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*Please ensure you delete the link to your author homepage in this e -mail if you wish to forward it to
your co -authors.

Dear Ms Loughnan,

Your manuscript entitled "Phenological asynchrony across clades and not trophic levels with warming"
has now been seen by three reviewers, whose comments are copied below. The reviewers have raised
a number of concerns which we would like to see addressed in a revised manuscript before we can
reach a final decision regarding publication in Nature Ecology & Evolution.

We therefore invite you to revise your manuscript taking into account all reviewer and editor
comments. Please highlight all changes in the manuscript text file.

We are committed to providing a fair and constructive peer -review process. Do not hesitate to contact
us if there are specific requests from the reviewers that you believe are technically impossible or
unlikely to yield a meaningful outcome.

When revising your manuscript:

* I nclude a fiResponse to revi ewe-bysphintchonwyouraddressedceach ai | i ng, poin
reviewer comment. If no action was taken to address a point, you must provide a compelling
argument. This response will be sent back to the reviewers along with the revised manuscript.

* |f you have not done so already please begin to revise your manuscript so that it conforms to our
Article format instructions at http://www.nature.com/natecolevol/info/final -submission. Refer also to
any guidelines provided in this letter.

* Include a revised version of any required reporting checklist. It will be available to referees (and,
potentially, statisticians) to aid in their evaluation if the manuscript goes back for peer review. A
revised checklist is essential for re -review of the paper.

Please use the link below to submit your revised manuscript and related files:

[REDACTED]
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Note: This URL links to your confidential home page and associated information about manuscripts
you may have submitted, or that you are reviewing for us. If you wish to forward this email to co -
authors, please delete the link to your homepage.

We hope to receive your revised manuscript within four to eight weeks. If you cannot send it within
this time, please let us know. We will be happy to consider your revision so long as nothing similar has
been accepted for publication at Nature Ecology & Evolution or published elsewhere.

Nature Ecology & Evolution is committed to improving transparency in authorship. As part of our

efforts in this direction, we are now requesting that all au
published papers create and link their Open Researcher and Contributor Identifier (ORCID) with their

account on the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific

community achieve unambiguous attribution of all scholarly contributions. You can create and link

your ORCID from the home page of the MTS by clicking on 6Mod
more information please visit please visit www.springernature.com/orcid

Please do not hesitate to contact me if you have any questions or would like to discuss these revisions
further.

We look forward to seeing the revised manuscript and thank you for the opportunity to review your
work.

[REDACTED]

Reviewer expertise:
Reviewer #1: Phenology
Reviewer #2: Phenology

Reviewer #3: Bayesian and phylogenetic analyses

Reviewers' comments:
Reviewer #1 (Remarks to the Author):

Laughnan et al. use an impressive new database and a Bayesian phylogenetically -informed model to
estimate phenological shifts for different clades, habitats, and trophic levels. They find a moderate

phylogenetic signal for phenological shifts and evidence for differences among clades, but not trophic

level, latitude or habitat. There was no meaningful change in relative phenologies for interacting pairs

of species.

Overall, the manuscript was clear and well written. Below | have made a list of suggestions, by line
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number. In addition to that list, | think the authors need to add more information about the analyses.
Despite the submission check  -boxes, | could not find information about the Bayesian model priors or
check on MCMC performance and convergence for the posterior distributions.

Finally, like previous work, including the 2018 PNAS paper by some of the same authors as this
manuscript, there is an implicit assumption that historical metrics of phenological synchrony (i.e.
whenever a time series happens to start, or an arbitrary 1980) are optimal, and any changes to that
amount of synchrony are bad (from someone's point of view). The authors should acknowledge

Lindén's 2018 critique of that PNAS study (or other, related, critiques) that points out that decreases

in phenological synchrony can actually be adaptive in some cases.

L63: the phrase "é models that include species shared evol

awkward. Perhaps add an apostrophe to species, and "a phylogeny"?

L66: "pool with" instead of "pool to"?

L68: maybe it is clarified later, but when | read this the first time | was confused by the use of "pool

towards". I'm guessing that this refers to parameter shrinking in a mixed model framework, with

greater shrinkage for poorly sampled taxa, but adding a random effect of clade will cause shrinkage

towards a clade mean rather than an overall mean? Perhaps there is a clearer way to explain this and

yet remain concise?

L71: Instead of " After combining and updating previous meta -analysesé", | think you

combining and updating THE STUDIES FROM previous meta -anal yses é". You aren't combi

results of the meta  -analyses, but their sources. This would be closer to the way you phrase it on L306.
L72: Few people would consider 5 years to be "long -term"! Instead, how about giving the range,
median, and mean for the time series lengths?

L81: I'm inferring that a negative change means advancing phenology, but its weird to report 3.1 days
with a 90%Crl that has negative numbers. If you flipping the sign to report 3.1, you should do the

same for its Crl. Same issue, line 84 for the toad, and lines 113, 115, 116, 118.

L 83 -84: Are these extremes for species with short time series? It would be impossible for a 44
day/decade advance to continue for very long. It might be worth stating something about these

outliers if they do come from short time series. I'm also surprised that the model wouldn't bring them
closer in -line with other species.

L89: why would interacting pair have smaller absolute shifts? | don't understand that prediction, since

it isn't related to synchrony.

Paragraph starting L88: This paragraph is a jumble about absolute shifts in phenology and
synchronous shifts in interacting pairs. Its content needs to be re -organized to fit into the previous
paragraph (absolute shifts) and the following one (about synchrony for pairs).

L106: Might call it Pagel's lambda, for better context. And add a 2nd digit for the posterior mean and
Crl? Same for LS54, LS63, etc..

L108: These are key negative results. Please report the posterior means and Crl's here in the main
text, not just the "extended" stuff!

L127: I'd say "to sample species evenly, AND ", to avoid the split infinitive and because "and" seems
like the more appropriate conjunction.

L135-136: These are minor negative results, but I'd still rather see their numbers in the main text and
not just extended content. Particularly since you go on to discuss these negative results in the next
paragraph.
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L152: I'd add an apostrophe to "species".
L348: missing a closing parenthesis.

Refs: You maybe should cite Prather et al. 2023, Proc B, which also compared phenology shifts among
taxonomic groups and trophic levels and found similar overall results

Supplement

LS6: Did you consider adding a random effect of study (or data source) on slope? This might account
for regional variation in climate trends as well as data quality issues or anything else peculiar to a
particular data source T although not if meta  -analyses were treated as sources.

Table S6 legend: missing word in the legend?

Reviewer #2 (Remarks to the Author):

This manuscript addresses a longstanding question in ecology: how prevalent is phenological

mismatch? This question is relevant to predicting future species interactions under climate change.

This manuscript has several strengths. The author assembled a high -quality phenological time series

database with species interaction information. To address possible sampling bias across clades, the

authors used a Bayesian phylogenetic model to estimate rates of phenological shift. The authors

compared posterior distributions of the rates of phenologic
among trophic | evels and taxa. The conclusion of f@Ano widespr
surprise some and inspire future studies on this topic.

Q

Before accepting the conclusion of fAno widespread phenol ogic
guestions. Specifically, I am curious if the authors found A
specieso or fino consistent changes in synchrony across pairs
possibilities differ significantly in terms of conservation.

appears to align with the former case, the analyses suggest the latter is more accurate, as evidenced
by the variabilities in phenological shift and changes in phenological synchrony among species in
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Figures 2 and 3. However, | could not find evidence supporting the first case; that is, | could not
determine the number of interacting species pairs that experienced significant changes in synchrony.
If my understanding is correct, certain statements in the manuscript may mislead the audience into
believing the first case when the evidence supports the second.

