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Relationships between individual density and
territory size in juvenile red sea bream in natural waters

FumiHiko ABE™* AND KoSAKU YAMAOKA?
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Japan, 2Graduate School of Kuroshio Science, Kochi University, Nankoku, Kochi 783-8502, Japan

We observed the territory of juvenile red sea bream Pagrus major to detect the relationships between density
and territory size at Morode Cove in Ehime Prefecture from January 2001 to October 2003 using SCUBA. The
density of juveniles showed the highest value in 2001 (0.201 individuals/m?), the lowest one in 2002 (0.051 in-
dividuals/m?) and the intermediate one in 2003 (0.096 individuals/m?). The growth in 2001 was slower than that
in both 2002 and 2003. We confirmed 131 territories of individually identified fish during the 3 years, and some
territories were maintained for a long period. At the time of high density in 2001, the mean value of the territory
sizes in each size class increased up to 8 cm size class, but did not show any clear increase thereafter and became
nearly constant at c. 6.4 m2, At the time of intermediate density found in 2003, that value increased up to 9 cm size
class, but became nearly constant thereafter at the level of c. 15 m2. At the time of low density found in 2002, that
value increased with growth and became c. 50 m? at the stage of 14 cm size class. These results suggest that the
territory size of juvenile red sea bream is clearly correlated with the individual density, and the size became

smaller at the time of high density and vice versa.
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Fig. 1 Location of Morode Cove and experimental site.
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Fig. 2 Overview of experimental site including artificial
reefs (Zones). The shaded area was added to the ex-
perimental site from 2002 and the total area became
544 m? (16 X34 m).
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Fig. 3 Monthly changes in density (a—c) and mean size class (d-f) of juvenile red sea bream found in the experimental site in each

year. Bar indicates standard deviation.
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Fig. 4 Distribution of feeding territories of individually identified juveniles at 4 censuses from May to July, 2001, 5 censuses from
July to October, 2002, and 2 censuses from July to September, 2003 in the experimental site. Same number shows one individ-
ual except for letter A individuals which were non-identified artificially-bred ones released on 2 July, 2001 (Abe unpubl.).

Dashed circle of individual (8) found on 28 July, 2001 could not be traced for 10 min observation, making it impossible to draw a
minimum polygon.
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Fig. 4 Continued

ZI2PhAL7: (One-way ANOVA; F=20.528, P< X0 MR L2 (Fig. 4), REOLEDIEVIE, BWwic
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Fig. 5 Changes in territory size and density of juveniles
from 28 May, 2001 to 2 September, 2003. Bar indi-
cates standard deviation. Numbers of individuals ob-
served are in parentheses.
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Fig. 6 Change in territory size with growth in 2001, 2002
and 2003. Bar indicates standard deviation. Numbers
of individuals observed are in parentheses (2001,
2002, 2003).

One-way ANOVA; F=7.117, P<0.0001, Fisher’s
PLSD),

HRAEE TH - 72 2003 FiF, 6ecm 75 A, 1.7£0.7
m? (n=2), 9cm 7 A, 18.0+3.1m?(n=6) L7V,
9cm 7 5 AE ThbiE DY A X3k L 7 (Fig. 6,
One-way ANOVA; F=28.336, P<0.0001, Fisher’s
PLSD), zh kDK 7 5 AT, 10ecm 7 5 X,
12.0+12.8m? (n=2) tIEKAEED, 11,12cm 75
AT 15m2 T—Ei k-7 (11lem 75 X, 159+
3.1m? (n=4), 12cm 75 A, 154+3.4m? (n=2)),

