














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

fluxes - of interest in a particular context. 352 

For North American breeding birds, biomass has declined less than abundance or energy use 353 

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

abundance, this decoupling is indicative of a directional shift in the size structure of the 355 

community. For the communities of breeding birds across North America considered here, the 356 

long-term trends in total biomass are often less negative than trends in total abundance or total 357 

energy use (Figure 3), reflecting community-level increases in average body size that partially or 358 

completely buffer changes in total biomass against declines in abundance. This consistent (but 359 

not ubiquitous) signal contrasts with general, global concerns that larger-bodied organisms are 360 

more vulnerable to extinction and population declines than smaller ones (Young et al. 2016, 361 

Dirzo et al. 2014, Smith et al. 2018), but it is aligned with previous findings from the Breeding 362 

Bird Survey (Schipper et al. 2016). Because these data focus on interspecific variability in size, 363 

these findings reflect turnover in species composition broadly favoring larger-bodied species. A 364 

clear next step for this work is to identify the proximate and ultimate drivers of these shifts – for 365 

example, by identifying which groups or species are responsible for these trends, how these 366 

shifts vary over regions or habitat types, and if and how they are linked to underlying changes in 367 

habitat quality or anthropogenic disturbances. An equally important counterpoint to this work 368 

will be integrating potential shifts in intraspecific body size, and particularly declines in body 369 

size associated with rising temperatures, with the interspecific dynamics documented here 370 

(Youngflesh et al. 2022). In principle, declining body size over time could partially offset the 371 

interspecific size shifts observed here. Given that interspecific size shifts occur over a 372 

dramatically larger range of body sizes than do intraspecific size shifts, we anticipate that, in 373 
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most instances, the community-wide dynamics would remain qualitatively despite intraspecific 374 

size change. While there are not currently robust estimates of intraspecific size changes at the 375 

scale of the full Breeding Bird Survey dataset, this is an excellent opportunity for a focused study 376 

in a well-documented system to elucidate the net effects of inter and intraspecific size change on 377 

community-level properties. Finally, we note that these increases in body size do not generally 378 

appear great enough to decouple the long-term trends in energy use from total abundance (Figure 379 

3). Energy use scales nonlinearly with body size with an exponent less than 1, which means that 380 

community-wide increases in mean body size result in smaller increases in total energy use than 381 

in total biomass. 382 

Complex relationships between compositional change and community-level properties 383 

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

demonstrated in many of the communities studied here is symptomatic of a directional shift in 385 

the size structure - in these instances, generally favoring larger bodied species. However, 386 

examining the community-wide dynamics of turnover in species composition and the overall size 387 

structure reveals that the relationship between changes in community structure and changes in 388 

the scaling between different currencies of community-wide abundance is considerably more 389 

nuanced than simple directional shifts in mean size. Routes that exhibit a statistically detectable 390 

decoupling between total biomass and total abundance show large changes in average body size 391 

compared to routes for which biomass and abundance either change more nearly in concert with 392 

each other or do not show temporal trends (Figure 4; Appendix 2 Tables S1-S3). This aligns 393 

naturally with mathematical intuition given the intrinsic relationship between average body size, 394 

total abundance, and total biomass. However, these routes are not extraordinary in terms of their 395 

overall degree of temporal turnover in either the size structure or in species composition. Rather, 396 
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the levels of turnover in overall community structure are comparable between routes that show 397 

decoupling between abundance and biomass, statistically indistinguishable trends, or no temporal 398 

trends in either currency (Figure 4; Appendix 2 Tables S4-S5). 399 

For many communities, therefore, there has been appreciable change in the species and size 400 

composition that simply does not manifest in a shift in the overall community-wide mean body 401 

size or mean metabolic rate sufficient to decouple the dynamics of biomass, abundance, and 402 

energy use. These changes may signal changes in functional composition equally important as 403 

the ones that manifest in directional shifts in community-wide average body size. For the 404 

complex, multimodal size distributions that are the norm for avian communities (Thibault et al. 405 

