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Spatial Changes in Mesozooplankton Community Structure in the North Pacific :
Analyses by Optical Plankton Counter

Tomoya SHIOTAY?, Yoshiyuki ABE", Rui Sarro"?, Kohei Matsuno™,

1%

Atsushi YamMaGucH"* and Ichiro IMar”

Abstract

Analyses by Optical Plankton Counter (OPC) were made on mesozooplankton samples (r = 1,396) collected by NORPAC
net from 0-150 m along eight north-south transects (located 35-60°N, 144°E-145°W) covering whole area of North Pacific dur-
ing May to August of 1981-2009. Based on OPC data, spatial (north-south and east-west) changes in mesozooplankton abun-
dance, biovolume and Normalized Biovolume Size Spectra (NBSS) were evaluated. Throughout the transects, north-south
variations in zooplankton communities were similar : i.e. abundance was greater in the subarctic (SA) region, biovolume was
greater in the transitional (TR) region and slope of NBSS was moderate in TR.  High biovolume and moderate NBSS slope in
TR were caused by the dominance of late copepodid stages (C5) of Neocalanus copepods.  While zooplankton fauna was simi-
lar through SA and TR (subarctic fauna), high temperature in TR could be accelerate copepod growth, and induce dominance of
Neocalanus CS5 there. Concerning east-west differences, zooplankton abundance and biovolume tended to be greater in the
western transects.  High zooplankton abundance and biovolume in the western regions would be caused by the east-west differ-
ences in primary productivity, which reported to be reflection of the east-west gradients in iron concentration.

Key words : Mesozooplankton, Neocalanus copepods, Normalized biovolume size spectra (NBSS), Optical plankton counter
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LEMWT T 7 b A KO BB 2 A
E LT, o 7o & O AT 5H 38 (TR : Transitional
Domain) |2 BWT/NA F <A (N TR 22— 2) 1% <,
ZOBER & L TEHMRAE (BESD : Equivalent Spherical Diame-
ter) 3 2-3mm O A ADMELHT L2 LT LN TN D
(HH 5, 2008 ; Matsuno and Yamaguchi, 2010 ; Fukuda et al.,
2012), OPC 2L BT =451, 757 b UV HEEDPKR T &
Ty TWEEON Ny T VRO T4 2 D
T HE7, Normalized Biovolume Size Spectra (NBSS) D f## 7%
75 Cd % (Suthers et al,, 2006), AL AFEEIZBIT LB 7
F Y27 N YONBSS 1L, TRIZBWTHEEHER2T, U
b v 2 & 23dE St % (Fukuda et al, 2012), & 4L
5 TRIZBIT L A B O, VWit d ESD A8
23mm DY A ADMELETHI LI L6 ENTHDY,

KA H A 7 2 HH Neocalanus J&D C5 12X A 2 LD
ST b (i JF 5, 2008 ; Matsuno and Yamaguchi,
2010 ; Fukuda et al., 2012), TR "Ci3HigE47% (SA : Subarctic
Domain) & AEWHILE U T 525, KIEAHSE V728 Neo-
calanus JE DFEE MM S N, HRIIEEERE D C5 H3MEH
% 2 &% (Batten et al,, 2003), SA, TR 3 X Ul #hH5 s
(ST : Subtropical Domain) ¢ 3 {3 Z 3 L C, TR O/NA F
RADwRS L VEKREZZ H5NTW5,

OPC % WAL I BT 28 77 » 7 b Y HREE
DRVIZEENIZ T 5 1HH & L T, Matsuno and Yamaguchi
(2010) 1 165°E #i & 165°W 12 BT 5 M BAEER N
AR ATHEEP TN L2 G LT, 2D OPC
(2 &2 165°E# & 165°W OB 7T > 7 b > DIELL,
H &\ 335 um @ NORPAC £ v FEHIES (b DO TH

Table 1. Number of stations observed at each north-south transect in the North Pacific during summers of 1981-2009. Observed range of
latitudes and periods are shown for each transect. Numbers in the parentheses indicate stations with phytoplankton abundant/gelati-
nous zooplankton abundant, respectively. - : no data.

