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I 4.2 24LE ATWMUA =20 HES 4 Y= SEEATE
O SEZTYaE RET tHIEA Q] 25 (genus) Hard F5
21 Al %5 (Protozoa)
FE5d o 9 B F (dinoflagellate) Noctiluca, Protoperidinium
4] 2= 5 (tintinnid) Tintinnopsis, Codonellopsis, Favella 98 =
w14 w7 (oligotrichs) Strombidium
2} 3E 55 (Cnidaria)
5] = 2 55 (Hydrozoa) Sarsia
5l 31-2] 7 (Scyphozoa, Aurelia
Siphonophora) Muggiaea
7 2] =& (Arthropoda)
]2} 5 (Cladocera) Penilia, Podon, Evadne 3 T7E
3l 2= 5 (Ostracoda) Conchoecia
£ 7} 7 (Copepoda) Acartia, Calanus, Centropages, 562 179%
Paracalanus, Oithona, Corycaeus
2l o] 7 (Mysidacea) Acanthomysis 1035 21&
Yook Al o] - (Euphansiid) Euphausia 557 11%F
B ot %= (Chaetognatha)
Sl | H Sagitta 3% 19%
# 4 = E-(Chordata)
% 7 (Appendicularia) Oikopleura
25} (Salpida) Salpa

AN EE] F4
AANEE (A7)
S FR (AN 7)

AR S (w7, A, A7

S =, E7HAE,

}\]»E)

J841 EEIEQ SEEZIE (Nybakken, 1993). (a) Betel, () #5he)3,
) Hastel §, (d) 2ol (o vﬁév

e

8 4.3 AT SBEFIE (Nybakken, 1993). (a) A2, (b) Gulo}zao] &,
(¢) HFF. (d) &2, () ZAlF
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J8 4.6 UAR(a~c)% FUSE(d-g)0 RAE Nybakken, 1993). () 7 £5
] megalopa -4, (b) 7 ZF<] zoea F4, (c) @7“3]"’,%%.9] nauplius -f-
A, (d) echinopluteus §-4), (e) bipinnaria 4], () biachiolaria 41, (g)

auricularia 4%
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A8 4.7 O SEEYIE MA WEMXT 71, 199). (a) HE4

< =

p

z33

Y E, (b) /494 229 E. (c) Clarke Bumpus #}%] 7], (d) Hardy continu-

ous plankton recorder

2.4

2.5
carthnogenic. 339 27} a3}
o] A% T E o] JFHA
2kl 7). AR e] g R 8ol

2.6

ry
i

2.7
2.8
2.9

oN ML
e

b

A A
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3.5

. AEFT 35z
3.1 A&, wl<s=(displacement volume)
x(;—zé Aggo] Eg]x% o }\LO}X] OLO
9 s AR wek gn)r fFE e 55
3.2 5% (wet weight)
71 AAL A, FARE 71 Eol 229
3.3 AFH(dry weight)¥ AZF7] &% % (organic weight)

60TCAA 48413, 52 70Tl A 24417
W] s Wi ¥ ARE ol&

A, 4, =%
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18 4.8 MEBETO N EH. (1) 72 =X (even distribution), (b) F-2+$] B ¥ (ran-
dom distribution), (c) ¥+ ¥ 3 (patchy distribution)

E Qe W, A (7D, B8 Abo]=
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A7 WolE weraokdt
sampling error
avoidance, patchiness, 4=2]°]l5 &
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Figure 1, The Stommel Diagram, & conceptual model of the time-space scéles of zooplankton biomass
variability and the factors contributing to these scales. I, J and X are bands centered about
1000's, 100's and several kilometers in space scales, with time variations between weeks and

geological time scales.

Hutchinson® 5 patterns
vectorial pattern
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reproductive pattern
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stochastic pattern
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Diurnal vertical migration, Diel vertical migration

WA 7 ,A]Z}
(cells m™) 18:30
14:00

X e

O™ 4.14 S0 =Q 9B QS Metridia pacifica®l 0% #7191 +50|S
(Park et al., 1997)
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copepodid stage; Fulion, 1973)



5. o)zt
Levels of production
“Primary production®Z5FE energyE Wrol Al Zo] A4 3t organic mattere] %7
-> herbivorous production, not a production of new organic matter but
reorganization
* carnivorous production< 3z} A4k
* Food 7} A &2 497} %ol (omnivorous) =38 23k A4be] F-ito] of 7

& 97F gk

-> s HEywks agste] B4 13 A4 o] & 23 Astolgt
w 22F Aol #wEk A7 dd Ao R NEE o]
1) longer generation time 2) different food
3) gt feeding type 4) 7 Foll ot v =4 4l
w ZANY —-3A 57HA - 4 B2 gle

Cohort method

Cumulative growth method

B/P ratio method (turnover time method)
Energetics method

model method

5.1 Cohort method (Allen curve)
x A AYato] A Fr]E dojuhal, age class? Fio] o] Ao H&7}
Time t; oA AAF n, B5FA wi 2l st (ng > ny)
t; ol Atz 7FA1 9] production
1) n22l 7k weight ——
2) A7kl BB o FA Z7tET =& A FA -
Fig 12.1 A production ¥ biomass consumed ¥? (219 AM=E Atria] & o] HA)

- st A

olr

* Fish production®] Xt} g0]3 WH o7 P% benthosE Aoz 7tz oy
Allen®] Fishell 483} Allen curved} &
* Zooplankton®] 4% A .
1) Heterogenous distribution
2) reproduction®] W% o 2]¥ (Polycyclic)
3) stage?te]l 7+A 3} 7 stagez o] W37l AdAHSA S A (4 FH)

5.2 Cumulative growth method
A, glAle] dd B A (FAS F7H
B, A 255 dojA= 22 AIgE 7Aool Ao FAST}
C, 19 groupel 7HAl4
D, B ¢ C ¢ &, & UlAF = FAS7H = 84k
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5.3 Turnover time method
29 B/P ratio methodel] a3 3.

