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Abstract

Abstract

Microeukaryotes are single cell eukaryotes that are composed of large quantities
of species differing in cell sizes, shapes and functions. Microeukaryotes can act as
primary producers, consumers and decomposers, playing key roles in driving
biogeochemical cyclings of marine ecosystems. Traditionally, morphological methods
based on microscopic identifications were limited to specific groups and it is rather
difficult to study all groups of microeukaryotes simultaneously which constrained the
studies on the ecology of microeukaryotes. High throughput sequencing (HTS) has
been applied to the study of microbial ecology including microeukaryotes in recent
years, and a variety of habitats has been investigated. However, there are only a few
studies focusing on microeukaryotes in the sediments, most of which were from specific
environments such as hydrothermal vents, coastal seas and lakes rather than intertidal
sediments. 18S rDNA (ribosomal DNA) gene has been widely used to infer the
community structure of microeukaryotes. However, the copy numbers of 18S rDNA
gene differ significantly in microeukaryotes and DNA can exist for a long time in the
extracellular environments, the community compositions of micro-eukaryotic
assemblages may be twisted from the real one when rDNA is used. Our study focused
on benthic microeukaryotes diversity at typical intertidal zone in Fujian province by
sequencing the hyper-variable V4 regions of SSU rRNA transcripts through HTP
method. The current work aimed to reveal the spatial and temporal distribution pattern
of benthic microeukaryotes, and to figure out the factors shaping the patterns observed.
Our study includes two parts, one part focusing on benthic microeukaryotes in different
sampling months, depths, and areas covered by different vegetation in the Zhangjiang
estuary mangrove, and the other focusing on benthic microeukaryotes at different sites
in Xiamen intertidal zone during different seasons.

The results are as follows:

Part one

Benthic microeukaryotes diversity in the Zhangjiang estuary mangrove sediments

IX



Abstract

(1) Community composition: At super-group or phylum group level, Stramenopiles are
the most abundant and account for 86.67% of all sequences followed by Alveolata
which accounts for 7.75%, and Archaeplastida, Hacrobia, Apusozoa and
unidentified microeukaryotes collectively are less than 0.2%. At genus level, the
most abundant top 10 genera all belong to bacillariophyte, accounting for 59.12%
of all sequences. Unidentified raphid-pennate are the most abundant genus
accounting for 12.56% of total sequences, followed by Navicula which account for
10.88%.

(2) Alpha diversity: mean Richness and Shannon indices increase with sampling depth
and reach the maximum at mudflat area and in December, 2015. For the Richness
index, the mean value reaches the lowest at ecotone and in October, 2015, and the
mean value of the Shannon index reaches the lowest at Spartina area and in August.
Richness index positively correlated with sampling depth and negatively correlated
with lutein concentration, while Shannon index positively correlated with salinity
and NHs-N concentration, negatively correlated with lutein and chlorophyllh
concentrations.

(3) Beta diversity: benthic microcukaryotes community dramatically differ in sampling
months and are shaped by different overland vegetation, however there is no
significant difference among benthic microeukaryotes communities from different
sampling depths. Season (sampling month) is the primary factor explaining the
variance of the composition of microeukaryotes, and together with overland
vegetation type, they can explain 55.04%, 61.81% and 44.81% of the variance of

microeukaryotes, the abundant and the rare biosphere respectively.

Part two

Benthic microeukaryotes diversity at different sites in Xiamen intertidal zone

(1) Community composition: At super-group or phylum group level, Stramenopiles are
the most abundant and account for 91.66% of all sequences, followed by Alveolata

and Rhizaria which accounts for 3.13% and 2.68%, and Apusozoan, Hacrobia,



Abstract

Archaeplastida together with unidentified microeukaryotes collectively are less
than 0.3% of the sequences. At genus level, the most abundant top 10 genera all
belong to bacillariophyte, accounting for 76.2% of all sequences. The Navicular are
the most abundant group accounting for 20.98% of total sequences, followed by
Gyrosigma which account for 14.55%.

(2) Alpha diversity: Richness index range from 1064 to 2841 (average 1886.5), and
Shannon index range from 4.09 to 5.89 (average 5.89). Richness index negatively
correlated with cadmium concentration.

(3) Beta diversity: benthic microeukaryotes community, especially the rare biosphere,
dramatically differ in sampling seasons. Factors such as pH, peridinin, fucoxanthin,
cadmium concentration and sampling season are significantly correlated with
benthic microeukaryotes community, while cadmium concentration, fucoxanthin
and sampling season can explain 33.89%, 35.66% and 32.76% of the variance of

microeukaryotes, the abundant and the rare biosphere respectively.