In addition, | wonder whether the authors have considered other potential sources of phenological

mismatch that may not be fully captured by the methods used in this study. Specifically, while the

study's findings indicate changes in the average timing of phenophases, they do not account for

potential changes in the range of timing, which can impact the duration of the phenophase. It is

important to note that changes in the mean may not necessarily correspond to changes in the degree

of overlap between interacting phenophases, and as such, we should exercise caution in interpreting

the study's conclusions of #Alack of widespread phenol ogi cal

Finally, I would like to make a methodological observation. Though attempts were made to examine

the impacts of latitude and climate change, the lack of explicit consideration for spatial factors in the

analysis is disconcerting for the following reasons. (1) Spatial sampling bias can be a confounding

factor, just as taxonomic sampling bias was addressed by the authors. (2) Species interactions occur

locally rather than across their entire distributions. (3) The range of pre -climate change variability
may be narrower than anticipated when examining populations instead of entire taxa.

Reviewer #3 (Remarks to the Author):
Review for: "Phenological asynchrony across clades and not trophic levels with warming"”

This manuscript is a meta  -analysis on phenological shifts, specifically examining the degree of
phenological asynchrony among trophic groups. Although there are several (quite recent) meta -
analyses on this subject as the authors have noted, the authors state (as noted in the Abstract) that

the main difference here is that the authors use a larger and more recent dataset, and also a Bayesian
comparative approach. The main claim in the manuscript is that phenological asynchrony in response

to temperature between trophic groups is not widespread, but that there is more asynchrony across
taxonomic clades. | thought that the strength of this paper actually lay within the null results, some of

which were surprising and challenging to the current phenological asynchrony paradigm. However, |

found issues with some of the conclusions and interpretations, some of which was due to somewhat

unclear messaging, which consequently affected clarity on the novelty of the findings made.

1. Confusion between phylogenetic signal, clade, and taxonomic group: The comparative analysis

suggests that there are phylogenetic constraints on phenological responses over time, with species

that share more evolutionary history responding more similarly. The authors conclude from this that

clade -level differences are more important than trophic level differences in explaining asynchrony in

phenological shifts. | have a few questions on this:

Generally, | find the author's interpretation of a significant phylogenetic signal too loose (e.g., lines

105-109), as they seem to use fAtaxonomic groupso, ficladeodo, and
interchangeably throughout the text. | am okay when clade is used to mean monophyly or relatedness

5
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in the paper. However, when clade or phyl ogenetic signal i s
abstract) | find this confusing and problematic.

One reason is that there could be taxonomic group differences regardless of evolution. For example, if
you include taxonomic groups as a random variable in your comparative model it could still explain
variability in phenological shifts attributed to the ecology of that general group. If the aim was to
compare whether phylogeny, taxonomic groups, or trophic group explained more of the variance in
phenology/shifts, could you not include the letter two variables as random effects in your phylogenetic
mixed -effects model and directly quantify the variance explained by each (rather than separately
model taxonomic groups as currently done in the supplements)?

| also found Figure 2b (which is not referenced in the main text) confusing as it shows no differences
among ficladeso, contradicting the study title.

2. Confusion between taxonomic group and trophic group: Similarly, | found that in some instances

(e.g., Discussion lines 108  -120), the authors blurred the definitions of taxonomic and trophic groups.

On one hand, the paper reports little trophic differences in phenological asynchrony, but then in this
paragraph, the results are framed in terms of clade and taxonomic group differences contributing to

trophic -level differences (while some of these exact same taxonomic differences are not seen as

evidence for trophic differences in the abstract). This is vital to the main take home message of the

paper, and therefore, it becomes unclear what the main conclusions are.

Similarly, is there a reason you group your supplemental analysis and conclusions by a high -level
taxonomic group (birds, insects, etc.) rather than genus, fa
the reasoning for examining birds, insects, amphibians, and flowering plants are, other than to try and
understand differences among trophic levels (but then trophic level was another variable coded as
consumer/resource within different interaction types? For example, Figure 2a was what was referred

to as evidence of fino trophic differenceso.

3. Interpretations on fiwarmingo: With the title of the paper
phenological slopes with respect to temperature change (i.e., days/C instead of days/time). Analysis

with temperature was only a portion of the analysis in the supplement, and moreover, the authors

note a lack of trend with temperature. Given this, the title of the paper and the interpretation

surrounding warming (Lines 123 -124 as one example) should be changed. | found this null result

interesting, and was also not very satisfied with the author
interannual variability in climated across the sites of stud
(nor shown in Extended Figure 8 as referenced in Line 141). Also, given the lack of temperature

correlation, 16d |ike some discussion on what you think coul
phenology.

4. Why and how are results different from previous meta -analysis? The authors state in the Abstract

that the difference between previous and the presented meta -analysis is that this current paper uses

Aidi fferent species sets and types of interactionso. As curre
very compelling (all new meta -analysis at a minimum should include new/different data), although |

do think this is just a phrasing issue. It also states in lines 51 -53 that previous studies have highly

over -represented birds and insects, but these same taxonomic biases are found here and in other
meta -analyses, so | am not sure how this could explain results differences?
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5. Finally, I had a few questions on the methods/meta -analysis:

There are probably constraints on word limit, but it would be great if some of the additional methods
section from the Supps were moved to the main Methods section. For example, the first paragraph in
the Additional Methods section is extremely useful to know. Also, why was only 66.5% of the
Thackeray data used?

Perhaps there is a reason why other random effects canét eas
limitations, but there are several important ones missing that if you cannot include it would be good to
justify why. 1) Since previous meta -analyses on phenological shifts have sometimes found large

geographical variation despite a fairly weak latitudinal trend (implying strong local drivers of
phenology), can you include site (or a larger aggregation of site, e.g., country or continent) as a
random effect to account for spatial variation? 2) Can you control for other sources of variance (e.g.,

phenophase type) ornon  -independence (e.g., study/dataset ID)?
Why was habitat type included? | agree it could be important, but while it is mentioned in the abstract
ités not well incorporated into the introduction. | also fee

latitude is equally (if not more) important to mention in the Abstract over the habitat result as
currently framed.
| assume absolute latitude was used in the analysis? Please state so in the methods.

Figures:

Figure 1: As this is a conceptual figure can you make the x -axis span the same range? 11t0s
compare across the panels when the 0 line has moved around in its relative position.

Figure 1 and 3: The colours in these figures are flipped.

Figure 2a: Where does the coding of primary, tertiary, secondary etc come from? | do not think it was
written up in the methods.

Figures 2 and 3: | find it quite awkward to read these histograms where the bins are cut off at the

limits of the x -axes. | understand that the Extended Fig 4 and 6 shows the wider distribution, but even
there, it would be good to see the entire distribution, and just have vertical lines representing the

90% and/or 95% cut offs.

Figure 4. Please clarify that the coloured bands represent variation pre -1980, as | was initially
confused as to why it is not changing with the mean shift.

Extended Figure 2. Please give the N and % of each taxonomic group.

* * END*

Author Rebuttal to Initial comments
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Reviewer comments are italicized and our detailed explanation of changes are in regular text.
Reviewer 1 — comments:

Laughnan et al. use an impressive new database and a Bayesian phylogenetically-informed
model to estimate phenological shifts for different clades, habitats, and trophic levels. They
find a moderate phylogenetic signal for phenological shifts and evidence for differences among
clades, but not trophic level, latitude or habitat. There was no meaningful change in relative
phenologies for interacting pairs of species. Overall, the manuscript was clear and well writ-
ten. Below I have made a list of suggestions, by line number.

We thank the reviewer for this positive feedback and for their helpful suggestions to improve
the manuseript. In addressing the reviewer’s comments, we have updated the methods to
provide more details on the analyses and clarified the language and predictions. We believe
the revised manuseript further clarifies our results and the improves our understanding of
how species phenologies’ shift under climate change.

In addition to that list, I think the authors need to add more information about the anal-
yses. Despite the submission check-boxes, I could not find information about the Bayesian
model priors or check on MCMC performance and convergence for the posterior distributions.

This is a great point. We had previously only included metrics of MCMC performance (specif-
ically n.¢¢ and R) in the tables of the supplementary information, with little information in
the main text; we now include the following in our methods starting on line 400:

Our model included semi-informative priors for each parameter, and model code
was validated using test data prior to analysis. Given the complexity of our
posterior geometry and the inferential aims of our study, models were deemed
sufficient if they produced R values below 1.1. However, our main model gener-
ated R values close to 1, with well mixed chains, and values of n, ff greater than
10% of the model iterations.

