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Summary

Climate change scenarios predict tropical cyclones
will increase in both frequency and intensity, which
will escalate the amount of terrestrial run-off and
mechanical disruption affecting coastal ecosystems.
Bacteria are key contributors to ecosystem function-
ing, but relatively little is known about how they
respond to extreme storm events, particularly in
nearshore subtropical regions. In this study, we com-
bine !eld observations and mesocosm experiments
to assess bacterial community dynamics and
changes in physicochemical properties during early-
and late-season tropical cyclones affecting Okinawa,
Japan. Storms caused large and fast in"uxes of
freshwater and terrestrial sediment – locally known
as red soil pollution – and caused moderate
increases of macronutrients, especially SiO2 and
PO4

3!, with up to 25 and 0.5 !M respectively. We
detected shifts in relative abundances of marine and
terrestrially derived bacteria, including putative coral
and human pathogens, during storm events. Soil
input alone did not substantially affect marine bacte-
rial communities in mesocosms, indicating that other
components of run-off or other storm effects likely
exert a larger in"uence on bacterial communities.
The storm effects were short-lived and bacterial com-
munities quickly recovered following both storm
events. The early- and late-season storms caused

different physicochemical and bacterial community
changes, demonstrating the context-dependency of
extreme storm responses in a subtropical coastal
ecosystem.

Introduction

Extreme storm events, such as tropical cyclones
(i.e. tropical storms, hurricanes, and typhoons), can have
dramatic consequences on coastal ecosystems, due in part
to the effects of terrestrially-derived pollution (Hennessy
et al., 1997; De Jesus Crespo et al., 2019). In addition to
in!uencing salinity and turbidity, !ood plumes often include
elevated concentrations of bacteria (Solo-Gabriele et al.,
2000), nutrients (i.e. C, N, P) (Chen et al., 2012, 2018; Gao
et al., 2014; Paerl et al., 2018) and other chemicals, such
as herbicides or heavy metals (Lewis et al., 2012; Mistri
et al., 2019), which can act synergistically to negatively
affect coastal ecosystems (Wooldridge, 2009; Brodie
et al., 2012; Lewis et al., 2012). Especially in tropical and
subtropical regions experiencing severe seasonal storms,
large volumes of terrestrial run-off entering coastal waters
can degrade coastal ecosystems, including coral reefs,
through sedimentation or disease (Riegl and Branch, 1995;
Philipp and Fabricius, 2003; Voss and Richardson, 2006;
Haapkylä et al., 2011; Wilson et al., 2012). Such run-off
events can also cause harm more indirectly, through eutro-
phication, hypoxia (Fabricius, 2005; Altieri et al., 2017) and
decreased water quality. As global climate change is
expected to enhance the frequency and intensity of
extreme storm events (Groisman et al., 2005), it is increas-
ingly important to better understand how such storms
impact coastal ecosystem functioning.

The western North Paci"c, where there is an average
of 27 named storms per year (Wang et al., 2010; Herbeck
et al., 2011), is the most active region in the world for
tropical cyclones. Landfalling typhoons, which most affect
coastal ecosystems, have intensi"ed in the region; the
proportion of category 4 and 5 typhoons striking land
more than doubled in the last four decades. Current
climate models predict continued intensi"cation of
landfalling typhoons affecting mainland China, Taiwan,
Korea and Japan, indicating these regions will suffer even
more storm-caused losses of life, property, and coastal
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