144°E 155°E 165°E 170°E 175°E 180° 165°W 145°W
Longitude
Latitude 35°-41°N 35°-45°N 36°-50°N 38°-48°N 37°-48°N 37°-51°N 35°-54°N 47°-60°N
Period 28 July-1 Aug. 11 May-6 Aug. 6 June-8 July 15 July-11 Aug. 8 July-8 Aug. 9 June-22 June 13 June-5 Aug. 22 June-22 July
1981 - - - 13 (-2) 13 (-2) 23 (2/4) - 17 (-/6)
1982 - - - - - 19 (/1) - -
1983 - - - - - 12 (-12) - -
1984 - - - - - 16 (-/-) - -
1985 - - - 13 (1/5) 13 (-/4) 20 (/1) - -
1986 - - - - - 19 (1/7) - -
1987 - - - - - - - -
1988 - - - - - 23 (4/3) - -
1989 - - - - - 20 (3/5) - -
1990 - - - - - 30 (-/7) - -
1991 - - - - - 26 (712) - -
1992 - 20 (/1) - 12 (-/H) 12 (-/-) - - -
1993 - 25 (-12) - 11 (2/-) 13 (-2) 34 (373) - -
1994 - 26 (1/2) - 11 (/1) 12 (-/-) 37 (2/11) - -
1995 - 24 (-/-) - 13 (-2) 13 (-/4) 36 (3/11) - 21 (3/1)
1996 - 21 (/1) - 10 (/1) 13 (-1 54 (4/6) - 72 (-12)
1997 - 18 (-12) - - - 30 (2/1) - 19 (-19)
1998 - 15 (-/3) - - - 15 (-/6) 16 (/1) 15 (-/-)
1999 - 15 (/1) - 3 (/1) 11 (/1) 15 3/) 25 (-/7) 13 (/1)

2000 - 34 (-/-) - - - 15 (-12) 26 (-/1) 22 (5/-)

2001 - 28 (-/4) - - - - 16 (3/3) 9 (1)

2002 - 19 (/1) - - - - - 13 (/)

2003 - 19 (-12) 8 (1/1) - - - 11 (3/3) -

2004 - 23 (-13) 9 (/) - - - 12 (-/4) -

2005 - 14 (-/-) 4 (1/-) - - - 18 (-/2) -

2006 - 9 (1) 13 (/) - - - 21 (-15) -

2007 - - - - - - - -

2008 13 (/) 19 (-/4) - - 19 (-/-) - - -

2009 7 (/) 26 (5/4) - - 19 (/1) - - -
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B0, MAHL Vvs8y 27 4 b (Twin NORPAC net) |2
TIRIBH IR SN2 H AV 100 um OFE %, MEEIC X b
REREE TIRIT L 72 & 24, THER (165°E) |2 T BB A
B, T A ADp/NE AR s a7 ZAq 04T >
B EOBERIZE L2 &S ST 5 (Saito et al.,
2011 SO X )2, ) VA RHFHE L < LTy
Widse, ERFHEDTT 7 by A4 ZHEIZ SR
EMmEENG L EZ NS, L LETEO OPC & Hv
72 f#HT (Matsuno and Yamaguchi, 2010) Tld, HPG LI % 4T -

CDOIZEHBUEEBE NA A ADARTH Y, ERERE
TE DA FEIZEEMI T % 5 NBSS fi#fridfto T8 57
ZOFMIAHE T EFTH S,

INLOEFEE AT Z, AFZEILACRT i s
FIZEAEHN—TF D, WP LRFIZELT 72 8 RO
JErT Ut s b A 2 (I44°E-145°W) I2B VT, 2hET
JLHFE R F OFFE MRS 1981 4£~2009 4E D 29 SEH D FH
FUELZ T, [ — D THREE S 7242 1,396 4D NORPAC
v VBT T v b R R, ZENELOPC &) [ —
OREZRTHEST 22 812X, BT v 7 b VR (I
BURGEE, /N4 AR 22— 243 XU NBSS OfF &) D Z2i
TEy Ry — v (MIbs L OREER) 2 FFHliT 2 L5 H
e LTwh,

ME e R &
FIMRE

7T 7 b RN 1981 4EA S 2009 4D 5 11
H~8 A 11 HOMIZ, JbKFHED 144°E, 155°E, 165°E,
170°E, 175°E, 180°, 165°W 3B X UF 145°W #f F o #& &
35-60°N (ZZ8IF7-FdL 7 vk 7 FOZEEIZBWT, db
WEE KA MEREAE [JLEA] B [BLrAL], £
T EEREKERAZE > & — o [THEN] Hiddic

140°E 160°E

50°N

40°N

2 "144°E 165°E

28 July-1 Aug, 6 June-8 Jul

i 155°E 175°E,
11 May-6 Aug.

