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Tab.2 Influence of bottom pH decrease to fish species

il FIRFEEA S Abundance changes AT S
Species pH T 0.04 pH T 0.08 pH FR£0.12 Impact factor
K FEAU R Hippoglossoid eselassodon -4.40% -0.89% -5.68% AreapH
ZEFEMYE [sopsettai solepis -0.48% -0.66% -0.84% PH papitar
TN 8% Pleuronectes quadrituberculatus 6.26% -19.92% -25.61% PHhiia A1 Area,y
E A )8 Ammodytes sp. 5.59% 6.86% 7.86% PHiubita
Pk R AL AL f Myoxocephalus polyacanthocephalus -52.91% -16.92% -48.39% PHypi 1 Areayy
I G AL AL A8 Hemitripterus bolini -0.24% -0.33% -0.42% PHipabitar
K-FEES 8 Gadus macrocephalus 0.30% 0.41% 0.52% PH papitar
TR NPt G. chalcogrammus -1.81% -2.37% -4.30% Area,y
IE VANt Thaleichthys pacificus -36.85% -39.00% -52.49% PHipai Fll Areayy
LTS 408 Lycodes raridens -68.47% -79.33% -86.45% PH i

T R APRUEFR pH T FER BHIRE EEANXS pH ARFERM RO

Notes: Value in the table indicates the abundance changes compared to the situation with no decrease on pH.
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Tab.3 Influence of bottom pH decrease to crustaceans species
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Notes: Value in the table indicates the abundance changes compared to the situation with no decrease on pH.
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Tab.4 Influence of bottom pH decrease to mollusks species

Fhz WIEF A8 5l Abundance changes AR S
Species pH T 0.04 pH T4 0.08 pH TR 0.12 Impact factor
kW2 JE Colus sp. -38.57% -43.72% -57.63% PH i Fl Areay
W B L I% MG Neptunea pribiloffensis -0.62% -1.62% -2.75% Area,y
HL A 22 IR 2 Neptunea lyrata -1.10% -1.21% -1.35% AreapH
283 IR Neptunea ventricosa -11.78% -16.43% -41.53% PH i FH Area
JE MR B2 Neptunea heros -29.27% -33.64% -49.21% PH, i A1 AreapH
SL AW Clinopegma magnum 1.70% -3.42% -4.12% Areay
i B W [QIRAE Plicifusus kroyeri -1.74% -4.76% -9.41% PHj, it Fl Area
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Notes: Value in the table indicates the abundance changes comparing to the situation with no decrease on pH.

3 e
3.1 HEBRERMERE
1E 1982—2014 -7 H A MR 1 f 23S (5%

SRRl Py G 5 3 pH AP L BE T R )
(1 3) XM 5t T Ira P Ak A 31.42%
(Fh2E 32 1) pH AR Sl B2 , R K BRI Y ) Fof

http: //www. shhydxxb. com

1 T 68.58% (E4) . REBZMWFIYF TR
R ZREE R AN e U B A R 1V T TR AL 1 L
ANERHAT = A R, EEAE UL ILA R B
56, AHEIT 2 Iy s R A F1 pH i (1982—
2014 A7) 4T B, BT AL & (17K pH A8 4k AT B iA
AXFYR P e 5, ) b 52 B Y R e 75 2 AE pH
TR R E SR A AR R A, B W TE 4 B iR



