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Biota in brackish lakes: Maintenance of biota through direct
and indirect salinity effects

Yasushi Miyamoto'

Abstract: Salinity strongly affects biota in brackish lakes not only directly through osmotic
pressure, but also indirectly through modiify water chemistry and through biological
interactions. These salinity effects are summarized as folidwsa drect effect through
osmotic pressure: the salinity level in brackisistems limits the biota to a set of organisms
that can live under these osmotic pressure conditihjndirect effect through water
chemistry: salinity often affects aspects of water chemistry such as dissolved oxygen and
nutrient content, and these impacts often result assnextinctions and shifts in the distribution

of organisms;(3) indirect effects through biological interactions: biota, affected by the above
mechanisms often experience further modifications through biological interactions such as
predation and competition. These findings strgragiggests that salinity shifts can trigger rapid
and large changes in biota, which result from both direct and indirect processes.

Key words: brackish-lake, direct effect, fauna, flora, indirect effect

# A L7EFEN LS DR ) TE R, BFEICRDY,
A A A LTF'EEH%EB@&%*&%& fL’) % z
WA EMERDNREE Y A& ) EKIBTIE, ke bl EDEH ENBRO T, FD 101, o KE
EHRLDIEHREL, FFHEOEWHSHER SN bl %82 eT, Aotz sk Tkw
e HMIE L H S N T Wb (Remane and Schlieper, 9 D TH 5 (A1), K& HERKDBEEDORED

1971; Cognetti and Maltagliati, 2000 Z D X 9 7, iX §IWET (7 77— ) D L9 Rkl TiE, Kol

(][

AKIBNZ BT B FeH DL & ”’\@E?H-f‘%pﬂf\t TEENCEERRE 2 E) BT S, 2 LT, ko
FOMFEDE 1L, [REEDZALIIC AN L{rb Gy s 2 e TIBOARKILERL, K

EZN B ER L CE (Hartog, 1967, Remane E 72056 OHEE O HE M % I# & ¥ % (Kuwabara,
and Schlieper, 1971; Schallenbeggal., 2003; Floder ~ 2001; =, 2001. /K O/ OHMAH Xk 2
and Burns, 2004 =15 ORF%EIE, EKIBICEFT T TEmRIL, BREILEVo7RKEDOZEE, &Y
HEZYOMARHEIREIIE T OBEHEN L ZZETICH DREBEIERL D AMIEO KIG 2225 & § %
52 EEIRL, RAKBOAEWHDOMERZ B W THS E, AYMHICERGZ B 529 5 2 LW, i,
DEBEN G NRPIEFFICEETHL L EZRLTE REMEO 12L LTRMEND LH ko7 (H
7z. H (T 2, 1998a; Ishitobkt al., 2000; Yamamuret al.,
Lo L, WA asWicsz 2228103, REL% 2000).

bR RESAIFSE 2~ 4 —  Center for Ecological Research, Kyoto University

97



98 HAR

u-n
" .Q

w
=
S
=
<
|/\
|
N
W
o
—
QD
..I“

*
. .
“ (2) " agn
* *

*amnn?

Water
variables
1 BRSBTS OERER - B0 AW
M9 B2, (1) REBEEX I L7 EEWN 7 22

(2) KE = - L-WiBm 2%, (3) MMM M %
I L 7o 7 .

Fig. 1. Schematic representation of direct and indirect

salinity effects on biota in brackish lakd) direct salinity

effect through osmotic pressure?) indirect salinity effect
through water variable$3) indirect salinity effect through
biological interactions.
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Table 1. Spatial variation of biota along salinityaglient in lake Nakaumi and lake Shinji
Organisms Distribution range References
Lake Shinji Ohashi river Lake Nakaumi Sakai channel
Low salinity < > High salinity
Macroalgae Freshwater Blackish Euryhaline Marine FKili, 1977
species species species species KB, 1986
Microalgae Freshwater Marine and KA, 1997
(Phytoplankton) and brackish brackish
species species
Benthos Brackish fauna Estuarine fauna HIZ7>, 1998a
(Polychaete)
Zooplankton < - > Uye et al., 2001
Copepods dominate
K&, 1999
KEBH, 1999
DR OMEFRAD LB 77 > 7~ TR, — EDHRLN, HEICEANEE (LR O 7 F 7 F

fRBIIZEN ST W A 5-7 psuD sy & 0 & i
CBMEA S 5 LS, WHRBOBEW T 7 b R
#£1ZMT LA H % F & © 7 Schallenbergt al. (2003
IZEDRENTW S,
1-2 BHOEEICIS U f:ﬁiﬁ*ﬁ@% t