30°N

170°E P
15 July-11 Aug.

180° 13 June-5Aug.
. 9 June-22 June

8 July-8 Aug.

__:__

NORPAC 4 v b (If%45cm, HAV335um, JCH, 1957)
ZHWTOKEIS0m »HEME TOHEREHREL2D
D% FAv>72 (Table 1, Fig. ). FREEZE MDA E R HRAERHIIZ
FERNT 7 ML TELRL DN, INHBIS
£ v FICTHAE S N4 1,396 SR R IEITICHE L 720 v
N R VB A A BEKET A B fHT, 2oz LD
KR RO 720 3B 5% PR V<) K CREE L,
e b IR (R B IR o 720 $REE L IREIC CTD 12 & %Ki
LIRS OWEEIT 5 720
WENOEBLIO NI &7 MzBWTH, v MR
HBRBEEZMDOTITo 720 SNE T, LRFEDOTEE
(165°E) & HER (165°W) Wiz BW T, BM75 v 7
oA XARY MVICIZEEZEITZSH D DD, ED%E
B2l T/hSnwZ epHESINTBY
(Matsuno and Yamaguchi, 2010y S5 DT & #HFE 2 C,
AR TIIER T NORHE b L2352 & m<, D
T OPC ll5E I X OFMTIZ V72 (Fukuda etal., 2012),

OPC ITE

W77 s RN, B RFEREICCOIHA T T
> 7 b 43R (Motoda, 1959) % HIVC 2 438l L 721, —
FH ORI (12) I ET7 AL =% — I X B5WEIEFCTH
AVI100um DA v v a RIS LD, BEFRKIFEEFAWT
10mg DFFETIREREZME L7z, b ) —OEIFEE (112)
(&, FEER= OPC 2. = » I (Model OPC-1L : Focal Tech-
nologies Crop.) & fllAiA A 72 OPC EBRLEE (CT&C #1:3) %
AT A X L E R HE L 72o OPC Mg 134 I &
(2008) & Matsuno et al. 2009) = &% |2, (VEMWI 75 > 7
kA3 OPC % B3 2B 0i 134 10Lmin."!, (2) Hl%E
BB 75 > 7 b ¥ ORI 10 counts see.” LI, (3) B
W7T s b 3G 1 Mo AOBIEE T 5T
TiT> 720

160°W 140°W

145°W
22 June-22 July

165°W

Fig. 1. Location of eight north-south transects in the North Pacific treated in this study.
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OPC |12 & W FHAl &S N7z 4096 4 A= MEOR T3
() EPEKREF: My D5, KA X2=y MIBITLH
k& d 72 ) OMBEARE V: inds. m?) PO LD
K7z,

n

stXF

CITsInE=RTH %,

B 77 27 b DA F R 2 — L (biovolume) 13
4096 A A= v b Ok (ESD : Equivalent Spherical
Diameter, mm) |ZAH24 9 A EROMEFEZ KD, /N4 4K 2 —
LEHEH L, ZOZTA X2y MIBUT S LEEY
720 DINAF AR 2 — AZHIR O BB Z H LT,

e

5
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BAKEDH 720 O8N, R 22— 24 (mm* m?®) ZFHE L 72,
BT N NAFR) 22— 21, ESDIZLY 6
DY A X7 F A (0-1 mm, 1-2 mm, 2-3 mm, 3-4 mm, 4-5 mm
BLO>S5mm) (250 TREIT L7z 2B, 87722 &
CONEERKEFERLRET DL L, KON A 4R

Joa—24 mm’ mY) &, BEE mgmd) IZF L, AT
BECTH %o
7 — SRR

OPC ® 75— % X 1) Zhou (2006) |2 #:-5> T, Normalized
Biovolume Size Spectra (NBSS) % K& 72, 9, OPC |2 &
DB E 72 ESD 25100 yum D A X7 5 A2 EEH)
W75 02 N4 4R 2—24 (B: mm’ m® [= um’ L))
wRD 720 B 1,000 15 L C um® m?® HAZIZ L7222 A

