nature

ecology & evolution

ANALYSIS

https://doi.org/10.1038/541559-017-0370-9

Corrected: Publisher correction

100 articles every ecologist should read
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Reading scientific articles is a valuable and major part of the activity of scientists. Yet, with the upsurge of currently available
articles and the increasing specialization of scientists, it becomes difficult to identify, let alone read, important papers covering
topics not directly related to one's own specific field of research, or that are older than a few years. Our objective was to propose
a list of seminal papers deemed to be of major importance in ecology, thus providing a general ‘must-read’ list for any new ecol-
ogist, regardless of particular topic or expertise. We generated a list of 544 papers proposed by 147 ecology experts (journal
editorial members) and subsequently ranked via random-sample voting by 368 of 665 contacted ecology experts, covering 6
article types, 6 approaches and 17 fields. Most of the recommended papers were not published in the highest-ranking journals,
nor did they have the highest number of mean annual citations. The articles proposed through the collective recommendation
of several hundred experienced researchers probably do not represent an ‘ultimate’, invariant list, but they certainly contain
many high-quality articles that are undoubtedly worth reading—regardless of the specific field of interest in ecology—to foster

the understanding, knowledge and inspiration of early-career scientists.

ous research—we take the flame of our predecessors and

pass it faithfully to the next generation of scientists, and so
it has always been. But this implies knowing the state of the art
of our field, as well as being aware as much as possible about
progress in other relevant fields. Hence, science can be repre-
sented as an ever-growing brick wall of published evidence,
which subsequent research bricks can add to—and sometimes
challenge, erode or even smash. Scientific articles have more
recently also started playing another role: as metrics of the
progress of projects and of the ‘quality’ of researchers and insti-
tutions'. Regardless of the pros and cons of this additional func-
tion, boosted by a parallel increase in the number of researchers?,
this has produced an enormous increase in the number of peer-
reviewed scientific articles. There are now well over 50 million
peer-reviewed scientific articles in existence’, with an increase of
8-9% each year over the past several decades®. This means that
over 1.5 million new articles are published each year across all
scientific disciplines®.

This metric aspect of publishing has led to an increase in the
competitive facet of the publication race, which has precipitated
a rush by postgraduate students—encouraged by their supervi-
sors—to focus on rapid publication®, which can inadvertently
discourage students from developing a strong knowledge base in
the sciences. This rush and the overwhelming load of available
reading material makes it difficult to remain at the forefront of
the methodological and conceptual advances of one’s discipline.
Furthermore, this means that it becomes increasingly plausible
to overlook older papers that might nonetheless be essential
for acquiring the necessary understanding of key concepts.
Prospective and current postgraduate students are also con-
fronted by another characteristic of modern research: the contin-
ued trend towards specialization of knowledge and expertise®’,
which does not favour integration of information on related
topics, even from the same discipline.

These challenges are made more daunting by their synergy—
too much information, but too little time to obtain, assimilate
and process it all. It is self-evident that this harms scientists’

| he progress of science is built on the foundations of previ-

ability to be both rigorous and creative—two complementary
features needed for high-quality research. Even experienced sci-
entists find it difficult to allocate time to push aside grant writing,
supervision, meetings and teaching, and often end up reading
only the latest ‘hot’ papers*. As online searching has increased as
a strategy to identify needed journal articles®, one may focus on
more direct and immediate knowledge needs to the detriment of
more basic readings. Unsurprisingly, important papers covering
topics not directly related to one’s own specific field of research,
or that are older than a few years, are even more difficult to iden-
tify, let alone read. It follows that defining which papers every
ecologist—and certainly every ecology student—should take the
time to read ought to become a priority to achieve satisfactory
ecological literacy’.

Our aim was to collate a list of objectively chosen and ranked
seminal papers deemed to be of major importance in ecology, thus
providing a general ‘must-read’ list for any ecologist, regardless of
particular topic or expertise. We defined a paper as one that should
be read because it provides information that is particularly rel-
evant for today’s ecologists. These can include well-known classics,
lesser-known methodological gems, general demonstrations of fun-
damental principles or philosophical essays on ecological science.
Our approach was to solicit a candidate list from ecology experts
(journal editorial members) and then rank those papers according
to a random-sample voting process done by an even larger sample
of ecological experts.

Results

The ecology experts proposed a total of 544 different papers.
As we expected, the distribution of the number of times articles
were proposed was highly right-skewed, with most (74%) papers
proposed only once (Supplementary Fig. 2), illustrating the great
initial diversity of papers proposed, but also the richness of the
pool of important papers in our discipline. We then resampled
this list of 544 papers for the voting phase without any restric-
tion or distinction among them (that is, completely random
samples of 20 from all 544 papers). Overall, 368 respondents
voted on 1,558 separate samples of 20 papers, providing 12,410
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Box 1| The 100 selected articles

An asterisk indicates articles that were proposed more than ten
times before the vote.
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Hardin, G. The competitive exclusion principle. Science 131,
1292-1297 (1960).

