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bacteria. Another specific consortium has been found in bitumen mounds at the natural oil seep Gorevoy
Utes in Central Baikal. Aquatic fungi of the genus Phytium, archaea, bacteria, including methanotrophic
bacteria, nematodes, and ostracods, were identified in the consortium. It is supposed that the mycelium of
aquatic fungi ingrowing the bitumen favors transportation of microorganisms into the bitumen. These
organisms use different hydrocarbons as a substrate, thus providing access of oxygen into deep layers of
bitumen. Hydrocarbon oxidizing bacteria may serve as food for nematodes and other organisms for their
existence inside bitumen mounds.
The work was supported by the RAS Presidium Program 23.8 and RFBR project 14-44-04126.
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Osepo baiikan xapakTepu3yeTcsi HAIMYHEM Pa3HOOOPa3HBIX T€OJIOTHUECKHX CTPYKTYp Ha IHE,
NPUYPOUYCHHBIX K 30HaM pa3jioMOB. B mocneanue roapl Npy MOMOIIX CPEACTB MHOTOIYYEBOH 3X0IOKAIHH,
0aTUMETPUIECKOI CheMKH B COYETaHUH C CEHCMUYECKUMHM JaHHBIMHU M JaHHBIMU COHapa 00KOBOro 0030pa,
3aKapTUpOBaHbl M OINMCAaHbl HOBBIE DPAHOHBI, B KOTOPBIX IIPOUCXOAUT BBIOpOC (UIIOUIOB W/MIU
rpsI3eBYJIKAaHUYIECKON Opex4nu u oOHapyxeHbl 3anexu ruaparoB merana (Khlystov et al., 2013). Bo Bcex
9THUX pailloHaxX OTMEUYEHBI pasrpy3Ka MeTaHa B BOAHYIO TOJINY M MOCTYIJICHUE XUMHUYECKHX COEAMHEHMH,
KOTOpbIE€ MOTYT CIIy’KHTb JOINOJHHUTEJBHBIMH HCTOYHMKAMU SHEPrHM U OPraHUYECKOro yIiepojaa A
OEHTOCHBIX coo0mIecTB o3epa baiikan. B paifoHax METaHOBBIX CHIIOB M TPSA3EBHIX BYJIKAHOB Pa3BUBAIOTCS
OEHTOCHBIE COOOIIECTBA, KU3IHENEATEIHHOCTh KOTOPHIX OCHOBAaHA Ha YIIIEBOJIOPOJAX, MOCTYMAIOMINX U3
JOHHBIX ocankoB (Zemskaya et al., 2012, 2015). B paiioHax ¢ aHOMaJbHBIM COCTAaBOM MOPOBBIX BOJ
IUIOTHOCTH IIOCENIEHUs Meio- 1 MakpoOeHToca B 1.5-10 pa3 BbllIe M0 CpaBHEHUIO ¢ (OHOBBIMU paifoHaMu.
Jns KUBOTHBIX OPTaHMU3MOB TIIYOMHHOM 30HBI 03€pa OTMEYEHBI pa3HOOOpaszHbIe MUIIEBBIE CTPATETHH,
o0ecrieynBaronIye CynieCTBOBAHUE OIPOMHOTO KOJIMUECTBA SHJIEMUYHBIX BUAOB, TaK OTIHUaromero baiikan
OT OpYrux MPecHOBOJIHBIX 3KocucTeM. Ha ocHOBe aHann3a 3HAa4eHWH CTAaOMIBHBIX U30TOIOB yriepoja U
a30Ta B TKAHAX XKUBOTHBIX YCTAHOBIICHO, YTO UX JKU3HEAEATCILHOCTh OCHOBaHA HA XeMO- (METaHo-), (oTo-,
U MHUKCOTpoduu. SIpKkuM ImpHMeEpoM CyLIECTBOBaHUS OMOJIOTMYECKUX COOOIIECTB 3a CUET HCIIOIb30BAHUS
yriaepoga MeTaHa SBISIOTCS JKeleoOpa3Hble MHUKPOOHBIE MaThl, (OPMHPYIOIIMECS Hal CIOSIMU
ra3orugpatoB B paiioHe mertanoBoro cumna Cankr-IletepOypr (Cpenuuii baiikan). KonuenTtpauus moHOB
xJjiopa, Opoma, cynb(dara, aneraTa, KajablMs, MarHus, ’eje3a B MUKPOOHbBIX MaTax Obiia B 2-40 pa3 BbllIe
10 CPaBHEHUIO C TOPOBOM BOJOW W3 TMOBEPXHOCTHBIX OCAJAKOB W C NPUJAOHHOW BOJIOH. Bbicokoe
coaepxkanue Cypr. B MaTax (10 6%) U 00J€rYeHHBIA H30TONHBIN COCTaB YIiiepo/1a OEHTOCHBIX KUBOTHBIX U3
JTAHHOTO paifoHa CBUAETENHCTBYIOT O 3HAYMMOW POJIH YIIEpoaa MeTaHa, KOTOPBIM MOCTyHaeT U3 JTOHHBIX
OCaZKOB W BOBJICKACTCS B KPYroBOpPOT MeTaHOTpOo(HBIMU Oakrepusimu. Eme oauH cBoeoOpa3HbIN
KOHCOPLIMYM OTMEYEH IPU HCCIENOBAaHMM OWUTYMHBIX IIOCTPOEK B pailOoHE ECTECTBEHHOIO
Hedrenposienuss ['opeBoii Yrec B Cpennem bBaiikane. B cocraBe KoHCOpuMyMa HICHTU(DHUIMPOBAHBI
BoJHBbIC IpuOBI poma Phytium, apxeu, OakTepuu, B TOM YHCIIE METAHOTPO(HBIC, a TAKKE HEMAaTOIbl U
ocTpakojbl. BrickazaHO NpeAnoyioKeHHe, YTO MHUUENUH BOJHBIX T'pUOOB, mMpopacTas BHYTpb OHMTYyMa,
CIOCOOCTBYET TEPEMEIICHUIO BHYTPh MHKPOOPTaHW3MOB, HCIONB3YIONMX B KadecTBe cyOcTpara
pa3InvHbIe YIIIEBOJOPOJBI, U TaKMM 00pa3oM, oOecreunBaeT JOCTYN KHUCIOpOJa B TIYOWHHBIE CIIOH
OoutyMma. YTIIEeBOJOPOAOKUCISIONINE OaKTepuu, B CBOIO OYepelb, MOTYT CIYKWUTh NMULIEH HEMaTolaMm H
JPYTUM OpraHu3Mam, o0ecreurBas UX CYIECTBOBaHHE BHYTPH OUTYMHBIX ITOCTPOEK.