HRifE & SREAGR TUE, oAb & YO
Ex Ay | ,Wﬁ%ﬁ%&btéwﬁ%’
VL RIS DWW TTE, HARHED S Wi, SEH,
FEMNANE WD I2oNT, WA T U TR
AL T B 2 LA S Tw b (B, 1977
(F1). FMEICTHLZ2E 221N E wbRLTW
57 v 7% g Gdidium, 7% ') Plocamiumtelfairiae

¥ Ulva pertusa, *+ =/ ') Gracilaria verrucosa, 7 7 H
/1) Gloiopeltisfurcata 7 &5 1), SSEM O AT F
TOESITES DRV T, EAREDOA D T+
/1) Enteromorpha prolifera, 7 ¥ -€ /') Scytosiphon
lomentarius X° > 4 I N T Ectocarpussiliculosus 2
B4 5 (KEF, 1986).

W75 7 TR, SO THETI R
A EAROKAEDT, TR B TR T DR SE ] T
KR L RKTER E LR L 7o T b (KA,
1997) (£ 1). WO 77 > 7 b VI LT
KR 1 m OIES iR & AL A D ) GEER,
1990, LWy A # > JEEAY 2,500-3,000 ppnC %k
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TERZEAELRZHL, NERMOBEFH 71 7I124D
5 ENHE I TV (FKIL, 1982). 34 IRED
AL L72AE 75 » 7 b RO ZABIZSE I T
HbRAOLNTED, 1994FEDPWOEITIL, KKk
5 W CARE 2 D { BHASFHEM TR Z K L,
YOKMERREESE, HEREEF o REWH LA D
s Twad (K4, 2001).
1-3 BHDOEALICIEL =X2 P XHBDOEAL

HfE & SRIEMAGRIZB W T, BHICRW TS &
Y ORI SN TWADIX, “HHELEH
LIy raNy N AOMETH L. LMD
WU, B0 F % B i & SE W O TS Rk
RS GEVATIO 5N T (1), He0YE
IZEWHhiETIE, = 3% A € F Paraprionospio
pinnata 73 7 9 % Z kIO @B RO £ E A
B3, BORHZ, SEHMICHE S DRV SSER TlE, v~
I Z ¥ 7 Prionospio (Minuspio) japonica 7% 5L Y |2 15
5T 5 ZRRED RN RKEIDSRO 5T\ 5 (FEH
(374, 1998a. F7-, “HHTIE, BKEMED SR
EINAHE T TOMAT AR > T, FHEOHH
DAL T 5 2 LaiiE ST b (1320,
1999; Il [1, 200D. & F 4 * 4 # 4 Mytilus
galloprovincialis & 7 X ¥ /' > 7 Anomia chinensis |&
WO BHEAEWE ZAIZHMmMBR SN, KM
A KA Musculistasenhousia, I 7> 777N
7' A Xenostrobus securis, ¥ 77 ¥ Crassostrea gigas (&,
HE IR A 2SR ST B (1L, 200D).
1-4 BHOEICHUEEMTZ 27 M HHOEE
Uyeetal., (2000 13, /il & SSEiARREZ G & L
T T s YRR 2B A R ATV,
WA IE U7 FEAL R O 22 Y 70 284k & #his L
72, SO®EHIZXY, B SBEIKEIZPTTO
JRVEIPHT, A7 VEPEBNICEET L2500
(1), AT HEBET 5 HEOHMBLAE R
WK U TZAL T2 2 LSO SNz, SR
ALV R E W Tk CEYE % 4 psu, Snocalanus
tenellus |2 & % By 22 88 5 255880 & 4L, RITHR 328
WV KAG I Tid ((F34 9.9 psu, Acartina hudsonica,
Acartina sinjiensis, Eurytemora pacifica, Oithona
davisae ZEFAE TN 5. HfE & ARHETIX Tld (P
16.4 psuk 21.7 psu, KGN TH72I2b o7z 41
DEHEDFREM OB SETE L L0 Y, IR S T
5 KGE Tl ((F34 24 psu, & 5 |2 Paracalanus spp. @
BEHESHET. RilEEARETXICBIT L0147 V8
DEERY BN, RIR (1999 & RIFE S (1999 (2
Lo TOHEREIN TS,