Paine, R. T. Food web complexity and species diversity.
Am. Nat. 100, 65-75 (1966).

Hutchinson, G. E. The paradox of the plankton. Am. Nat. 95,
137-145 (1961).

Hutchinson, G. E. Homage to Santa Rosalia or Why are there
so many kinds of animals? Am. Nat. 93, 145-159 (1959).
MacArthur, R. H. & Wilson, E. O. An equilibrium theory of
insular zoogeography. Evolution 17, 373-387 (1963).
Hutchinson, G. E. Concluding remarks. Cold Spring Harb.
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Hairston, N. G., Smith, E & Slobodkin, L. Community
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Connell, J. H. Diversity in tropical rain forests and coral
reefs. Science 199, 1302-1310 (1978).

Janzen, D. H. Herbivores and the number of tree species in
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May, R. M. Biological populations with non-overlapping
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Chesson, P. Mechanisms of maintenance of species diversity.
Annu. Rev. Ecol. Syst. 31, 343-366 (2000).
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trophic interactions and lake productivity. BioScience 35,
634-639 (1985).

Levin, S. A. The problem of pattern and scale in ecology:
the Robert H. MacArthur Award lecture. Ecology 73,
1943-1967 (1992).

Hanski, I Metapopulation dynamics.
41-49 (1998).

MacArthur, R. & Levins, R. The limiting similarity,
convergence, and divergence of coexisting species. Am. Nat.
101, 377-385 (1967).

Tilman, D. Resource competition between plankton algae:
an experimental and theoretical approach. Ecology 58,
338-348 (1977).

Hamilton, W. D. The genetical evolution of social
behaviour. 1. J. Theor. Biol. 7, 1-16 (1964).

Charnov, E. L. Optimal foraging, the marginal value theorem.
Theor. Popul. Biol. 9, 129-136 (1976).

Tilman, D. Biodiversity: population versus ecosystem
stability. Ecology 77, 350-363 (1996).

Rosenzweig, M. Paradox of enrichment: destabilization
of exploitation ecosystems in ecological time. Science 171,
385-387 (1971).

Connell, J. H. The influence of interspecific competition and
other factors on the distribution of the barnacle Chthamalus
stellatus. Ecology 42, 710-743 (1961).

MacArthur, R. & Levins, R. Competition, habitat selection,
and character displacement in a patchy environment.
Proc. Natl Acad. Sci. USA 51, 1207-1210 (1964).
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Hardin, G. J. The tragedy of the commons. Science 162,
1243-1248 (1968).

Levin, S. A. & Paine, R. T. Disturbance, patch formation,
and community structure. Proc. Natl Acad. Sci. USA 71,
2744-2747 (1974).

Felsenstein, J. Skepticism towards Santa Rosalia, or Why are
there so few kinds of animals? Evolution 35, 124-138 (1981).
Tilman, D. Competition and biodiversity in spatially
structured habitats. Ecology 75, 2-16 (1994).

Holling, C. S. Resilience and stability of ecological systems.
Annu. Rev. Ecol. Syst. 4, 1-23 (1973).

Hurlbert, S. H. Pseudoreplication and the design of ecological
field experiments. Ecol. Monogr. 54, 187-211 (1984).
Vitousek, P. M., Mooney, H. A., Lubchenco, J. &
Melillo, J. M. Human domination of Earth’s ecosystems.
Science 277, 494-499 (1997).

May R. M. Will a large complex system be stable? Nature
238, 413-414 (1972).

Pianka, E. R. On r- and K-selection. Am. Nat. 104,
592-597 (1970).

Brown, J. H., Gillooly, J. E, Allen, A. P, Savage, V. M. & West,
G. B. Toward a metabolic theory of ecology. Ecology 85,
1771-1789 (2004).

Ehrlich, P. R. & Raven, P. H. Butterflies and plants: a study in
coevolution. Evolution 18, 586-608 (1964).

MacArthur, R. H. & McArthur, J. On bird species diversity.
Ecology 42, 594-598 (1961).

Simberloff, D. S. & Wilson, E. O. Experimental zoogeography
of islands: the colonization of empty islands. Ecology 50,
278-296 (1969).

Grime, J. P. Evidence for the existence of three primary
strategies in plants and its relevance to ecological and
evolutionary theory. Am. Nat. 111, 1169-1194 (1977).
Brown, J. H. On the relationship between abundance and
distribution of species. Am. Nat. 124, 255-279 (1984).
Connell, J. H. Effects of competition, predation by Thais
lapillus, and other factors on natural populations of the
barnacle Balanus balanoides. Ecol. Monogr. 31, 61-104 (1961).
Holt, R. D. Predation, apparent competition, and the
structure of prey communities. Theor. Popul. Biol. 12,
197-229 (1977).

