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351 typesof processes and dynamics - e.g. population fluctuations, resource limitation, or materials

352  fluxes- of interest in a particular context.
353  For North American breeding birds, biomass has declined less than abundance or energy use

354  For communities with a decoupling in the long-term trends of biomass, energy use, and

355  abundance, this decoupling isindicative of adirectional shift in the size structure of the

356 community. For the communities of breeding birds across North America considered here, the
357 long-term trends in total biomass are often less negative than trendsin total abundance or total
358 energy use (Figure 3), reflecting community-level increases in average body size that partially or
359 completely buffer changesin total biomass against declines in abundance. This consistent (but
360 not ubiquitous) signal contrasts with general, global concerns that larger-bodied organisms are
361 more vulnerable to extinction and population declines than smaller ones (Young et al. 2016,

362 Dirzo et al. 2014, Smith et al. 2018), but it is aligned with previous findings from the Breeding
363  Bird Survey (Schipper et a. 2016). Because these data focus on inter specific variability in size,
364 thesefindings reflect turnover in species composition broadly favoring larger-bodied species. A
365  clear next step for thiswork isto identify the proximate and ultimate drivers of these shifts—for
366 example, by identifying which groups or species are responsible for these trends, how these

367 shiftsvary over regions or habitat types, and if and how they are linked to underlying changesin
368 habitat quality or anthropogenic disturbances. An equally important counterpoint to this work
369  will beintegrating potential shiftsin intraspecific body size, and particularly declines in body
370 sizeassociated with rising temperatures, with the inter specific dynamics documented here

371  (Youngflesh et al. 2022). In principle, declining body size over time could partially offset the
372  interspecific size shifts observed here. Given that interspecific size shifts occur over a

373 dramatically larger range of body sizes than do intraspecific size shifts, we anticipate that, in
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374  most instances, the community-wide dynamics would remain qualitatively despite intraspecific
375 sizechange. While there are not currently robust estimates of intraspecific size changes at the
376  scaleof thefull Breeding Bird Survey dataset, thisis an excellent opportunity for afocused study
377 inawell-documented system to elucidate the net effects of inter and intraspecific size change on
378 community-level properties. Finally, we note that these increases in body size do not generally
379  appear great enough to decouple the long-term trends in energy use from total abundance (Figure
380 3). Energy use scales nonlinearly with body size with an exponent less than 1, which means that
381 community-wide increases in mean body size result in smaller increases in total energy use than

382 intotal biomass.
383  Complex relationships between compositional change and community-level properties

384  The decoupling between the long-term trends for biomass, abundance, and energy use

385 demonstrated in many of the communities studied here is symptomatic of adirectional shiftin
386 thesize structure - in these instances, generally favoring larger bodied species. However,

387  examining the community-wide dynamics of turnover in species composition and the overall size
388  structure reveals that the relationship between changes in community structure and changesin
389 the scaling between different currencies of community-wide abundance is considerably more
390 nuanced than ssimple directional shiftsin mean size. Routes that exhibit a statistically detectable
391  decoupling between total biomass and total abundance show large changes in average body size
392 compared to routes for which biomass and abundance either change more nearly in concert with
393  each other or do not show temporal trends (Figure 4; Appendix 2 Tables S1-S3). Thisaligns
394 naturally with mathematical intuition given the intrinsic relationship between average body size,
395 total abundance, and total biomass. However, these routes are not extraordinary in terms of their

396 overall degree of temporal turnover in either the size structure or in species composition. Rather,
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397 thelevelsof turnover in overall community structure are comparable between routes that show
398  decoupling between abundance and biomass, statistically indistinguishable trends, or no temporal

399 trendsin either currency (Figure 4; Appendix 2 Tables $4-S5).