Finally, like previous work, including the 2018 PNAS paper by some of the same authors
as this manuscript, there is an implicit asswmption that historical metrics of phenological
synchrony (i.e. whenever a time series happens to start, or an arbitrary 1980) are optimal,
and any changes to that amount of synchrony are bad (from someone’s point of view). The
authors should acknowledge Lindén’s 2018 critique of that PNAS study (or other, related,
critiques) that points out that decreases in phenological synchrony can actually be adaptive
N SOMNE CASES.

Good point. We have highlighted this important assumption early in the manuscript now on
line 40, including a reference to Lindén’s 2018 critique (which we also reference on line 84):

Shifts across species that lead to phenological asynchrony (as illustrated by Fig.
1) may be especially concerning. Assuming that historically phenological syn-
chrony was optimal!, shifts in synchrony may disrupt ecosystem services, such
as pollination, and carbon, and nutrient cycling®™.

L63: the phrase “... models that include species shared evolutionary history via phylogeny”,
s awkward. Perhaps add an apostrophe to species, and “a phylogeny”?

Done (line 69).
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L66: “pool with” instead of “pool to”? L68: maybe it is clarified later, but when I read this
the first time I was confused by the use of “pool towards”. I'm guessing that this refers to
parameter shrinking in a mized model framework, with greater shrinkage for poorly sampled
taza, but adding a random effect of clade will cause shrinkage towards a clade mean rather
than an overall mean? Perhaps there is a clearer way to explain this and yet remain concise?

We always struggle to explain this succinctly but clearly—especially given the various terms
used in different literatures—and have worked to fix this. The reviewer is correct, that our
model ig shrinking parameters towards one another. Since we use a phylogenetic tree in a
variance-covariance matrix poorly sampled taxa will pool towards other taxa based on their
location within the phylogeny (but we are careful in our use of the term ‘clade’ now per
another reviewer’s comments). We changed this sentence to read as follows (line 73):

Further, our modeling approach allows under-sampled species within a lineage to
partially pool (or ‘shrink’) to closely related taxa (or not, depending on the data).
This approach is a significant advance from previous analyses, which treated all
species as completely exchangeable, and would thus pool (‘shrink’) towards the
most well-sampled and least variable species.

L71: Instead of “After combining and updating previous meta-analyses. .. ”, I think you mean
“After combining and updating THE STUDIES FROM previous meta-analyses ...”. You
aren’t combining the results of the meta-analyses, but their sources. This would be closer to
the way you phrase it on L306.

Done (line 77).

L72: Few people would consider 5 years to be “long-term” Instead, how about giving the
range, median, and mean for the time series lengths?

We agree with the reviewer and have removed this phrasing, adding the range, and mean,
for the time series on line 80. We found the median to be similar to the mean so do not
present it, but can if requested.

L81: I'm inferring that a negative change means advancing phenology, but its weird to report
3.1 days with a 90%Crl that has negative numbers. If you flipping the sign to report 3.1, you
should do the same for its Crl. Same issue, line 84 for the toad, and lines 113, 115, 116, 118.

We have made these changes.

L 83-84: Are these extremes for species with short time series? It would be impossible for
a 44 day/decade advance to continue for very long. It might be worth stating something
about these outliers if they do come from short time series. I'm also surprised that the model
wouldn’t bring them closer in-line with other species.

The reviewer raises a good point. We agree that reporting the extremes of our model es-
timates are not useful and have removed this sentence of our results. These anomalies are
not due to short time series (the model does generally pool short time series strongly), but
rather the complexity of our datasets combined with our modeling approach.

L89: why would interacting pair have smaller absolute shifts? I don’t understand that pre-
diction, since it isn't related to synchrony.
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We agree with the reviewer and have further clarified this prediction. Since interacting species
experience the same conditions, they are more likely to respond to the same environmental
cues®. We predict this would result in similar environmental tracking and therefore greater
likelihood of maintaining synchrony relative to random species pairs that experience distinet
environments. To help clarify our prediction, we have changed the text on line 60 as follows:

Since selection can drive interacting species to use similar environmental cues®,
studies of known species pairs could find less asynchrony with climate change, as
both species respond in kind to the changing environmental cues.

L88: This paragraph is a jumble about absolute shifts in phenology and synchronous shifts
i interacting pairs. Its content needs to be re-organized to fit into the previous paragraph
(absolute shifts) and the following one {(about synchrony for pairs).

We appreciate the reviewer bringing this to our attention and have reorganized the content
across the three paragraphs referenced to improve its flow and clarity (starting on line 90).

L106: Might call it Pagel’s larmbda, for better context. And add a 2nd digit for the posterior
mean and Crl? Same for LS54, LS63, etc..

We have revised our text to refer to lambda as Pagel’s lambda on line 116. We are following
the advice recommended in Gelman et al.”, and report the number of digits that reflect the
level of accuracy and precision in our data and model, but we should have explained this.
To address this, we had added reference to this decision on line 87.

L108: These are key negative results. Please report the posterior means and Crl’s here in
the main text, not just the “extended” stuff!

We agree with the reviewers suggestion and have added the means and uncertainty intervals
for the trophic levels to the main text on line 97.

Phenological shifts showed no differences across trophic levels, with highly vari-
able shifts of -3.7 (-13.6, 5.9) days per decade for primary producers, -2.9 (-14.3,

7.4) days per decade for primary consumers, -5.3 (-25.7, 5.4) days per decade for
secondary consumers, and -1.8 (-9.3, 5.3) days per decade for tertiary consumers.

L127: I'd say “to sample species evenly, AND 7, to avoid the split infinitive and because
“and” seems like the more appropriate conjunction.

Done (line 140).

L135-136: These are minor negative results, but I'd still rather see their numnbers in the main
text and not just extended content. Particularly since you go on to discuss these negative
results in the next paragraph.

This comment pertains to many insightful figures and analyses. To better address them in
the main text, we have included the uncertainty intervals from our analysis of latitude and
the smallest and largest responses on to temperature changes in the three month window
spanning each phenological event (line 147). We feel that reporting all values would be very
repetitive, but if the reviewer thinks otherwise then we can report these results in more detail.
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L152: I'd add an apostrophe to “species”.
Done (line 167)

L348: missing a closing parenthests.
Done (line 408).

Refs: You maybe should cite Prather et al. 2023, Proc B, which also compared phenology
shifts among tazonomic groups and trophic levels and found similar overall results

Done (line 135).

LS6: Did you consider adding a random effect of study (or data source) on slope? This might
account for regional variation in climate trends as well as data quality issues or anything else
peculiar to a particular data source — although not if meta-analyses were treated as sources.

We fully agree that including study in the model could account for regional and study-level
differences and worked on this before our original submission. Unfortunately, only 3.1% of
our species occurred in more than one study and only 22.3% occur in more than one site.
These biases in our data make it challenging to estimate study and site level effects. We
did run our data on a simple model with study and no phylogenetic effects. This model
produced broadly similar estimates, giving us confidence in our results. To explain this and
other modelling decisions, we have added additional information about our model approach
from line 392 to line 400.

Table S6 legend: missing word in the legend?
Thank you for catching this. We have fixed this typo in Table S3 (previously Table S6).
Reviewer 2 — comments:

This manuscript addresses a longstanding question in ecology: how prevalent is phenological
mismatch? This question is relevant to predicting future species interactions under climate
change. This manuscript has several strengths. The author assembled a high-quality pheno-
logical time series database with species interaction information. To address possible sampling
bias across clades, the authors used a Bayesian phylogenetic model to estimate rates of phe-
nological shift. The authors compared posterior distributions of the rates of phenological shift
to evaluate “change in synchrony” among trophic levels and taza. The conclusion of “no
widespread phenological mismatch” might surprise some and inspire future studies on this
topic. Before accepting the conclusion of “no widespread phenological mismatch,” I have a few
additional questions.

We thank the reviewer for recognizing the strength of our dataset and novelty of our results.
We address the reviewer’s suggestions, refining our language to better reflect the limitations
of our data, as well as adding new summary statistics and figures to better justify our mod-
eling approach and conclusions.