e

2 KEOZEEERAL HIESORBENLEHE

WARICE TN EIESE, BAREECRERRE
FEONRBEIZREREY G2 TW5, WHIKEIC
5.2 283, FICEREBILOEA KN TES
DE KR CBER 1SRN, FOWEBIIEY D5 R
FERERICECWe T 5. 22T, FTFhiEr&Ed
SFSE R CTHIZ SN TV B KEDZEALIZD
WTEH L, RICZFIUSER T 2 =W o2 iz
WS 5.

2-1 BRI KEICSZBFE

W IER T 2 KEDOZLSEHE IZEL 5D,
PR & HEROWRADOREEHGS <, BB 2 3555 HERg A%
TR S B EKIMTH B (GRKIBII BT 5K &
KROBEIZE L TIE, FHAK (1984, A7 (200D %
ZHR). 20 LX) KT, EFOEKEBHICE
WEHEIKIEDS TR ICAEL, BRI HEMIE > TLEIC
FTCLREERT LN, ENZITTY, il CAT,
2001; —JfK, 2000, #E7Ei# (Mikami et al., 2002, J&B&
% (Uedaet al., 2000, 44 (Sanukideet al., 1985
LDk A RIETAIONTWS,

HalE, TRETAUZEREARIED, EHIZLD
FRBIGEF TSN ETHLL. BB L-ES
DEKIMTIE, FEOEBERBRESTREICHG S
mnWZ bk, WEIZBIT A EERY OS5 HOEREILIC
X OEBENEBESEINT A2 LT, WESEMRIEIRRE
2. ZORER, BRRFESFMETTEL M4 DL
2 e % #% T (Gunnars and Blomaqvist, 1997 ik,
2001; Rozaret al., 2002 % £H8), ) Y EEEE) VR 7
VEZTREREOREENEELVERT A,
L CTlRAIIC, TNH OREEIZE AR K
TR K & 1L 5 (Uedaet al., 2000; = ¥k,
2001 . C OEMFEKIEDS, wHE DR S\ 7277104
UBERICE) FBIGEFETFONTHBE RS
(Mikami et al., 2002). H#DOFAE, KKk HHHR
B OSREREE DRV EEBKOKE Z, IETD
REBICHESE S, T/, HELRBEADPEL WY
HITEHFFIIEELET, KEHOW B0 L HLHA
TRE?»S EBI L TAHELLDATH S (Mikami et
al., 2002).

=0, BWEKH, ThbbIESRBTR SN
BHITIXET E AT, KREBEZ2EmREKELHEH
FRELZVWDOD, BFITMIKAL ) VERREY ¥
RT VEZTREFREORFEENENTH LT,
INHLORBIMOBENEINT AEWLH 5
(Jeppeseret al., 1997; Scheffer, 1998; Rozae al.,
2002). C Of@E[E, WKHROHEE A 4+ > HSE K &
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Table 2. Changes in water variables caused by salinity, anditsequential biota changes in various brackish lakes

