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Research Topics
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<Top|c-1

J Hourly, monthly, and seasonal changes in chlorophyll a
H on surface and in depth of sediment

ECSS (in press)

\\ —

a
J Chlorophyll’'a as an indicator. of resuspension
at flood and ebb: concentration
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((Topic-lb)
‘ 2 Material flux in terms of chlorophyll a

from onshore to offshore: flux
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H In sediment and in suspended materials
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Background-2

Well known

® General features in the aspect of

1) Physics - Resuspension and redistribution of microphytobenthos (MPB)
2) Geology - Erosion, sedimentation, and transport of sediment particles (SPM)
3) Ecology - Resuspended MPB may contribute total water column production

In tidal flat ecosystem

.

Not well known

® Specific features of

1) Behavior of MPB and SPM resuspension in terms of tidal cycles

(flood-ebb and spring-neap)
2) Relationship between MPB and SPM during resuspension

In terms of ‘concentration’ and/or ‘flux’




Objectives

We aimed to find

® General features

1) To examine the resuspension of MPB and SPM during tidal cycles
2) To find the key factors affecting the tidal resuspension of MPB
3) To estimate a portion of benthic-derived MPB in water column

In terms of ‘concentration’ (earlier Topic-1a)

® Further, Detailed behaviors
4) To describe the behaviors of MPB and SPM resuspension

In a viewpoint of ‘flux’ (earlier Topic-1b)




Method-1

Sampling design (at fixed site) and Data sets

during Ebb
(water)

o oo J

® Data Set 1 (Resuspension)

- Seawater (1301 records)
- Mar-Apr 2003 (28 tidal periods)
- Mooring records of
1) Chl a, 2) SPM, 3) CV, 4) WD
plus 5) Wind during flood-ebb

Exposure
(sediment)

//Wm

during Flood
(water)

T T

® Data Set 2 (Benthic biomass)

- Sediment (n=40)
- Mar 2003 (13 exposure periods)

- Manual measurement of
1) Chl a, 2) Pheo-pigments
during exposure
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Method-2 w  MPBC)

resuspension 1‘b SPM (Cspw)

L @)
@Calculations MPB (Cseq) |
\

S

® Chl a (at time t) )
C, () (water: mg m3=pg I't) C,4(t) (sediment: mg m)

® Chl a, depth-integrated (h=water depth)
Cu-a(t) = Cy(t) x h(t) (mg m™)
® Chl a flux, depth-integrated
F.qt) =C,4t) x CV(t) xDir(t) (mg m*sH)

® Baseline Chl a, depth-integrated
Cu-a(t) =@ X Cgpyq(t) + b, where b = C, paceq(®) (Mg M)

® Resuspended Chl a, depth-integrated
Cw-resus-d(t) = Cw-d(t) - Cw-base-d(t) (mg m-Z)
® Resuspended Chl avs. Sediment Chl a

Cuvresus-a(t) / Ceealt) (ratio)
\_ ’ ’ Y,




Method-3

Example ol CalCulationss G GNE HIGOUERRICYCIE

o

Time (hour)

step-1

(concentration)

Time (hour)

step-2
(depth-integrated conc.)

Time (hour)

Cw(t) Cw-d (t) |:w-d (t)
~
SPM (mg I'Y) water depth SPM (g m?) CV (ms?) Chl a flux SPM flux
Chla (ug I'%) (m) Chla(mgm?)  xDir. (deg) (gmtsi) (Kgm?s?)
800 - 800 - - 0.2 0.1 1 - 0.1
. onshore
600 - 400 -ﬁé - 0.1
400 A 0 = T 0.0 0.0 A - 0.0
200 - 400 - R
A offshore
0 -800 - --0.2 | -0.1- - -0.1

step-3
(flux)
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Raw Data

Spring Meap Spring

bbbl Chla

All-In-One

(start from this figure)
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Wind

Mar 22 3 24 25 26 27 oz 29 30 3 1apr 2
Date (in 2003)

Flg. 2. Temporal changes In chl 2 and suspended pardculate matter (SPK) concentrations in s2awater measured at Sin A from
the upper intertidal flat over 28 Hdal cycles (mooring records), Corresponding current veloclty, waber depth, and wind speed
are presented as well. Shaded sectlons Indicate data fof spring-tde, while open Sectons Tepressnt data fof neap-tids pariods

