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Changes in free-living zooxanthellae abundance during summer in a ==
temperate Japanese coastal sea (Takashima, Japan)
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Rintaro Kivama®, Manabu Fukumura®, Shuze Komura®

Innegrated Science and Tachuedogy, Magaaki Univrsty, 1-14 Bunkye-nuch, Nogesski, 852-8521, Jypan

Fietis i Evironmwenaal Sciences, Nugssaki Universiy, 114 Bunkyo-mochi, Negusakt, 528521, fapan
Ngiiohi Usiversity, 3-14 Bokyo-oaachi, Nogasakd, 8528521, Jypas

fior Marine: Selenoe and Texhvolygy, Magesell Dniversity, 1-14 Buskyo-wachl, Naguaki, 8528521, Joean

* Yansreu de Teheshimg, 2709.5 Takihine mechl, Magaski, 851-1315, Jopan

ARTICLE INFO ABSTRACT

Free living ar exogenous anaanthellac play a crucial role in coral survival; howewer, their ecolagical dynamics
remain largely unexploced. This study focused an tracking the abundance of free Hving soomnthella (Clades A
to F) in seawater around the temperate coassal sea (Takashina, Japan) from summer to eadly sutume using
quantitative polymerase chain reaction (gPCRL In addition, we examined the influmnce of temperature, light
canditians (phatasynthetic phatan flux density [FPFD]), dissolved inarganic nitragen (BIN], and caral health an

Symibledtini e

the abusxdance af soaxanthellae, Our findings revealed an increase in the abndance af free living sooxanthellae
fram to-early auturmn, i ive af clade. Asi latian was abserved between
the ribusemal RNA (tRNA) gene copy mumber, amplified wsing a universal primer, and corl health scores.
Corwersely, there was a positive carmelation between the rNA gene copy number and ssawater temperature. The
relatianship between PPFD and DIN was not significantly carrelated with rNA gene copy number. Natably, the
FRNA gene copy nunber, amglified wsing the Clade C primer, was the mast sburdant and exhibitsd a significane
pesitive carrelatian with seawater tempernture, wheneas it was negatively carrelated with coral bealth scares.
The increase in the abundance of free iving 2oovnthellss, particularly Clade €, in seawater was Excilitated by
rising seaveater temperatures and the relrase of socxanthellae cells from hest carals, with the latter likely being
the predominant factee. To our knowledge, this is the first study to menitor temparal changes in the abundance

of reeliving zocxanzhellae in seawater.
1. Intraduction o al, Z018). Over the past two decades, the frequency of
coral.bleaching events has increased in tropical and subtrapical aczans

Caral reefs are distinct scosystems characterized by high bicdiversity  (Hughes =t al 2018

and pravide habitats fr aver 30 % of marine species ( ) Numeraus coral species release aposymbiotic gametes, and approx.
Many caral species hast symbiotic algae known a5 zoaxanthellae, which  imately 80 % of these spawn.gamete.type corals abtain symbiatic
are dinoflagellates belenging to the family Symbiodini The hellae from their ings, such as seawater and sediments,
photasynthetic products generated by zacxanthellae are crucial for coral — through horizontal transmissian (B 144). Beyond acquiring
growth (Falk 1. Under stress, corals expel these sym:  zpoxanthellae during coral d.cvc]n]]mem the incarporation of exteraal
bintic oaxanthellae, resulting in the loss of pigments and their main  zooxanthellae from the environment after  bleaching event has been

nutrient sources (I n et a . This exgulion leads to coral  enified s » crucial component of the coral's recovery process

bleaching, aften resulting in widespread coral marality (11 (Ravindran et is frath, 2004). The presence af
1 8). Mareover, the increase in summer seawater temperatures duc ta  exogenaus zaxanthellae in the environment is vital far coral survival
climate change has caused extensive coral paling and beaching (Hughes  Nonetheless, there is limited understanding of the ecclogy of free-living

* Corresponding auther. Graduate Schaal of Integrated Science and Technology, Nagasaki University, 1:14 Bankyo-machi, Nagasaki, 8528520, Japan.
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1. Introduction

Coral reefs are distinct ecosystems characterized by high biodiversity and
provide habatats for over 30% of marine species [1]. Many coral species host symbiotic
which are dineflagellates belonging to the family

3ol

3Tl

algae known as
Symbiodimiaceas. The photosynthetic products d by

for coral growth [2]. Under stress, corals expel these symbiotic zooxanthellae, resulting
in the loss of pigments and their main mutrient sources [3]. This expulsion leads to coral

are crucial

bleaching, often resulting in widespread coral mortality [4]. Moreover, the increase in
summer seawater temperatures due to climate change has caused extensive coral paling
and bleaching [4]. Over the past two decades, the frequency of coral-bleaching events
has increased in tropical and subtropical oceans [4].

Numerous coral species release aposymbiotic gametes. and approximately 80%
of these spawn-gamete-type corals obtain symbiotic zooxanthellae from their
surroundings, such as seawater and sediments. through horizontal transmission [3].
Beyond acquining zooxanthellae during coral development, the incorporation of external
zooxanthellae from the environment after a bleaching event has been 1dentified as a
crucial component of the coral's recovery process [3, 6]. The presence of exogenous
zooxanthellae in the environment is vital for coral survival. Nonetheless, there is limited
understanding of the ecology of free-living zooxanthellae.

Zooxanthellae cells are small (10 ym in diameter) and appear identical to other
plankton cells when viewed under a microscope. Initially, diverse lineages within the
Symbiodmiaceae family were classified under a single genus. Symbiodinium [7].
However, phylogenetic studies of Symbiodinium ribosomal DNA (fDNA) have shown
that the genus Symbiodmium consists of numerous evolutionarily distinct lineages [7].

To acknowledge their phylogenetic differences, these lineages were temporarily labeled
with arbitrary letters (e.g.. A, B, C). which became known as "clades.” A recent study,
considering molecular, morphological, physiclogical, and ecological data, has suggested
that these evolutionarily distinct Symbiodinium "clades” should be regarded as genera
within the Symbiodiniaceae family [7]. Currently, 11 genera are recogmzed as members
of the Symbiodiniaceas family. Taxonomic diversity within Symbiodiniaceae is notably
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