Lake type Changes in Changes in Lake References
water variables biota
Deep Oxygen depletion Benthos extinction Lake Nakaumi ~ Yamamuro et al., 2000
lake (due to anoxia) Lake Hamana  Sanukida et al., 1985
Upward-shift of Lake Abashiri [ HIZ7>, 1998b
benthos distribution Lake Nakaumi ~ Yamamuro et al., 2000
L H, 2001
Upward-shift of Lake Nakaumi  Uye et al., 2000
Zooplankton distribution Harada et al., 1985
Oxygen depletion Littoral and pelagic Lake Nakaumi  Ishitobi et al., 2000
(due to blue-tide) organisms extinction
Nutrient increase Phytoplankton increase Lake Abashiri ~ Mikami et al., 2002
Shallow Nutrient increase Phytoplankton increase Danish lakes Jeppesen et al., 1997
lake Scheffer, 1998

Macroalgae increase

Delaware Timmons and Price, 1996

Inland Bays Rozan et al., 2002

mOEL L. JERICAVAALLZTEEA 4+ 2 1E, ik
BIC/NY T T O & 12X o THALKEIETL S
% (=ZJiK, 2001; Rozaretal., 2002 . LT, ZDhi
ILRFICEHE TN D MEDRER L WG L2k &S
THILT, REEPKFUERLEINLEOTH S
(Scheffer, 1998; Rozagt al., 2002). #5512, EFEDE
Kimfl, b BRI N7 7)) 7 D) & HEFE
27 HHECIE, EaRo—Ho RIeAIE S, K
o ORFEEOELIMEESINDL. 2D L) 7, %
WIEZKINIZ B 22 S o \wEIE OB, R
BAREIPEAZH TBE SN TV 5D (Jeppesent

al., 1997; Rozaret al., 2002).
2-2 KEOZEAIrEYHEICES Z 272
BRKED D 5 EKMCTIHAET 5 B FEKILR
HWNE, BRA AR KERIEEEL S, 5
DHAIEE TS S (£2)., — %I, TREICEm
FARPTER END &, ZTTHEIETHEEYDOKR
BILCUPEL, ZOHR, £ Q&Y THAMEN
FRIZHL EFSshs. ok RHEmERy A
B L CHRICHHE CH . hilFOIRICEFT T4 &
N NFRTA OGAL, BEEKIEPTER SN E
N, WITICEF T AERPERFERKIZISHINT
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BT AT & THOMBPKEZMEEIZHRD 5
n, OIS, BERFEARMATELT 5 BRkLIEIL, 2
MURICOAADRILN S ERHRESNTWES
(Yamamuroet al., 2000 (#£2). F 72, HiEH.LIcH
5 BUIEOMERCTIE, BFICEMEI AL HKE
A-5 mPGRICIEHEOABDTED LT v (11
[1, 2001 (% 2). EEEFAILOBHEIIG Uiz Y

N A DG A OZEE, $EEMIZBWTOHMENDH
% . 19304F M1 I3 MR 5 12 2 KR 14 m DL I AL
L, XV FADGA D 10mELEE TRO LN TW»
72708, TREOEHEDVHEAZSH T, EBERED
KETMEEICETLAL, 2L CT, XV b
AD55A S EmUETIER SN A oz (FHIZ
7, 1998b (% 2).

AT B IR F KON LR L Z T 5 DIE Ry
MRSz ETIE RV, hilETIE, BT
V7N YOG L KT OBEFEEEEDOBER T A
W7E 5, o OSMIEAMBEICE L EEOAIC
RENTWDLZEPHLNIZENTW A (Haradaet
al., 1985 (% 2).

BAEEF KD FELT 5 L, 2OEREIE FER
FEIICETRAZ EICR D, HMOBER, B
IZAF T 2 KB A H R BRI EBEN B x5
2% (3£2).19964E 0 8 H 2l CTHA L 72 H g,
# 3 Portunus pelagicus % {43 & 3 % HIRHE & JIEEE
DMHIEIZRKEDT % D 725 L 72 (Ishitobiet al..,
2000. HHIOFAIERT S Lot () o
BTN, #EMICBWTLHEHLDH S (Kuwabara,
2007).