BhEYESHR bl D 2R L EBHEAE DL
SWORIRK, BWEAKETLPIIOVT, FLHTHES
NHPLRECHESINIHETOHEEE KD, Mt
W zElo LA (Fig. 7). ahiX O AHERL
THAMRI26HGEDOS L, 1+ H (1-30 HE) Ki
TiE%E L= 38 EEk (302%), 1-2 » A (31-60 H
) #HEL 2013 37 ik (29.4%), 2-3 » H (61-90
HRS) (338 fEf (30.2%), 3~ ALE (O1BHLE)
LEET HEES 13MEE (103%) Abhi, 24H
RAE, 1-AUE B1AHUE) bl D fifkd
ARG LD 69.8% (88 k) TH- 7,

BEHEASOLICERCE I SAEL RGN, RO K
WEEIE, 2002 SEICBEINEHREFS 2 T, 2002
6 A 25 BICAabiE WERABESHh, ZORLER
KATARbIEY ZHEL T, 8% 200343 H 19
HET276 HRLHE L7, MHEES 8 L RIFEER
RTHY, 2002EFE7A1BA»H20031H31HE T
O 215 AHDIHEPHER SNz,

BARPH BREFPIOERFE»HA 7 (Fig. 8),
EABEENR L&D - BN, BETI10.2+8.9[E/5
5y (Mean+SD LA FRIBR) ZmRL 7, FB (0.56+1.2
m/54) S8 (1.4+x1.4[E/5%) TOERKHEE
hot, TERELRERZ OV LITENIL, 0.04£

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

608 Py, LLife)

2 126 0.2 [8l/5 5y £A&A - 72,

BrEEER 20018 A5 HIZ, EREAOMEMGES
12, 19, 23, 64, 65 O 5 flfk & frEtk, EBRXHOT X 4
EROEDLIEVEIC >V TERAEY T -/ (Fig.
9), BrEH, BEES 1258200 EBEL T

w

Individual %
>

Sl A %5 37, 40, 69 73, fEAEF S 19 OBFFTICIE
k&S 2975, [EEES 23 OGS MEEES 29
0 w, BEES 64 OBFTICIIEEES 46 25, BEiEES

1-7 815 16-30 31-45 46-60 61-75 7690 91-120 121-

Duration of stay (day)

65 DHFTICIIERES M4 DEFNENRAL 1z, B
Fir.7 F veniles i duration of stav | ZERICRAL TEEERDO S B, RRIKOIN ) HH I
" ory. The toral amber of indivdls chaerred was BALTERORBHES 69D 1 BEDATH- 12,

126. EhIED IR L 7- 6 Ak (EkE 29, 34, 37, 40,
46, 54) O PITVF A XIKHO>WT8 A5 H (FREFRD
E10 B (BEH) ZHELER BERNAT0£45
m?, BEEHN16.8+12.0m? L7431, BEBICZDIED
YA XBRFECH AL (paired f~test; {=—3.156, df
=5, P<0.05),

z S

AR FEOERKIZEBIT 5~ F A HEAOBEGEEE DK
IS & - TRz - 72, 2000 F A3 (0.201 &
sand algae  substrate near water fk/m?), 2002 SR (0.051 fE{E/m?), 2003 L
bottom  column iz (0.096 fifk/m?) THY (Fig.3), &m L RIEDOH

Fig. 8 Frequency of foraging behavior at each spatial A TH-7-, BEICODNETFRICENTE,

category. Number of individuals observed is in paren- o = ~ . - ;

thescs. X AMBOMARIIEC LV EBTH L AmHNT
WHRD HEOVIC LB E, FICLDRASHERE
DMABDE DB 5, AL UZEFETO 1994-
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Fig. 9 Distribution of territories of individually identified juveniles before and after the removal of 5 territory holding individuals
(12, 19, 23, 64 and 65) on 8 August, 2001.
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1997 £ORAE? TiX, FFEICBT AEBRBEOES
1 6 f2 D&\ (1997 4, 0.03 fB {4 / m2-1995 4,
0.18 fEfk/m2) HARLNE, ChEDI D, 54
HAOMABIIERTEARONS Z LIT—BNTHS
LEZIOLND,