Specifically, I am curious if the authors found “no changes in synchrony in most pairs of
species” or “no consistent changes in synchrony across pairs of species.” The implications of
these two possibilities differ significantly in terms of conservation. While the manuscript’s
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primary message appears to align with the former case, the analyses suggest the latter is more
accurate, as evidenced by the variabilities in phenological shift and changes in phenological
synchrony among species in Figures 2 and 3. However, I could not find evidence supporting
the first case; that is, I could not determine the number of interacting species pairs that expe-
rienced significant changes in synchrony. If my understanding is correct, certain staterments
in the manuscript may mislead the audience into believing the first case when the evidence
supports the second.

This is a good point as explaining what we mean here is important to clearly communicate
our results. We did not clarify how often each species in a pair shifts in opposite directions,
thus producing mean shifts that are the average of the two changes (and thus what we would
report as no change in synchrony). However this is not what we found, as most species pairs
show unimodal distributions—that is, both species in the pair are shifting in similar direc-
tions. To add more clarity to our writing, we have emphasized that changes in synchrony
were rare, and included new estimates that summarize the percentage of interactions showing
considerable asynchrony for each interaction type (see line 107).

To provide further clarification, we now highlight that our model does estimate changes in
synchrony for the well studied species pairs in which asynchrony is known to occur:

While our results capture known shifts in the synchrony of interacting species
pairs, including, for example, between Parus major and caterpillars (Fig. ED4)
we found such changes in synchrony were rare, occurring for only 10.9% across
all known interacting species pairs.

We also updated the caption for Fig. 4 to include additional details of the number of
interactions with considerable asynchrony across each interaction type:

Changes in synchrony in known interacting species pairs were rare, oceurring for
only 12.8% of pollination, 11.1% of predation, 5.3% of herbivory, and 11.1% of
competitive interactions.

We have added the below figure to illustrate this and referenced the figure on line 107. As
per other reviewer comments, this section of the manuscript has been rewritten to improve
its clarity.

m Open Acces3his file is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the oridinalQw@nd the

source, provide a link to the Creative Commons license, and indicate if changes werdmiad@&ases where the authors are anonymous,

such ags the case for the reports @honymous peer reviewers, author attribution should be to 'AnonymBeferee’ followed by a clear
attribution to the source work¢ KS A YF 3Sa 2NJ 20 KSNJ GKANR LI NIe& YFAGSNRIE Ay dKAa ¥
AYRAOFGSR 20KSNBA&AS Ay | ONBRAG tAyS G2 GKS YI S Nddyourdntehded udelisi S NJA
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from thiglecbpglder. To

view a copy of this license, vigittp://creativecommons.org/licenses/by/4.0/

AtS |
F £ A:



http://creativecommons.org/licenses/by/4.0/

nature portfolio

0o
n o @s= Parus major egg laying
Qo o @ Parus major hatching
£ o W Parus major first appearance
0 o e Caterpillar peak abundance
g Caterpillar first appearance
R 2+
b =
8 ° ]
L=
.2
=
Q v
*u-)' o
o
a o .
g -

T T T T T
-4 =2 0 2 4

Shift in phenology (days/decade)

In addition, I wonder whether the authors have considered other potential sources of pheno-
logical mismatch that may not be fully captured by the methods used in this study. Specifically,
while the study’s findings indicate changes in the average timing of phenophases, they do not
account for potential changes in the range of timing, which can impact the duration of the
phenophase. It is important to note that changes in the mean may not necessarily correspond
to changes in the degree of overlap between interacting phenophases, and as such, we should
exercise caution in interpreting the study’s conclusions of “lack of widespread phenological

mismatch.”

We agree and have added details acknowledging that our data is limited to point estimates
of mean phenological events on (line 84, quoted below). Our Bayesian approach allows us
to interpret a distribution of posterior estimates for each of our model estimates, and is the
next best option given the absence of the full period of an event. Since the difference in the
means of our posterior distributions were not larger than the width of the distributions, they
are not resolvable from one another and suggest no differences despite being generated using
point estimates. We are therefore confident in the conclusions presented in this manuscript,
given the currently available data.

Further, almost all data are point estimates (e.g. phenology represented by one
date per year) giving limited insight into how the overlap of species phenologies
may change®.

Finally, I would like to make a methodological observation. Though attempts were made to
examine the impacts of latitude and climate change, the lack of explicit consideration for
spatial factors in the analysis is disconcerting for the following reasons. (1) Spatial sampling
bias can be a confounding factor, just as taronomic sampling bias was addressed by the au-
thors. (2) Species interactions occur locally rather than across their entire distributions. (8)
The range of pre-climate change variability may be narrower than anticipated when examin-
ing populations instead of entire taza.

We generally agree with these concerns and have moved several supplemental figures to the
main text, ag well as adjusted the text, to better highlight these limitations. Our modelling
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approach addresses what we see as several of the biggest biases and drivers of variation in
the data—specifically, taxonomic diversity, time series length, and start year—but biases
remain.

We agree that spatial sampling biases can have a confounding effect. In our dataset, most
species are sampled in a single site and there are considerable biases in where data is collected.
‘We have more explicitly addressed this: in the abstract, and on line 75 in the introduction,
line 157 of the results, and line 395 in the methods. To the reviewers second and third point,
we agree that large, multi-species analyses can miss important ecological processes at finer
scales. The majority of our data is at the population level, with only 13.5% of species being
observed at multiple sites for a given phenophase, limiting our inference across species ranges.

Reviewer 3 — comments:

This manuscript is a meta-analysis on phenological shifts, specifically examining the degree
of phenological asynchrony among trophic groups. Although there are several (quite recent)
meta-analyses on this subject as the authors have noted, the authors state (as noted in the Ab-
stract) that the main difference here is that the authors use a larger and more recent dataset,
and also a Bayesian comparative approach. The main claim in the manuscript is that phe-
nological asynchrony in response to temperature between trophic groups is not widespread,
but that there is more asynchrony across taronomic clades. I thought that the strength of
this paper actually lay within the null resulls, some of which were surprising and challeng-
ing to the current phenological asynchrony paradigm. However, I found issues with some of
the conclusions and interpretations, some of which was due to somewhat unclear messaging,
which consequently affected clarity on the novelty of the findings made.

We thank the reviewer for their constructive comments and for highlighting the strengths of
our paper. We review in more detail below how we have worked to address the reviewer’s
concerns. In brief, we changed the terms used throughout the manuscript to improve clar-
ity, made new figures to further support our findings, and added more detail regarding our
analytical methods.

1. Confusion between phylogenetic signal, clade, and taronomic group: The comparative
analysis suggests that there are phylogenetic constraints on phenological responses over time,
with species that share more evolutionary history responding move similarly. The authors con-
clude from this that clade-level differences are more important than trophic level differences in
explaining asynchrony in phenological shifts. I have a few questions on this: Generally, I find
the author’s interpretation of a significant phylogenetic signal too loose (e.g., lines 105-109),
as they seem to use “taronomic groups”, “clade”, and “phylogeny” sometimes interchangeably
throughout the text. I am okay when clade is used to mean monophyly or relatedness in the
paper. However, when clade or phylogenetic signal is used to mean “tazonomic groups” (e.g.,
in abstract) I find this confusing and problematic.

We agree with the reviewer that these terms could have been clearer and have changed the
language used throughout the manuscript. After conferring with our coauthor who is an
expert in phylogenetic methods, we are more careful with our terminology and have replaced
the term “clade” with the more concrete term “evolutionary lineage”. We also updated our
title with the more general term, “taxonomic groups”, as well as updating terms used in the
abstract, and throughout the manuscript (see line 55 for example).

One reason is that there could be tazonomic group differences regardless of evolution. For
example, if you include taronomic groups as a random variable in your comparative model
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it could still explain variability in phenological shifts attributed to the ecology of that general
group. If the aim was to compare whether phylogeny, taxonomic groups, or trophic group
explained more of the variance in phenology/shifts, could you not include the letter two vari-
ables as random effects in your phylogenetic mized-effects model and directly quantify the
variance explained by each (rather than separately model tazonomic groups as currently done
in the supplements)?