HccnenoBanus BRIMOIHEHBI IPU nogaepxke npoekta no [Iporpamme IIpesnnuyma PAH 23.8.

ECOLOGICAL CRISYS IN THE COASTAL ZONE OF LAKE

BAIKAL

Timoshkin O.A., Malnik V.V., Sakirko M.V., Bondarenko N.A., Rozhkova N.A.,

Sheveleva N.G., Volkova E.A., Nepokrytykh A.V., Zaitseva E.P., Medvezhonkova O.V.,

Lukhnev A.G., Zvereva Yu.M., Poberezhnaya A.E., Shirokaya A.A., Potapskaya N.V.,

Tomberg 1.V., Domysheva V.M., Timoshkina E.M., Kupchinsky A.B.
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Interdisciplinary research of Baikal coastal zone (splash zone including) has been performed
within 2007-2014. Significant changes of the structure and quantitative characteristics of the shallow
water benthonic communities were detected at the scale of the entire lake (Timoshkin et al., 2014 — most
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References can be downloaded from www lin.irk.ru). During 2007-2012 it has been performed
sporadically, in restricted areas of Bolshye Koty and Listvyanichny bays only, due to lack of financial
support (Kravtsova et al., 2011; Timoshkin et al., 2014; Kravtsova et al., 2014). Methods and main results
of the ecology of splash zone investigations were published in 13 papers (for review, see: Timoshkin et
al., 2011). Taxonomic composition and quantitative characteristics of macrophyto-, macrozoobenthos,
plankton communities, as well as hydrochemical, hydrological and microbiological parameters of the
near-bottom and surface waters were investigated in the shallow water zone. Several round-Baikalian
spring-summer and autumn expeditions were organized since 2013, due to initiative of acad. Grachev
M.A.