—J5, BEFEORVEKMR, BWEKITH B
DHBEHNE {, KRB FEOAE L R WA
&, TE»o FRICREEI MMEINSZ & T, b
W7o rr b5 (322). BAEOBEAIVN
SVWAEDRAEW TIE, BERRFAKIITR S N5 HFHh
SEICTT, TRE»S FEAREEI G SN
LT, W7 7~ Anabaeba flos-aquae @ 7
V— LT 5 (Mikamietal., 2002 (£2). % 7,
F U — 7 OIREDEWIEAKY Lake Oslevkloster
TlE, HEGEEDBIN L 724E12, ko) FERE
) ViEENREIL, FRG LTRSS s by
DL < EMY 2EFHFED LT b (Jeppessen
etal., 1997; Scheffer, 1998 (2). o X 9 & ik
HOREIROWEINZ, WlE A 4 IRRE L7z, &Kk
N BT B S ORFEIROHELDIEETH 5
(Jeppessest al., 1997; Scheffer, 1998
R 2 S LB, REotm 7T o

FoTERL, REORKERZEMEE 255D
b5 (#2). KK = D Delaware Inland Bays
WEKBEORNFKFETH L., 22Tk, EFOH
AN KA ERE R IRREICla S &, 220545k
WA T 52 LT, REBEHOBfFENS—RENIC
BIN$ A2 MM 286 5T\ b (Timmons and Price,
1996; Rozaret al., 2002 .

3 EEMEEFRE%ZAL ZIESOBEMN AR

W OZALDNREL & KEDOZAL % L THEWHH
W2 b 7269 2 EIIBRICEHB L7280 7225, 2
D& BEWHOZEALIE, 257%5EWHOELE
FIERITIENH L. BELL, WMBICEETS
ETOEZYILH, &) —Ebh b DORIZNE
ENLHEMAHEFEHO A v b7 — 2 1ZfAAENT
WAENLTHEH., 2T, WHOEIB 24
YA DZEAL DS IR CHE U 5 [FERAHEA/EH 28 U 72
HEYFHOZAL NZOWTERT L. HRNICBNT,
Hifg - SSEEIKGR Tl 2 OB ORFZEEE A4 7 v
DT, ERNOEKMN & X GIAT b 2B A A &
BN EBR DGR % L ICHEANT 5.

3-1 EMNT I U7 NREOE(LERL 1-AEM T
Z>U M DB

FIKIZ B I RE O, W D2hDH
MHBEAEH 28T, W77 > 7 b 2mss
b, ZD 1O, WAHEINT 5 LR A4 XD/hE
WEW T T s b EST A7z, T Y
7T AHEREDPEEALEVIDDTH S
(2 3). WA R 3R BE 2SI L ARG (<2
psu ClX, W77 > 7 M OKRETH %KD I
Y v 2 (Daphniasp) 2MEL T 4. I Y IHOMM
W77 > 2 b A BHEEIEIER 1258 < (Pace,
1984; Carpenter and Kitchell, 1993 1% & A3 13 %
BN T T 27 N Y HBRIBICRA T 572012,
WAKOBRHENM ET A5 ZENLLAMSLNTHS
(Lampert et al., 1986; Hanson and Butler, 1994;
Scheffer, 1998. L2>L, 3 ¥ ¥ 2354 A/
SW/c, WORENENT AL LEZHLTLE
Vv, DD IR A XD/ A AT DSBS T
% (Jeppessest al., 1994; Moss, 1994; Schallenbeety
al.,, 2003 . Z DR, WY TF > 7 b AT B
HBEMETTH2DTHAL. 7 ~— 27 DEK Lake
Orslevkloster T, M REDMET 3 % FICEHY 7
S b BEOHRTI VY aEMELET AL,
ZLC, ZOWHITT v 7 by swgbTHI L
WL S T\ % (Jeppessed al., 1997; Scheffer,
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Table 3. Changes in biota caused by biological interactions in various brackish lakes

Causal changes Changes in

in biota biological interactions

Consequential changes Lakes

References

in biota

Large zooplankton Grazing pressure

decrease decrease
Planktivorous fish Grazing pressure
increase decrease

(due to trophic cascade)
Mysid increase Grazing pressure

decrease

(due to trophic cascade)