We agree with the reviewer that including phylogeny and trophic level in one model could
be a good approach to our questions, but our ability to precisely estimate taxonomic and
trophic groups differences is limited by the inherent structures in our data, which we now
make more clear. First, to clarify our modeling choices, we have added additional explana-
tions and methods from line 392 to line 400, as well as an additional figure. Second, we have
worked to be more clear about the structure of the data. As illustrated by our new figure,
Fig. 5, there are considerable differences in the trophic groups represented by our taxonomic
groups such that these are not independent enough to try to model separately. Since our aim
was to model the relationship between phenologies and species evolutionary history, we col-
laborated with an expert statistician to develop a model that accurately estimates variation
across evolutionary lineages. In its current parameterization, our model takes into account
the phylogenetic relationships for each species (because it does not reconstruct them). We
are then able to use the posterior estimates of our model to test for differences in trophic
groups while accounting for their evolutionary history and carrying through all uncertainty.
Regarding including phylogeny and taxonomic groups in one model, we understand these
represent alternative approaches to including evolutionary non-independence in the data,
and becauge these two “variables” are necessarily highly correlated, they should generally not
be combined in one model.®

I also found Figure 2b (which is not referenced in the main text) confusing as it shows no
differences among “clades”, contradicting the study title.

We have now added a reference to Figure 3b on line 122. We have also amended our title
to use consistent language, using taxonomic group or lineage instead of using clade, as we
discuss in the response above instead.

2. Confusion between taxonomic group and trophic group: Similarly, I found that in some
instances (e.g., Discussion lines 108-120), the authors blurred the definitions of taxonomic
and trophic groups. On one hand, the paper reports little trophic differences in phenological
asynchrony, but then in this paragraph, the results are framed in terms of clade and tazo-
nomic group differences contributing to trophic-level differences (while some of these exact
same tazonomic differences are not seen as evidence for trophic differences in the abstract).
This is vital to the main take home message of the paper, and therefore, it becornes unclear
what the main conclusions are.

This was a good point as we realized we had left out critical information on how these clades
map to trophic levels, and we have now addressed this with new figures and text. We fully
agree with the reviewer and revised the text to be mindful of the language we use. We have
added to this section (starting on line 123) summary statistics for the trophic levels included
in each of our four highly-represented lineages. These values highlight the biases between
these evolutionary lineages and trophic levels. We have also created a new figure, Fig 5,
which we believe best depicts this.
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Similarly, is there a reason you group your supplemental analysis and ro’:ulusz’o’nc by a high-
level taxonomic group (birds, insects, etc.) rather than genus, families, etc.? I'm trying to
understand what the reasoning for exarmining birds, insects, amphibians, and ﬂowcrm] plants
are, other than to try and understand differences among trophic levels (but then trophic level
was another variable coded as consumer/resource within different interaction types? For ez-
ample, Figure 2a was what was referred to as evidence of “no trophic differences”.

We appreciate the reviewer for raising this interesting point and have added additional in-
formation to clarify why these four lineages were selected on line 386 of the methods. We
have now improved our language and added an additional figure to illustrate the relation-
). Given how stricking the trophic
differences are at this level of classification, we hope it is clear why we chose to analyze these
lineages rather than at finer scales, such as genus or families. Our methods now clarify the
key differences in how groups were assigned to trophic levels (line 342). The coding of species

ships between our four lineages and trophic groups (Fig.

as a consumer or resource, as discussed on line 21 of the additional methods, pertains to the
simulation of randomly assigned species interactions, which is independent of the coding of
species trophic level (as primary producer, primary consumer, secondary consumer, or ter-
tiary consumer), which was based on species natural history (line 342).

3. Interpretations on “warming”™ With the title of the paper, I was expecting the main anal-
ysis to be of phenological slopes with respect to temperature change (i.e., days/C instead of

9 16

m Open Acces3his file is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the oridinalQw@nd the

source, provide a link to the Creative Commons license, and indicate if changes werémihdeases where the authors are anonymous,

such ass the case for the reports @honymous peer reviewers, author attribution should be to 'AnonymBeferee’ followed by a clear
attribution to the sourcework¢ KS A Yl 38a 2NJ 20 KSNJ GKANR LI NIé YFGSNALE Ay i Kha ¥
AYRAOFGSR 20KSN¥AAS Ay | ONBRAG tAyS G2 GKS YI S NXyourdntehdédd udelisi S NA
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from thiglcopglder. To

view a copy of this license, vigittp://creativecommons.org/licenses/by/4.0/

At S b
F £ A:



http://creativecommons.org/licenses/by/4.0/

nature portfolio

days/time). Analysis with temperature was only a portion of the analysts in the supplement,
and moreover, the authors note a lack of trend with temperature. Given this, the title of the
paper and the interpretation surrounding warming (Lines 123-124 as one example) should be
changed. I found this null result interesting, and was also not very satisfied with the author’s
explanation that there could be “high interannual variability in climate” across the sites of
study, which was not quantified or justified why (nor shown in Extended Figure § as refer-
enced in Line 141). Also, given the lack of temperature correlation, I'd like sorne discussion
on what you think could be driving the mean temporal change in phenology.

We recognize the reviewer’s point and have revised the manuseript, including the title, to bet-
ter reflect the scope of our temperature analyses. As we now mention on line 350, most of our
data is from a single site allowing us to estimate the extent of interannual variability within
each location, not across the sites. We have added more detail to line 406 to clarify this point.

4. Why and how are results different from previous meta-analysis? The authors state in
the Abstract that the difference between previous and the presented meta-analysis is that this
current paper uses “different species sets and types of interactions”. As currently phrased
it reads a little vague and not very compelling (all new meta-analysis at a minimum should
include new/different data), although I do think this is just a phrasing issue. It also states
in lines 51-53 that previous studies have highly over-represented birds and insects, but these
sarne taxonomic biases are found here and in other meta-analyses, so I am not sure how this
could explain results differences?

This is a good point; we have adjusted the text to better portray the novelty of our approach
and findings. Our approach isg the first—to our knowledge—to merge two different types
of data for this question, which have only been used separately before: data on interacting
species pairs and data from single species then grouped by trophic level. Further, in our
model we are including more species, and a greater degree of diversity, than included in any
one of the previous studies. Previous studies, for example, focused solely on animals® or
time-series collected in the United Kingdom %, while our study pools each of these datasets
(line 46). Our analysis is also the first to include phylogenetic structure in estimates of
synchrony, which better accounts for lineage-level differences and therefore the over repre-
sentation of some species, such as birds and insects, in our dataset (line 68). Finally, our
approach improves on previous work done by Kharouba et al.!l, as we include partial pool-
ing across species, which allows estimates of under-sampled species within a lineage to pool
(shrink) towards closely related taxa (line 73).

5. There are probably constraints on word limit, but it would be great if some of the additional
methods section from the Supps were moved to the main Methods section. For example, the
first paragraph in the Additional Methods section is extremely useful to know. Also, why was
only 66.5% of the Thackeray data used?

Good point. We have moved these methods from the supplement and incorporated them into
the main text (line 332). Dr. Thackeray was only given permission to share a subset of his
dataset with us, as per the original data collectors’ wishes. This includes the data from the
RIS and Woodland Trust monitoring schemes, which we were independently granted access
to, but are unable to verify which species were included in both studies—and we could not
gain access to the other datasets, despite trying to. We added the following text to line 335
to clarify this:

We received permission to use 66.5% of the data used by Thackeray et al.’ (from
540 species), in addition to independently gaining access to two of the long-term
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monitoring schemes used in this study. We obtained recent years of data for both
the time series from the Rothamsted Insect Survey (484 species from 1933 to
2017) and the Woodland Trust Nature Calendar data (452 species from 1960 to
2020), also used by Thackeray et al.!°.

Perhaps there is a reason why other random effects can’t easily be incorporated due to
data/modelling limitations, but there are several émportant ones missing that if you can-
not include it would be good to justify why. 1) Since previous meta-analyses on phenological
shifts have sometimes found large geographical variation despite a fairly weak latitudinal trend
(implying strong local drivers of phenology), can you include site (or a larger aggregation of
site, e.g., country or continent) as a random effect to account for spatial variation? 2) Can
you control for other sources of variance (e.g., phenophase type) or non-independence (e.g.,
study/dataset 1D)?