2011), changes in the number and position of modes may be as important as changes in higher-406 

level statistical moments such as the overall mean. At present, the field lacks the statistical tools 407 

and conceptual frameworks to quantify and interpret these nuanced changes, especially at the 408 

macroecological scale of the current study (Thibault et al. 2011, Yen et al. 2017). However, this 409 

is an excellent opportunity for more system-specific work, informed by natural history 410 

knowledge and process-driven expectation, to characterize more nuanced changes in the size 411 

structure of specific communities and identify the underlying drivers of these changes. To 412 

facilitate these efforts in the context of the Breeding Bird Survey, we are developing a R package 413 

to characterize the individual size distributions for avian communities based on species’ 414 

identities and/or mean body sizes.  415 

Conclusion 416 

This analysis demonstrates the current power, and limitations, of a data-driven macroecological 417 

perspective on the interrelated dynamics of community size structure and different dimensions of 418 

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

qualitatively different aggregate patterns in the long-term trends of abundance, biomass, and 421 

energy use, highlighting the nuanced relationship between these related, but decidedly 422 

nonequivalent, currencies and reflecting widespread changes in community size structure that 423 

may signal substantive changes in functional composition. Simultaneously, the complex 424 

relationship between turnover in community species and size composition, and the scaling 425 

between different currencies of community-level abundance, highlights opportunities for 426 

synergies between recent computational and statistical advances, case studies grounded in 427 

empiricism and natural history, and future macroecological-scale synthesis to realize the full 428 

potential of this conceptual space. 429 

  430 

.CC-BY 4.0 International licenseavailable under a
(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 

The copyright holder for this preprintthis version posted November 9, 2022. ; https://doi.org/10.1101/2022.11.08.515659doi: bioRxiv preprint 

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


References 431 

Chesson, P. 2000. Mechanisms of Maintenance of Species Diversity. Annual Review of Ecology 432 

and Systematics 31:343–366. 433 

Connolly, S. R., T. P. Hughes, D. R. Bellwood, and R. H. Karlson. 2005. Community Structure 434 

of Corals and Reef Fishes at Multiple Scales. Science 309:1363–1365. 435 

Cusser, S., C. Bahlai, S. M. Swinton, G. P. Robertson, and N. M. Haddad. 2020. Long-term 436 

research avoids spurious and misleading trends in sustainability attributes of no-till. Global 437 

Change Biology 26:3715–3725. 438 

Dirzo, R., H. S. Young, M. Galetti, G. Ceballos, N. J. B. Isaac, and B. Collen. 2014. Defaunation 439 

in the Anthropocene. Science 345:401–406. 440 

Dornelas, M., D. A. T. Phillip, and A. E. Magurran. 2011. Abundance and dominance become 441 

less predictable as species richness decreases. Global Ecology and Biogeography 20:832–841. 442 

Dunning, J. B. 2008. CRC handbook of avian body masses. CRC handbook of avian body 443 

masses. 2nd ed. CRC Press, Boca Raton. 444 

Ernest, S. K. M. 2005. Body size, energy use, and community structure of small mammals. 445 

Ecology 86:1407–1413. 446 

Ernest, S. K. M., J. H. Brown, K. M. Thibault, E. P. White, and J. R. Goheen. 2008. Zero Sum, 447 

the Niche, and Metacommunities: Long-Term Dynamics of Community Assembly. The 448 

American Naturalist 172:E257–E269. 449 

Ernest, S. K. M., E. P. White, and J. H. Brown. 2009. Changes in a tropical forest support 450 

metabolic zero-sum dynamics. Ecology Letters 12:507–515. 451 

.CC-BY 4.0 International licenseavailable under a
(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 

The copyright holder for this preprintthis version posted November 9, 2022. ; https://doi.org/10.1101/2022.11.08.515659doi: bioRxiv preprint 

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


Fisher, J. A. D., K. T. Frank, and W. C. Leggett. 2010. Dynamic macroecology on ecological 452 

time-scales. Global Ecology and Biogeography 19:1–15. 453 

Fristoe, T. S. 2015. Energy use by migrants and residents in North American breeding bird 454 

communities. Global Ecology and Biogeography 24:406–415. 455 

Gardner, J. L., A. Peters, M. R. Kearney, L. Joseph, and R. Heinsohn. 2011. Declining body size: 456 

A third universal response to warming? Trends in Ecology & Evolution 26:285–291. 457 

