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The science of entomology is pro-
duced by a large body of researchers 
around the world, and although it is 

difficult to say how many people identify 
themselves as “entomologists,” ESA has 
more than 6,000 registered members.1 
Thousands more scientists who may not 
identify themselves as entomologists are 
involved with the field of entomology, and 
valuable, original, and sometimes surpris-
ing entomological research is highlighted 
throughout the general press daily. For 
many of us, our job as an entomologist 
is connected to a passion. Sometimes it 
is a hobby and more than an occupation. 
It may become a career, a philosophy, 
and a lifelong involvement with a fasci-
nating world. However, our science, like 
any other, is represented by the peer-re-
view publication of the research projects 
with which we are involved. For careers 
in academia, the publication process is 
more than the simple reporting of sci-
entific results; it is also a key for tenure, 
promotion, and funding, and therefore 
impacts everything we do as scientists 
and as entomologists: it is our currency.

While the publication of research is the 
key to the progress of science as a whole, 
an important part of our job is to stay 

1 According to www.entsoc.org/resources/faq/ed#8 
as of Jan. 2015

up-to-date with the literature in our field. 
This implies that we have to read, process, 
analyze, criticize, support, refute, and build 
on the literature that has previously been 
published, as a gradual process. We require 
an accumulation of knowledge from var-
ious fields to be able to synthesize infor-
mation and come up with novel hypoth-
eses, ideas, concepts, and applications. 
The publication process requires us to cite 
relevant literature to place a given study 
in its context and emphasize its broader 
implications. Therefore, publishing requires 
reading a large volume of literature and 
citing it accordingly. In a not-so-distant 
past, a scientist’s access to relevant litera-
ture would rely on subscriptions to a list of 
scientific journals, or on reprints received 
directly from kind colleagues. Such a pro-
cess inevitably resulted in missing some 
relevant articles. With the overall progress 
of technology and computing science, sci-
entists now have rapid access to old and 
new publications and can use key words 
and filters to sort through the relevant lit-
erature offered by a large choice of online 
scientific databases.

In this article, we investigate wheth-
er entomologists have changed the way 
they do their science over the decades. To 
determine whether some patterns would 
emerge that show how entomologists con-
sume and produce research, and whether 

such patterns have changed over time, we 
surveyed more than 360,000 publications 
issued from 1954 to 2014, covering various 
broad categories of insects.

More Publications…
We surveyed 21 categories of insects that 
represent a significant portion of the ento-
mological research2 using long series of 
key words in the Google Scholar database 
for each category. We included most of 
the key genera or species within a cate-
gory and narrowed it down by exclud-
ing proceedings from conferences and 
non-entomology-related articles (e.g., 
“butterfly valve,” “moth-eye silicon solar 
cells”). Through this survey, summarized 
in Fig. 1, we observed a general trend that 
the number of articles published in ento-
mological science has steadily increased 
over the past 50 years to reach record 
highs in publication rates during the last 
decade (e.g., 45.3 articles per week for 
mosquitoes, 19.4 articles per week for 
aphids, and 12.3 articles per week for 
honey bees). 

2 The survey of insect categories excluded the 
literature dealing with Drosophila, although it 
represented about 20% of overall insect literature, 
as it is primarily featured as a model organism for 
genetics. Between 2005 and 2009, only 0.04% of 
the Drosophila literature was published in an ESA 
journal, and was therefore considered out of the 
scope of this survey.
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Figure 1. Publication rates of 21 insect categories over 50 years of entomological research. Data: Google Scholar.
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Although most insect categories have 
not received such a high level of focus as 
research targets, the relative number of 
articles published over time has invariably 
increased for all insects. However, there 
is some variability in how this increase 
happened over a half-century (Fig. 2). 
Some insects (e.g., moths, leafhoppers, 
cockroaches, grasshoppers, fleas, and 
houseflies) received relatively high scruti-
ny decades ago, but the research has since 
leveled off. Other insect categories (such 
as aphids, butterflies, weevils, dragon-
flies, termites, thrips, scales, mealworms, 
and bark beetles) were the subjects of a 
relatively gradual increase in research. 
Finally, some insect categories (includ-
ing mosquitoes, ants, honey bees, fruit 
flies, and bedbugs) experienced a sharp 
increase in research activity within the 
last couple of decades.