As discussed above, in addressing reviewers’ previous points, our dataset has considerable
biases that make estimating parameters pertaining to species geography or study challenging.
Furthermore, our ability to include additional parameters is limited by the Cholesky factor
usged to estimate the phylogenetic structure. Thig factor causes the modeling cost to scale
with the number of species at a cubed rate. With 1200 species, each evaluation of our model
is extrememly expensive, and currently runs for one week while requiring 100% usage of the
CPU of our multicore server. We believe that the strengths of this model to estimate the
phylogenetic structure outweigh the limitations of using posterior analyses, which is still a
valid method for comparing responses.

Why was habitat type included? I agree it could be important, but while it is mentioned in
the abstract it’s not well incorporated into the introduction.

Agreed. We have revised our abstract and introduction to better emphasize the key points
of the manuscript (line 27-line 32). We included habitat type to account for physiological
differences between terrestrial and aquatic species, but as previously mentioned, we did not
find evidence that these functional groups differ in their phenological responses so have de-
emphasized it in our revised submission.

1 also feel like the null result with temperature and latitude is equally (if not more) important
to mention in the Abstract over the habitat result as currently framed.

We have revised our abstract to better emphasize our null results (line 31).
I assurne absolute latitude was used in the analysis? Please state so in the methods.

Good point. We have added additional information about our latitude analyses on line 11
of the additional methods in our supplementary material.

Figures:

Figure 1: As this is a conceptual figure can you make the z-azis span the same range? It’s
harder to compare across the panels when the 0 line has moved around in its relative position.
Figure 1 and 8: The colours in these figures are flipped.

Done (line 328).

Figure 2a: Where does the coding of primary, tertiary, secondary etc come from? I do not
think it was written up in the methods.
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In addition to our phenological time-series, we also collected data on the natural

hist;
spec
different habitat types.

Figures 2

y of each species, using information on species prey and food to a
es to one of four trophic levels, one of six consumer type, and one of nine

ign

and 3: I find it quite awkward to read these histograms where the bins are cut

off at the limits of the z-axes. I understand that the Extended Fig 4 and 6 shows the wider
distribution, but even there, it would be good to see the entire distribution, and just have

vertical lines representing the 90% and/or 95% cut offs.

We appreciate the reviewer’s insights into making our figures clear to a broader audience.

We believe the figures suggested by the reviewer would be as follows.

Tertiary consumer (n = 6)
Secondary consumer (n = 247)

=== Primary consumer (n = 556)

P 14 ! Primary producer (n = 472)
2 i
=
5 27 i
8 l
[ ]
Q i
£ < |
8 O -
il
2
4
o8 |
o T T T T T =T T T T T T T T T
-60 -40 -20 0O 10 20 30 40 50 60 70 80 9
Shift in phenology (days/decade)
ws Amphibia (n = 34)
Aves (n = 208)
i 1 Magnoliopsida (n = 416)
o ] ’ ; Insecta (n = 528)
Lo | b i ! ' ;
h=u !
S ©
Qo i
o il
o i
£ < g
2 o
s °
s - :
7] ‘
€ g o
d 7’ 1 T T T T T T T
-50

-10 0 5 10

20

Shift in Phenology (days/decade)

19

m Open Acces3his file is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the oridinalQw@nd the
source, provide a link to the Creative Commons license, and indicate if changes werémihdeases where the authors are anonymous,
such ass the case for the reports @honymous peer reviewers, author attribution should be to 'AnonymBeferee’ followed by a clear

2N 20 KSNJI
ONBRA

attribution to the source work¢ KS A Yl 384
AYRAOFGSR 20GKSNBA&ZS Ay |

tAYS

i KANR
02

LI NIé YFEGSNALE Ay GKA& FAt
i KS YI (S Nddlourdntend@d udelisi S NR& | £

not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from thiglcopglder. To

view a copy of this license, vigittp://creativecommons.org/licenses/by/4.0/

S

X 2

c


http://creativecommons.org/licenses/by/4.0/

nature portfolio

Developing further on their suggestion, we have substituted the following figure (Fig. 3),
which we believe portrays the same information but in a way that is easier to see.
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Figure /. Please clarify that the coloured bands represent variation pre-1980, as I was ini-
tially confused as to why it is not changing with the mean shift.

Done (line 329).
Extended Figure 2. Please give the N and % of each tazonomic group.

Done (Fig. 2).
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\DeddonLeuenfhgmeWSbn:

27th February 2024

*Please ensure you delete the link to your author homepage in this e -mail if you wish to forward it to
your co -authors.

Dear Ms Loughnan,

Your manuscript entitled "Phenological asynchrony across taxonomic groups and not trophic levels
with climate change" has now been seen again by our 3 reviewers, whose comments are attached.
The reviewers have raised a number of further concerns which will need to be addressed before we
can offer publication in Nature Ecology & Evolution.

We therefore invite you to revise your manuscript again taking into account all reviewer and editor
comments. Please highlight all changes in the manuscript text file.

We are committed to providing a fair and constructive peer -review process. Do not hesitate to contact
us if there are specific requests from the reviewers that you believe are technically impossible or
unlikely to yield a meaningful outcome.

When revising your manuscript:

* Include a fiResponse to revi ewe-byspointthoncyouraddressedceach ai | i ng, poin
reviewer comment. If no action was taken to address a point, you must provide a compelling
argument. This response will be sent back to the reviewers along with the revised manuscript.

* |f you have not done so already please begin to revise your manuscript so that it conforms to our
Article format instructions at http://www.nature.com/natecolevol/info/final -submission. Refer also to
any guidelines provided in this letter.

* Include a revised version of any required reporting checklist. It will be available to referees (and,
potentially, statisticians) to aid in their evaluation if the manuscript goes back for peer review. A
revised checklist is essential for re -review of the paper.

Please use the link below to submit your revised manuscript and related files:
[REDACTED]

Note: This URL links to your confidential home page and associated information about manuscripts
you may have submitted, or that you are reviewing for us. If you wish to forward this email to co -
authors, please delete the link to your homepage.
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We hope to receive your revised manuscript within four to eight weeks. If you cannot send it within
this time, please let us know. We will be happy to consider your revision so long as nothing similar has
been accepted for publication at Nature Ecology & Evolution or published elsewhere.

Nature Ecology & Evolution is committed to improving transparency in authorship. As part of our

efforts in this direction, we are now requesting that all au
published papers create and link their Open Researcher and Contributor Identifier (ORCID) with their

account on the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific

community achieve unambiguous attribution of all scholarly contributions. You can create and link

your ORCID from the home page of the MTS by clicking on 6Mod
more information please visit please visit www.springernature.com/orcid

Please do not hesitate to contact me if you have any questions or would like to discuss these revisions
further.

We look forward to seeing the revised manuscript and thank you for the opportunity to review your
work.

[REDACTED]

Reviewers' comments:
Reviewer #1 (Remarks to the Author):
The authors did a good job responding to reviewer comments, and making changes to the manuscript.

| agree that it has improved and don't have any additional comments on this revision.

Reviewer #2 (Remarks to the Author):

| appreciate the authorsd responses. I would |ike to ask for
were used to conclude Ano widespread phenol ogical mismatch. "
standard for Asynchronyo and Aasynchrony. o | currently see t

conclude (a)synchrony in the manuscript.

1. Comparing the distribution of species' phenological shift across groups. This approach was used to
conclude synchrony (no phenological mismatch) between trophic levels and to conclude asynchrony
between taxonomic groups (previous Fig. 2, current Fig. 3). | take three issues with this approach.

la. There was no statistical test to quantify synchrony or asynchrony, making the interpretation highly

subjective. I ndeed, Reviewer 3 had an interpretation differe

2b confusing as it shows no differences among cl ades, contra

1b. This approach does not give information about synchrony

di fferences in speciesdéd phenological shifts between groupso
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species in different groups. 0
1c. The comparison is heavily influenced by the variance in modeled phenological shifts within groups.
Therefore, it might be very sensitive to the scope of the dataset and model structure.