A, = life cycle Bt} © 71 A]7Fo)| A Biomass

7}4: Population ©] steady state 9w,
of W Wslrt gle A fol &3k
==> o] 7ZJ$ mortality = recruitment = production (%, Gross P)
net productione 0 (7}l A steady stateg} 3t )
* P/B = 1/T (T+ turnover time)

5.4 Energetics method (Physiological method)
Energy budgetol A T3

5.5 Model approach

N
fo
f

A¥E
NEd A9 gA= 50 - 100 mgC/m*/day, ©l&= &

A AAke] 10 - 30 %.

x & 1
(1284 A ARZ zooplankton©] uptakedtths 7Adl, 43 xpo]H)
* 12PAE > FEZHAES §F —- positive 23 A4

= -- no 2ndary production
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-- advection 5ol 2|3 =Ho]F O energy ¥

A
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6.1 &ofek 7id

ES F M W
> 200um
Zooplankton { < 200um —
Protozoa -
Bacteria 1
Phytoplankton

L o
> 200Lm
Zooplankton -{ < 200um sl
Protozoa 2
Bacteria
Phytoplankton [ 11 || 1

\_ _

= 4.16 OI=& English ChannelOlA 2559 (E5), BHSH(F), =4 =g
oM Q] EHIAE = 571 HWEF0| BROH= BH4A4F HIZ (Holligan e
al.. 1984). A Z=F<doMe] FeokEe 1SmERE] 25m7bA] SE=E
1. Ao FeekZo] 15SmERE 28m7bA] oFEE ATt S
Ao ZHdoFABo] 2AslE AL WA AN AAMATFae=S] F
29 Fatsle] dZolre] B A8 giol &' ES o it

6.2 118¥ THAre] FH

#4.3 3749 Aoz OHSMAIZHA LA AT} OI MO BA) (Lali
and Parsons, 1993) }

Habitat Oceanic Coastal Upwelling
Percent ocean area 90 99 0.1
Mean primary productivity(g C m 2 yr-!) 50 100 360
Total plant production(10” tonnes C yih 163 36 0 1
Number of energy transfers between trophic levels 5 3 IS*
Average ecological efficiency(%) 10 15 20
Mean fish production®*( mg Cm™ yrh) 05 340 36,000
Total fish production**#(10° tonnes C yr) 02 12 - ;z

P SN g = DN (ZAA o] F7) 944
A A dd gFgoR 152 Hg9e
4 P=BE"0.2RE Alite A9

A Y] 29 362 x 0%’ 3 2 N o] Agare vea uAd 2 g9l

AT B 3jo|nz oy
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Killer |«—
Sperm] | whales [« |
whales | ngums <——|
| Seals [< J——] wmgcr birds Pélagic
Baleen hish
whalis Sqlﬁ"
I Lo | f "] |_Camivomus
1 zooplankton
Other ’ 1
herbivorous "ﬂf’? Knllm’f\ i
#ooplankton J" Eiqz}zamm superba Microzooplankton
Y I3 prolozodn consumers|
Demersal
fish i B Microflagellates
Primary production fF——— Dissolved and
epontic algae particulate
and phytoplankton organic matter |
T Planktonic
bacteria
Benthic
meiofauna and Benthic
macrofauna bacteria

[[nmrpm'ation into sediments |

. J
A8 4.17 H309 H0|'Y 285 (Lalli and Parsons, 1993)
~
Food Chain Food Web
Phytoplankton Phytoplankton
(100 units production) (100 units production)
20% efficiency
Herbivorous Herbivorous
zooplankton zooplankton
(20 units production) (20 units production)
10% efficiency / \
Carnivorous Carnivorous Carnivorous
zooplankton zooplankton zooplankton
Species A Species A Species B
(2 units production) (1 units production) (1 units production)
10% efficiency \
Fish Fish
(0.2 units production) (0.1 unit production)
s J
8 4.18 OIEHQ HOIAISTt 0| 2O| H|W (Lalli and Parsons, 1993). & 79 w2
T AEERIEN U AUTE AAF 99 10022 AHL, o
Uit Ao e NolAlee 029 olFE AT, Holge
019 oATHE Bt ol gl hel 54 A BE 244 £
%}i <] %‘%‘% ol thste] A= ZFAgct 2 23 A%} Be 2

avlalsl 5, o)

259 FrloE e 0% wlgho] e},

£ BEE 443 o) nhiel
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6.6 34} &4
Competition
Ecological niche
Gauss principal, competitive exclusion theory
Paradox of plankton
Niche diversification
Character displacement
symbiosis
mutualism
comensalism

parasitism

7. o1 8 2ol

7.1 74 @
4 E
L .

8 4.21 294 Ho| o] 7tA BE). (a) X2 (Sillago sihama, 0.59~0.68mm),
(b) %2 (Leiognathus nuchalis, 0.60~0.65mm), (c) BE2| (Argyrosomuis
argentatus, 0.73~0.78mm) , (d) Aoy (Konosirus punctatus, 1.14~1.60mm),
(e) ™) (Theragra chalcogramma, 1.24~1.70mm), (f) &% ¢l
(Repomucenus richardsonni, 0.65~0.75mm), (g) 7§41t (Cynoglossus robus-
fus, 0.85~090mm), (h) <Eo] (Maurolicus muelleri, 1.29~1.82mm), (i)
A x| ( Engraulis japonicus, 0.6~0.8 x 1.2~1.5mm)
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