400 For many communities, therefore, there has been appreciable change in the species and size
401  composition that simply does not manifest in a shift in the overall community-wide mean body
402  size or mean metabolic rate sufficient to decouple the dynamics of biomass, abundance, and
403  energy use. These changes may signal changes in functional composition equally important as
404  the onesthat manifest in directional shiftsin community-wide average body size. For the

405  complex, multimodal size distributions that are the norm for avian communities (Thibault et al.
406  2011), changesin the number and position of modes may be as important as changes in higher-
407 level statistical moments such as the overall mean. At present, the field lacks the statistical tools
408  and conceptual frameworks to quantify and interpret these nuanced changes, especially at the
409  macroecological scale of the current study (Thibault et al. 2011, Yen et a. 2017). However, this
410 isan excelent opportunity for more system-specific work, informed by natural history

411  knowledge and process-driven expectation, to characterize more nuanced changesin the size
412  structure of specific communities and identify the underlying drivers of these changes. To

413 facilitate these efforts in the context of the Breeding Bird Survey, we are developing a R package
414  to characterize the individual size distributions for avian communities based on species

415  identities and/or mean body sizes.

416 Conclusion

417  Thisanalysis demonstrates the current power, and limitations, of a data-driven macroecological
418  perspective on the interrelated dynamics of community size structure and different dimens ons of

419  community-wide abundance for terrestrial animal communities. For breeding bird communities
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420  across North America, we find that changes in species and size composition produce

421  qualitatively different aggregate patterns in the long-term trends of abundance, biomass, and
422 energy use, highlighting the nuanced relationship between these related, but decidedly

423  nonequivalent, currencies and reflecting widespread changes in community size structure that
424  may signal substantive changes in functional composition. Simultaneously, the complex

425  relationship between turnover in community species and size composition, and the scaling
426  between different currencies of community-level abundance, highlights opportunities for

427  synergies between recent computational and statistical advances, case studies grounded in
428  empiricism and natural history, and future macroecol ogical-scale synthesis to realize the fulll

429  potential of this conceptual space.

430
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540 Tables

541 Tablel.
Currency Selected model Number of routes | Proportion of routes
Total biomass Intercept-only 238 0.32
Total biomass Trend, not decoupled 352 0.48
Total biomass Decoupled trend 149 0.20
Total energy use | Intercept-only 230 0.31
Total energy use | Trend, not decoupled 456 0.62
Total energy use | Decoupled trend 53 0.07

542

543 Tablel. Table of the number and proportion of routes whose dynamics for total biomass and
544  total energy use are best described by the following syndromes: no directional change (intercept-
545  only model, biomass ~ 1 or energy use ~ 1); a coupled trend (biomass ~ year or energy use ~
546  year); or amodel with decoupled temporal trends for observed and abundance-driven dynamics
547  (biomass~ year * dynamicsor energy use ~ year * dynamics, where dynamics refers to

548  observed or null model, abundance-driven dynamics).

549  31-32% of routes are best described as syndromes of “No directional change” (intercept-only
550 models). For the remaining routes, in most instances, the dynamics of biomass and energy use

551  exhibit atemporal trend, but with no detectable difference in the temporal trends for abundance-
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552  driven and observed dynamics (“ Coupled trends’). However, for a substantial minority of routes
553  (20% overal for biomass, or 30% of routes with atemporal trend; 7% overall for energy use, or
554  10% of routes with atemporal trend), there is a detectable deviation between the trends expected

555  dueonly to changes in abundance and the observed dynamics (“Decoupled trends’).

556
557
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Table 2.

Proportion of increasing | Proportion of increasing | Number of routes with
Currency abundance-driven trends observed trends temporal trends
Total 0.33 0.49 501
biomass
Total energy 0.30 0.35 509
use
Table 2.

The proportion of trends that are increasing (specifically, for which the ratio of the last fitted

valueto the first fitted value > 1) for abundance-driven and observed dynamics, for routes

exhibiting temporal trends (“ coupled trends’ or “decoupled trends’) in total biomass and total

energy use (for biomass, n = 501; for energy use, n = 509). Trends that are not increasing are

decreasing.