2. The ability to predict phenological shift with a variable. It seems like this approach is partly used to
conclude asynchrony across taxonomic groups, based on that phylogeny explained variability in
phenological shifts (lines 114 -118). If my understanding is correct, | do not favor this approach,
because it was not applied similarly to trophic levels or consumer groups for a fair comparison (as
Reviewer 3 suggested). If my understanding is incorrect, perhaps | got the wrong impression from
lines 114 -118.

3. Comparing (the direction of) two species' phenological shifts. The authors clarified this approach in
the responses and additional analyses. Fig. ED4 and ED7 are very helpful for me to understand how
the authors concluded widespread synchrony across species pairs. | personally favor this approach
because it aligns with the problem outlined in the introduction most closely. However, | have the
following questions and comments.

3a. How did the authors quantitatively determine if two species have similar phenological shifts? Fig.

ED4 and ED7 show visually compelling results, but | believe a lot of the cases are less clear -cut. The

authors used vague phrases |ike fAiconsiderable asynchronyo an
clearly deliver the quantitative methods for comparison. The
the fAopposite directionso of phenological shift was i mportan

narrow. | believe some statistical tests are needed.

3c. I would like the authors to consider the possibility that highly overlapped posterior distributions of

phenological shifts might be due to large uncertainty, rather than truly similar phenological shifts. This
is particularly important considering that some species have low sample sizes. | would suggest using

phrases | i ke fAlack of evidence of asynchronyo instead of fdAev
3c. Rel ated to 3a., the authors stated numerically that fisuc
occurring for only 10.9% across all known interacting specie

Fig. 4, but | miss the methods that led to these numbers.

3d. If this percentage of detectable asynchrony (~10%) is rare might be subjective. For example, |

am personally a little surprised and also curious to find out that the modeled asynchrony in mutualistic
relationships was higher than that in antagonistic relationships, contrary to what | expected (Renner &
Zohner, 2018).

Overall, having different ways to conclude (a)synchrony is confusing for me. The conclusion should
also be supported with statistical tests.

Other comments:

-Line 27: ANo di fferences in synchronyo might be more accur at

Again, some statistical tests are needed to support this statement.

-The authors responded to Review 1 that fAanomalies are not di

generally pool short time series strongly), but rather the complexity of our datasets combined with our

modeling approach. o To me, this is even more concerning, bec

making extreme predictions because of the assumed phylogenetic structure.

-t was only after the authorsdéd clarification, | |l earned that
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This does make the comments about spatial factors less relevant, but it is also somewhat unexpected.
This could be made even more clear in the abstract and the start of results.

References

Renner, S. S., & Zohner, C. M. (2018). Climate change and phenological mismatch in trophic
interactions among plants, insects, and vertebrates. Annual review of ecology, evolution, and
systematics, 49, 165 -182.

Reviewer #3 (Remarks to the Author):

Thank you for this revised manuscript. Much of the language surrounding the initial confusion between
clade, taxonomy, and trophic groups has now been clarified. The analyses, its limitations, and its
interpretations have also been clarified in text and through the response to reviewers. | think the main
takeaways of this paper are now much clearer. | do still have some questions on some of the results.

1. It has now been clarified that there is significant non -independence between taxonomic and trophic

groups in the data structure (Fig. 5). One of the points made in the Abstract and Results/Discussion is

that there are no differences in phenological shifts across trophic levels, yet there is variation in

phenological shifts across taxonomic groups. First, are we really able to say that phenology varies in

one but not the other group given the non -independence between the two groups? Sc
really see the evidence that phenology is fAmore variableo in
seem to have an earlier trend than other groups, but as stated in the main text the distributions are

highly overlapping, and | do not see much difference between Fig 3a and 3b. Without formal

quantification and test of the variance explained or the width of the posterior distributions | do not

think one can conclude this. Last, if your conclusions do remain robust, can you explain why you think

this difference could arise given that both analyses of trophic and taxonomic groups account for

phylogeny and evolutionary relatedness?

2. Across the full dataset, shifts in phenology have a weak phylogenetic signal with lower confidence

interval spanning zero (line 41 -43). Within each lineage at the taxonomic group level, the timing of
phenology also has a weak phylogenetic signal (line 49 -51in Supps), and | would argue that shifts in
phenology also have a weak signal with lower confidence interval spans zero in most cases (except for
Amphibians). Yet, a few paragraphs are dedicated in the main text to explain that evolutionary

differences could be important in explaining phenology (based on the fact that there is moderate
phylogenetic structure across the full dataset for timing of phenological events). Is there a way to

reconcile or explain this mixed effect of phylogeny on timing and shifts, and what this means for how
important evolutionary differences are in explaining shifts and (a)synchrony?

Minor comments:
I may have just missed it, but can you explain how the x -axis was calculated in Figure 4?

The modelling section in the methods is missing how trophic level was included in the models.
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Line 93: When you say fAhighly variable shiftso here do you m

Line 353: Can you provide citations?

END

| Author Rebuttal, first revision:
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Reviewer comments are italicized and our detailed explanation of changes are in regular text.
Reviewer 1 — comments:

The authors did a good job responding to reviewer cormuments, and making changes to the
manuscript. I agree that it has improved and don’t have any additional comments on this
TEVISION.

We are happy to hear that our revisions to the manuscript addressed the first reviewer’s
comments and thank them again for their help improving the manuscript.

Reviewer 2 — comments:

1 appreciate the authors’ responses. I would like to ask for further clarification on the methods
that were used to conclude “no widespread phenological mismatch.” I think my main confu-
ston lies in the standard for “synchrony” and “asynchrony.” I currently see three very different
approaches to conclude (a)synchrony in the manuscript.

We appreciate the Reviewer’s concern and can see how readers could confuse the tests com-
paring trophic level effects with our tests of synchrony across interacting pairs. The two
approaches we used to explore trophic level effects and changes in synchrony are both robust
and similar to the two major approaches used in previous analyses. But we now see we could
have been more clear in laying out the two analyses and our rationale for them.

To address this, we have revised our abstract (line 26) and restructured major parts of the
introduction (from line 57 to line 58 and line 66 to line 73), and results (from line 83 to
line 87, and line 102 to line 114). We now explicitly define the statistical metrics used and
added an expanded explanation in the results and methods (line 93 to line 94, line 96 to
line 96, and line 412 to line 416). We also developed two new visualizations of both our
approach and the data (Fig. ED5 and Fig. ED6). In particular, Fig. ED5 shows that our
approach captures asynchrony among paired species when present.

1. Comparing the distribution of species’ phenological shift across groups. This approach
was used to conclude synchrony (no phenological mismatch) between trophic levels and to
conclude asynchrony between taxronomic groups (previous Fig. 2, current Fig. 3). I take
three issues with this approach.

la. There was no statistical test to quantify synchrony or asynchrony, making the interpre-
tation highly subjective. Indeed, Reviewer 3 had an interpretation different from the authors:
“I also found Figure 2b confusing as it shows no differences among clades, contradicting the
study title.”

We apologize for the lack of clarity. Our analysis does include statistical tests, but we recog-
nize they could have been more clearly stated both in the methods and alongside the results.
We now do so from line 93 to line 94 and line 96 to line 96 in the results and from line 408 to
line 410 and line 412 to line 416 in the methods. We also revised the title of our manuscript
to better highlight our findings. Our analysis did find a signal with phylogeny, but it varied
when data was subset by lineage. To make this clearer, we have moved and integrated text
about these complexities from the supplement to the main text (line 116 to line 167).

In light of the comments from both the second and third reviewer, we recognize the po-
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tential for confusion on our tests using taxonomy—which employ standard methods using
phylogeny as a continuous predictor variable—as opposed to specific lineages or taxonomic
groups (e.g., ‘birds’) as categorical variables. As previously written, this could lead readers
to assume ‘clade’ and ‘trophic level’ are potentially similar categorical variables when they
are inherently not given our analytical approach. To address this we have adjusted our lan-
guage throughout the manuscript to better balance our use of terms (e.g. line 54 and line 74).