The disparities in resource allocation for 
entomological research over time reveal 
some “fashion” trends. In the 1960s and 
1970s, moths, leafhoppers, cockroaches, 
grasshoppers, and houseflies received a 

sudden increase in research. In the 1990s, 
butterflies, dragonflies, and whiteflies 
were the subjects of such an increase 
of focus. In the 2000s, the research on 
mosquitoes, ants, bees, fruit flies, and 
mealworms accelerated drastically. Final-
ly, bed bugs have received five times the 
amount of research within just a few years, 
as a response to their renewed status as 
a major urban pest.

… And More to Read
The increase of entomological research 
over time reflects the overall process 
observed in most fields of science: more 
and more articles are being published 
(Michels and Schmoch 2012). The ability 
to access most of the relevant literature 
also creates a dilemma for scientists who 
have to read through a larger volume of 
information. For example, a myrmecolo-
gist in 1959 had to screen through 1.5 ant 
publications per week to keep up with the 
current literature. This increased to 5.2 ant 
publications per week in 1974. In 2009, 
the same myrmecologist must scan 34.9 

ant publications per week, with access to 
the whole list of articles.

This observation reveals that for some 
entomologists with an extremely active 
field of research, we may have changed 
the way we consume entomological sci-
ence over the years. Considering the 
overwhelming number of articles that 
are published every year, it is up to the 
researcher to decide how much time 
should be spent simply keeping up with 
current information. Of course, a prelim-
inary overview of article titles can allow 
the most relevant articles to be screened 
at a glance, and for most of these, the 
researcher may only read the abstract. A 
researcher can only afford to take the time 
to read a very limited number of articles 
thoroughly. Therefore, on one hand, the 
field of entomology is expanding its bor-
ders and research subjects are diversifying 
as new scientific niches arise; on the other 
hand, researchers may become more and 
more specialized, and may not have the 
resources to keep up with a broad array 
of subjects within their own field.

Figure 2. Relative production rate of entomological research for a given insect category over time.

 by guest on D
ecem

ber 29, 2015
http://ae.oxfordjournals.org/

D
ow

nloaded from
 

http://ae.oxfordjournals.org/


American Entomologist • Volume 61, Number 4 255

Increased Collaborations
With the dilemma of increased access to 
articles but a compartmentalization of 
knowledge for individuals, we questioned 
whether entomological science is pro-
duced differently now than it was decades 
ago. To do so, we looked at the number of 
authors per article during two distinct peri-
ods: 1975-1979 and 2005-2009 (Fig. 3). We 
observed that, in the late 1970s, a majority 
of entomological articles were published 
by a single author (55%), or two authors 
(28%), while only a small portion of the 
articles were published by three or more 
authors (17%). In the late 2000s, author-
ship has changed drastically: 31% of the 
articles are published by a single author; 
24% are published by two authors, and 45% 
are published by three or more authors.

There are various potential factors that 
could explain such a shift in the number 
of authors per article over time, and we 
identified four of them. 

1) One of the consequences of the 
specialization described above 
is that collaboration may have 
become necessary to tackle proj-
ects with broad implications.

2) Entomologists have gradually con-
verted from naturalists to experi-
mental scientists. While a natu-
ralist would write from personal 
observations (hence being the sin-
gle author in such a report), exper-
imental science usually implies a 
collaboration of multiple individ-
uals with different skills and back-
grounds, resulting in an increase in 
the number of authors.

3) The increased competition in aca-
demia for funding, tenure, and pro-
motion during the past decades has 
resulted in increased collaboration 
among colleagues, so that one’s 
involvement with many projects 
would increase publication output.

4) Entomology has become a large 
multidisciplinary platform that 
allows for collaborations from out-
side insect science (in such fields 
as microbiology, ecology, physi-
ology, genetics, toxicology, evo-
lution, symbiosis, immunology, 
parasitology, ethology, etc.), and 
non-entomologists are now often 
co-authors in articles that feature 
an insect as the subject organism. 

