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ABSTRACT : The scenario of CO: disposal in the deep-sea are thought to be possible method to reduce ammospheric CO: concentrations. However,
it is necessary to clarify the effects of elevated CO, concentrations on both marine organisms and marine ecosystems. In this paper, the literatures
on the biological impact of elevated CO. concentrations in seawater and recent studies on the effects of elevated CO; concentrations on marine
animals are reviewed. Elevated CO: concentrations may affect the physiological functions of marine animals such as acid-base regulation, blood
oxygen transport and respiratory system, and ultimately lead to the death of marine animals. Although the fish used in the early studies on CO,

effects are temperate, shallow-water species, deep-sea species should be experimented for the future study on CO: sequestration in the deep ocean.
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Table 1. The worldwide capacity of potential CO, storage

of Fr o2

reservoirs, Ocean and land-based sites together contain
an enormous capacity for storage of CO;,

(1 GtC = 1 billion metric tons of carbon equivalent)

Sequestration option Capacity (GtC)
Ocean 1400 ~ 2 x10’
Deep Saline formations 87 ~ 2700
Depleted gas reservoirs 140 ~ 310
Depleted oil reservoirs 40 ~ 190
Coal seams 10 ~ 100
Terrestrial 10
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Table 2. References related to biological impacts of elevated CO» concentration on marine species

References

species

Remarks

Bacteria
Portner and Reipschlager, 1996
Takeuchi et al., 1997

Huesemann et al., 2002

Plankton
Adams et al.,, 1997
Auerbach et al., 1997
Caulfield et al., 1997a
Caulfield et al.,, 1997b
Yamada and Ikeda, 1999

Fish
Langenbuch and Portner, 2002
Kikkawa et al., 2003
Kikkawa et al. 2004

Lee et al., 2003
Hayashi et al., 2004

Field study
Tamburri et al., 2000
Yamaguchi et al., 2002a
Yamaguchi et al., 2002b

Review papers
Shirayama, 1995
Shirayama, 1997
Stenevik and Giske, 1997
Omori et al., 1998
Seibel and Walsh, 2001
Seibel and Walsh, 2003
Thiel, 2003
Riebesell, 2004
Kita and Ohsumi, 2004
Kuriha et al., 2004
Ishimatsu et al., 2004
Ishimatsu et al., 2005
Portner et al., 2004

Sipunculus nudus, Illex illecebrosus
bacteria, nematodes

bacteria, phytoplankton

zooplankton, benthos
zooplankton, benthos
zooplankton, benthos
zooplankton, benthos

zooplankton

Sipunculus nudus

Pagrus major, Sillago japonica
Paralichthys olivaceus, Euthynnus affinis
Pagrus major

Seriola quinqueradiata
olivaceus, Seriola

Paralichthys quinqueradiata,

Mustelus manazo

deep-sea animals
pelagic copepods

bacteria, phytoplankton, zooplankton

benthos

deep-sea organisms

deep-sea plankton and micronekton
deep-sea biota
deep-sea biota
phytoplankton

copepods and sea urchins
marine fish

marine fish

tolerance, acil-base
tolerance, high-pressure

nitrification

mortality, modeling
tolerance, moderling
tolerance, moderling
tolerance, modering

lowered pH, tolerance

acid-base
tolerance, early developmental stages

tolerance, CC» and HCI acidification

cardiorespiratory

acid-base

behavior
community, t:ophic structure

structure, size distribution

deep-sea biology

biodiversity

Norwegian waters, ecological impact
ecological impact

metabolism, physiological performance
physiological performance

deep-sea biolugy, anthropogenic impacts
ecosystem res ponses

biological impacts

early developmental stages, egg production
physiological effects

physiological effects

biological impact, physiological effects
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2003). dutAow FHHY ARAEeH>

ol & Wsyt g AeE d#A Uk (Perry et al,
1989; Graham et al.,, 1990; Thomas et al., 1982). &
U Oz el 2t sirag@yle] Axsige st
o} olgdt Adte AFOFE A HFFEL FIeA
Uehb= Zlog wolay (Bohr effect) 8l 3o} =3 AF
oFolAl KO8 F7le Ax8%E A3t A2tk (Root
effect). TEE COp AN E ol2d a7}t A-§3h7]
o SEZENI Akt Afto] Ak FEolHe
TEFEE COp BA x2HW Y K09 Aol &3l pH
7} AstE . FHgoe] AbAXEEIE ol Al Hrt