Current
velocity

mooring sensor
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발표자
프레젠테이션 노트
The current velocity recorded in the upper intertidal flat for 15 days showed regular fluctuation during flood-ebb and spring-neap tide ranging from 0.2 to 26 cm s-1 (Mean±SD; 9±5 cm s-1).  Maximal current velocity was generally observed twice per tidal cycle, at early flood and mid-ebb tide.  Minimum current velocity was recorded at late flood and late ebb tide. Overall, current velocity was more variable during flood (10±6 cm s-1) than during ebb tide (8±4 cm s-1) indicating more dynamic environmental condition during flood.  Additionally, the current velocity showed variability from spring to neap tide over 15 days, where it was approximately twice as great in spring (12±5 cm s-1) than neap tide (7±4 cm s-1).  


Results-1-5

In terms of

Concentration




Result-1

We found: 1) spring > neap concentration, 2) flood peak

1)

2)

Chla (ug 1)

Chla (pgl?)

300 - - 1500
Spring Neap Spring
)

200 A - 1000
100 A - 500
0 T T T T T T I I I I 1 1 T T 0

20 Mar 22 24 26 28 30 1 Apr 3
300 7 —_ - 1500
rin ——
Pring /—” Similar temporal pattern "—\
200 A - 1000
100 - - 500
; \_ jtw\:j‘\-% th m J rt..r: .

20 Mar 21 Mar

SPM (mg I'!)

SPM (mg I'!)
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발표자
프레젠테이션 노트
The current velocity recorded in the upper intertidal flat for 15 days showed regular fluctuation during flood-ebb and spring-neap tide ranging from 0.2 to 26 cm s-1 (Mean±SD; 9±5 cm s-1).  Maximal current velocity was generally observed twice per tidal cycle, at early flood and mid-ebb tide.  Minimum current velocity was recorded at late flood and late ebb tide. Overall, current velocity was more variable during flood (10±6 cm s-1) than during ebb tide (8±4 cm s-1) indicating more dynamic environmental condition during flood.  Additionally, the current velocity showed variability from spring to neap tide over 15 days, where it was approximately twice as great in spring (12±5 cm s-1) than neap tide (7±4 cm s-1).  


Result-2

We found: 3) characteristics of Chl a/SPM ratio

w

N
[EEN
o1
o1

Spring Neap Spring

1.2 - 4
3 E
S 09- 3=
: =
7 n {\ =
~ S
= 0.6 - 2 E..c;
S =

0.3 1 h h Ph L\ L

O T T T T T T T T T I T O

20 Mar 22 24 26 28 30 1Apr 3

1) Chl a/SPM peaked during slack water when current velocity was low
2) Chl a/SPM greater during neap tide when current velocity was low

o
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발표자
프레젠테이션 노트
The ratio of Chl a to SS concentration (Chl a/SS), expressed as mg g-1, represented the resuspension dynamics during flood-ebb and spring-neap tide in the intertidal flat.  Generally, over 28 tidal cycles, Chl a/SS gradually increased from early flood through the duration of slack water then decreased until the late ebb (Fig. 6).  On average, Chl a/SS during neap was approximately twice that observed during spring tide (Fig. 6).  Greater Chl a/SS during neap was likely due to the lower resuspension of SS from bottom sediment in response to reduced current velocity.  The mean Chl a/SS in the upper intertidal zone was 530±296 mg g-1.



Result-3

We found: 4) spring > neap flux, 5) predominant offshore transport

Onshore e
%~ | s~
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발표자
프레젠테이션 노트
The current velocity recorded in the upper intertidal flat for 15 days showed regular fluctuation during flood-ebb and spring-neap tide ranging from 0.2 to 26 cm s-1 (Mean±SD; 9±5 cm s-1).  Maximal current velocity was generally observed twice per tidal cycle, at early flood and mid-ebb tide.  Minimum current velocity was recorded at late flood and late ebb tide. Overall, current velocity was more variable during flood (10±6 cm s-1) than during ebb tide (8±4 cm s-1) indicating more dynamic environmental condition during flood.  Additionally, the current velocity showed variability from spring to neap tide over 15 days, where it was approximately twice as great in spring (12±5 cm s-1) than neap tide (7±4 cm s-1).  