Longer Articles, Longer 
Lists of References Cited
As we established that both the number 
of entomological articles and the number 
of authors per article have increased over 
time, we also observed that the length 
of articles and the number of referenc-
es cited per article have continuously 
increased over the decades (Fig. 4). We 
investigated articles published in Jour-
nal of Economic Entomology, Environ-
mental Entomology, and Annals of the 
Entomological Society of America in 1974, 
1994, and 2014 and counted the number 
of pages and the number of references 
cited from 350 random articles for each 
year. In 1974, an article published in an 
ESA journal had an average of 10.6 ref-
erences cited for an article length of 4.4 
pages. In 1994, ESA articles averaged 26.8 
references cited for an article length of 7.3 
pages, and in 2014, this number reached 
42.1 references cited for 8.9 pages in aver-
age. If this trend persists, we project that 

in 2034, the average number of references 
cited in an ESA journal could be up to 58, 
while articles may be more than 10 pages 
in length on average.

The increased volume of references 
cited over time makes sense, in that as 
we accumulate more and more knowledge 
in various entomological fields, there is 
more literature to draw upon during the 
writing process, and this was previously 
observed in science in general (Larivière 
et al. 2008). Because there is a direct cor-
relation between the number of references 
cited and the length of the article, it is also 
not a surprise that, over time, articles pub-
lished in ESA journals have gotten longer, 
and the volumes thicker. The length of 
articles may also be a factor in how much 
effort a reader will make to keep up with 
the literature. Returning to the example 
of our aforementioned myrmecologist, it 
would be manageable to fully read about 
five articles per week with only three to 
five pages per article in 1974. However in 
2014, with more than 30 articles published 
weekly that are between eight and eleven 
pages each, it is obvious that our myrme-
cologist would not be able to process such 
a volume of information without spend-
ing much more time on literature review.

So Much Science, So Little Cited
So far, all our observations show that all 
the metrics about publications in ento-
mology have inflated continuously for the 
past five decades. It is the responsibility of 

Figure 3. Comparison of the number of authors 
per published article from two time periods.

Figure 4. (A) Number of pages per article pub-
lished in ESA periodicals (n = 350 per year). (B) 
number of references cited per article published 
in ESA periodicals (n = 350 per year).
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individual entomologists to keep up with 
their own fields of research, sort through 
the massive flow of information, decide 
what is relevant to them, and judge what is 
valuable or not, which ultimately comes to 
this result: citing such papers in their own 
work. Ultimately, the value of a publication 
is measured by the impact it has had on 
the scientific community. One proxy for 
such measurement is the impact factor 
of the journal in which it was published. 
Another more realistic measurement of 
an article’s impact is its citation frequen-
cy, which can be now directly assessed 
by using online databases, and this can 
be extended to the overall measurement 
of an entomological career. Databases 
such as Google Scholar, ResearchGate, 
and Web of Science allow us to follow how 
a given article has been cited over time, 
and how scientists are cited throughout 
their careers. This powerful set of tools 
provides insightful metrics (h-index, year-
ly citation, etc.) that allow scientists and 
their affiliated universities or companies 
to assess the influence and impact that an 
individual’s research may have had in the 
global science. In academia, where recruit-
ment, promotion, and funding depend on 

productivity, such tools are widely used for 
assessments and evaluations. We therefore 
used these tools to determine the overall 
impact of entomological research on sci-
ence in general.

We surveyed 38,908 entomological arti-
cles published between 2005 and 2009, 
and determined how many times each 
paper was cited in the literature within 
five years after its publication—the time 
frame during which an article has the 
highest visibility and is most likely to be 
cited (Wallace et al 2009). The reality is 
that a vast majority of entomological liter-
ature does not make it through the screen-
ing process (Fig. 5). An astonishing 77% of 
overall entomological literature was either 
never cited or poorly cited (<1 citation per 
year). This result has broad implications 
for how our science is perceived by our 
peers. We estimated that only 4-10% of all 
entomological literature can be labelled as 
“high-impact.” This does not imply that a 
poorly cited paper has no value to science. 
There are many reasons why a paper may 
not receive much attention, and we here 
discuss the possibilities.

