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MuHumym suoos

* Oo 5-8%0 AoXOoAUT MMHUMYM MOPCKUX U
MWUHUMYM NPECHOBOAHbLIX BUAOB.
OOHapyxeHHOe BnepBble B bantuke
sABfIeHue MMHMMymMma BmaoB (Artenminimum —
Remane, 1934) 6bi15n10 3aTeM nokasaHo Ang
MHOIMX BOOOEMOB C rpaAUMeHTOM COJIeHOCTM.

5-8%0 — 3TO U Npeaen pa3MHOXeHUA
3BpUranunHHbIX doopm.

anIHLanVIaHbHaFI JKOoJNnornyeckKas rpaHula.



BeHeunaHckaa cucrema

A. J. Buiger et al.
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Fig. 1. Comparison of Venice System and estuarine salinity zones derived from multivariate analysis.
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Fig. 1. Number of marine animal species (1), brackishwater '
and euryhaline estuary-living animal species of marine origin
(2), and freshwater-living animal species or their descendants
(3). The left side of the diagram is adapted from REMANE
(1934), the right side constructed on the basis of data pub-
lished by HEupeerrm (1959). (After KuLesoviCl, 1002}
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Puc. 4. CmMellense KpHTHYECKOH COJIEHOCTH B CTOPOHY 60Jiee BbICOKHX
KOHUeHTpauuil B Bopax Kacnuiickoro H ApajbCKoro Moped no
CPaBHEHHIO C BOAOH C OKEaHHYECKHM COCTaBOM coJef



Pa3MHOXeHne n pas3Butune
9BPUranmHHbIX OpraHU3MoB
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Pelmatohydra oligactis, Herpobdella atomaria
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Fig. 1. Relative calcium content as a function of salinity

at various localities. 1 near Oslo, 2 Kiel-Bay, 3 Bornholm

Deep, 4 east coast of the Baltic Sea, 5 Kiel Inlet,

6 Arkona Deep, 7 east coast of the Baltic Sea, 8 estuary of the

Schwentine River, 9 estuary of the Schwentine River. (Based
on data by Wrrtia, 1940)
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Fig. 2. Belative increase of the jion ratios K: Na and Ca:Na in

waters of different galinities in Bute and knight Inlets, British

Columbia., Ordinate: lon ratio increase above 1009, {(normal
sea water). {Based on data by Kirsom, 1956)
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Fig. 5 a-d. Changes in the ratio
degree of dilution of the White Sea
estuary; b artificial dilution with
tory; c artificial dilution with Lake Krivoye water saturated
with Calcium carbonate; d artificial dilution with distilled
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CsounctBa Zn (E.H.LUymununn)
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O.Kinne (1972) npegnoxun
Ha3blBaTb BHELWHIOK COJIEHOCTb
OKOJ10 5-8 npomunne
(“aKonornyeckyro 4acTtb
KPUTNYECKOU CONEHOCTU" -

horohalinicum
horeo, zpey.= pasgenstio
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There Is No Horohalinicum’

Lewis E. DEATON

MICHAEL J. GREENBERG

C. V. Whitney Laboratory
University of Florida

Route 1, Box 121

St. Augustine, Florida 32086

ABSTRACT: Species abundance declines to a minimom (the Artenminimum) between 5 and 8%,
not only in estuaries, but in all bodies of brackish water. Khlebovich (1968) examined published
hydrochemical data for estuaries and concluded that sharp changes in the ionic composition of
seawater diluted with fresh water occur at salinities below 5 to 8%. He further argued that these
jonic changes constitute a physico-chemical barrier between marine and freshwater fannss. Kinne
{1971) gave the name “horohalinicum” to the segment of the salinity gradient between 8 and 5%o.
We have re-examined the data used by Khlebovich (1968) and found that, in fact, while the ionic
composition of diluted seawater changes slightly between 8 and 5%, the changes in fonic ratios
below 2%- are much larger. Thus, the proposed physico-chemical barrier does not exist between 8
and 5% it cannot thenr explain the Artenminimom; and there is no basis for the horohalinicam
concept of Kinne (1971). Two ecological explanations for the occurrence of the Artenminimum—a
species-area effect and the stability-time hypothesis—are discussed and found to be inconsistent
with published data on species distributions in brackish waters. The low species diversity of brackish
water may be explained, in part, by two factors: few animals evolve those physiological mechanisms
required for life in the variable habitat; and these species, which are very earytopic, have low rates
of speciation, :



lar numbers of molluscan species. Finally,
the stability-time hypothesis does not ex-
plain why relatively young freshwater lakes,
such as lakes Oneida and Cross, are more
diverse than the Baltic Sea (Fig. 5), even
though their recent geologic histories are
very similar, Comparisons between fresh-
water lakes and brackish seas may seem in-
appropriate, but the salinity difference be-
tween the eastern Baltic and fresh waters is
no larger than that between the Baltic and
Caspian seas. ‘

In summary, the stability-time hypothesis
joins the species-area relationship in not ex-
plaining the Artenminimum.