Anderson, R. M. & May, R. M. Population biology of
infectious diseases: part 1. Nature 280, 361-367 (1979).
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dispersion factors and predator-prey oscillations. Hilgardia
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Box 1| The 100 selected articles (continued)

52. Tilman, D., Wedin, D. & Knops, J. Productivity and
sustainability influenced by biodiversity in grassland
ecosystems. Nature 379, 718-720 (1996).

53. MacArthur, R. H. Population ecology of some warblers of
northeastern coniferous forests. Ecology 39, 599-619 (1958).

54. May, R. M. Thresholds and breakpoints in ecosystems with a
multiplicity of stable states. Nature 260, 471-477 (1977).

55.  Simberloff, D. Experimental zoogeography of islands: effects
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56. Schindler, D. W. Evolution of phosphorus limitation in lakes.
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57. Kunin, W. E. & Gaston, K. ]. The biology of rarity: patterns,
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competition and predation. Am. Nat. 116, 362-393 (1980).

60. Lande,R.Sexual dimorphism, sexual selection, and adaptation
in polygenic characters. Evolution 34, 292-305 (1980).

61. Tilman, D. et al. Habitat destruction and the extinction debt.
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62. Fretwell, S. D. & Lucas, H. L. On territorial behavior and
other factors influencing habitat distribution in birds. I.
Theoretical Development. Acta Biotheor. 19, 16-36 (1970).

63. May, R. M. Qualitative stability in model ecosystems. Ecology
54, 638-641 (1973).

64. Redfield, A. C. The biological control of chemical factors in
the environment. Am. Sci. 46, 205-221 (1958).

65. Tilman, D. et al. The influence of functional diversity
and composition on ecosystem processes. Science 277,
1300-1302 (1997).

66. Hamilton, W. D. Extraordinary sex ratios. Science 156,
477-488 (1967).

67. Schluter, D. & McPhail, J. D. Ecological character
displacement and speciation in sticklebacks. Am. Nat. 140,
85-108 (1992).

68. Hanski, I. A practical model of metapopulation dynamics.
J. Anim. Ecol. 63, 151-162 (1994).

69. Hamilton, W. D. The genetical evolution of social
behaviour. II. J. Theor. Biol. 7, 17-52 (1964).

70. Likens, G.E., Bormann, E R., Johnson, N. M., Fisher, D. W. &
Pierce, R. S. Effects of forest cutting and herbicide treatment
on nutrient budgets in the Hubbard Brook watershed-
ecosystem. Ecol. Monograph. 40, 23-47 (1970).

71.  Odum, E. P. The strategy of ecosystem development. Science
164, 262-270 (1969).

72. Hubbell, S. P. Tree dispersion, abundance, and diversity in a
tropical dry forest. Science 203, 1299-1309 (1979).

73. Grinnell, B. Y. The niche-relationships of the California
thrasher. Auk 34, 427-433 (1917).

74. MacArthur, R. H. & Pianka, E. R. On optimal use of a patchy
environment. Am. Nat. 100, 603-609 (1966).

75. Tilman, D., Forest, I. & Cowles, J. M. Biodiversity and
ecosystem functioning. Annu. Rev. Ecol. Evol. Syst. 45,
471-493 (2014).

76. May, R. M. & MacArthur, R. H. Niche overlap as a function
of environmental variability. Proc. Natl Acad. Sci. USA 69,
1109-1113 (1972).

individual-article votes in total (median =23 (12-36) votes per
article). Before analysis, we removed the few votes for papers that
were identified as “Not known” by the respondent, but that they
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77. Leibold, M. A. et al. The metacommunity concept: a
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78.  Axelrod, R. & Hamilton, W. D. The evolution of cooperation.
Science 211, 1390-1396 (1981).

79. Gleason, H. A. The individualistic concept of the plant
association. Bull. Torrey Bot. Club 53, 7-26 (1926).

80. Grime, J. P. Benefits of plant diversity to ecosystems:
immediate, filter and founder effects. J. Ecol. 86, 902-910
(1998).

81. Gould, S.J. & Lewontin, R. C. The spandrels of San Marco
and the Panglossian Paradigm: a critique of the adaptionist
programme. Proc. R. Soc. B Biol. Sci. 205, 581-598 (1979).

