.05
0.13 ± 0.04
0.08 ± 0.08
0.08 ± 0.08
0
0
0.20 ± 0.12
0.30 ± 0.11
0.20 ± 0.12
0.05 ± 0.05
0.05 ± 0.05
0.10 ± 0.10
3.04 ± 0.39
1.75 ± 0.17
2.62 ± 0.56
1.77 ± 0.47
2.50 ± 1.50
2.00 ± 2.00
2.30 ± 0.48
1.95 ± 0.37
4.05 ± 1.02
1.55 ± 0.28
3.10 ± 0.81
1.70 ± 0.31

W, P
0.792
85, 1.000
2, NA
173, 0.323
221, 0.299
200, 1.000
0.199
107, 0.243
3, 1.000
212, 0.762
282, 0.026
243, 0.247

SOI: supplementary online information. Journals: Ethology (N = 26); Behaviour (Beh; N = 4); Animal
Behaviour (AnBeh; N = 40); Behavioral Ecology and Sociobiology (BES; N = 40); Behavioral Ecology
(BehEcol; N = 40). We applied the Wilcoxon signed-ranks test within journals and combined these values
using Fisher’s method when testing across journals. Values in bold indicate statistically significant results.
a
To address possible subjectivity when quantifying each variable, we also analysed ‘figures containing
variable’ (e.g. if a numbered figure contained 17 photographs of birds engaging in a series of behaviours,
this figure would be treated as 17 images, 17 photographs, or, here, as one figure containing images).

Table S3
Raw data for study 1. This data set corresponds with Models S1, as indicated within the Models S1 file. See
separate file (CSV).
Table S4
Raw data for study 2, comparing 75 articles with supplementary online information (SOI) and 75 articles
without SOI. This data set corresponds with Models S1, as indicated within the Models S1 file. See
separate file (CSV).
Models S1
Models used in statistical analyses. Models are written for analysis in R.
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