Key words: Mangrove; Intertidal zone; Benthic microeukaryotes; 18S rRNA; High

throughput sequencing; Community composition
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1.1 BERFES RS

WAlE) s (intertidal zone) & Fe i (37 e et FIRA O B 1K BT AR DX 38, 46 5 22 9 1]
iy VN7 A v P T 15 1) DX 3 0 A7 A AR 8 ) 7K T 19 DX o 0 ] o £ 30 2 A4
BRGFYEE EEN MO, KRS R R X, 252 2 7K 8 W
TSR] T A K ARV AT R 5 T, RS2 BB R K CAnR 7K ) AT e 7K
(R N TSN BR AT, 42 B NP A TG S G2 (A& g 7K. R 58 R K 54k
O s, UL EAR SRR Z . R, WA RS RS G E MRS
LAY, QFE 2 PLAREY) . BRI, MU0 BRI R,
DL AR AR/ IME R SR 5 Pl K (9 S A 4

R A S RGUEFRLIRAR . JEMERID PSS 2R A S RAL. AR MRAS RS
JEI AT WA KR S K ART B b U AR A, 2 E A P TR A S R 4
Z—, BEAHEZEMES., UL ED Y. ZRRESRGRGEERA
ABWAERRG, CIEHRL . ROAEFRE AT R AR, TR 2
B2 MR . AWHAES RE ARG EEESFHER, MBEIER
HFVERIETR I 1% B A HLRR (Dissolved organic carbon, DOC) ] 10%[01 %
I LT bR . A ERECAE AR AR AE 1 22 10 = 4RI B TP 3R . AL L I
. BBOLEEZSE S 20%-35%, TAH 6.9%ZBR. FRIEWT LRk
LR RGURTNG A SR Fh-EACKE (Spartina alterniflora) FINZ IS, H
B FUHR HE EL AR B NAR T 1) 33 rh Rl A P 0 A R RN AR ) i B 3 R O
FeT LR B E Y B L S e AR S RGOS CUAE IR 280 MR ELAE FH

WA RGP A REE 1) 2 ARV E A SR A o A AR ENTEE S R Gtis
AR ISR — 20 . BRIEHERLA, MRz oA T E R R B ASE
SXof W 18] 7 ) ANE B R BA AR 7 L ARSI /K AR B, MR AR S R G g
FEANAEAE 32 2™ BB, PR MR BEAT IR AR 7T B B2
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1.2 REAREBERZEYHEEN

JEM R B % 4E %) (Benthic Microeukaryotes ) 8 A5 1 52 it K 3840 B8 4 30 s ]
FEVURR A A V5 T S0 M SR AR ), 2 AR ARG S5 A A 30, B 458 ARG S5 A= ) A
JEA BRI S5 o TP RV SR AR B0 ) X 3 B R AT B e, A A2 He AN o 45 r
MEZAED . WIEH TR h 2 EEMREL, FE. EWEENRE X
AU, AR N B I A, IR R AR B R B, e
R K A I JEAE SR W, B RTK- R A AL e B
(R DRI, A2 S AR A NI T BB B A A AR /3 RIGBUH £43152% (High performance
liquid chromatography, fAiFX HPLC +5AR) St & |13 IR 75 110 JE WG S s A T R B 5T
T TRk R IR R ) T B, PR VRSN oA s SR I T R o 2 A
AT, JRATEE (A Rl S L R 3 J 22 S 35 IR SR AR BN R AT B L B
AR RN B B L RIS, W] YR L (RO F I B S A Sh A e
IR AN, FE R A3 R G AR AE PR e S AN AR e L A
8201 Fp ok SR SRR I RER (Ludox) $REVZE A B =R AR (Quantitative
protargol stain, QPS) 2315 Kyl i (] Hy YUAR M o AR 4F 6 B gk AT 1) 8 2 AL
KW, ABRFEMEY)EAFAEE 2 M, (RIS AR B 1 i gskc2> 1) 3
Fo MRADHFETUEH Ludox-QPS VEXT 35 5] [H) 45 TR o B AT 416 JL i AT 5T
IR B e F B AR ) s AP E I B 22 5, WL B 276 e F Al

BT IR U T B SR R A% AR W T A A AN ) BRAE o) e S A
CHNJEAT LT B B AT AT FT, S I 70 R I Z R A ST ik 2 A% A=
Y2 FEVERFATBCR B 7. B 5%, DTSR 251242 (A AN [RDRLAR 1) SOk
RIS EARMAE LD AR TR A BRI 28 s HOR, R B
YRR E L RS, NE R AL AR VR R AT . e i RE A B 2%
AAH RIS, f5 5, TR AP 28 B A% AR 4 v 3 43 S R BRI (i picoeukaryrotes,
T EAZ A0 30) SR ASAFAEA R Can R TR de) B 3207 4 5 R 3

UURA) T A% BRAR B AT T RX R 1 53 - 53 R S BRI AN W e Je A R 9%
30, RKHERE T X SRR R AL O 7T . SR ik, MG Tk R 8 B A% A )
M T (KB, NREZEBAERIE B740, R 4140 R AR TR )
R LA AE WD I T /D -8, yu ZEMIGE A AR MR P I Fi YK (DDenatured
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