82. Grant, P. R & Grant, B. R. The founding of a new population
of Darwin’s finches. Evolution 49, 229-240 (1995).

83. Stearns, S. C. Life-history tactics: a review of the ideas.
Q. Rev. Biol. 51, 3-47 (1976).

84. Vitousek, P. M. Beyond global warming: ecology and global
change. Ecology 75, 1861-1876 (1994).

85. Janzen D. H. Why mountain passes are higher in the tropics.
Am. Nat. 101, 233-249 (1967).

86. Carpenter, S. R. et al. Regulation of lake primary productivity
by food web structure. Ecology 68, 1863-1876 (1987).

87. Stenseth, N. C. Population regulation in snowshoe hare
and Canadian lynx: asymmetric food web configurations
between hare and lynx. Proc. Natl Acad. Sci. USA 94,
5147-5152 (1997).

88. Anderson, R. M & May, R. M. Regulation and stability of
host-parasite population interactions. J. Anim. Ecol. 47,
219-247 (1978).

89. Krebs, C. J. et al. Impact of food and predation on the
snowshoe hare cycle. Science 269, 1112-1115 (1995).

90. Ginzburg, L. R. & Jensen, C. X. J. Rules of thumb for judging
ecological theories. Trends Ecol. Evol. 19, 121-126 (2004).

91. Chave, J. The problem of pattern and scale in ecology:
what have we learned in 20 years? Ecol. Lett. 16, 4-16
(2013).

92. MacArthur, R. Fluctuations of animal populations and a
measure of community stability. Ecology 36, 533-536 (1955).

93. Ricklefs, R. E. Community diversity: relative roles of local
and regional processes. Science 235, 167-171 (1987).

94. Levins, R. The strategy of model building in population
biology. Am. Sci. 54, 421-431 (1966).

95. Anderson, R. M & May, R. M. The population dynamics of
microparasites and their invertebrate hosts. Phil. Trans. R.
Soc. Lond. B 291, 451-524 (1981).

96. Brown, W. L. & Wilson, E. O. Character displacement. Syst.
Zool. 5, 49-64 (1986).

97. Lande, R. Risks of population extinction from demographic
and environmental stochasticity and random catastrophes.
Am. Nat. 142,911-927 (1993).

98. May, R. M. & Anderson, R. M. Population biology of
infectious diseases: part II. Nature 280, 455-461 (1979).

99. Parmesan, C. & Yohe, G. A globally coherent fingerprint of
climate change impacts across natural systems. Nature 421,
37-42 (2003).

100. Power, M. E. Effects of fish in river food webs. Science 250,
811-881 (1990).

ranked regardless. We provide the list of the 100 highest-ranked
articles in Box 1. In addition, we provide in the Supplementary
Material a list of the 75 top-ranked papers that were indicated as
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Fig. 1| Relationships between the mean score of each article and the impact factor of the journal that published it, its number of citations and its

age. a,b, 2014 International Scientific Indexing impact factor of the journal that published the article. ¢,d, Number of article citations. e f, Age of article
(log,,). The mean score of each article is the average score provided by voters who gave one point for each selection of the Top 10 category, two points for
Between 11-25, three points for Between 26-100 and four points for Not in the top “100" (see Methods). The top panels (a,c and e) are the results for all
votes, whereas the bottom panels (b,d and f) are for ‘read-only’ articles (see text for details). P, refers to the probability that a randomly generated order
of the dependent variable results in a root mean-squared error (RMSE) less than or equal to that of the observed RMSE (over 10,000 iterations).

‘read’ by the respondents and that were not already in the overall top
100 list. Of note, the number of auto-cited papers (that is, papers sug-
gested by proponents that were co-authored by them) among those
nominated was low (5.5%), and these were flushed out during the
voting procedure and subsequent ranking.

Although it was not our primary aim, the vote provided us
with some interesting information on which papers the expe-
rienced members of our community deemed to be ‘must-read.
First, correlations of the top 100 ranked papers were similar to
those of the full list of the 544 ranked papers. We found no rela-
tionship between the all-article ranking and the 2014 impact
factor of the journals in which the 544 papers were published.
However, there was a positive relationship between the all-arti-
cle ranking and the average number of article citations per year
(Fig. 1), as measured by the International Scientific Indexing
Web of Knowledge in 2014 (we obtained similar results using
mean per-year Google Scholar citations). This might be at least
partially due to the positive relationship between article age and
its rank because older papers are generally ranked relatively
higher (Fig. 1). However, the top-ranked papers did not have
the highest number of citations; as an example, only one of the
papers in our two lists belongs to the 100 most-cited papers in
ecology, according to the International Scientific Indexing Web
of Knowledge. The distribution of the age of the 544 top papers
shows two peaks: the first one in the 1960s-1980s (and older),
perhaps corresponding to more ‘classic’ papers, and the second
one in the 1990s-2000s.

More interestingly, we examined the relationship between the
number of times each article was proposed and: (1) the number
of times it received a vote, (2) its mean score after voting, (3) the
article’s age in years and (4) the Web of Knowledge annual cita-
tion rate (Supplementary Fig. 3). Again, using a randomization
correlation, we found that papers proposed more often had in
fact fewer overall votes, but a lower mean score (meaning that
they were more highly ranked). The papers more frequently pro-
posed were also older on average and had a higher citation rate.