Harris, D. J., S. D. Taylor, and E. P. White. 2018. Forecasting biodiversity in breeding birds 458 

using best practices. PeerJ 6:e4278. 459 

Henderson, P. A., and A. E. Magurran. 2010. Linking species abundance distributions in 460 

numerical abundance and biomass through simple assumptions about community structure. 461 

Proceedings of the Royal Society B: Biological Sciences 277:1561–1570. 462 

Hernández, L., J. W. Laundré, A. González-Romero, J. López-Portillo, and K. M. Grajales. 463 

2011. Tale of two metrics: Density and biomass in a desert rodent community. Journal of 464 

Mammalogy 92:840–851. 465 

Holling, C. S. 1992. Cross-Scale Morphology, Geometry, and Dynamics of Ecosystems. 466 

Ecological Monographs 62:447–502. 467 

Hubbell, S. P. 2001. The Unified Neutral Theory of Biodiversity and Biogeography (MPB-32). 468 

Princeton University Press. 469 

Kelt, D. A., J. R. Aliperti, P. L. Meserve, W. B. Milstead, M. A. Previtali, and J. R. Gutierrez. 470 

2015. Energetic compensation is historically contingent and not supported for small mammals in 471 

South American or Asian deserts. Ecology 96:1702–1712. 472 

.CC-BY 4.0 International licenseavailable under a
(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 

The copyright holder for this preprintthis version posted November 9, 2022. ; https://doi.org/10.1101/2022.11.08.515659doi: bioRxiv preprint 

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


Kerr, S. R., and L. M. Dickie. 2001. The Biomass Spectrum: A Predator-Prey Theory of Aquatic 473 

Production. Page 352 Pages. Columbia University Press. 474 

Lenth, R. V. 2021. Emmeans: Estimated Marginal Means, aka Least-Squares Means. 475 

McGill, B. J., M. Dornelas, N. J. Gotelli, and A. E. Magurran. 2015. Fifteen forms of 476 

biodiversity trend in the Anthropocene. Trends in Ecology & Evolution 30:104–113. 477 

McNab, B. K. 2009. Ecological factors affect the level and scaling of avian BMR. Comparative 478 

Biochemistry and Physiology Part A: Molecular & Integrative Physiology 152:22–45. 479 

Morlon, H., E. P. White, R. S. Etienne, J. L. Green, A. Ostling, D. Alonso, B. J. Enquist, F. He, 480 

A. Hurlbert, A. E. Magurran, B. A. Maurer, B. J. McGill, H. Olff, D. Storch, and T. Zillio. 2009. 481 

Taking species abundance distributions beyond individuals. Ecology Letters 12:488–501. 482 

Nagy, K. A. 2005. Field metabolic rate and body size. Journal of Experimental Biology 483 

208:1621–1625. 484 

Pardieck, K. L., D. J. Ziolkowski, M. Lutmerding, V. Aponte, and M.-A. Hudson. 2019. North 485 

American Breeding Bird Survey Dataset 1966 - 2018, version 2018.0. U.S. Geological Survey. 486 

Petchey, O. L., and A. Belgrano. 2010. Body-size distributions and size-spectra: Universal 487 

indicators of ecological status? Biology Letters 6:434–437. 488 

Pinheiro, J., D. Bates, S. DebRoy, D. Sarkar, and R Core Team. 2020. Nlme: Linear and 489 

Nonlinear Mixed Effects Models. 490 

Read, Q. D., J. M. Grady, P. L. Zarnetske, S. Record, B. Baiser, J. Belmaker, M.-N. Tuanmu, A. 491 

Strecker, L. Beaudrot, and K. M. Thibault. 2018. Among-species overlap in rodent body size 492 

distributions predicts species richness along a temperature gradient. Ecography 41:1718–1727. 493 

.CC-BY 4.0 International licenseavailable under a
(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 

The copyright holder for this preprintthis version posted November 9, 2022. ; https://doi.org/10.1101/2022.11.08.515659doi: bioRxiv preprint 

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


Schipper, A. M., J. Belmaker, M. D. de Miranda, L. M. Navarro, K. Böhning-Gaese, M. J. 494 

Costello, M. Dornelas, R. Foppen, J. Hortal, M. A. J. Huijbregts, B. Martín-López, N. Pettorelli, 495 