330/ =4

Hayashi 5 (2004) ¢l &laFd 3% CO; 335l =28 Wol
T2MNZA] HAHEO] 0% FAIEE 5%elliE 8AIZE oufll BE
MAZY BB, GX (Paralichthys olivaceus) 2 745-ol&
AEANZHE wolhr) AR 48417F ool 100% #HATSISIT.
rEt AFo|FQ) WA (Mustelus manazo) s 7% CO; B35
oA 72417 Ul 20% #HAlshs Zo® bt AEo| el
Hlsh COz0ll tigt Uido] st Aoz vehdch /YAt 5o

it
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—

(Dicentrarchus labrax) & W’3S.E 3t CO; B354
oisia] dohd Ast, 72417kl LCso2 6.88 kPa, 96217
LCso 6.72 kPa, 120A13tell 6.28 kPa’l 2122 WEbsth
(F=2; 15%17C, Grottum and Sigholt, 1996). = (Pagrus
majon) & 22X17F B¢ COZ I3 #A3 wEF9 dilg
& KOz 41 7 4.7 kPaolX 0%34A1%E 5.6 ~ 6.0 kPacllA
60%, 6.4 kPaolide] sxolM= 100%E YERITH (=25 23
= 247; Takeda and Itazawa, 1983).

FEE COy el glolA o7 FAAll hslix= o}
A wEskA B Aol glvk |dx9 A 5% CO, &7
FolA =EHJE W TN HY pH} FEEHJFNE £
T8ta #HAeE AFRREE o pHASH: ofF ALY AH
Al fdo] opd Rog et (Table 3; Hayashi et
al., 2004). &8 Lee 5 (2003)2 5% CO A A 2
ol 7o) HARE AV)se FHol A #oEn Yo A
AAsta glick & oA, ZHFA AHEFel 3 A=Y
o] oAtk BIE Ut} (Gesser and poupa,
1983; Vandenberg et al., 1994). A= 1&% CO, 874
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omW, o IFE CO; RN TAtAAL
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Table 3. Depression (ApHa) and recovery time (RT) of pHa during CO; exposure. Recovery time is defined as the time it took

before pHa became insignificantly different from the control, pre-exposure value. ApHa at the same CO; levels with

same letters are not significantly different from each other (P<0.05, Tukey test). SW; Seawater species,
FW; Frehwater species (Adapted from Hayashi et al., 2004).

Fish Aquatic orgin T(C) %CO, ApHa KT (h) References
Yellowtail 20 i -0.10£0.03 a 1 Hay ashi ct al., 2004
(Seriola quinqueradiata) SW 3 -0.27+0.03 d 8

5 -0.45+0.10d  no recovery
Japanese flounder 20 1 -0.1620.06 a 3 Hayashi et al., 2004
(Paralicthys olivaceus) SW 3 -0.68+0.05 b 8

5 -0.80+0.08 ¢ 24
‘Starspotted dogfish 17 1 -0.33+0.03 d 72 Hayashi et al., 2004
(Mustelus manazo) SW 3 -0.68+0.05 b 72

5 -0.82+0.04 ¢ 72

7 -0.96+0.10d  no1ecovery
Conger conger Sw 17 1 -0.4 10 Toews et al., 1983
(Conger conger)
Cod Sw 12 1 -0.2 24 Larsen et al., 1997
(Gadus morhua)
Carp FwW 1 1 -0.22 :»456 Claiborne and
(Cyprinus carpio) Heisler, 1986
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exposure. Environmental Modeling & Assessment, Vol. 2,
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[3] Bamber, R.IN. (1987), The effects of acidic sea water on

young carpet-shell clams  Venerupis  decussata (L.

(Mollusca: Veneracea). Journal of Experimental Biology and
Ecology, Vol. 108, pp. 241-260.

[4] Bamber, R.IN. (1990), The effects of acidic seawater on

[5] Brownell,
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Experimental Biology and Ecology, Vol. 143, pp. 181-191.
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Water quality requirements for
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Ecology, Vol. 44, pp. 285-298.
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