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Abstract

A recent meta-analysis concluded, ‘transgenerational effects are widespread, strong and persistent’.
We identify biases in the literature search, data and analyses, questioning that conclusion. Re-
analyses indicate few studies actually tested transgenerational effects – making it challenging to
disentangle condition-transfer from anticipatory parental effects, and providing little insight into
the underlying mechanisms.
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COMMENTARY

Anticipatory parental effects are a type of adaptive intergenera-
tional plasticity where parents anticipate their offspring’s (F1)
environment, and program their phenotype accordingly (Mar-
shall & Uller, 2007; Uller, 2008; Shea et al., 2011). Importantly,
for these effects to be considered truly transgenerational, they
should be detectable at least in the F2 (grand-offspring) or F3
(great grand-offspring) generation, depending on the mode of
reproduction, time of exposure, etc. (O’Dea et al., 2016; Perez
& Lehner, 2019). Despite several textbook-like examples of
anticipatory parental effects (Tollrian, 1995; Fox et al., 1997;
Agrawal et al., 1999; Galloway & Etterson, 2007), recent syn-
theses have challenged their generality (Uller et al., 2013;
Radersma et al., 2018). Condition-transfer parental effects,
where the physical condition of parents is positively related to
their offspring’s fitness (irrespective of offspring environmental
quality), have been argued to contribute to the ambiguity found
in previous syntheses (Bonduriansky & Crean, 2018; Engqvist
& Reinhold, 2016, 2018). Yin et al. (2019) attempted to resolve
the ambiguity found in previous syntheses by integrating results
from experiments performed across species and environmental
gradients. While we applaud the authors for their effort, we
suggest there are limitations regarding how the study was con-
ducted, reported and interpreted that challenge the reliability
and generality of its conclusions.
The literature search had limited coverage, lacked trans-

parency and was not reproducible. Coverage was reduced
because of the following reasons: (1) Records were filtered by
only two subject areas, ‘environmental sciences ecology’ and
‘evolutionary biology’, thus, excluding key areas such as ‘zool-
ogy’, ‘reproductive biology’ and ‘developmental biology’,

consequently excluding around 78% of potentially relevant
records (Supporting Information 1.1). (2) Important keywords
and their alternative spellings (e.g. ‘trans-generational’, ‘inter-
generational’, ‘silver-spoon’, ‘programming’) were not included
in the search string (Supporting Information 1.2). (3) The
search strategy was inconsistent, for example, despite indicating
that records containing the keyword ‘diet(s)’ were excluded (us-
ing NOT (‘diet$’) in the search string), 19 studies manipulating
diet were included in the meta-analysis (Supporting Informa-
tion 2.6). (iv) Non-fully factorial experiments published before
January 2013 were also excluded, but they were included after
2013, which may have biased the results since non-fully factorial
experiments produce larger effect sizes than fully factorial
experiments (Supporting Information 2.9, 5.8).
The analyses did not fully account for non-independence

among effect sizes. First, residual variance (i.e. unit-level
effect), which needs to be modelled explicitly in meta-analyses,
was not. Second, a nested data structure was assumed for the
random effects, despite the data structure corresponding to a
(partial) crossed design. Third, shared control (Lajeunesse,
2011) and phylogenetic non-independence (Chamberlain et al.,
2012) were not accounted for, despite the statements in Yin
et al. (2019). Supporting Information 5 contains an overview
of the sources of non-independence and a full re-analysis
accounting for them.
Our re-analysis, which accounted for non-independence

among effect sizes (see above), shows that effects are overall
much more uncertain (wider 95% confidence intervals, CI)
than shown in Yin et al. (2019), particularly when phyloge-
netic non-independence is accounted for. Indeed, the phyloge-
netically corrected overall effect of the ancestors’ conditions is
0.10 (95% CI = [0–0.20]; Fig. 1; mean = 0.11 [0.06–0.16] when
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Figure 1 Results of the phylogenetic meta-analysis and three phylogenetic meta-regressions: (a) the overall effect and the effect in each environmental context, (b)

the effect for each trait category and (c) the effect for each major taxonomic group. Overall, offspring do, on average, better in environments that match those of

their ancestors, however, the 95% confidence intervals of those estimates are large, and often overlap with zero, in contrast to Yin et al. (2019). Points represent

means, and error bars show the 95% confidence intervals. Numbers of contributing effect sizes are placed above point estimates.

Figure 2 Results of a phylogenetic meta-regression testing the effect for each trait in each environmental context: (a) Env i: more stressful, (b) Env ii: relatively

favourable, (c) Env iii: more favourable and (d) Env iv: relatively stressful. In addition, the results of four phylogenetic meta-regressions testing the effect for

different (e) transmission types, (f) offspring generations, (g) ancestor developmental stages at exposure and (h) offspring developmental stages at measurement are

also shown. Points represent means, and error bars show the 95% confidence intervals. Numbers of contributing effect sizes are placed above point estimates.
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phylogenetic non-independence is neglected). That is, off-
spring showed around 11% increased performance on average
in matched versus unmatched environments. However, hetero-
geneity in effects, which was not reported in Yin et al. (2019),
is high. Prediction intervals, which incorporate heterogeneity
(IntHout et al., 2016), allow us to predict that the true effect
size of 95% of future, similar studies should range
from � 0.55 (c. 42% decrease) to 0.75 (c. 113% increase);
predictions that remain virtually the same regardless of the
statistical model used (Supporting Information 5.4), making
the generality of Yin’s et al. (2019) statements more ques-
tionable. Importantly, even when exploring moderators we
obtained more uncertain results (Figs 1 and 2; Supporting
Information 5). Additionally, contrary to conclusions made
by Yin et al. (2019), we found evidence for publication bias
(‘small-study effect’ = missing some low precision effect sizes;
Supporting Information 5.6) raising additional concerns
about the magnitude and robustness of the results. Finally,
most effect sizes analysed referred to parental (i.e. intergener-
ational) effects (93.6%); thus, the resulting estimates provide
little insight into truly transgenerational effects (6.4% of
effect sizes, Supporting Information 2.10). Overall, our re-
analysis provides a more nuanced interpretation of the data
and suggests that adaptive ‘transgenerational’ effects are not
as robust and widespread as stated in Yin et al. (2019).
Despite the importance of differentiating anticipatory from

condition-transfer parental effects for understanding the evo-
lutionary causes and consequences of transgenerational effects
(Bonduriansky & Crean, 2018; Engqvist & Reinhold, 2016,
2018), Yin et al. (2019) provided no real progress on this
front. Two sources of evidence point at comparatively large
condition-transfer effects: (1) the effect on traits closely
related to fitness (reproduction and survival) was overall
absent in the most stressful environments, but positive in
milder environments (Fig. 2a–d); (2) effects were stronger
when ancestors were exposed during embryonic development
(Fig. 2g), which supports recent findings in water fleas (Rader-
sma et al., 2018).
Overall, while we applaud the efforts of Yin et al. (2019)

in their attempts to provide greater clarity on the role of
adaptive transgenerational effects, we believe their conclu-
sions are still premature. Most of the issues we raised should
be considered when performing a meta-analysis (see step-by-
step Supporting Information), and some (data and analysis)
could have been also rectified at the peer review stage, if
journals would encourage reviewers to review data and code,
or even assign a reviewer specifically for that task. We here
encourage Ecology Letters to be a leading journal in this
respect.
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