However, while all relationships were statistically non-random,
they were also all rather weak given the skewness of the data.

For the proposed articles for which we had information on
the gender of the proposer, women proposed 54 papers and men
proposed 365 papers (a female-to-male proposing ratio of 1:6.8).
Similarly, and for articles for which we had information on the
gender of the voter, there were 62 women and 292 male voters
(a female-to-male voter ratio of 1:4.7). For the experience of voters
(that is,< 10 years, 10-25 years or > 25 years), we had information
for 1,516 sets of 20 randomly selected papers. For these, 54 (3.6%),
786 (51.8%) and 676 (44.6%) were voted for by people with <10
years, 10-25 years and>25 years of experience, respectively. In
other words, voters were more often males (82%) and on average
highly experienced, as could be expected from a sample of editorial
members in our highly gender-biased system'.

The distribution of the nominated papers shows that reviews
do not dominate the must-read articles, but case studies are more
common and conceptual papers make up approximately one-sixth
of all papers (Fig. 2). Similarly, for the classification of differ-
ent approaches, modelling studies take up the largest proportion
of all nominated papers, the second being argumentation papers,
generally corresponding to reviews and opinions (Fig. 2 and
Supplementary Table 1). The distribution of papers in different
ecological fields shows a predominance of community ecology,
biodiversity distribution and population ecology and, to a lesser
extent, evolutionary ecology, conservation biology and functional
ecology (Fig. 2).

The article rankings differed markedly depending on whether
they were read or not. Most notably, the positive relationship
between article age and its rank disappeared when considering
read-only papers, as did the relationship with the mean annual
citation rate. The median age of the 100 top-ranked papers
(known and/or read) was 38 years (95% confidence interval:
11-80 years), but only 24 years for the read-only list (95% confi-
dence interval: 7-60 years). On average, 42% of the 20 randomly
selected papers in each selection were scored in each attempt,
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Review 28%
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|

Ecophysiology 3% Chemical 1%

W

Aquatic 3%

Behavioural 4% Community 22%

Biodiversity
distribution 12%
Evolutionary 11%

Population 10%

Macroecology/
biogeography 4%

Functional 5%

Plant 6%

Conservation biology 7%

General 7%

Laboratory experiment 5%
Field experiment 5%

Observation 11% Modelling 35%

Analysis 14%

Argumentation 28%

Fig. 2| Top 100 ‘must-read’ articles according to their type. a, Type. b, Field.
¢, Approach.

but only an average 20% of the papers in each selection were ‘not
known’ (Supplementary Fig. 4). Only 10% of papers were both
scored and ‘not known’ on average across all random selections
of 20 papers.

Discussion

It could be considered counter-intuitive to suggest a ‘must-read’
list for any student in a scientific field as vast as ecology. The
initial number of papers suggested individually by editorial
members was higher than we had anticipated (544), confirm-
ing the diversity of our respondents and wide span of this dis-
cipline, but also its wealth of important papers. However, this is
put into better perspective when compared with the nearly half
a million papers published in the field of ecology according to
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the Web of Knowledge database (http://webofknowledge.com).
Another indication of this richness and breadth is the absence
of a clearly emerging set of papers with disproportionately high
scores, which could be due to the large and diverse community
of scientists in our field.

Although our aim was to provide ecology scientists—
especially those early in their career—with a compilation of essen-
tial ecology articles that they might have otherwise overlooked,
our analyses revealed some important limitations. First, the list of
the 100 most highly ranked papers contains many that are several
decades old. Some of these pioneering papers describe landmark
results or ideas, some are elegant in the concepts they present
and some simply have not yet been made obsolete. This is despite
the possibility that some historically important papers have been
updated, improved, overturned or adequately summarized else-
where since their publication, and that many of the latter probably
did not make it to the submitted list. This means that the list clearly
cannot be used as an exclusive reading source to replace compre-
hensive reading in one’s discipline. In an age of fast-evolving knowl-
edge and techniques, it is tempting to be sceptical of the interest of
reading such older papers; however, that older scientific articles are
still deemed to be important by the ecological community suggests
that ecologists still value them for acquiring a solid knowledge and
understanding (and perhaps even culture) of the discipline. Older
papers remain a security against repeating errors already made
or proposing ideas and hypotheses that have already received suf-
ficient research attention.

Although some fields of ecology are more represented than
others in our lists, especially community ecology and biodiversity
distribution, 17 different fields were present in the final 100 papers,
showing the rich diversity of this science. They also showed a rather
balanced pool of scientific approaches and article types, with mod-
elling papers, in particular, dominating. Most recommended papers
were not published in the highest-ranking journals, nor did they
have the highest number of mean annual citations, showing the
limitations of using such citation-based indices as metrics of arti-
cle or researcher impact'’. Interestingly, the two lists we provide
have only one paper in common with the 100 most-cited articles
in ecology according to the Web of Knowledge database (http://esi.
incites.thomsonreuters.com), confirming that citation-based crite-
ria are inadequate for selecting background reading, according to
acknowledged experts in ecology.