Trends in abundance-driven dynamics are dominated by declines (67% of routes for total

biomass, and 70% of routes for total energy). Observed dynamics for biomass differ qualitatively

from the abundance-driven dynamics. Specifically, observed trendsin biomass are evenly

divided between increases and decreases (49% increasing). Observed trends in energy use more

closaly mirror abundance-driven trends (65% declines).
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Figurelegends

Figure 1. lllustration of abundance-driven (null model) dynamics as compared to observed
dynamics (A), and the underlying dynamics of the ISD (B) for a sample route (Lindbrook,
Alberta). A. Dynamics of total biomass. The gold points show the true values for total biomass
in each year, and the blue points show the values for total biomass simulated from a null model
that incorporates change in total abundance, but assumes no change in the size structure, over
time. The smooth lines show the predicted values from a Gamma (log-link) linear model of the
form total_biomass ~ year * dynamics, where dynamics refers to either the abundance-driven
(null modd!) or observed dynamics. For this route, change in the individual size distribution has
decoupled the dynamics of biomass from those that would occur due only to changesin
abundance. The slope for abundance-driven dynamics is significantly more negative than for the
observed dynamics (interaction term p = 0.0013). B. Underlying changesin the ISD. The
individual size distributions for thefirst 5 years (solid lines) and last 5 years (dashed lines) of the
timeseries. The x-axisisbody size (as massin grams; note log scale) and the y-axis is probability
density from a Gaussian mixture mode! fit to avector of simulated individual masses for al
individuals observed in the years in questions, standardized to sum to 1. For the abundance-
driven (blue) scenario, individuals' species identities (which determine their body size estimates)
are re-assigned at random weighted by each species’ mean relative abundance throughout the
timeseries, resulting in a consistent individual size distribution over time. For the observed (gold)
scenario, individuals' body sizes are estimated based actual species abundances at each time
step. For this route, species composition has shifted over time and produced different 1ISDs for
the “begin” and “end” time periods. Specifically, the “end” ISD has peaks at larger body sizes

(ca. 90g and 500g) not present in the “begin” ISD. This redistribution of density towards larger
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595  body sizesresultsin an overall increase in body size community wide, which partially offsets

596 declinesintotal biomass from those expected given change in abundance alone.

597
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598  Figure 2. Histograms showing the direction and magnitude of long-term trends for the

599  abundance-driven (null-model; left) and observed (right) changes in biomass (A) and energy use
600 (B), for communities with a significant slope and/or interaction term (for biomass, 501/739

601 routes, for energy use, 509/739 routes, Table 1). Change is summarized as the ratio of the fitted
602 valuefor thelast year in the time series to the fitted value for the first year in the timeseries from
603  thebest-fitting modd for that community. Values greater than 1 (vertical black line) indicate
604 increasesin total energy or biomass over time, and less than 1 indicate decreases. The

605 abundance-driven dynamics (left) reflect the trends fit for the null model, while the observed
606 dynamics (right) reflect trends incorporating both change in total abundance and change in the
607  sizestructure over time. For communities best-described by syndromes of “coupled trends’ or
608 “nodirectional change’, the “abundance-driven” and “observed” ratios will be the same; for
609 communities with “decoupled trends’, there will be different ratios for or “abundance-driven”

610 and “observed’ dynamics.

611 Among routes with temporal trends (“coupled trends’ or “decoupled trends’), there are

612 qualitatively different continental-wide patterns in abundance-driven and observed dynamics for
613 total biomassand total energy use. 70% of trends in abundance-driven (null model) dynamics for
614 energy use are decreasing, and 67% for biomass (Table 2). For biomass, observed dynamics are
615 balanced evenly between increases (49% of routes) and decreases (51%) - indicating that

616 changesin the size structure produce qualitatively different long-term trends for biomass than
617  would be expected given abundance changes alone. However, trends for energy use (which

618 scalesnonlinearly with biomass) are dominated by decreases (35% of routes), more closely

619 mirroring the trends expected given changes in individual abundance alone.

620


https://doi.org/10.1101/2022.11.08.515659
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.08.515659; this version posted November 9, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

621 Figure 3. Observed change (ratio of last fitted value to first fitted value, y-axis) in total biomass
622  (left) and total energy use (right) compared to the change expected only due to changesin

623 individual abundance (ratio of last fitted value to first fitted value, x-axis), for al routes (n =

624  739). Values greater than 1 (dashed horizontal and vertical lines) mark positive (increasing)

625 trends, while values less than 1 are negative trends. Each point marks the fitted values from a
626 Gammalog-link generalized linear model of the form biomass ~ year * dynamicsfor agiven
627  route, which calculates separate long-term slopes for observed and abundance-driven dynamics.
628 Points are colored corresponding to the syndrome of change identified for each route. Deviations
629 fromthe 1:1 line (solid black line) reflect changes in the community size structure that modulate

630 the relationship between total abundance and total biomass or energy use.

