Winners and losers of reef flattening: a trait-based assessment of Florida coral reef fishes
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EXTENDED ABSTRACT

Anthropogenic stressors are causing widespread coral mortality in the Caribbean, leading to negative carbonate budgets
and decreased structural complexity which ultimately threatens reef functioning and ecosystem services (Graham and Nash,
2013, Perry et al, 2013). Species are not equally affected by disturbances, often causing reshuffling of ecosystem assem-
blages and communities (McKinney, 1997). Trait-based analysis can build generic frameworks of how species respond to
environmental change (McGill, et al, 2006), and we use this approach to better understand implications of reef flattening on
fishes. Coral reef fish assemblages depend on three-dimensional structure provided by stony coral(Graham and Nash, 2013),
and coral reef fishes are well-suited to trait-based analysis with well parameterized traits and phylogeny in databases and
literature (Hadj-Hammou, et al 2021, Rabosky, et al 2018). Reef structural complexity is critical for fish community
dynamics, providing spatial refuges from predation and water flow, creating niche space, increasing food availability, and
supplying nesting sites (Binning and Roche, 2015, Hixon, 1991, Johansen, et al, 2008, Robertson and Sheldon, 1979). The
Florida reef tract stretches more than 550 km along the Atlantic coast of southeastern Florida and the Florida Keys and is
subject to a wide range of stressors leading to degradation of reefs and loss of reef structure (Alvarez-Filip, et al 2015,
Alvarez-Filip, et al 2019, Schutte, et al 2010). The combination of pre-anthropogenic large-scale climatic changes with
recent acceleration of anthropogenic disturbances has led to the marked decline of structure on Florida coral reefs (Toth, et
al, 2019, Burman, et al, 2012). Despite their decline, Florida’s coral reefs still support reef fish assemblages that drive
fisheries and ecotourism (Ault, et al 2013). Using a trait-based framework, we aim to predict the winners and losers of reef
flattening on Florida coral reefs and identify the traits which govern fish responses to both loss of coral cover and complexi-
ty.

Using surveys from 3,999 Florida reef and hardbottom sites, we used boosted regression trees to model biophysical and
anthropogenic factors correlated with the abundance of 109 fish species. Reef fish and benthic survey data were sourced
from NOAA fishery-independent coral reef fish and benthic surveys across southeast Florida since 1979 as part of the Reef
Visual Census and National Coral Reef Monitoring Program (Bohnsack, et al 1999, Smith, et al 2011). First, we used the
NOAA survey data to model common reef species’ densities against 21 biophysical and anthropogenic drivers using
boosted regression trees, which are capable of handling large numbers of interacting predictors and fixing non-linear
relationships (Elith, et al 2008). We isolated the relative importance of structural complexity and coral cover for each
species, categorizing species as ‘losers’ (more abundant on complex reefs) or negative associations as ‘winners’ (more
abundant on flat reefs). We tested those species’ associations with complexity and coral cover for phylogenetic relationships
using the Fish Tree of Life and Blomberg’s K. We then modeled if 13 morphological, behavioral, and functional traits
mediate species’ responses to reef degradation.

The species density models predicted 52 species as losers of flattening and 10 of coral cover and only 17 and 7 winners
of each respectively. We determined phylogeny did not explain relationships with complexity or coral cover. Instead, eight
traits explained 65% of variation of species’ association with complexity, and seven traits explained 38% of association
with coral cover. Tail shape, body roundness, size, and swim mode make up half of the traits linked to complexity. These
findings indicate that smaller, streamlined generalists are more likely to be ecological winners on flattened reefs. The
species better at maneuvering on complex reefs seemed to have traded off some ability to persist in flat habitats with higher
flow. Habitat generalists able to persist on habitats other than coral reefs and those with a wider depth range were more
successful on flattened reefs. Degraded reefs will likely have decreased predation, thus hindering resilience and recovery.
Identifying these important traits provides a better understanding of how fishes interact with complexity and allows us to
predict general assemblage-wide responses to flattening. The trait-based analysis provides information to build predictive
models for rarer species, such as goliath and Nassau grouper, two iconic Caribbean species heavily fished and thus rare
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throughout the Florida reef tract. In addition to provide a
generic understanding of which species will be most
affected by loss of structure, trait responses to loss of
complexity and coral cover provide important predictions
for how assemblage shifts and the potential loss of some
traits will affect ecosystem functions. Additionally, these
results suggest that ecosystem services like fisheries and
ecotourism will be diminished as reefs continue to degrade.
This research has provided critical information identifying
species- and trait-specific responses to reef flattening and
loss of coral cover to assist with the management and
conservation of biodiversity on coral reefs.
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