Result-4

We found: 6) resuspension influenced by CV and wind speed

Low wind period VS High wind period
(0-1ms?) ' (2:5ms*)
®
27 Flood 1 Slack water ] Ebb 1 Flood * 1 Slack water 1 Ebb
150 - . . slow settlement - ? .
. e of lighter Chl a . .
100 4 .« A (decoupling) i i
° A
50 n .. a % 4 4 'O 4 AA - | |
3 Tk e o
0 Iowol ° T 1 @ T T T 1 T T T T 1 %O %wl.- M| T T T 1 E| T ni;-‘E- T 1
%7 Flood 1 Slack water 1 Ebb Flood Slack water Ebb
800 - T.. . b T T
- thresholdCV .~ | | | [ wind effect
.. A [ ]
400 e 4 - - l. .
° A . b ° L t
200 s = 1 n . . A o, o
0 ‘I"nd, olo° T ‘ T 1 Iﬁl T T T 1 T = ?ﬁlm .I 1 ‘;’u, aia ‘VI..' 17T QI T T T 1 n| T ﬁ?u T 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 250 5 10 15 20 250 5 10 15 20 25

Current velocity (cm s?)

Current velocity (cm s?)
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발표자
프레젠테이션 노트
The current velocity recorded in the upper intertidal flat for 15 days showed regular fluctuation during flood-ebb and spring-neap tide ranging from 0.2 to 26 cm s-1 (Mean±SD; 9±5 cm s-1).  Maximal current velocity was generally observed twice per tidal cycle, at early flood and mid-ebb tide.  Minimum current velocity was recorded at late flood and late ebb tide. Overall, current velocity was more variable during flood (10±6 cm s-1) than during ebb tide (8±4 cm s-1) indicating more dynamic environmental condition during flood.  Additionally, the current velocity showed variability from spring to neap tide over 15 days, where it was approximately twice as great in spring (12±5 cm s-1) than neap tide (7±4 cm s-1).  


Result-5

We found: 7) resuspended Chl a equal to of sediment Chl a
Sediment Seawater Seawater / Sediment

Tidal Sampling Cseq C w-resus-f Curesuse  Cueresust / Csed Cweresuse / C sed

condition  date (mg m?) (mg m?) (mg m?) (ratio) (ratio)

Spring 20 Mar 151 58 47 0.37 030
21 Mar 123 53 12 0.35 0.08 >30% C )
22 Mar 89 14 19 0.12 0.15 (Coresus
23 Mar 76 55 64 0.61 0.71 resuspension 1\".’
23 Mar 63 16 50 0.22 0.66

Neap 24 Mar 62 15 a7 0.23 0.74 ".:"'..'
25 Mar 63 28 27 0.46 0.43 100 /0 (Csed)
25 Mar 69 9 8 0.14 0.13
26 Mar 63 22 30 0.31 0.44
26 Mar 73 16 10 0.22 0.13
27 Mar 47 11 13 0.24 0.27

Spring 31 Mar 84 31 20 0.37 0.24

Mean £ SD

Spring period 98 =33 38 £20 35+21 0.34 £0.17 0.36 £0.27

Neap period 639 177 22 £15 0.27 £0.11 0.36 £0.23

Entire period 80 £ 29 27 £ 18 29 £19
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발표자
프레젠테이션 노트
The current velocity recorded in the upper intertidal flat for 15 days showed regular fluctuation during flood-ebb and spring-neap tide ranging from 0.2 to 26 cm s-1 (Mean±SD; 9±5 cm s-1).  Maximal current velocity was generally observed twice per tidal cycle, at early flood and mid-ebb tide.  Minimum current velocity was recorded at late flood and late ebb tide. Overall, current velocity was more variable during flood (10±6 cm s-1) than during ebb tide (8±4 cm s-1) indicating more dynamic environmental condition during flood.  Additionally, the current velocity showed variability from spring to neap tide over 15 days, where it was approximately twice as great in spring (12±5 cm s-1) than neap tide (7±4 cm s-1).  