631 Changesin total biomass and total energy use generally track changes driven by fluctuationsin
632 total abundance, with appreciable scatter around the 1:1 line. When thistrandates into a

633 statigtically detectable decoupling between observed and abundance-driven dynamics (a

634  syndrome of “Decoupled trends’), thisis usually in the form of abundance-driven change being
635 more negative (a steeper decline or asmaller increase) than observed change in biomass or

636 energy use (aless steep decline or larger increase), resulting in points falling above and to the

637 left of the 1:1 line. This occurs more strongly and frequently for biomass than for energy use.
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639 Figure4. Histograms of (A) magnitude of change in mean body size from the first to the last
640 five years of monitoring, (B) overall change in the size structure, and (C) change in species

641 composition for routes whose dynamics for total biomass were best-described as syndromes of
642 nodirectional change (bottom row; intercept-only model), decoupled trends for observed and
643  abundance-driven dynamics (middle row), or coupled trends for observed and abundance-driven
644  dynamics (top row). Change in mean body size (A) is calculated asthe log of the ratio of the
645 mean body size of al individuals observed in the last 5 years of the timeseries relative to the
646 mean body size of all individuals observed in thefirst 5 years (see text). Overall changein the
647 I1SD (B) iscalculated asthe degree of turnover between the ISDs for the first and last five years
648  of the timeseries (see text). Change in species composition (C) is characterized as Bray-Curtis

649  dissmilarity comparing species composition in the first five years to the last five years.

650 Routesthat exhibit decoupling between observed and abundance-driven changesin total biomass
651 exhibit high magnitudes of change in mean body size (middle row, panel A) compared to the
652  changes seen in routes that show either no trend or “coupled” trends (see also Appendix 2

653  Tables S1-S3). However, routes with all three syndromes of dynamics (coupling, decoupling, or
654 notrend) are not detectably different in the degree of overall change in the ISD or in species

655 composition over time (panels B and C; Appendix 2 Tables $4 and S5).

656


https://doi.org/10.1101/2022.11.08.515659
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.08.515659; this version posted November 9, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

657 Figures

658 Figurel.

A

60000 4
« 50000 4
&
£ 400004
k=]
@ 30000+

20000 4

T T T
1990 2000 2010
Year
B

> Individuals driven Observed
‘@ 0.015 0.025 1
§ 0.0204

0.010 4
: oo
'S 0.005 R Coe
= 005 -
L
© 0.000 : . A - 0.000 - ; : —
o 10 100 1000 10 100 1000

Mass (g); note log scale

Dynamics — Individuals driven Observed Time — begin ---- end

659

660


https://doi.org/10.1101/2022.11.08.515659
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.08.515659; this version posted November 9, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

661 Figure2.
A
Total biomass
Individuals driven Observed
80 4 60 -
'c 60 o
3 40+ fw
8 20+ 201
0- 04+ : =
0.1 03 1.0 3.0 0.1 0.3 1.0 3.0
B
Total energy use
Individuals driven Observed
80
‘T 60 - 60
3 %3 123
9 04+ l 044 1) ¥
0.1 0.3 1.0 3.0 0.1 0.3 1.0 3.0

Ratio of last fitted value to first fitted value

Dynamics . Individuals driven Observed

662

663


https://doi.org/10.1101/2022.11.08.515659
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.08.515659; this version posted November 9, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

664 Figure3.

o / :
T £ . : .
o 0.1 0.2 10 2o 0.1 o3 10 20
Individuals-driven change
RKatio of iast fitied vaiue to firsi filied vaiue
Syndrome Coupledtrend © Decoupledtrends @ No trend
665

666


https://doi.org/10.1101/2022.11.08.515659
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.08.515659; this version posted November 9, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

667 Figure4.

0
g

iiean size change
Ceupled trand Cougled trend

50

40 4 304

an an
= = £
=S =] =]
O o 8]

668 ISD turnover Bray-Curtis index

669


https://doi.org/10.1101/2022.11.08.515659
http://creativecommons.org/licenses/by/4.0/