C. Queiroz, A. G. Rossberg, L. Santini, K. Schiffers, Z. J. N. Steinmann, P. Visconti, C. 496 

Rondinini, and H. M. Pereira. 2016. Contrasting changes in the abundance and diversity of North 497 

American bird assemblages from 1971 to 2010. Global Change Biology 22:3948–3959. 498 

Schmitz, O. J., C. C. Wilmers, S. J. Leroux, C. E. Doughty, T. B. Atwood, M. Galetti, A. B. 499 

Davies, and S. J. Goetz. 2018. Animals and the zoogeochemistry of the carbon cycle. Science. 500 

Smith, F. A., R. E. Elliott Smith, S. K. Lyons, and J. L. Payne. 2018. Body size downgrading of 501 

mammals over the late Quaternary. Science 360:310–313. 502 

Supp, S. R., and S. K. M. Ernest. 2014. Species-level and community-level responses to 503 

disturbance: A cross-community analysis. Ecology 95:1717–1723. 504 

Terry, R. C., and R. J. Rowe. 2015. Energy flow and functional compensation in Great Basin 505 

small mammals under natural and anthropogenic environmental change. Proceedings of the 506 

National Academy of Sciences 112:9656–9661. 507 

Thibault, K. M., E. P. White, A. H. Hurlbert, and S. K. M. Ernest. 2011. Multimodality in the 508 

individual size distributions of bird communities. Global Ecology and Biogeography 20:145–509 

153. 510 

Van Valen, L. 1973. A new evolutionary law. Evolutionary Theory 1:1–30. 511 

Warwick, R. M., and K. R. Clarke. 1994. Relearning the ABC: Taxonomic changes and 512 

abundance/biomass relationships in disturbed benthic communities. Marine Biology 118:739–513 

744. 514 

.CC-BY 4.0 International licenseavailable under a
(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 

The copyright holder for this preprintthis version posted November 9, 2022. ; https://doi.org/10.1101/2022.11.08.515659doi: bioRxiv preprint 

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


White, E. P. 2004. Two-phase speciesTime relationships in North American land birds. Ecology 515 

Letters 7:329–336. 516 

White, E. P., S. K. M. Ernest, A. J. Kerkhoff, and B. J. Enquist. 2007. Relationships between 517 

body size and abundance in ecology. Trends in Ecology & Evolution 22:323–330. 518 

White, E. P., S. K. M. Ernest, and K. M. Thibault. 2004. Trade-offs in Community Properties 519 

through Time in a Desert Rodent Community. The American Naturalist 164:670–676. 520 

Ye, H., E. K. Bledsoe, R. Diaz, S. K. M. Ernest, J. L. Simonis, E. P. White, and G. M. Yenni. 521 

2020, May. Macroecological Analyses of Time Series Structure. Zenodo. 522 

Yen, J. D. L., J. R. Thomson, J. M. Keith, D. M. Paganin, E. Fleishman, D. S. Dobkin, J. M. 523 

Bennett, and R. Mac Nally. 2017. Balancing generality and specificity in ecological gradient 524 

analysis with species abundance distributions and individual size distributions: Community 525 

distributions along environmental gradients. Global Ecology and Biogeography 26:318–332. 526 

Young, H. S., D. J. McCauley, M. Galetti, and R. Dirzo. 2016. Patterns, Causes, and 527 

Consequences of Anthropocene Defaunation. Annual Review of Ecology, Evolution, and 528 

Systematics 47:333–358. 529 

Youngflesh, C., Saracco, J. F., Siegel, R. B., & Tingley, M. W. (2022). Abiotic conditions shape 530 

spatial and temporal morphological variation in North American birds. Nature Ecology & 531 

Evolution, 1–11. https://doi.org/10.1038/s41559-022-01893-x 532 

 533 

  534 

.CC-BY 4.0 International licenseavailable under a
(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 

The copyright holder for this preprintthis version posted November 9, 2022. ; https://doi.org/10.1101/2022.11.08.515659doi: bioRxiv preprint 

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


Data availability: All data and code supporting this manuscript are available online on GitHub. 535 

