SCIENCE ADVANCES
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Fig. 5. Proposed model of global marine diversity. At the site scale, temperature and nutrients influence abundance, which affects site richness, which in turng
strongly influences local richness. Fishes control abundances of large mobile invertebrates through predation, generating a negative relationship between vertebr&
and invertebrate richness at the site scale. At the ecoregion scale, species richness is influenced by local richness, the extent of coral reef, and biogeographic fac;ors
[Top and bottom photos by G.J.E. and middle photo by R.D.S.-S. (University of Tasmania)].

increasing with site richness; and (vi) ecoregion richness increasing witbregion and local scales. Temperature appears to primarily affect
coral reef area, continental shelf area, historical evolutionary processesichness at ecoregion scales through the addition of coral reef agea
and, to a minor extent, local richness (Fig. 5). The strong latitudinalarm latitudes and at local scales through metabolic processes. T}"%se
gradient for all taxa at the site level, despite little consistent latitudidéferences highlight a need for investigations linking changing bid3
pattern in total abundance, was due to a steeper slope of the abundatieefsity to climate to consider the complicating effects of scale. Cautién
richness relationship for fishes cpaned to other classes. For a hypois clearly needed when inference on the rate of change in regional s@e-
thetical site with 1000 individuals, tipeedicted total species richnesgies pools is based on changes measured through time across a sgt of
was 52, 21, 11, and 3 if only bony fishes, sea stars, gastropods, andsechit sites, particularly when ratsd scales of global change are esti&
noids, respectively, were present, based on regressions shown in figi&@dd [for example, the study of Dornetaisl (49]. Observed changes g
Thus, the pronounced decrease in all taxa richness with latitude \waschness at sites are likely tococ more rapidly than changes at the S
directly related to decreasing proportional abundance of the most specizseegion scale, and rates of species gain relative to loss may also (gfer
group, bony fishes. with geographic scalin9.

Our SEM models depict upscaling processes, with ecoregion richOur study indicates that ecological interactions affect the relatlve
ness dependent on local richness, which is dependent on site richrz®sidance and richness of at least visually conspicnobie inverte-
Richness is thereby viewed here as driven from small spatial scaldsreges at local scales. Thus, monitoring of biodiversity needs to ef-
flecting the aggregation of individual sampled sites to provide regiooainpass the range of guilds and trophic levels in a community and n&t
totals. A more common paradigm in macroecology is that local commhe limited to*indicatorf’ groups that are strongly taxonomically con-
nities are filtered subsets of broader species pools, with regional richsgained, such as fishes. The fact that interactions between classes
driving site richness J8We statistically compead these two alternative were not visible at the ecoregion level may be a consequence of species
frameworks. Upscaling drivers generated a more likely configuratiichness at this spatial scale reflecting evolutionary drivers, such as
than downscaling drivers in SEMs (AIC 357 versus 351, respec- temperature, more than local factors. Studies encompassing wider
tively), explained a higher proportion of the variance in most cashkabitat and species diversity shoiuidher inform the patterns reported
and produced overall stronger relationships among observed variabe, as should studies clarifying the influence of potential biases, in-
based on standardized regression coefficients (fig. S5). The downskaling whether visual census methods result in systematically low
ing “all taxd and “vertebrat& models also significantly departedestimates of mobile invertebratehieess in the tropics due to predator
from good model fit §f = 4; c? = 9.53, 21.94, and 7.18= 0.049, avoidance and nocturnal foraging.

P<0.001, an®=0.126, respectively, for all taxa, vertebrate, and in- Differences in the processes operating at large and small spatial
vertebrate SEMs). Nevertheless, differences in model diagnostics seales indicate a need for comprehensive conservation planning that
relatively slight, with both downdoay and upscaling processes probtakes these scale differences into account. In addition to ecoregional re-
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ably operating concurrently. presentation, conservation praetiwould benefit from recognition of
local-scale patchiness, whereby biodiversity elements can be concen-
Conservation implications trated in scattered locations rather than coinciding with the bound-

The paths, and presumably the mechanisms, through which tempendes of ecoregion maps. Examples of integrated practice are BirdLife
ture influences biodiversity of mobile reef fauna greatly differed betwéeternationals “Important Bird Area”and “Endemic Bird Area
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