Table 2. Approximate positions (northern latitudes) of Northern boundary of Transition Domain (NTD) and Subarctic Boundary (SB) at each
sampling line during summers of 1981-2009. Sampling stations were separated into three regions : subarctic (SA : north of

NTD), transitional (TR : between NTD and SB) and subtropical (ST : south of SB) regions. - : no data.
144°E 155°E 165°E 170°E 175°E 180° 165°W 145°W
Longitude
Latitude 35°-41°N 35°-45°N 36°-50°N 38°-48°N 37°-48°N 37°-51°N 35°-54°N 47°-60°N
Period 28 July-1 Aug. 11 May-6 Aug. 6 June-8 July 15 July-11 Aug. 8 July-8 Aug. 9 June-22 June 13 June-5 Aug. 22 June-22 July

1981 - - - 43°007,42°30"  46°36/,43°00" 46°12',41°00 - 51°00', -
1982 - - - - - 47°00',42°42' - -
1983 - - - - - 46°12', 41°00' - -
1984 - - - - - 46°12',41°42' - -
1985 - - - 43°007,42°18" 45°00',40°00" 46°36',40°36 - -
1986 - - - - - 46°12',41°12' - -
1987 - - - - - - - -
1988 - - - - - 46°12',40°12' - -
1989 - - - - - 46°12',40°12' - -
1990 - - - - - 45°30/, 41°12' - -
1991 - - - - - 46°12',40°30’ - -
1992 - 43°42',40°36' - 43°42',42°30"  45°42',42°30 - - -
1993 - -, 40°36 - 43°007,42°24"  46°30',42°30" 45°30',41°00 - -
1994 - 43°00',40°12 - 43°42',42°42"  46°00',42°24"  45°30',40°30 - -
1995 - 43°30',39°24' - 43°48',42°36"  46°36/,44°30" 47°00', 40°30’ - -
1996 - 43°36',39°12 - 44°30',41°48"  46°00',40°30" 46°12,40°12 - -
1997 - 43°36', 40°24' - - - 45°30/, 39°30' - -
1998 - 43°48',40°18' - - - 47°00',41°12' - -
1999 - 43°48',38°30' - - 43°48',40°30" 45°00',39°12" 48°30',39°42' -
2000 - 43°00',40°42 - - - 48°00,41°12"  46°30', 39°30 52°00', -
2001 - 42°48',38°36' - - - - 47°00', 40°00 -
2002 - 42°18',40°36' - - - - - -
2003 - 43°24',39°48"  45°30',41°42' - - - 49°00', 39°00’ -
2004 - 43°36,40°48"  45°48',41°12' - - - 48°00', - -
2005 - 43°00', 40°00' - - - - 48°00', 40°00° -
2006 - 43°30',40°00' - - - - 47°00", 40°30" -
2007 - - - - - - - -
2008 - - - - - - - -
2009 - 43°30',40°00' - - -, 42°36' - - -




EHS : OPCICL BB 7T > 7 b v BEE O

A7 5 AHOFIMER (inds. m?®) THLC, W A2
145 Z &£ 12 & ) NBSS @ XHl (X: log, zooplankton bio-
volume : [um’® ind. ")) K72 BEBEET LA X7 T A
MOINA FRY) 2— 278 (AW um?®) TR L, & H 52
Wad 22 &L12X 1) NBSS® Yl (Y: logy zooplankton bio-
volume [um® L]/ Aweight [um’]) % R&H>72, 2 S X B X
O Y #Ofii > & MS-Excel O b3 —HEEEIZ X 2 I
8] % 47> C NBSS O—k3k;

Y=aX+b

#RWIZe T2 TalENBSSDIEE %, b 27”7
AHFRFE KR (0-150 m) DK 4°C DLTE S 5 12
% Northern boundary of Transition domain (NTD) % 3K &, 7K
MRS 5 34.0 25K 3 % &7 & Subarctic boundary
(SB) & 3K& 7 (% 5, 1990), NTD LItodifiid SA T,
NTD & SB O DifEid TR T, SB L #EE I ST TH
% (%15, 1990)(Table 2), ALAFHEIZ BV TARIFZEDIR
AR (1981-2009 4F) DRFIZIE, 1988/89 4F & 1997/98 4D
QEDEMHEL V=L T N RHoTZ ENHOENT WD
(McKinnell and Dagg, 2010), $REMIH 2 @Dl ¥ —
L7 barb, 1981-1988 4F (L3 — 4 1), 1989-1997 4F (L
T—212) B LUT1998-2009 4 (LY —A3) D3 LT — A
W27z,