4 1 Wk AL, 45 K pH ARSI AR Al B 0 =F AR By Y52 R 723

( Eucidaris  tribuloides ) F1 ff 5% W5 ( Mercenari
amercenaria) YL TR FE T, B B FUR T K S0
L1 AN (aragonite saturation, ), ) (&K 3| — E(H
iR A SRR 5 FLvk, RO i PR Ak 1]
RS AR S R G0 7 A 5 i), W) b 52 B TR A %
T8 2 52 1 58 T 0 s 2 2 56 L S BB ) el £ 0 A
B H RS, B0 MARSHALL %0 15 9% 12
AEAG DT A A e 0 5 AR 2 R GE i W kAT
BT E R B, e a2k A S5 B2 5 A B
ZFNEEERRAC I AR R, (H 2 T R R A
Py G 5T I T[] 2 5 e B AT ) R R T YV R
PR BE T R AR ; B, i 7 v v R 1k 1Y)
ST AT BT A WIS R B BB
3.2 pH ZN TYFFIEFETIFAERBRE
B pH B TRE(R2 ~4) 4 RZB 5%
FEFNERAA YT IR F- BEARE BLE T Ry &,
HE IS vh 1 777 f i A0 R F- i £ 1) 8 O
JERE BT @, SRR S Y (BRk 2
RK) W BRFEAE R 540 ) oh 7, 1 IR k25 5 3K
AT AR 2 . WITTMANN 46 5% 1
NI SEGR 85 R R I, PR AR ) TP I ) 2 BT IR
A2 e ) Rh 28 A S B e 2 A AR sl g, Lol
TR RE R MR T ARSI FIH ek,
SIS SIRE ) 2 B R Y, BE A 3E o I 3 1T A% 3|
T EL A S DA SRE S T K pH TR R R S
[R5 A 3, 0t BT Ak ()3 7K pH 2846 D) K pH
P )it I AT S T L ) TS AR ) ) e Y
VR RE P A0 TP S 2 FIER A Sl W) 47 % b
(FR3FR ), RILITA 525 Wi H 58 2 i 15 LA
5T pH i » RIS 3 pH REAR T B 7e 28 = 1k
SN, T T A 5252 Wl 3R Sl ) ) A LR A 25 17
Areay, , BV pH RGBT S 1t T AR A X 2001
AT R X5 K A RS AR TR R AR
TV AT HR A AR Bl R DA A LA T IS Y D
e AR E WG R AE K i Sk R 2T B RE ) A
553 , PRI "BV JE TR 1) 722 A1 R 68 B 42 52 i) ]
ARSI IR BE AR 2l 5 T 5828 5 A h )
AH ECH AT SR 03 Sl R 0, e . M A 8 R A 1
LT BEHE & AL RS, D UG AT S b pHL ) Ry {0 B
52 2 () e B O B
pH B AN [F] #6258 1 A AN TR], X L £ 2
Hifd 2 SR (2 2) ,pH I 0.04 ~0. 12 ], 4
BEEA TR F B TR TR B 1%, 00 5 B A

BRA IR E AL pH FRE 0. 04 BfgiC & R T
68.47% ,*4 pH FRET 0. 12 B HF R Ho il 3k 2]
1 86.45% , RV A 5 3= BE % i 1 AR FE A [
XA RESE B T4 A AN [R] A g iz AL S B0y« AE
200 d ATV SEEG A PE RS9 T (pH =7.8) 741
iy FEEANEROAS & S X (pH =8.0) % A
FHZEAL (P >0.05) , 1 21 IR 55 2 ( Chionoecetes
bairdi) Fh 56 W 45 5 5 W) AR S 3 9 fIG T 6 IR 4
(P<0.01), W58 & BRI AR &5 & 7E pH N B AT K
WIREE T ZH TAE R E R R E , sy T2 N
s Re TR A pH BRI A R Aot
5T &I, PR o8 IR = BB pH T B9
A HRIA T BEAIE A, AUAEFE A eI
LAY AR PEES fa f St ) , A
Pl Cn R ER) MBI B SE S TR, LA,
TSk LA W R R = BEAE pH T BB B SR FR 6
BUAE /D, H R B8 R 2 B AE pH R R 0. 08 I
(16.92% ) Ht R[4 0. 04 B} (56. 91% ) Ji /by FiL Jig
SRR 2) , RO A A 55 U5 =F BEAE pH R BRI R
M 37 JE AN ], R 9 PR AL T 85 A0 g 1 A= 0 85 4k
RN A3 T Pt & BT AR 2 5 (TE R0 B 17
O, LA B A I R4 Y il M 6
FAYFD B B 0 A 0 R PR SR D R 1 A pH B
I AT RE 5 30— L Fh IDRL A= 4 1 38 0, SSWAT
SEPURDLT 21 HHALA B CO, BRI R Y
VPRI A S R G, A I K PG P Bk ( Clupea
harengus ) WA ) s A IR G2, %F 3 32 SR A
Y RIS R 28) M A s T gt R B, &
CO, Jir Rtk BEMRE /K 1 T4 T R RS A TERR
VRSP EL T X B RP A Wy B A T 3 K Y A e
Ak T EE WA, AMREAH T
i e @ R FP S IR T BE B pH R AR IS T 38 o 11
Mg, AR BB, EAT YA R EE N
RERRZTEW Y, TE AR, EEER
GBI 5T v Gk BRI VE R AL T e RIS A W
SRR . AT L, pH RS i
1 D) S 22 %o ] S B 4 A 1) % U 3 R 7 A ) e e
M 5 FLUR, W) Fh B0 A7 7 25 38 B PR B8 DR 31 LR o
EILE T2 pH T R — i B, ) Bl fE R
b T B pH JE BRI AV E N . XIS AT e
TSP ) IO T SR A 5, 51 G BIGNAMI 202
KIL, WAtk ( Coryphaena hippurus ) .75 5 CO,
Jo R VR K R RE A R AN ik ok B 0 R A G i