THE ARTENMINIMUM: AN
EVOLUTIONARY PERSPECTIVE

The species abundance-salinity curve of
Remane (1934) can be redrawn to show that
the number of brackish water species is
maximal at about 8%o (Fig. 6), an obser-
vation made about once every decade (Potts
and Parry 1964; Barnes 1974). This dia-
gram reminds us that brackish water should
not be viewed as a harsh, marginal habitat
for transient marine and freshwater species,
but rather as a unique medium with its own
well-defined, highly adapted fauna.

The uniqueness of this habitat is usually
attributed to its physical and chemical vari-
ability (e.g., temperature, dissolved O,, sa-
linity) over geologic, as well as historic, time
(Remane 1971). The physiological adapta-
tions characteristic of the brackish water
fauna comprise a set of mechanisms that
have evolved in response to this environ-
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. RELATIVE SPECIES ABUNDANCE

SALINITY (%)

Fig. 6. The species abundance-salinity relationship.

Freshwater species are represented by the curve on the
left, marine species by that on the right, and brackish
water species by the shaded area. The vertical distance

from the baseline 10 the curve represents the relative

number of species at any given salinity (redrawn from
Remane 1934; see Fig. 1).

of immigration by marine species into
brackish waters. As for freshwater species,

despite their brackish water ancestry, most |

cannot tolerate brackish habitats (Remane
1971). Thus successful adaptation to the ex-

tremely dilute conditions of fresh water is |

apparently accompanied, in all but a few
groups, by the irreversible loss of tolerance
to small increases in salinity.

Although low rates of adaptation and col-



CxoncTtBO MOHHOIO coctTaBa MOPCKOU BOAbI U
BHYTPEHHUX XNUAKOCTEen opraHn3amMmoB (Bo Bpemsit Bropou
MupoBou BOMHbI MOpCKas BoAa UCNOJSb30OBanachb Kak
KpoBe3aMeHuUTenb B bnokagHom JleHuHrpage u
OpuUTaHCKMX BOUCKaX)- Aano OoCHOBaHue

rosoputs 0 GHYMpeHHeuU cosieHocmu,
BblpaXxaf ee B NPUHATBIX B I'VI.EI,pOﬁVIO.HOI'VIVI eANHUNLUaX,

Y%oo.

Oka3anocb, YTO BHYTPEHHASA COJIEHOCTb
OKOJ10 5-8%0 norpaHn4Ha ansa ou3nonornyecKknx
N OMOXMMMNYECKUX NPOoLIeCCoB.
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B 3::icovocts onTueckoft TIOTHOCTH THAHGBHX BHTMKEK
IPeCHOBOJHKIX ;KUBOTHHIX OT cosienocTn cpepnl, (Ilo: Xme6Gosug, 1966).

1 - renaronankrpeac Astacus astacus, 2 — Tledenb Gaslerosteus aculealus;, 3 —

Hal0pbl u MaHTUA Unio pictorum; 4 — KOMHO-MYCKYIBHEH MeNmIOR Haemopis san-

guisuga, & — TOTAIbHO Spongilla lacusiris, 6 — IeYeHD Viviparus contectus,

IIo ocu abeyucc — CONEHOCTD, %/40; 10 0CU 0PHUHAM — OTHOCUTEIBHAS OIITHICCKAL
IITIOTHOCTB, % K KOHTPOJIIO.
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| Puc. 1.10. ConeBoit Gapeep M I7IaBHBIE MPOLECCHI B 30HE CMELIEHMsA PEYHBIX M MOPCKMX BOJ Ha
CXEMaTHYECKOM pa3pese yepes 3cryapuud. [Io JIncuusiny, 1988. -

] 1 - npecHue Boan; 1l - conodoBarnie Bonn; II1 - conernie soan.