HWEEARE, NAFR) 2—2BLUNBSS O & |2
DOWCEILB L ORI R % 5Hli 3 % 72012, Btz (il

(a) Abundance

JENTI, BATHE X AT O M) B L OVH P ZE (8
M2yt ) IZOWTEN LN one-way ANOVA |2 &
HIRERITV, HEEDORSN/2ZIEH 2D Fish-
er’sPLSD |2 X AR A bRy 7T 21T 572,
RIFFECIXFIERHICS A8 HE, FERUEH T 1 ~
W& ->Ta4» ROWEREH L, Z0720, TNHEIEB &
OHPGZEDIRI SN FIREICOWT, ZOHBEADHR
EEEH 0@ WIGERT 2 L 020G % 5l 572012,
AEADRONIAIRE L B R (P Parameter), R4
H % 072850 (D : Day) &9 % HAlJG %217\ (P=aD + b,
ZZTal& bIIER), HEDEEEEOMICHERMR
MBRONBRHIE, ZOHBEMIIRERT 02 IR
2HOLYM LI, DY, AMIRICBIT LB L0
WO RSN AEIL, RERNOZIZLIDL0%
B2 0T, MR X OCREAESET AR
EOREIRL Tb,

i g
BTS2 DI ZED
£ T U MR- T2 BHEEDOKEE 0-150m (2B 1T
LW 7T vy by HBEGE, N FR) 2 —-4BX
SNBSS O & D% Fig. 2 1R BURL TV A DI
AN OEIGMETH 5o BRI OFIGMMIT 121-
1,015ind. m> O #ipHIZdH 1), ESD T 0-1 mm O 4 XASH

Abundance (ind. m?)

0 250 500 750 1000 0 250 500 750 1000 0 250 500 750 1000 0 250 500 750 1000 0 250 500 750 1000 0 250 500 750 10000 250 500 750 1000 0 250 500 750 1000

170°E

155°E

303
(b) Biovolume
"0 200 400 600 800

200 400 600 800 200 400 600 800

Biovolume (mm?® m?)
200 400 600 800

175°E

200 400 600 800 0 200 400 600 800 0 200 400 600 800 200 400 600 800

:2\ 55;

\%/ 503 b

R i :

= 45] 3 7

3 E § ?ﬁ """"" - s

E Y E kS
35; 3 3
30; 1 Bl
(c) Slope of NBSS

Slope of
20 08 -06 04 -10 -08 0.6 -04 -1.0 -08 -06 04 -1.0 -08 -06 -04

4

NBSS

=

: = T

Fig. 2. Latitudinal changes in size composition of abundance (a), biovolume (b) and slope of Normalized Biovolume Size Spectra
(NBSS) (c) at eight north-south transects in the North Pacific during summers of 1981-2009. Values are grand mean of
whole data.  Error bars in (c) indicate standard deviations. Solid and dashed lines indicate mean positions of Northern
boundary of Trasition Domain (NTD) and Subarctic Boundary (SB), respectively. ESD : Equivalent Spherical Diameter.
Asterisks indicate significant differences at p <0.05 (*), p <0.01 (**), p <0.001 (* **) with one-way ANOVA.
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1000] R1(1981-1988) .. ] R2(1989-1997) ] R3(1998-2009)
800{ SA
600 I —
400 1
200
{2 % % H Tz El
0,
~ . . )
= 1000 E Size (ESD: mm) 1 ok
: 1 TR ] N 0-1=34 ] ——
g 800 1 1288 4-5 IR r
S o0 ] 7723155 |,
E 1 i 4
_E 400: : - ]
£ 200/ 1 = A 1
= = = =1 =1 -1 =1 4
< 1= = = = H ]
0, 4 4
10001 ST 1 1
800 J j
600 - 1 4
400 1 1 4
200 4 1 1
1% F E R K TR O|E E E
@R E R e g FE BHEBHEE:EE BRRES:EE
Theeeiey 3pErEFEl 3EEEFLy
Longitude

Fig. 3. East-west comparison on size composition of abundance in the subarctic (SA), transitional (TR) and subtropical (ST) North
Pacific during summers of 1981-1988 (regime 1: R1), 1989-1997 (regime 2: R2) and 1998-2009 (regime
3: R3). ESD: Equivalent Spherical Diameter. nd: no data. Asterisks indicate significant differences at p <0.05 (*),

p<0.01(*), p<0.001 (***) with one-way ANOVA.