Competition and visibility. A paper 
may be overlooked due to the massive 

number of other publications that may be 
equally relevant. If not cited in the early 
years after publication, such an article 
may be “lost in limbo,” as article searches 
using keywords and filters in databases are 
displayed by “relevance,” which usually 
places the most cited articles on top of 
the list. Unless we look for a very specific 
item, we rarely pass through the first few 
pages of an online search. Alternatively, if 
we have the choice to “click” between two 
similar publications, and one was cited 50 
times while the other one was cited only 2 
times, we subconsciously and arbitrarily 
decide that the quality of the latter may 
not be worth a look. Therefore, the democ-
ratization of science that provides a qua-
si-infinite access to all possible knowledge 
comes with an inherent bias that imposes 
positive feedback on a few articles that will 
be cited because they were already cited, 
and relegates the rest to the background. 
Full access does not necessarily mean full 
visibility. Some valuable articles, referred 
to as “sleeping beauties,” may only start to 
be cited many years after publication due 
to a renewed interest in a given field, but 
these represent exceptions to the broader 
rule (Lachance and Larivière 2014).

Space and policies. Scientific journals 
often expect authors to keep a manuscript 
succinct. In order to reduce the number 
of pages of an article due to cost, limited 
space, or editorial policies, the introduc-
tion and conclusion of a manuscript may 
be reduced to a functional minimum. This 
inevitably leaves the authors with a choice 

Table 1. Proportion of the insect science published in ESA journals.

Insect category

1975-1979 2005-2009
Publication 
surveyeda

ESA 
publications (%)

Publication 
surveyeda

ESA 
publications (%)

Ants 874 42 4.8% 8210 120 1.5%

Aphids 2741 81 3.0% 4644 153 3.3%

Bark beetles 647 18 2.8% 751 22 2.9%

Bedbugs 44 2 4.5% 264 16 6.1%

Butterflies 1590 6 0.4% 4830 17 0.4%

Cockroaches 1134 28 2.5% 1136 13 1.1%

Dragonflies, Damselflies 633 3 0.5% 1937 3 0.2%

Fleas 750 35 4.7% 1020 30 2.9%

Fruit flies (non-Drosophila) 273 40 14.7% 1124 46 4.1%

Grasshoppers 1140 13 1.1% 1079 19 1.8%

Honey bees 679 52 7.7% 1865 38 2.0%

Houseflies 717 42 5.9% 735 32 4.4%

Mealworms, Flour beetles 601 23 3.8% 852 12 1.4%

Mosquitoes 4404 298 6.8% 9830 470 4.8%

Moths 3230 253 7.8% 3930 62 1.6%

Leafhoppers, Planthoppers 1418 27 1.9% 1731 76 4.4%

Scales, Mealybugs 800 17 2.1% 900 19 2.1%

Termites 681 9 1.3% 1773 104 5.9%

Thrips 555 14 2.5% 1692 47 2.8%

Weevils 2250 242 10.8% 2730 187 6.8%

Whiteflies 450 5 1.1% 2127 36 1.7%

Total 25611 1250 4.9% 53160 1522 2.9%

aThis number represents a sample of publications for each insect category, based on the results of queries using a 
series of key words related to the subject

Figure 5: Proportion of entomological articles 
cited within 5 years after publication (published 
in 2005-2009).
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of a few relevant publications to cite, put-
ting aside many other articles that could 
have been included. It is indeed tempting 
to cite a long list of papers that support a 
hypothesis, which is mostly appropriate in 
reviews. However, for a research article, it 
is often required to keep the background 
focused on the study and limit the broader 
context to fewer citations.