Another striking outcome is that the ranked list of articles differed
substantially depending on the stringent criterion of the respondents
having actually read them. Overall, only 23% of the 100 top-ranked
papers in the all-article list were also in the top 100 of the read-only
list. A remarkable example is the top-ranked paper in the all-article
list'?, which is entirely absent in the read-only top 100 (in fact, it was in
325th place in the latter ranking). The 77% difference between the two
lists obviously does not imply that only 23% of the top-ranked papers
had been read, since many respondents had read them; it means that
enough respondents had not read them to change the final ranking
substantially. It is likely that those articles recommended by scien-
tists who have not actually read them would still be recommended
as ‘must-read, but with a lower ranking than other read papers.
The 14year difference in the median age of the two lists potentially
emphasizes the ‘classic’ nature and high reputation of many articles
in the primary (that is, including both read and not-read articles) list.
The implication is that many senior ecologists recommended papers
that they had not actually read, instead relying on the paper’s per-
ceived reputation. Alternatively, even though many of the recom-
mended papers had not been read per se, the proponents possibly
knew enough of their content or main message via partial readings,
discussions, related readings or their mentors’ previous recommenda-
tions. Instead of viewing the ranking anomaly between the two lists
as problematic, we interpret it as a clear demonstration that defining

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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essential-reading lists is not a futile exercise because it highlights what
even the most-experienced researchers should ideally read.

Our approach explicitly targeted ecology articles and not
evolution per se; although we did consider evolutionary ecol-
ogy, the same exercise unambiguously targeting evolution would
undoubtedly yield a different ranked list. Although we could
clearly attribute some papers to particular fields, there is also
an element of subjectivity in this choice, such that other authors
would probably have classified some of them differently. The dif-
ference in the representation of the different ecology fields (and
the under-representation of some of them) might have more
to do with a discipline bias of editorial members in the jour-
nals we targeted for respondents (or of those among them who
responded to the survey), even though we strived to restrict our
choice to journals in general ecology.

As such, these lists proposed and ranked through the collec-
tive recommendation of several hundred experienced research-
ers in ecology probably do not represent an ‘ultimate, invariant
list. This is due to limitations of the approach and specificities
of the respondents; however, they contain many high-quality
articles that are undoubtedly worth reading whatever the spe-
cific field of interest in ecology. Furthermore, digging into this
already compiled list of important articles could unearth other
important articles that have been overlooked in this exercise.
We contend, then, that our endeavour has resulted in identifying
important lists of articles to foster understanding, knowledge and
inspiration, as well as lower the probability of re-inventing ecologi-
cal wheels". Two previous lists are worth mentioning in this regard:
a book collating 40 ‘classic’ papers from 1887 to 1974 (ref. ') and a
celebration of the British Ecological Society’s centenary through 100
‘landmark’ papers published in the society’s five journals'®. Although
the objectives—and therefore the contents—of these two lists differ
from our own, students would certainly find complementary, valu-
able readings therein.

Being provided with such a long list might be daunting for
students starting research. However, it is important to realize
early that reading is essential for many aspects of research and is
a major activity of scholars®. Following the increase in availabil-
ity of reading materials, the average number of readings per year
and per science faculty member has increased over the past three
decades, with an average of 150 articles read in 1977, 250-300
in 2005 and 468 in 2012 (refs *'°). Meanwhile, the average time
spent reading has decreased by one-third®, in part because stra-
tegic reading and 'flicking-bouncing' is increasingly deployed".
Overall, this amounts to an estimated 448hyear™ spent read-
ing—equivalent to 56 eight-hour days every year'® or about six
months over three years. The same authors report that research-
ers in life sciences estimate spending 15.3h per week reading
scholarly content’®.

The digitalization of older publications and the increased
online availability of nearly all peer-reviewed articles today mean
that scientists now have quick access to many more articles than
they did even a few decades ago'’. Ironically, such a profusion of
available articles has shifted how scientists select their primary
reading material to using pre-defined and personally oriented
search terms rather than thematically based searches. This
rarefaction of library browsing and perusal could lead to a
paucity of lateral exploration of secondarily (or even loosely)
connected topics, and thus of potential findings that are unex-
pectedly relevant'.