http: //www. shhydxxb. com



724

oo FE K ¥

¥k

30 &

S, [P TRE  FF D0 77 i T 245 77
B HE O TS IR pH T W FR A BF
S A
3.3 RAL

PP 8 75 11 4 1 At 7K B 3
FE 5 pH K RAHTRIL, pH A Z 4 IRV
BRI AE IR B 45 5, 2 b B PR 2y
CREL Ak J1E 26 ) 11 582 1 58 7% 24 7 B 3 0
RIS, 0 U pHL T I 0 L
RCEE T ETF FHRA IR FRE 3 #) R
7, DFFEIA , pHL B L5 e b K, pH 7
fd J% pH 75 50t £l PR 305 FEL, WA 7T
PR R R P A R A 4 A
FRE 1T 2 16 0% R AL /RS U57 B 0 0 50
SR U 1 A AR B, T I S
G HAHRIES % . (LR BRI, (L5
7 pH X 90 VU I BB A 05 6, £
011924250 gy e 0 ol G A R A
227 R VO U U
PRGORE S 56 H 5 A BT , st — B B
TR F s A BT A TR

SE
[1]  CALDEIRAK, WICKETT M E. Oceanography: anthropogenic
carbon and ocean pH[ J]. Nature, 2003, 425(6956) : 365.
(2] BRAD, BB, MR, 4. BET SCHRTT i iy 2B
BFFCRDL AT [T ], R34k, 2018, 38(10) : 3368-
3381.
CHEN P, CHEN X J, CHEN C S, et al. Bibliometric
analysis of the global study on ocean acidification[ J]. Acta
Ecologica Sinica, 2018, 38(10) : 3368-3381.

[3] FAO. The State of World Fisheries and Aquaculture 2016.
Contributing to food security and nutrition for alll R]. Rome:
FAO, 2016.

[4] LAM VWY, CHEUNG W W L, SUMAILA U R. Marine
capture fisheries in the Arctic: winners or losers under
climate change and ocean acidification? [ J]. Fish and
Fisheries, 2016, 17(2) : 335-357.

[5] MUNDAY P L, DIXSON D L, MCCORMICK M I, et al.
Replenishment of fish populations is threatened by ocean
acidification [ J ]. Proceedings of the National Academy of
Sciences of the United States of America, 2010, 107(29) .
12930-12934.

[6] KAWAGUCHI S, ISHIDA A, KING R, et al. Risk maps for
Antarctic krill under projected Southern Ocean acidification
[J]. Nature Climate Change, 2013, 3(9) . 843-847.

[7] LONG W C, PRUISNER P, SWINEY K M, et al. Effects of

http: //www. shhydxxb. com

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

ocean acidification on the respiration and feeding of juvenile
red and blue king crabs ( Paralithodes camtschaticus and P.
platypus) [ J]. ICES Journal of Marine Science, 2019, 76
(5): 1335-1343.

FEELY R A, DONEY S C, COOLEYS R. Ocean acidification ;
present conditions and future changes in a high-CO,world
[J]. Oceanography, 2009, 22(4) . 3647.
MATHIS J T, COOLEY S R, LUCEY N, et al. Ocean
acidification risk assessment for Alaska’ s fishery sector[ J].
Progress in Oceanography, 2015, 136 71-91.

PUNTA E, POLJAK D, DALTON M G, et al. Evaluating the
impact of ocean acidification on fishery yields and profits:
The example of red king crab in Bristol Bay[ J]. Ecological
Modelling, 2014, 285 39-53.

XU L L, CHEN X J, GUAN W J,et al. The impact of spatial
autocorrelation on CPUE standardization between two different
fisheries[ J]. Journal of Oceanology and Limnology, 2018,
36(3): 973-980.

BOCIL, BB, Wi, 45, GLM RLALAN (] 4 155 1
CPUE B fb b iy HL e A L], LRI v R o 4l
2014, 23(1): 123-130.

GUAN W J, CHEN X J, GAO F, et al. Comparisons of
regression tree and GLM  performance in CPUE
standardization[ J |. Journal of Shanghai Ocean University,
2014, 23(1): 123-130.

B s, xlaap, MEUR, & FHETRER TH7E
BRI 15 VG b S 2 £8 ( Ommastrephes bartramii ) i
W] w5 MR, 2009, 40(6) : 707-713.

CHEN X J, LIU B L, TIAN S Q, et al. Forecasting the
fishing ground of Ommastrephes bariramii with SST-Based
habitat suitability modelling in northwestern Pacific [ J ].
Oceanologiaet Limnologia Sinica, 2009, 40(6) : 707-713.
B 4. Ml SRS g oA [ M. Jbnt. W9 AL,
2004 1-173.
CHEN X J.
Beijing: Ocean Press, 2004 1-173.