Microniche, irrelevance, and poor 
quality. There remains a large body of 
publications that are not cited simply 
because no one showed an interest in 
them. This often happens when the field 
of research is so narrow that an article 
may be relevant to only a few specialists 
in the world on a given insect species 
or subject. A publication may be scien-
tifically sound, but the interest in it or 
scientific value of it may be marginal. 
Again, because of the “publish or perish” 
nature of academia, some researchers 
may be tempted to submit manuscripts 
that do not contribute much to science 
in order to fill a quota, and in this situa-
tion, quantity may trump quality (Young 
et al. 2008). Some articles that look good 
at first glance may reveal cases of false 
positives, as a gradual disappearance of 
negative results was observed (Bertamini 
and Monafo 2012, Fanelli 2012). This cate-
gory contains a long list of articles describ-
ing such faulty science that they may be 
cited as examples of “what not to do in 
science.” It is often difficult to mention 
such poor-quality publications because 
of the political incorrectness of “pointing 
the finger” at a peer, but the reality is that 
within this 77% of unused publications, 
there is a portion that should have never 
passed the peer-review process, and it is 
only appropriate to ignore them.

Lack of Citation, in Retrospect
Taken in a broader context, 60-80% of all 
scientific publications currently fall within 
the “never or poorly cited literature” (Wal-
lace et al 2009), which parallels our obser-
vations regarding entomological research. 
However, contrary to an erroneous con-
ception, “uncitedness” actually gradually 
declined since the 1950s, when about 90% 
of the literature was not cited (Wallace et 
al 2009). We can only assume that it was 
true for entomology at the time, for the 
reasons expressed above: a small number 
of references cited per article and limited 
access to current literature. In a positive 
light, despite the relatively low impact of 
77% of entomological articles published 

in the late 2000s, this is an improvement 
compared to the estimated 90% of papers 
that went uncited half a century ago. How-
ever, while we are proportionally citing 
more now than we did in the past, in terms 
of the total volume of publication, our 
survey of 21 insect categories allows us 
to estimate that approximately 41,700 out 
of 54,180 publications from the late 2000s 
were never or poorly cited, compared to 
the late 1950s, when about 6,500 out of 
7,300 publications were never or poorly 
cited. While more resources have been 
allocated to entomology over time, an 
increasing volume of that investment has 
had little to no impact.

And ESA? Where Do We Stand?
If you are reading this, you are most likely 
an ESA member, because you just received 
this issue of American Entomologist in 
your mailbox. ESA is currently publish-
ing eight periodicals, in which you may 
have recently published your own work. 
As active ESA members, it is legitimate 
to wonder where ESA stands in terms 
of representation in insect science over-
all. Comparing the publication output of 
ESA in the late 1970s and the late 2000s 
(Table 1) shows that within 30 years, ESA 
has increased its publication rate by 20%. 
However, looking retrospectively at the 
overall entomological research published 
in hundreds of journals outside ESA, our 
survey shows that ESA is proportional-
ly less represented in the field because 
the volume of general entomological 
science has doubled in the same time 
frame. Therefore, in 1979, almost 5% of 
all entomological literature was published 
within an ESA periodical, but in 2009, 
ESA periodicals contained less than 3% 
of entomological literature.

Publishing Entomological 
Science in the Future
Our survey of 50 years of entomologi-
cal science shows that entomology is a 
vibrant and active science, more than it 
has ever been. While the overall produc-
tion of research has increased, a major 
portion of the research goes unnoticed. 
However, the overall quality and relevancy 
of entomological research has gradually 
improved, and publications proportion-
ally have a higher impact now than they 
did in the past. There is no doubt that 
insects remain a major focus for science, 
and that they will continue to do so in the 
coming decades. If the trends we observed 

continue in a similar fashion, we predict 
that the publication rate of entomological 
research will continue to increase in the 
near future; articles will get longer and will 
include more references cited. In addition, 
collaborations will also increase, with more 
and more authors for individual articles.

With the advent of better access to 
knowledge, we are able to adapt and opti-
mize the process of scientific research. As 
new technologies keep improving access 
to and visibility of science to peers and the 
public, entomologists are able to find rele-
vant information rapidly and efficiently to 
perform and promote their own research. 
However, with an overwhelming flow of 
information, it remains the task of the ento-
mologist to screen through the massive 
body of literature that is constantly updat-
ed, and to determine how relevant and 
valuable a publication can be for one’s own 
research. After all, there is only so much 
we can read and analyze…and remember.
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