Phytoplankton Competition for light
increase becomes severe
Phytoplankton Competition for light

decrease becomes less severe

Phytoplankton increase

Phytoplankton increase

Phytoplankton increase

Macrophyte decrease

Photosynthetic bacteria

Danish lakes  Jeppesen et al., 1994

Danish lakes

Jeppesen et al., 1997

Jakobsen et al., 2003

Danish lakes  Aaser et al., 1995

British lakes  Irvine et al., 1993
Moss, 1994

Lake Abashiri  Mikami et al., 2002

increase

1998 (#£3). HilE AFE T THEY AL XD/ &
W 4 7 28 (Oithona davisae) 2B 5 2 L L D
(K3%, 1999; KFlE2, 1999, HilEARTIE, i
W77 7 bR AEMT T 7 b ORERE
5V ERTFHENS., ZOTFHREENITA LD
12, 19974F 12 HOARE LK.M BWTEYW 7 F
Y7 b OBENELCEALLC, sraTg
VamDHELWETEEON o7 (KRAEH,
1999.

3-2 REHXS—RKEBULEEMT T KD
N

W77 7 brEEMSEs b9 1 o0 MAM
HERIV LEMTH L. Z1E, HosiEns s
L, BT N R ERDEEIYNER L T0
KT F 7 N EEZ B LY, 3EEOME
EHTH A (M2;3£3). T [HEI AT —F
(trophic cascade] & M-(X4 4 FERIAH HAEMH C, 7Kkis

DERERTRWICESNL LD TH A (Brettand
Goldman, 1996; 1997 & F - BFH, 2003. ¥&55iE
WML LTIy Myl (M

Gasterosteus aculeatus) DN L, ZF1IZ)e L 72 Hid
75y b o, Frv—20MiBERE
L7288 L AV EBR O R S L M ST
W % (Jeppesest al., 1997; Jakobsest al., 2003 (5
3).Hhi#ETdH, T/ 0 Konosirus punctatus X2 3 1)

Hyporhamphus sajori, 1 /¥ Sardinella zunasi 7 &0
T N EAPINELVRAT EENORICH)
W77 7 b OREPKRL G5 L (Uyeetal,
2000, #Z:30EDOMICT T v 7 b AL,

FRZIBCTHY T v 7 Nz 722D
(Ishitobiet al., 2000, KW AT — FAPEL TV 5

WREMEDSE Z b B, 72721, ZOWEEMEIE, HiE
ST AN T T 7 3T T s

OB EICKRE G E 522w ET 5 FRLO
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Fig. 2. An example of trophic cascade in brackish lake.

THMEFET L. ZOFIEOHHE, TabEHEIC
BULKENAS— FOERMEEZRFT 572012
&, BT N T Y b OEIEE
RSB B IEMSLETH 5.

RENAr— 2@ THW 77 > 7 b2
RELEEWIAHEZTTIER Y, hilETH LR
5N5 7 IO (Neomysisinteger) b, B 75 >~
JNVERMETAZETHM T T 7 N RIS
5 LD, MINDOEK G E LA EE &
BENEROERLSLHS H» I X7 (Aaseret al.,
1995 (3 3). 7 IFUIHI P OBk~ oK CTEYY)
T by OBMBRBFRICEEES AT
Z & » & (Hanazato and Yasuno, 1998; Hanssbal .,
1990; Irvineet al., 1995; Most al., 1996), 1% & A%l
W77 7 b ICH 25T, HENICAEL T,
HIENTHEINS.

72720, TIONW 7T Yo AT BHIED
WL, W bAREHI AT — FE@BULHELZTT
E%8ZF9)THDH. O O 5 AR O
) VIBEREINE S5 2 LD, FIERORE X
DEAS 2 &N T WA (Aaseret al., 1995 . L7zh%>
T, 7T3IHIFKBEI AT —FEFTERL, SEl
OWIEDHALT, W7 T v 7 My a#ENsSETw»
HEZOLND.

3-3 WEMTS5 T b OEINIC & BKPREEDFD
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