1b.  This approach does not give information about synchrony on the species level. “No
consistent differences in species’ phenological shifts between groups” does not translate to
“synchrony between species in different groups.”

We agree with the reviewer that group level phenological shifts are not analogous to gyn-
chrony between groups. In writing our results we have worked to be mindful of the language
we used when we discuss groups, in which we are simply comparing shifts in phenology,
versus synchrony of known and randomly paired species across types of interaction. We have
revised the text to further highlight this difference from line 91 to line 94.

le. The comparison is heavily influenced by the variance in modeled phenological shifts within
groups. Therefore, it might be very sensitive to the scope of the dataset and model structure.

We appreciate the reviewer’s concern as it is one of our own. We are always concerned
about this, thus we tested our model in depth to make sure it captured known shifts well,
and that it was not overly sensitive to model structure. The model used in our analysis
represents a considerable advance in how well we can estimate phenological shifts and ac-
count for the high variance and the biases in our data, but we could have highlighted this
more with figures to better show the model output. To address this, we have added text
(from line 424 to line 427) and an additional figure with a more explicit depiction of our
analysis of synchrony in Fig ED5. The model—like almost all models—is sensitive to the
underlying data (however, this is the most complete set of data we believe we have for these
questions), which we highlight in the abstract and on line 132, line 191, line 198, and line 424.

2. The ability to predict phenological shift with a variable. It seems like this approach is
partly used to conclude asynchrony across taronomic groups, based on that phylogeny ex-
plained variability in phenological shifts (lines 114-118). If my understanding is correct, I
do not favor this approach, because it was not applied similarly to trophic levels or consumer
groups for a fair comparison {as Reviewer 8 suggested). If my understanding is incorrect,
perhaps I got the wrong impression from lines 114-118.

‘We recognize how readers may reach this conclusion as well. To clarify how our comparisons
of trophic level effects differ from our comparison of synchrony we have revised major parts
of the introduction (from line 57 to line 58 and line 66 to line 73), and provide clarification in
the results and discussion (from line 83 to line 87, line 102 to line 114, and line 127 to line 139).

3. Comparing (the direction of ) two species’ phenological shifts. The authors clarified this
approach in the responses and additional analyses. Fig. ED4 and ED7 are very helpful for
me to understand how the authors concluded widespread synchrony across species pairs. I
personally favor this approach because it aligns with the problem outlined in the introduction
most closely. However, I have the following questions and comments.

Sa. How did the authors quantitatively determine if two species have similar phenological
shifts? Fig. EDJ and ED7 show visually compelling results, but I believe a lot of the cases
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are less clear-cut. The authors used vague phrases like “considerable asynchrony” and “very
stmilar rates” that did not clearly deliver the quantitative methods for comparison. The
authors’ response seems to suggest that the “opposite directions” of phenological shift was
important, but I think that definition might be too narrow. I believe some statistical tests are

needed.

We agree with the reviewer that this approach is favorable to addressing our research ques-
tions and believe together our new figures and the more detailed explanation of our statistical
metric (from line 412 to line 416 and line 93 to line 96) illustrate the strength of these trends.
We further improved figure ED7 (now Fig. ED5) to better illustrate our approach and cre-
ated a new figure of the estimates of our high and low-level species for different types of
interactions (Fig ED6). We changed this section to read as follows:

Our results include variation from apparently synchronous to asynchronous shifts,
including capturing well known cases of diverging trends over time for inter-
acting species (for example, between Parus major and its caterpillar prey, Fig.
ED4). This highlights that there are cases of asynchrony, but they are rela-
tively rare (80.1% of species within a pairs shift in the same direction, see Fig.
EDG). Further, they were not predicted by interaction type or other variables
we considered. We did not find differences in phenological shifts across types
of phenological events (Fig. ED3d), suggesting current conceptual models—or
underlying data—used to predict asynchrony may be insufficient. In addition to
a lack of data on the underlying distribution of a phenological event!, most data
were from single-species, with only 10.0% of species collected as part of a paired
species study.

3b. I would like the authors to consider the possibility that highly overlapped posterior dis-
tributions of phenological shifts might be due to large uncertainty, rather than truly similar
phenological shifts. This is particularly important considering that some species have low
sample sizes. I would suggest using phrases like “lack of evidence of asynchrony” instead of
“evidence of synchrony.”

We see the reviewer’s points and appreciate the need to be accurate here. We have carefully
revised the language used in the text on line 26, from line 102 to line 114, line 116 to line 118,
and line 126 to line 127.

3c. Related to 3a., the authors stated numerically that “such changes in synchrony were
rare, occurring for only 10.9% across all known interacting species pairs,” and provided more
numbers in Fig. 4, but I miss the methods that led to these numbers.

Upon receiving these reviews, we can see that these analyses added confusion to the results,
thus we have now produced new figures (Fig. ED5 and Fig. ED6) and summary statistics
(line 119) to highlight how known interactions behave similarly to randomly paired interac-
tions. The previous metric for how rare changes of synchrony should have been compared to
10% (thus, 10.9% was very similar to the random pairs).

The previous and new analyses both suggest the same finding. We were also surprised by
this result, as we had expected species that interact and are experiencing the same changes
in environmental cues would differ from globally distributed, randomly paired species. As
we discuss from line 175 to line 180, to further test these patterns requires more extensive
sampling of interacting species pairs, especially for under sampled suites of interactions, like
herbivory. We appreciate the reviewer helping us to highlight these major challenges given
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current biases in the data.

3d. If this percentage of detectable asynchrony ( 10%) is rare might be subjective. For exam-
ple, I am personally a little surprised and also curious to find out that the modeled asynchrony
in mutualistic relationships was higher than that in antagonistic relationships, contrary to
what I expected (Renner & Zohner, 2018).

We were also surprised by these results (as we mention in the response immediately above,
which also includes details on new tests), but they are robust to multiple tests we have tried.
Given we are using the best data currently available (a point we now further highlight) these
results appear robust. Despite our efforts to include as much data from known pairs of
species as possible, as discussed from line 175 to line 180, the available data are limited (e.g.,
20 interactions for herbivory versus 47 for pollination). To highlight these limitations in the
amount of paired data available, we have added the sample sizes to the caption of figure
4 and now stress data biases throughout the manuseript, including on line 132, line 191,
line 198, and line 424.

Overall, having different ways to conclude (a)synchrony is confusing for me. The conclusion
should also be supported with statistical tests.

As detailed above, we have worked to address these concerns with edits throughout the main
text (abstract to methods) and additional supplemental figures to make the types of tests
we have used, and why we used them, clearer (e.g. from line 93 to line 94, line 96 to line 96,
and line 412 to line 416, and see Fig. ED5 and Fig. ED6). We believe this has much im-
proved the clarity of the manuscript and thank the reviewer. The two approaches we used
to conclude synchrony versus trophic differences represent common and robust statistics of
phenological change. Through both approaches, and as illustrated by our figures, we found
consistent results, with high overlap in the phenological shifts across various groups, though
we also stress current data limitations.

Line 27: “No differences in synchrony” might be more accurate than “no changes in syn-
chrony.” Again, some statistical tests are needed to support this staternent.

We have made the suggested change to the wording of the abstract (line 26). In the revised
manuscript we have also provided additional information about our methods (from line 96
to line 96, line 109 to line 112, and line 412 to line 416).

- The authors responded to Review 1 that “anomalies are not due to short time series (the
model does generally pool short tume series strongly), but rather the complexity of our datasets
combined with our modeling approach.” To me, this is even more concerning, because it tells
me that the model is making extreme predictions because of the assumed phylogenetic struc-
ture.

We combined and updated the data used by the prominent meta-analyses of trophic asyn-
chrony creating a rich database of phenological time-series. The complexities within this
data, which we refer to in our previous response, pertain to the biases that still exist even
in as global and biodiverse a database such as ours. As we stress from line 132 to line 139,
line 191 to line 193, and line 198 to line 199, these biases need to be addressed through the
collection of more data in order to better test hypotheses on asynchrony and to accurately
predict cases when asynchrony will occur with continued climate change.
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