HYNDMAN R J, ATHANASOPOULOS G. Forecasting: Principles
and Practice, 2nd ed [ M/OL]. (2018-04-01) [2020-03-
04]. https://otexts. com/fpp2/.

AR, BT B IR Y SRR R[ D] KiE:
KiEifpdiRay:, 2016.

QU M H. Combination model research based on dynamic

Fisheries biology and oceanography [ M ].

regression model [ D]. Dalian: Dalian Maritime University,
2016.

SAKAMOTO Y, ISHIGURO M, KITAGAWA G. Akaike
information criterion statistics [ M ]. Dordrecht, The
Netherlands; D. Reidel, 1986.

RIES J B, COHEN A L., MCCORKLE D C. Marine calcifiers
exhibit mixed responses to CO,-induced ocean acidification
[1]. Geology, 2009, 37(12) : 1131-1134.

MARSHALL K N, KAPLAN I C, HODGSON E E, et al.

Risks of ocean acidification in the California Current food web



4 1 Wk AL, 45 K pH ARSI AR Al B 0 =F AR By Y52 R 725

and fisheries; ecosystem model projections [ J ]. Global 30, 133-143.
Change Biology, 2017, 23(4) . 1525-1539. [26] FAY G, LINKJS, HARE J A. Assessing the effects of ocean

[20] SUNDAY J M, CALOSI P, DUPONT S, et al. Evolution in acidification in the Northeast US using an end-to-end marine
an acidifying ocean [ J]. Trends in Ecology & Evolution, ecosystem model [ J]. Ecological Modelling, 2017, 347, 1-
2014, 29(2) . 117-125. 10.

[21] CHANNCS, CONNOLLY S R. Sensitivity of coral calcification [27] EZW, BoB2E. P05 M7 00 3 I 25 00 A B fe
to ocean acidification; a meta-analysis[ J]. Global Change SEKIRTE R A HED [ J]. VAR R 2R R, 2019, 28
Biology, 2013, 19(1) : 282-290. (3):448455.

[22] GILBSON R N, ATKINSON R J A, GORDON J D M, et al. WANG Y F, CHEN X J. Suitable environmental conditions
Impact of ocean warming and ocean acidification on marine for spawning ground affecting the abundance of neon flying
invertebrate life history stages: vulnerabilities and potential squid in northwestern Pacific Ocean[ J]. Journal of Shanghai
for persistence in a changing ocean[ J]. Oceanography and Ocean University, 2019, 28(3) ; 448-455.

Marine Biology: An Annual Review, 2011, 49, 142. [28] BIGNAMI S, SPONAUGLE S, COWEN R K. Effects of

[23] WITTMANN A C, POETNER H O. Sensitivities of extant ocean acidification on the larvae of a high-value pelagic
animal taxa to ocean acidification [ J ]. Nature Climate fisheries species, mahi-mahi Coryphaenahippurus [ J ].
Change, 2013, 3(11): 995-1001. Aquatic Biology, 2014, 21(3) : 249-260.

[24] SSWAT M, STUASNY M H, TAUCHER J, et al. Food web [29] &M, 4RWesR, HRER, & ENSO ML X} &K K7
changes under ocean acidification promote herring larvae RN A IR R R N I s s [T . AR
survival[ J]. Nature Ecology & Evolution, 2018, 2 (5): KR, 2019, 28(2) : 290-297.

836-840. YANG X S, ZOU X R, XU X X, et al. Effects of ENSO on

[25] MONTELEONE D M, PETERSON W T. Feeding ecology of abundance index and spatial-temporal change of Chilean jack
American sand lance Ammodytes americanus larvae from Long mackerel in the Southeast Pacific Ocean [ J]. Journal of
Island Sound [ J]. Marine Ecology Progress Series, 1986, Shanghai Ocean University, 2019, 28(2) . 290-297.

Effects of pH variation on the abundance of fishery resources in the East
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Abstract; The impact of ocean acidification on the changes of marine species abundance is a hot topic. East
Bering Sea is rich in fishery resources and the sea area is at greater potential risk from ocean acidification.
This study explored the 70 species’ abundance variations ( including fishes, crustaceans and mollusks) and
its relationship with bottom seawater pH in this area by dynamic regression model. Results showed that
27.78% , 36.84% and 33.33% of the species abundance of fish, mollusks and crustaceans were affected by
the changes of pH respectively. The responses of species abundance to pH decrease were different, including
three kinds, i.e. up, down, and up first, then down. These responses could be result from the change of
habitat environment or suitable habitat range under pH variations. Our results indicated that it is not enough to
analyze the species abundance only by pH. Ocean acidification would have different types of impact on the
abundance of fishery species. This study could provide a reference for the sustainable development and
utilization of fishery species under future ocean acidification.

Key words: ocean acidification; pH variations; East Bering Sea; fishery resource abundance
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