RAROXIA MBI EGEEC M HH L LT
1977 F7 ~ (8T 0.34 i fk /m? ARG S TV 5,20
T/, BATRBICY XA EEEYRRL 258, 0%
OEGRFE TR L - EEBUCBIRZ <% 0.3 fEE/
m? %R L 722 AP THE D 7z 2001 4 O i & fd
0.201 EfA/m2i3, BERICHEINTWSHIFEE TidAn
ST, PRVEWVETHHLEZONA,

BEE ST, 1977 FOE BT T A AL EH
BICofLER RROBREAKSID, 612, &%
HEFEOED O H LEICHIT TR AEBICENIE
Urb e BEEETH- 1200l FOTX A HAD
k75 A0OH#B (Fig. 3) % 2002 F, 2003 4 & HiK
LTAhbBE, BEEBHTHS4RICBT L EHHKEY
SARZEDEL lem 7 5 ATER AN P -7, L
L, EFAELRS-10 HICAS L, 2001 FDO<T X 4
HEaEOKRE 75 UL, MO2FEORBFEIC /N L
e COHRE, BEOYHRLER AR &%
BRI L AR REROJREN N TRIEI NS,

2002 FE D XA MR, EEETICERRICHE
L, & TAEKLALN: (BEES2, 8), 8%
B &Y, R—EEFICLS I REBBICHA5—
EHMANOBF AR ICHON TRV, JORRICD
Wi, 2002 EREFEREETHY, RROBHLAD
Nighot-7- (Fig. 3), BEEASYRAREICET 5
2001 E L IRFIOBRNAEZ DN b, TOEREL T
i3, ERXAICHRE Sh727 < CEUB B A5
BLTWAEN L H LD, ARFEOKE, ST TR
RETHY, SLRHIFAREINELEZONS,

FHO DIV OEHEL LT, BESh b L
EEMEETLE2HT, TbIE VR T &L
TZOBOEFBIIBVTHIREEZ LD LR EHL I, £
BRICBWTH A fEfiL, BEOMT L KIC, 517
—EREONMTERTEH AR, REOMBEICK Lk
M THY, MEMICZTOBTEPE « HEFL /2
(Figs. 4, 7)., L TV BEIRIAEORELH
BEIAMTHY, EONLRYE L TIBEIHIOE
AHEE (Fig.8) &», WEILHFET AV P AKEL
bhb, ThHhD, KRFFEOERRICENT XA
A, BEROBRE LR, 59 FRabid D ZHHEL T
Wt L BT E D,

<A AHRDE DT Y 4 X, 2001-2003 F£D 3
FERTHEEREEICHEL ~HENLELERL
(Figs. 5, 6), @& (20014F) 123\ Tid, 8cm 7

SAETIIERE 7 5 AOKREZEBEKITY, Tbhid Y4
A KEL 727, 8-10cm 7 5 ADOMKETILH 6.4
m? T—EIl e - 1o, KEE (2002 F) Tid, fhk7 5
AU T, b9 A AR KL A, RHEEBE
(2003 4F) TiE, 9em 7 5 AL ThbiITH ¥4 ik
KL=H, ZhEDKRR 7 S ATR—BIC k-7, &
DX A XL, EEPRRT S ERBERBEAL,
TR EEB T HOICIERL TW T AR
TWAHB - T, HRREEDIEVEZERT LT AHA
b, BRE EDICHEKRTARBERED-DIT, bl
DY A ZXEWKL, BET5RYEREYHENSE 50
BRAD A, KPFRICKITH2002F0biE D4 X
I3, BEEEDIZH AL, LAL, 2001 4, 20034
DigbE VT4 XL, BAEEKRZ 5 X (20014 ; 8cm
75 A, 20034 ;9cm 7 5 A) CHKMEAIZELL
720