For the purposes of double-blind review, we have uploaded a copy of these analyses to a 536 

temporary GitHub repository at https://github.com/bbssizeshifts/BBSsims. Upon manuscript 537 

acceptance, these will be archived in perpetuity on Zenodo.  538 
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Tables 540 

Table 1. 541 

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 

Table 1. Table of the number and proportion of routes whose dynamics for total biomass and 543 

total energy use are best described by the following syndromes: no directional change (intercept-544 

only model, biomass ~ 1 or energy use ~ 1); a coupled trend (biomass ~  year or energy use ~ 545 

year); or a model with decoupled temporal trends for observed and abundance-driven dynamics 546 

(biomass ~ year *  dynamics or energy use ~ year * dynamics, where dynamics refers to 547 

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

31-32% of routes are best described as syndromes of “No directional change” (intercept-only 549 

models). For the remaining routes, in most instances, the dynamics of biomass and energy use 550 

exhibit a temporal trend, but with no detectable difference in the temporal trends for abundance-551 
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driven and observed dynamics (“Coupled trends”). However, for a substantial minority of routes 552 

(20% overall for biomass, or 30% of routes with a temporal trend; 7% overall for energy use, or 553 

10% of routes with a temporal trend), there is a detectable deviation between the trends expected 554 

due only to changes in abundance and the observed dynamics (“Decoupled trends”). 555 

 556 
  557 
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Table 2.  558 

Currency 

Proportion of increasing 

abundance-driven trends 

Proportion of increasing 

observed trends 

Number of routes with 

temporal trends 

Total 

biomass 

0.33 0.49 501 

Total energy 

use 

0.30 0.35 509 

Table 2.  559 

The proportion of trends that are increasing (specifically, for which the ratio of the last fitted 560 

value to the first fitted value > 1) for abundance-driven and observed dynamics, for routes 561 

exhibiting temporal trends (“coupled trends” or “decoupled trends”) in total biomass and total 562 

energy use (for biomass, n = 501; for energy use, n = 509). Trends that are not increasing are 563 

decreasing. 564 

Trends in abundance-driven dynamics are dominated by declines (67% of routes for total 565 

biomass, and 70% of routes for total energy). Observed dynamics for biomass differ qualitatively 566 

from the abundance-driven dynamics. Specifically, observed trends in biomass are evenly 567 

divided between increases and decreases (49% increasing). Observed trends in energy use more 568 

closely mirror abundance-driven trends (65% declines). 569 

 570 

  571 
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Figure legends 572 

Figure 1. Illustration of abundance-driven (null model) dynamics as compared to observed 573 

dynamics (A), and the underlying dynamics of the ISD (B) for a sample route (Lindbrook, 574 

Alberta). A. Dynamics of total biomass. The gold points show the true values for total biomass 575 

in each year, and the blue points show the values for total biomass simulated from a null model 576 

that incorporates change in total abundance, but assumes no change in the size structure, over 577 

time. The smooth lines show the predicted values from a Gamma (log-link) linear model of the 578 

form total_biomass ~ year * dynamics, where dynamics refers to either the abundance-driven 579 

(null model) or observed dynamics. For this route, change in the individual size distribution has 580 

decoupled the dynamics of biomass from those that would occur due only to changes in 581 

abundance. The slope for abundance-driven dynamics is significantly more negative than for the 582 

observed dynamics (interaction term p = 0.0013). B. Underlying changes in the ISD. The 583 

individual size distributions for the first 5 years (solid lines) and last 5 years (dashed lines) of the 584 

timeseries. The x-axis is body size (as mass in grams; note log scale) and the y-axis is probability 585 

density from a Gaussian mixture model fit to a vector of simulated individual masses for all 586 

individuals observed in the years in questions, standardized to sum to 1. For the abundance-587 

driven (blue) scenario, individuals’ species identities (which determine their body size estimates) 588 

are re-assigned at random weighted by each species’ mean relative abundance throughout the 589 

timeseries, resulting in a consistent individual size distribution over time. For the observed (gold) 590 

scenario, individuals’ body sizes are estimated based actual species abundances at each time 591 

step. For this route, species composition has shifted over time and produced different ISDs for 592 

the “begin” and “end” time periods. Specifically, the “end” ISD has peaks at larger body sizes 593 