Summary-1: Results-1-5

\

® Key results were

1) resuspension found to be clearly associated with
flood-ebb and spring-neap tidal characteristics (tidal energy)

2) Peaks of resuspended Chl a and SPM consistently observed
shortly after the current velocity maximized (early flood, >15 cm s1)

3) Chl a and SPM fluxes showed clear spring-neap variations,
and time-integrated fluxes denoted predominant offshore transport

4) Much more highly fluctuating, irregular peaks of Chl a and SPM
occasionally observed when wind speed 23 m s

5) Daily mean percentage of resuspended Chl a in water column
relative to benthic Chl a estimated to be ca. 10-70% (mean=33%)

- v,
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Results-6a-e

In terms of

Flux

19



Result-6a

We found: flux lag and coupling-decoupling behavior (typical)

decoupling

002 ~== 0 LA e Four-tidal phases classified by current velocity (CV)
_ _ _ phase-2 }““ K ?. ,;7 ® Flood tide
spring tide & low wind o oo - to maximum (early flood) @ phase-1
(tide #2) O,O/ o”" - down to =zero (mid-late flood) © phase-2
:: / ‘," . Ebb tlde
_ io% P lag - to minimum (early-mid ebb) @ phase-3
;m "';&/ . Flood - to last period (mid-late ebb) @ phase-4
= A
2 a nn/; o - | Fluxes of Chl a and SPM during
5 i ' @ phase-1: increased
i -0.10 #9; D0 0.10 o phase-2: increased for a time;
= Rk CV reached maximum at phase-1, but flux
= Rl = A . . ’
®) -4 /., still increasing for a time (flux-lagged: lag)
-/:f, then decreased,; flux of Chl a segregated
S from SPM (decoupling)
A ms _
Sole F' o == m phase-3: increased
" n'y m phase-4: decreased
=
-0.02 — Fluxes of Chl a and SPM
SPM flux (Kg m s1) high flux in response to high CV
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Result-6b

We found: flux lag but lack of decoupling (masking by wind)

0.02 T
spring tide & high wind
(tide #5) Flood
. Ehase-z e
ks 2
=
b el
w 6-065 |
£ 010 70,00 0.10
= 7 [phased 7 |
|:|=
Ebb 4/
s

-0.02 ~
SPM flux (Kg m1 s1)

Four-tidal phases classified by current velocity (CV)

® Flood tide
- to maximum (early flood) @ phase-1
- down to =zero (mid-late flood) o phase-2
® Ebb tide
- to minimum (early-mid ebb)
- to last period (mid-late ebb)

@ phase-3
@ phase-4

Fluxes of Chl a and SPM during
@ phase-1: increased
o phase-2: increased for a time (lag),
then decreased (but lack of decoupling)
@ phase-3: increased (but irregular)
@ phase-4: decreased

Fluxes of Chl a and SPM
high flux in response to high CV
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Result-6¢

We found: flux lag and weak decoupling (low current velocity)

0.002 T  AA
oo
neap tide & low wind /0%
(tide #16) /&7 Flood
¥
N (ot
- "/
E ¢ phase-d
& .
v 6000 ’
: !
= .01 00 Bl
S i
=
A
Ebb 87
.b“’
0.002 -

SPM flux (Kg m1 s1)

Four-tidal phases classified by current velocity (CV)

® Flood tide
- to maximum (early flood) @ phase-1
- down to =zero (mid-late flood) o phase-2
® Ebb tide
- to minimum (early-mid ebb) @ phase-3
- to last period (mid-late ebb) @ phase-4

Fluxes of Chl a and SPM during

@ phase-1: increased

o phase-2: increased for a time (lag),
then decreased (weak decoupling)

@ phase-3: increased

@ phase-4: decreased

Fluxes of Chl a and SPM

low flux in response to low CV
(scale of X-Y is in 1/10 compared to result 4a and 4b)
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Result-6d

We found: irregular pattern (high wind effect)

0.005
neap tide & high wind Flood
(tide #15)
;
A o3
»n o /O
E 2.2
; = G.GGG/LL! : |
= -0.025 turbulence ~© 000 0.025
= . ¥
N H
®
S
v/
) /,’u@
-0.005 -~