O OOIEKBEILELZRERE LT, BEEEED
SANELOND, Keeley® |}, fERETO-VUY
. Oncorhynchus mykiss D7biE ) ¥ 4 i3, FEEOME
B REE) BERZESTLEERELD, BELS
T EMNTHTEHERICEIVHOMICL 7, B
BEEICRARLCZOEDII DY 4 ZOEE, thid
NEEENCEET A LV —FA 7 THHIN TS, ZDH
T, BEEREEMEVEE, ZbiE VB fTENCR
FTAHLANF-HERE (AAT) BELkBDTbiT
DEIEKL, ZOHER, H<0&YW (RX 7419 b)) &
EBTHILNTE, —7, BRBEENSELL,
DX VBETEH~D I RINF—EE (DX ) K
THDbiE D3N, BETELR8Y (RXX7 4
v b)) @EADTE, LxhTws, £hid, Hihcky
LHETHLRABOERIE LN T, Norman and
Jones®) |3 Z X X & A £t Parma victoriae D7x bl ) o A
A3, FAEOBRERERICN L AOHEERH S L 2R
L7ze F a7 F a4 Chaetodon multicinctus Ti3
RBEOZEFENPEMLI- L&, Tbid )Y A XidfD
L, ARCHMTESI 2L T BREESET T
5,20 < X AT AT, S h/icffiokb
O ECAE GO FRERS, BEEEEEICHLAD
RS, WEHE L EREEICH LIEOHERY &0, &
BFRICBWT, 200148 BicfT- -BREERTIY, B
BT hEENBREINS L, TORICHFELI XA
MEBEOLEDIEN T4 X3 7.0£4.5m2 5 16.8112.0
MmN 24 BOFERIEAHLRD NIz, TOIK
3, ~AAMAESBREINZLICLDEREEE G
HLN)V) BETFL, BbiEDPBEcbhBErr L F—
BREE (aAr) BETLAEEROEAL DT Y OILK
(RRXTZ 49 b)) VWD, PU—=FF7ICLBEDIED
YA XDFEHREZOND, £/, 2001 FE7H2AHIC
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ATHEICR L THRIFLS o~ & A B, BB
£E5L, ThbbEEERELLRY, TORETHEK
bV EEE L. (Fig. 4 ; P38, £%%). UED
CEnG, KHRICHITH2001F (SFEE) ©
2003 4 (HHEESE) DR 7 5 ADOK X LMBEICE
T AHIEHIE DY A4 Ao—El FEKEROEL) (&, @
GRRFEPEELBERE U THEEL/CC L Rt
be IXAHADEDIEDY A XL, BEEEEERICHE
w5, BEREESMENE IR L, B%5 EfE
NEBEMBBHC EDPARHRICEDEL D L7,
St IIAAMBOLEDIEVEIE « HEHCBET 5 A
ERRT 4y PR ELICHEICRELS 2T, AR
BEOBERTI LR LI EbiE Y4 ZICE
ABFU—FAT70OBEBILVEGEEZONS,

AR TIE, <~ A REROBEEFE S 2DIE DY A
RICHEL, SIOIEREICOEES ZTRERSRES
Nz, TNHORKRIT, XA BEBIROBIC, BiiME
BB REST H L CEHEELR L0 5, LL, K%
THEHLE VA XERETAERLLT, 4212
DEBLEXRTHLAVOR, B, ZOHHICOVTL
BRINTWRWS 5%, RMERE~ XA RO
BHOEVICED LD EBEFEOOMFET A LIC L
D, SHICFHEMEEDIE VR - MERRELH O &7
D, FRCLDEEBIRERO S 575 5B% « E D
L LRI NS,

i 22

AP e O HICHIC), NTHEE L e SR ER R
i w1 L TRV A SO AR & R 5t
B KICHH T 5, AEICEL S OEEZN - TS
EEBI, WYLBE RTAW B R FEFIRRERE
4, RBRTZRF ARG A0 Fo R B2 L i
B 5, BAREZTOICHID, REOMNEZE
B FBICHE T SEEMET UWAICREL /2%
g, BAERICHERRT S,
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