Ithasalsobeen suggested that the current use of massively avail -
able online articles might favour consensus towards a restricted
number of more recent studies, thus narrowing the search field
and the consequent ideas on which to base our own research’.
Both phenomena argue for reading the older literature, as well as
articles thatare not directly related to one specific topic. Returning

to our brick-wall metaphor, increasing specialization in ecological
fields and the ever-increasing numbers of journals and published
articles might therefore act to lay more ‘bricks, without actually
increasing the height, breadth or strength of the wall of knowledge.
Our recommended papers are therefore the foundation of the
wall, so without reading and understanding them, the quality of
successive bricks will inevitably decrease such that the wall will
lose robustness over time. We therefore hope the lists we have
generated with the generous contribution of our peers will help
in this regard.

Methods

To generate a list of ‘must-read’ papers, we faced two major challenges.

(1) How does one define whether a published article is ‘important’? (2) How

can we compare such articles objectively? The importance of scientific articles is
difficult to assess and requires experience and knowledge; it is also a subjective
definition by nature and requires refraining from biasing choices towards

one’s own, necessarily restricted field of expertise, despite familiarity being a
necessary precursor to selection. For these reasons, we decided to rely on the
expertise of acknowledged experts in ecology and asked them directly, as a
community, which scientific articles they deemed most ‘important’ in the
context described above. We thus contacted the editorial members of some

of the most renowned journals in general ecology (those with the highest impact
factors and avoiding journals that are either specialized or multidisciplinary).
We contacted all the editorial members of the following journals: Trends in Ecology
and Evolution, Ecology Letters, Ecology, Oikos, The American Naturalist, Ecology
and Evolution and Ecography. We also contacted all the members of the Faculty
of 1000 Ecology section (f1000.com/prime/thefaculty/ecol). The common point
of all these scientists is that they have normally been selected as editors for their
wide knowledge of ecology and their ability to assess the novelty, importance and
potential disciplinary impact of submitted ecology research papers; by virtue

of their appointment to such editorial boards, these people are ipso facto
ecology ‘experts.

We contacted all 665 of these editors by email to describe the project and
ask them first to send us the details of three to five peer-reviewed papers
(or more if they wished). This selection was based on the criterion that these
scientists “deemed each postgraduate student in ecology—regardless of their
particular topic—should read by the time they finish their dissertation”, and
that “any ecologist should also probably read”. We also specified that these
could include “any type of research paper”, and that they need not be
strictly ‘ecological’ if still deemed essential to a general knowledge
in ecology.

Collectively, the editorial members (147 respondents of the 665 contacted)
nominated 544 different articles to include in the primary list (that is, 3.70 articles
on average suggested by each person who replied). Once we obtained the list of
nominated articles, we asked these same 665 experts to vote on each of them to
obtain a ranking provided collegially by the community. As there were so many
papers to assess and score, participants could not reasonably be requested to
examine all 544 proposed articles and suggest a relative rank for each. This
trade-off necessitated a resampling approach (see Analysis) to tally the relative
rank of each article. Therefore, we provided each voter with a randomly generated
sample of 20 papers from all the nominated papers in the original list. We asked
surveyed scientists to vote on the papers provided in at least one randomly
generated sample of 20 papers and preferably on five or more randomly
generated samples of 20 papers. Participants could vote on as many papers as
they wanted in each sample. In the randomly generated samples, each paper was
presented with its full reference, an abstract (available by hovering the curser over
the entry) and a downloadable PDF of the full article (see Supplementary Fig. 1).
The Ethics Committee of the Centre National de la Recherche Scientifique
agreed that no ethics approval was deemed necessary for such a voluntary and
anonymous survey.

We requested that the voter first provide for each of the 20 papers an
‘importance’ score, assigning each to one of four categories: Top 10, Between
11-25, Between 26-100 or Not in the top “100”. We also instructed respondents
to provide information on how well they knew each paper via the responses
“Read it”, “Know it” or “Don’t know it”. For each voter, we also asked her or his
gender, country of education and scientific experience (< 10 years, between 10 and
25 years or > 25 years). We gave one point for each selection of the Top 10 category,
two points for Between 11-25, three points for Between 26-100 and four points
for Not in the top “100”.

We also classified each of the 544 proposed papers into one of six types (review,
case study, methodology, concept, career or opinion), one of 17 fields (general
ecology, biodiversity distribution, community ecology, conservation biology,
functional ecology, evolutionary ecology, population ecology, palacoecology,
molecular ecology/microbiology/genetics, behavioural ecology, chemical ecology,
ecophysiology, landscape/spatial ecology, soil ecology, aquatic ecology, plant
ecology, or macroecology/biogeography) and one of six approaches (laboratory
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experiment, field experiment, modelling, argumentation, data analysis or
observation). Of course, some papers could belong to several types, fields or
approaches, so we allowed repeat categories (see Results).

Analyses. We first averaged scores across all randomly sampled sets of submitted
votes for each paper and then applied a simple rank to these (ties averaged). This
provided a rank of the top- (1) to least-voted (544) articles. Thus, the final rank
avoids any contrived magnitude of the differences between arbitrary score values
(that is, 1 to 4 base scores).