SPM flux (Kg m1 s1)

Four-tidal phases classified by current velocity (CV)

® Flood tide
- to maximum (early flood) @ phase-1
- down to =zero (mid-late flood) o phase-2
® Ebb tide
- to minimum (early-mid ebb)
- to last period (mid-late ebb)

@ phase-3
@ phase-4

Fluxes of Chl a and SPM during

@ phase-1: increased

o phase-2: irregular (high wind effect)
@ phase-3: increased

m phase-4: irregular (high wind effect)

Fluxes of Chl a and SPM
moderate flux in response to high wind
though under low CV

(scale of X-Y is in 1/4 compared to result 4a and 4b)
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Result-6e

We found: behaviors of Chl a and SPM: much clear in ‘flux’

2007 ) - 1000 200 T
S - 800 S
ﬁ‘:\ :: =
S% 600 S= 9 S
s & 1007 - 400 = én s 100 T g0
5> o o z |

0 T l 0 0 i |
: 0 500 1000
: i concentration
Time (during tide #2) SPM conc.
® o
—_— decoupling_.

0.027 - 0.1 ﬂux 0.02 T 4
52 0.01- - 005 %%, =
=7 =5 =
S 'E 0 T T T 0 2 E 9 s 0.01 -
O= .01 - 005 22 “ |

-0.02- N——xuw --0.1 0.00 7 : 1
> 0.00 0.05 0.10
NG Time (during tide #2) SPM flux
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Summary-2: Results-6a-e

We further found

® Key results were

1) clear patterns of ‘lag’ and ‘decoupling’, with high fluxes
(under spring tide & low wind condition; tide#l, 4,6,7, 22,23, 217, 28)

2) ‘lag’ found, but no ‘decoupling’, sometime irreqular, with high fluxes
(under spring tide & high wind condition; tide 4, 25, 26)

3) ‘lag’ found and weak ‘decoupling’, with low fluxes
(under neap tide & low wind condition; tide # 8, 9, 10, 12, 14,@18, 20, 21)

4) irregular fluctuation, with moderate fluxes
(under neap tide & high wind condition; tide # 11, 13,{5)17, 19)

- v,
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Discussion



Discussion-1

Present study indicated: in terms of ‘concentration’

® Tide- and wind-induced resuspension of MPB and SPM

1) Similar temporal fluctuation of MPB and SPM in water column
(influenced by current and wind)

2) Tide-induced resuspension: regular (threshold CV of ca. 15 cm s™)

(effective wind speed of ca. 3 m s)

® Benthic-pelagic coupling

4) Sediment MPB showed similar temporal distribution with
water-column MPB during a full spring to neap tidal cycle

5) Overall contribution of resuspended Chl a to total Chl a in tidal flat
considerable ranging from 9 to 61% (mean=42%)

o

3) Wind-induced resusepension: irregular, twice more effective than CV

27



Discussion-2

Present study revealed: in terms of ‘flux’

® Behavior of MPB and SPM

1) Fluxes of MPB and SPM broadly reflected tidal energy (in terms of
direction and strength) during a full spring to neap tidal cycle

2) Plotting MPB and SPM fluxes over time (namely four-tidal phases)
indicated ‘lag’, ‘coupling’, ‘decoupling’, & ‘irregular’ characteristics
of MPB and SPM behaviors in water column during resuspension

3) current velocity primarily controlled MPB and SPM behaviors

(‘decoupling’ pattern & ranges of fluxes)
higher wind masked regular pattern of MPB and SPM behaviors

(viz. current-dependant fluxes)

o
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Remark!

Important note

® Need to examine more data

1) Overall, the analysis of Chl a and SPM indicated that
MPB (viz. Chl a) were closely associated with sediment particles
(viz. SPM) in water column during a course of tidal resuspension
(evidence from the observation and data presented)

2) However, more detailed analyses of each parameter from
the plenty of mooring data should be analyzed to further extract
and confirm the type of behavior of microphytobenthic Chl a
together with SPM, in terms of ‘flux’ as well as ‘concentration’

3) Finally, further flora and production study should be performed
to clearly demonstrate the structure and function of MPB
in tidal flat ecosystem

-
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