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Fig. 1

Analytical procedures for dinoflagellate resting cyst biodiversity in ballast tank sediments (including the design of spe-

cific primers targeting the D2 domain of LSU rDNA, high-throughput sequencing, bioinformatics analysis, light and

scanning electron microscopy observation, and single-cyst PCR sequencing) and the main research results
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Fig. 2 Resting cysts of Margalefidinium polykrikoides and
Polykrikos geminatum identified by single-cell PCR,
cloning, and sequencing from ballast tank sediments.
Note: cysts of A and B were Margalefidinium polyk-
rikoides, belonging to the American/Malaysian ri-
botype; the cyst in C was Margalefidinium polyk-
rikoides, belonging to the East Asian ribotype; and
the cyst in D was Polykrikos geminatum!™
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Abstract: Ships’ ballast tanks have long been known as vectors for the introduction of toxic or harmful algal bloom
(HAB)-forming species, especially, dinoflagellates. This has led to the International Maritime Organization’s
(IMO’s) mandatory International Convention for the Control and Management of Ship’s Ballast Water and Sediment,
which China has officially declared to comply since January 22, 2019. Numerous investigations have demonstrated
that ballast tank sediments may contain many species and a great number of HAB-forming dinoflagellate resting
cysts that may establish themselves as invasive species in destination water bodies. China has observed an apparent
increase in the outbreak intensity and frequency of HABs during the last three decades and an increase in the dis-
covery of new HABs species, which invokes a widespread concern of scientific and realistic importance: were some
of those newly observed HAB species alien species that invaded China recently? Our recent work on ballast tank
sediment samples taken from the ports of the USA and China explicitly demonstrated that all previous reported de-
tections have significantly underestimated the species diversity of dinoflagellate cysts possibly carried in ballast
tank sediments and the heterogeneity in species composition among samples from different sources. Therefore, it is
an urgent necessity to execute a more comprehensive assessment of the potential risk of HAB species invasion via
ballast tank sediments on the basis of comprehensive and intensive experimental investigation. We reviewed the
progress of the invasion risk of non-indigenous HAB-forming dinoflagellates via ships’ tank sediments from the
following aspects: 1) Ship’s ballast water (sediment) and geographical expansion of HABs; 2) Resting cyst diversity
in ship's ballast tank sediment and tracking their origins; and 3) A brief discussion on our recent detection of a high
diversity in dinoflagellate resting cysts and great heterogeneity in species composition among samples from 32 bal-
last tank sediments collected during 2001-2003 from ships entering the Great Lakes or Chesapeake Bay, USA.
Based on the review, we raised several important scientific questions that should be addressed. We propose a risk
assessment based on intensive and comprehensive sampling for the ballast tank sediments from ships arriving in the
ports of China and the domestic marine sediments and a combined approach of molecular identification via
high-throughput next-generation sequencing, morphological observation and identification, germination, single-cyst
identification via FISH-LM-PCR sequencing, and bioinformatic analyses. This combined approach will allow us to
perform a more comprehensive and reliable risk assessment of the potential bioinvasion of HAB-forming dinoflag-
ellates through ships’ ballast tank sediments. We also believe the output of the proposed investigation will provide a
sound reference dataset for tracking the sources or origins of the HAB species that either were found in China re-
cently or may appear in the future and provide a solid basis for the legal detection of alien species by the relevant
branches of the General Administration of Customs of China.
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