
Insect Science (2018) 25, 352–354, DOI 10.1111/1744-7917.12459

LETTER TO THE EDITOR

A slow-growth high-mortality meta-analysis for insects:
A comment on Chen and Chen

Shannon M. Murphy, Mayra C. Vidal, Claudia J. Hallagan, Elizabeth E. Barnes and E. Dale Broder
Department of Biological Sciences, University of Denver, Denver, CO, USA

Dear Editor,

Insect Science recently published a meta-analysis that
tried to test support for the slow-growth high-mortality
(hereafter SG-HM) hypothesis (Chen & Chen, 2018).
Meta-analysis is a powerful statistical tool used to
quantitatively compare and summarize multiple studies
(Arnqvist & Wooster, 1995). However, results from a
meta-analysis must be carefully interpreted when only
limited sample sizes are available. Many conclusions
made by Chen and Chen (2018) are based on low sam-
ple sizes and/or have small fail-safe numbers, which is
problematic when making conclusions about whether the
SG-HM hypothesis is supported or rejected.

The SG-HM hypothesis is based on the idea that devel-
opment time of an herbivorous insect impacts its survival
and thus also its fitness. The longer an insect feeds on
a plant, the longer it is exposed to natural enemies (i.e.,
predators, parasitoids, and pathogens) or adverse climatic
events, which increases its risk of mortality. Feeny (1976)
first proposed that herbivores take more time to develop
when they feed on low-quality plants (e.g., high chemi-
cal/physical defenses or low nutritional quality) than when
they feed on high-quality plants, which presumably re-
duces herbivore fitness. Later, Price et al. (1980) pre-
dicted that the longer an herbivore in a vulnerable imma-
ture stage takes to develop into a reproductive adult, the
greater the risk of attack by natural enemies; if an im-
mature insect dies before reaching reproductive maturity,
then fitness is reduced to zero. The SG-HM hypothesis has
now been tested many times with studies both supporting
or rejecting it for various reasons (e.g., Damman, 1987;
Haggstrom & Larsson, 1995; Benrey & Denno, 1997;
Fordyce & Shapiro, 2003; Lill & Marquis, 2001; Murphy,
2004; Medina et al., 2005; Cornlissen & Stiling, 2006),
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and thus a comprehensive assessment of support for the
SG-HM hypothesis in the literature would be valuable.

Chen and Chen (2018) performed a meta-analysis to
test the conditions under which the SG-HM hypothesis is
supported or rejected in herbivorous insect systems. This
meta-analysis produced mean effect sizes for 52 different
tests of the SG-HM hypothesis (e.g., comparisons among
taxa, life stages, etc.). Of the 52 tests, 16 tests were sig-
nificantly different from zero, which demonstrates sup-
port or rejection of the SG-HM hypothesis. All 16 sig-
nificant tests were calculated with sample sizes of 20 or
fewer effect sizes; 7 tests had sample sizes less than 10,
and worryingly 4 tests had sample sizes of only 1 or 2.
For example, the finding that SG-HM was rejected when
studied in hymenopteran systems is based on a sample
size of 1; this means that their conclusion regarding Hy-
menoptera is based on a single published study, and this
result should not have been reported as a conclusion of
a meta-analysis as it implies that the result has broad
support. Similar caution should be applied to the conclu-
sions about the effects of multiple parasitoid orders (n =
2), idiobiont parasitoids (n = 2), and predators alone im-
pacting generalist herbivores (n = 1). Serious problems
can arise in random-effects analyses performed with very
low sample sizes, such as the analysis by Chen and Chen
(2018), and it is critical that authors clearly explain lim-
itations (Borenstein et al., 2009). Additionally, it is im-
portant to consider nonsignificant results when sample
sizes are low because the probability of type-II error is
high, even though meta-analysis can be effective to avoid
type-II errors with modest sample sizes. Of the 36 non-
significant tests of SG-HM in the meta-analysis, 22 had
sample sizes less than 10, and 11 had sample sizes less
than 5. For example, the findings that studies measuring
pupal mass or gall size neither supported nor rejected SG-
HM were based on sample sizes that included only 2 effect
sizes. We suggest that additional research and/or a more
thorough review of the literature are needed to test these
hypotheses.
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Another meta-analysis issue is the file-drawer problem;
results that contradict a favored hypothesis or that are
nonsignificant tend to remain unpublished, and as such,
languish in a file-drawer (Rosenthal, 1979). Thus, a meta-
analysis may find a significant result because studies that
support the tested hypothesis are disproportionally repre-
sented in the literature. To deal with this potential bias, re-
searchers conducting a meta-analysis calculate a fail-safe
number, which indicates the number of nonsignificant,
unpublished papers that would need to exist to cause the
significant effect that was found to become nonsignifi-
cant (Rosenberg, 2005). Fail-safe numbers that are large
compared to the number of studies included in the test
help assure us that the significant findings are not due
to publication bias (Rosenberg, 2005). Chen and Chen
(2018) report fail-safe numbers that are notably low. For
example, 2 of the 16 significant tests have a fail-safe num-
ber of 0, which means that if even a single nonsignificant
study were published, their effect size would be reduced
to a nonsignificant value. Notably, for the 16 significant
tests, 5 have fail-safe numbers of less than 10. Thus, for
the significant results with low fail-safe numbers, there
may be a file-drawer problem and the reported results may
be due to a type I error.

The Chen and Chen (2018) review was timely given the
number of times the SG-HM hypothesis has been tested
in insect herbivore systems. However, because sample
sizes were small and the risks associated with the file-
drawer problem were not properly assessed, we should be
cautious of drawing definitive conclusions about whether
SG-HM is supported or refuted for the many subareas
tested by Chen and Chen (2018). Readers unfamiliar
with meta-analysis may overvalue conclusions made with
small sample sizes or may fail to recognize the risks of
the file-drawer problem. There may be other extenuating
circumstances that should be considered as well. For ex-
ample, one of the more reliable results that Chen and Chen
(2018) appear to have found was that SG-HM was sup-
ported for generalist herbivores (n = 16, fail-safe num-
ber = 413), but not for specialist herbivores. However,
Singer et al. (2012) suggested that only studies that ex-
perimentally control herbivore density can directly test
SG-HM because many natural enemies (e.g., birds) for-
age for herbivorous prey (e.g., caterpillars) in a density-
dependent way; since high-quality host plants often have
greater densities of herbivores, these herbivores may suf-
fer increased predation because they are found in high
densities, which would mask any potential effects of SG-
HM. Singer et al. (2012) found that if they controlled for
herbivore density, then herbivores on poor-quality host
plants were more likely to be depredated, supporting SG-
HM; but if they did not control for density, then herbivores

on high-quality plants were more likely to be depredated,
which does not support SG-HM (support instead for high-
performance/high-mortality hypothesis). Without know-
ing how many of the papers reviewed by Chen and Chen
(2018) controlled for herbivore density, it is difficult to
know whether their findings are reliable. We argue that
the real value of this review is that it highlights systems
and questions where additional studies are needed to more
fully test the SG-HM hypothesis.
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