To test for correlations between different rankings, or between rankings and
the article age, citation rate and so on, we developed a resampling approach that
avoided assumptions of normality, homoscedasticity or linearity. In brief, we took
the raw, average scores for each article (independent variable) and compared them
with randomized orders of the corresponding correlate (dependent variable) for
each test. For each randomized order over 10,000 iterations, we calculated a root
mean-squared error (RMSE,,4,m) and compared this with the observed RMSE
between the two variables. When the probability that randomizations produced a
RMSE less than or equal to the observed RMSE was small (that is, the number of
times (RMSE < RMSE g ervea) + 10,000 iterations << 0.05), we concluded that

random —

there was evidence of a correlation.

Life Sciences Reporting Summary. Further information on experimental design
and reagents is available in the Life Sciences Reporting Summary.

Code availability. All R code needed to reproduce the analyses and results is given
in the following repository: https://github.com/cjabradshaw/HIPE.

Data availability. All data generated or analysed during this study are included
in this article (and its Supplementary Information files). All data files needed
to reproduce the analyses and results are given in the following repository:
https://github.com/cjabradshaw/HIPE.
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» Experimental design

1. Sample size

Describe how sample size was determined. We contacted the editorial members of some of the most renowned journals in
general ecology (with the highest Impact Factors, and avoiding journals that are
either specialized or multidisciplinary). We contacted all the editorial members of
the following journals: Trends in Ecology and Evolution, Ecology Letters, Ecology,
Qikos, The American Naturalist, Ecology and Evolution and Ecography. We also
contacted all the members of the Faculty of 1000 Ecology Section (f1000.com/
prime/thefaculty/ecol). We contacted all 665 experts listed and collected the data
from all 147 who responded.
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2. Data exclusions

Describe any data exclusions. From the initial list, we excluded experts who were specifically listed as experts in
evolution.

3. Replication

Describe whether the experimental findings were our survey was not experimental, so no replication was needed
reliably reproduced.

4. Randomization

Describe how samples/organisms/participants were our survey was not experimental, so no randomization into experimental groups
allocated into experimental groups. was needed

5. Blinding
Describe whether the investigators were blinded to our survey was not experimental, so no group allocation, and therefore no blinding
group allocation during data collection and/or analysis. was needed

Note: all studies involving animals and/or human research participants must disclose whether blinding and randomization were used.
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Statistical parameters

For all figures and tables that use statistical methods, confirm that the following items are present in relevant figure legends (or in the
Methods section if additional space is needed).

Confirmed

|:| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)

|X| A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same
sample was measured repeatedly

|:| A statement indicating how many times each experiment was replicated

|X| The statistical test(s) used and whether they are one- or two-sided (note: only common tests should be described solely by name; more
complex techniques should be described in the Methods section)

|X| A description of any assumptions or corrections, such as an adjustment for multiple comparisons
& The test results (e.g. P values) given as exact values whenever possible and with confidence intervals noted

|X| A clear description of statistics including central tendency (e.g. median, mean) and variation (e.g. standard deviation, interquartile range)

|X| Clearly defined error bars

See the web collection on statistics for biologists for further resources and guidance.

» Software

Policy information about availability of computer code

7. Software
Describe the software used to analyze the data in this all data were analyzed using statistical packages of R
study. A link to the code is provided in the published article

»

For manuscripts utilizing custom algorithms or software that are central to the paper but not yet described in the published literature, software must be made
available to editors and reviewers upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). Nature Methods guidance for
providing algorithms and software for publication provides further information on this topic.

Materials and reagents

Poli
8.

10.

»

cy information about availability of materials
Materials availability

Indicate whether there are restrictions on availability of ~ Not applicable
unique materials or if these materials are only available
for distribution by a for-profit company.

Antibodies

Describe the antibodies used and how they were validated Not applicable
for use in the system under study (i.e. assay and species).

Eukaryotic cell lines
a. State the source of each eukaryotic cell line used. Not applicable

b. Describe the method of cell line authentication used.  Not applicable

c. Report whether the cell lines were tested for Not applicable
mycoplasma contamination.

d. If any of the cell lines used are listed in the database Not applicable
of commonly misidentified cell lines maintained by
ICLAC, provide a scientific rationale for their use.

Animals and human research participants

Poli
11.

cy information about studies involving animals; when reporting animal research, follow the ARRIVE guidelines

Description of research animals

Provide details on animals and/or animal-derived Not applicable
materials used in the study.
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Policy information about studies involving human research participants

12. Description of human research participants

Describe the covariate-relevant population We contacted editorial members in ecology and asked them for participation to
characteristics of the human research participants. the survey (see Suppl. Info). The participation was voluntary and anonymous.
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