LTV WTFROFT 7 MIBWTH SA TSV
D5 > 724, MATAICHE B 2 b ZE L 155°E 128
WTORESN, SA TE o7 (Fig. 2a), /N1 4K 22—
2O T 28-826 mm® m™> D& IZH Y, ESD T 2-3
mm D 5D LEEDUEZ TR THEho720 WIEND hT
Y7 FLENAFARY 2—21L TR TE <, 175E & 180°
IZBWTHEZEILEE) 25528 &7z (Fig. 2b), NBSS @
1 X OFIfili1Z - 1.08~-049 DFHFHICH Y, VTN
TR CTHRER T, 165°E, 180° B L UM 165°W IZCTHE R H
B S 7z (Fig 2c)o
BT T U b DRIEED

7T v b CRHEORTEE) 2 Bl 572012,
B ME L Y — 4 (R1: 1981-1988 4E, R2: 1989-1997 4,
R3: 1998-2009 4F) O & FL4HE (SA, TR BLU'ST) I2B
F5, &7 s bolBUEEE, N A RY) 22— 24
B L OVNBSS O & D3 % Figs. 3-5 12 ¢ HBEMA
Bi2ix, RUCBITSSA, %5WIZR3IICHEITS TR & ST
WCHREZEIS SN, WInbFEfllo T 227 bk
AHBEGREAZ N Z L1 X > TEH#OT 517z (Fig 3).
INAFRY) 2= LIZDOWTRB L, HEEEDE S 7
DIFERLIZBITD SADKRT, ZOFEAESITHBEGES
bIET, MBUEAE LR L NS 4R 2— 2 BT

TH\WMEINA 3 - 72 (Fig. 4)o NBSS DIE X I2B W TH RI
2B 5 SA IZBWTOAREEF MRS, Tl b
%27 b (10°B) DADMD 3 b b s N EAEICR
72 5T 72 (Fig. 5)o

Z £
BT 720 b OREItEE

MAtZEFE DT b7 FTLIEIE-HLTHY,
777 b OMBURAKEILSA TE L, N4 AR
)2 — A1 TRIZTE{, NBSS O %13 TR IZB W\ THE
R Tdh o7z (Fig. 2)o MBUEAGEE NS FHR) 2 — 2D
Sho I HHEA 3 L e o 201, VRS20 8o
FAR) 2= LA WA RX)DHEILTELRL7-DTH L, B
7T N VBRI B W TR ECCE S T A ORI
{2 ESD %5 0-1 mm /N 724 4 X7 5 A Td % (Fig. 2a).
—J5, WNEIH A X 5 AW TS 7 b i K
DINAF R 2= LAVNS Wiz, N4 F K1) 2—4T
W2 EZDHHEIIKLSRY, Rbo TUEKROY A XD
KE KA X2 5 A (ESD 7% 2-3mm L LD A4 X
75 ) DMEETHEWZ D (Fig.2b), 72, SA L TRD
BT T 7 b A HESER AR TR U Cd DA% (VhaE
1994), TR DB R 72O EDTHEL, KA A 7>
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East-west comparison on size composition of biovolume in the subarctic (SA), transitional (TR) and subtropical (ST) North

Pacific during summers of 1981-1988 (regime 1: R1), 1989-1997 (regime 2: R2) and 1998-2009 (regime
3: R3). ESD: Equivalent Spherical Diameter. nd: no data. Asterisks indicate significant differences at p <0.05 (*), p

<0.01 (**), p<0.001 (* **) with one-way ANOVA.
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Fig. 5. East-west comparison on slope of Normalized Biovolume Size Spectra (NBSS) in the subarctic (SA), transitional (TR) and

subtropical (ST) North Pacific during summers of 1981-1988 (regime 1 : R1), 1989-1997 (regime 2 : R2) and 1998-2009
(regime 3 : R3). Error bars indicate standard deviations.
<0.05 (%), p<0.01 (* *), p <0.001 (* **) with one-way ANOVA.
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