- O6nacTH KOHUCHTPAUMM OCANOYHOrO BelecTBa Ha Gepoepe pexka-mope (“npobku™): 1 - wiosas npobka (MakCHManbHaR KOHLUCHTPAIIHA
B3BCCH, 3HAYHTEILHO NMPCBRIMIAIOIAS MCXONHYIO PEYHYIO); 2 - OPraHO-MHHepaTbHaA (DNOKKYNRUMA GYNUEBO-KUCIOT ¥ TYMHHOBAIX KHCIIOT
DacTBOPCHHBIX B PEYHOHR BOAC HA KOHTaKTe C MOPCKOH BOxOH, COOCAXACHHE PACTBOPEHHOIO Xeje3a H Ap.); 3 - 6uonoruueckas npobka -
pacuset GUTO-U 300IUIAHKTOHA CONOHOBATHIX BOX, [/iaBHKe Guonornueckne npouecchl Ha Hapbepe (3): a - MACCOBOE Pa3BUTHE PUTOMIAHK-
TOHa; § - MAaCCOBOC PA3BUTHE 300IUTAHKTOHA ((HHASTPATOPOB); B - MACCOBOC Pa3BuTHe GeHTOCA (JOHHBIX HUNbTPATOPOB). THNHMYKHNE KOHLIEH-
TPALUKM B3BCUICHHNX BEIECTE B BOAC HA DHCYHKE JaHH B paMxax (B Mr/m).

f



KoHuenuua KpuTn4eCcKom COsfieHOCTM!:
(XneboBny.1974)

- Y3KN CONEHOCTHbLIN anana3oH 5-8%o. BaXXHenLwWwunmn
3KONornyeckumn bapbnep, pasaensarowmm
NPeCHOBOAHYIO U MOPCKYHO (payHbI.

- ATOT 6bapbep ncTopuyecku onpeaenun
dm3monornyeckne apgantaumm nyTu 3BOJSTHOLUM NPU
OCBOEHUM HOBbIX cCpep.

- XapakTep ocagkoobpa3oBaHMA NO 06e CTOPOHbI
KPUTUYECKOWN CONMEHOCTU — BaXXHEULLUN
reosyiorm4eckum pakrtop.



« JcTyapHble 3KOCUCTEeMbI Pa3BMBalOTCSH B MecTax
CMeLleHUs peYHbIX U MOPCKNX BOA B rpagueHTe
coneHocTU. TepMUHBbI 3CTyapun, AenbTa, NaryHa
OTHOCATCS K reomopconormn. Ecnu B 3aTnx ob6beKkTax
HeT rpagueHTa COsIeHOCTU, OHN He UMEIOT OTHOLLEeHUSA
K 3CTyapHbIM 3kocuctemam. C opyrov CTOpPOHbI, K
3CTYapHbIM 3KOCUCTEMAM HYXXHO OTHECTM JlaryHbl W
pyKaBa genbT, €CNY Ha UX NPOCTPaHCTBaXx
NPOMCXOAUT CMeLLEeHUE PevHbIX U MOPCKNX BOA W
pa3BMBaeTCA COOTBETCTBYHOLWAsA OMoTa.



3CTyaprle JKOCUCTEMbI nNoAapas3aesiaAroTcs Ha
NMPUIINMBHO-OTIINBHbLIE WU 6eCI1pVIJ1VIBHbIe

becnpununBHbIX Oo4YeHb Mano. Ho UMeHHO B
HUX MOXHO M3y4yaTb B YNCTOM Buae
COJIEHOCTHbIe OTHOLUEHUS.

YHukKanbHocTb banTMnMcKkoro mopsi B ero
GecnpuUrIMBHOCTM.
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[ ogoBble KoflebaHus
NOBEPXHOCTHOW COJIEHOCTW
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YHUKanbHOCTb banTtumckoro mop4
B MSIaBHOM rpagueHTe CONEHOCTU
N OTHOCUTENbHOW CTAabUITbHOCTU
M3oranuH.



bantunckoe mope — naeanbHbI BOOOEM OIS
nccneaoBaHUM abnoTUYEeCcKUX U BUOTUYECKUX
NpoL,eCcCCOB B rpagMeHTE CONEHOCTEN.

30Ha KPpUTUYECKOWN CONeHOCTU B banTtuke ,
O4YEBUNOHO, CY)XEHa U HaxoamMTca OSIN3KO K
n3oranuvHe 5 %o

[TpnHUMNUanbHaga rpaHuua Mmexay onuro- u
Me3oranuMHHoOM 30HamMu (A4po 3CTyapHoOuU
9KOCUCTEMbI NPUXOONTCA Ha BbIXO4e U3 3aNBOB

duHcko20, bomHu4Yecko20, Pu)xckoeo,
Kypuwckozo. BucniuHcko2o u Odepckoz20



. CobcTBEHHO

. [laTckue nponusBbil:
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OT1aenbHble nogpernoHsl bantTuickoro mops

Bantuka

Katterat n benbT
BoTHn4yeckumn 3anuvs
PuUHCKNN 3anuB
Puxckumn 3anus
Kypwckuu 3anus
BucnuHckumn 3anuvs

Opepckun 3anue
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