(ca. 90g and 500g) not present in the “begin” ISD. This redistribution of density towards larger 594 
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body sizes results in an overall increase in body size community wide, which partially offsets 595 

declines in total biomass from those expected given change in abundance alone. 596 

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

abundance-driven (null-model; left) and observed (right) changes in biomass (A) and energy use 599 

(B), for communities with a significant slope and/or interaction term (for biomass, 501/739 600 

routes; for energy use, 509/739 routes; Table 1). Change is summarized as the ratio of the fitted 601 

value for the last year in the time series to the fitted value for the first year in the timeseries from 602 

the best-fitting model for that community. Values greater than 1 (vertical black line) indicate 603 

increases in total energy or biomass over time, and less than 1 indicate decreases. The 604 

abundance-driven dynamics (left) reflect the trends fit for the null model, while the observed 605 

dynamics (right) reflect trends incorporating both change in total abundance and change in the 606 

size structure over time. For communities best-described by syndromes of “coupled trends” or 607 

“no directional change”, the “abundance-driven” and “observed” ratios will be the same; for 608 

communities with “decoupled trends”, there will be different ratios for or “abundance-driven” 609 

and “observed” dynamics. 610 

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

qualitatively different continental-wide patterns in abundance-driven and observed dynamics for 612 

total biomass and total energy use. 70% of trends in abundance-driven (null model) dynamics for 613 

energy use are decreasing, and 67% for biomass (Table 2). For biomass, observed dynamics are 614 

balanced evenly between increases (49% of routes) and decreases (51%) - indicating that 615 

changes in the size structure produce qualitatively different long-term trends for biomass than 616 

would be expected given abundance changes alone. However, trends for energy use (which 617 

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

mirroring the trends expected given changes in individual abundance alone. 619 
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Figure 3. Observed change (ratio of last fitted value to first fitted value, y-axis) in total biomass 621 

(left) and total energy use (right) compared to the change expected only due to changes in 622 

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

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

trends, while values less than 1 are negative trends. Each point marks the fitted values from a 625 

Gamma log-link generalized linear model of the form biomass ~ year * dynamics for a given 626 

route, which calculates separate long-term slopes for observed and abundance-driven dynamics. 627 

Points are colored corresponding to the syndrome of change identified for each route. Deviations 628 

from the 1:1 line (solid black line) reflect changes in the community size structure that modulate 629 

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

Changes in total biomass and total energy use generally track changes driven by fluctuations in 631 

total abundance, with appreciable scatter around the 1:1 line. When this translates into a 632 

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

syndrome of “Decoupled trends”), this is usually in the form of abundance-driven change being 634 

more negative (a steeper decline or a smaller increase) than observed change in biomass or 635 

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

left of the 1:1 line. This occurs more strongly and frequently for biomass than for energy use. 637 
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Figure 4. Histograms of (A) magnitude of change in mean body size from the first to the last 639 

five years of monitoring, (B) overall change in the size structure, and (C) change in species 640 

composition for routes whose dynamics for total biomass were best-described as syndromes of 641 

no directional change (bottom row; intercept-only model), decoupled trends for observed and 642 

abundance-driven dynamics (middle row), or coupled trends for observed and abundance-driven 643 

dynamics (top row). Change in mean body size (A) is calculated as the log of the ratio of the 644 

mean body size of all individuals observed in the last 5 years of the timeseries relative to the 645 

mean body size of all individuals observed in the first 5 years (see text). Overall change in the 646 

ISD (B) is calculated as the degree of turnover between the ISDs for the first and last five years 647 

of the timeseries (see text). Change in species composition (C) is characterized as Bray-Curtis 648 

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

Routes that exhibit decoupling between observed and abundance-driven changes in total biomass 650 

exhibit high magnitudes of change in mean body size (middle row, panel A) compared to the 651 

changes seen in routes that show either no trend or “coupled” trends (see also Appendix 2  652 

Tables S1-S3). However, routes with all three syndromes of dynamics (coupling, decoupling, or 653 

no trend) are not detectably different in the degree of overall change in the ISD or in species 654 

composition over time (panels B and C; Appendix 2 Tables S4 and S5). 655 
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Figures 657 

Figure 1.  658 

 659 
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Figure 2.  661 
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Figure 3.  664 
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Figure 4.  667 
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