When these processes started? Or — when they were expressed most remarkably? For lack of the
regular round-Baikalian survey of the shallow water communities before 2010, one can provide only
approximate answer, based on the limited research in South Baikal. Most probable starting point is 2010-
2011. Most significant changes detected in the macrophytobenthos communities. Conclusions on possible
changes of the macrozoobenthonic communities (except for sponges, see below) can be made after on-
going quantitative sample analysis only. Chronology and brief characteristics of these unusual and/or
negative ecological processes, which have been found within 2010-June 2015, are given below.

1. Two independent groups of experts (ob. cit.) reported on significant, large-scale modifications
in composition and productivity of the dominant macroalgae, detected in 2010-2011, in two local South
Baikal bays (Bolshye Koty and Listvyanichny). Mass development of non-typical for open Baikal green
filamentous algae of Spirogyra genus (at 0.5-10 m depths) and abundant late autumn bloom of another
filamentous algae Stygeoclonium tenue, in the shore line zone (first algal belt), which usually occupied by
Ulothrix zonata filaments. Later on (2013-2014) Spirogyra mass blooming was detected in the shallow
water zone at the scale of almost entire lake: Severobaikalsk and Nizhneangarsk cities; Onokochanskaya,
Boguchanskaya, Senogda, Ludar’, Ayaya, Amnundakan, Davshe, Bargyzin (northern coast, off
Maximikha, Rovesnik etc.) bays; Babushkin, Tankhoy, Baikalsk, Slyudyanka, Kultuk cities; old
Baikalian railway, Listvyanichny, Obuteikha, Bolshye Koty, Bolshoe Goloustnoe, Peschanaya, Babushka
bays. It means, that Spirogyra spp. massively developed and even dominated in the shallow water zone of
the eastern, and in many areas of the western coasts. As distinct of comparatively shallow eastern coast
with more or less homogeneous distribution, algal blooms along the western coast have been strictly
concentrated opposite of the coastal settlements and the centers of recreation activity. Surprisingly
enough, the development maximum of Spirogyra is detected during the autumn (September-October)
with low water temperatures (4-8° C). Two areas (Listvyanichny Bay and Tyya-Senogda coast) of 15-20
investigated so far are characterized by all-the-year round mass bloom of Spirogyra spp. Drudge
samplings, performed in Boguchanskaya Bay and opposite of Tyya River mouth (autumn 2013),
evidenced, that the Spirogyra filaments are quite abundant till 10-20 m depth. Wet biomass of the alga
varied within 100-1500 g/m? what is compatible and even higher of the analogous indexes known for
Baikalian algae of the 1-st and 2-nd algal belts. Late autumn Stygeoclonium mass bloom was typical for
the 1-st algal belt in 2013, as well as in 2014 in many areas of all 3 basins.

2. Significant increase of the typical Baikalian macroalgae wet biomass (productivity) in the
shallow water zone. For example, the algal biomass of the 1-st belt (with U. zonata dominating, June
2015) in some areas of North basin varied within 3-5 kg/m? what is much higher of the analogous
indexes known for the former times (VMbx6omausa, 1990: maximum in June — 0.5 kg/m?).

3. Mass development of the «saprophytic» (see below) and «free-living» blue-greens in several
areas of the lake. Significant amount of the Oscillatoriales filaments have been found in the drudge
benthonic samples, taken from 10-15 m southern of Peschanaya Bay, in summer of 2013 and 2014. Their
mass blooming found as well in the shallows of Bolshye Koty, Barguzin bays, etc. (Phormidium,
Oscillatoria, Tolypothrix spp. and others).

4. Giant coastal accumulations of rotten algae (Spirogyra, Elodea and other higher water plants,
blue-greens, Cladophora glomerata etc.), wet biomass of which may exceed 90 kg/m<, detected within
2013-2014 at the first time. They are located in the splash zones of Tyya—Senogda beach, Chyvyrkuy
(Monakhovo) and Barguzin (Maximikha, Rovesnik) bays, MRS, Shida Bay and Kultuk coast. Abundant
coastal accumulations, mostly consisting of the “free-living blue-greens” (Tolypothrix spp., etc.) detected
in Barguzin Bay at the first time. Giant algal accumulations on the coasts are typical for the late summer
or autumn seasons. However, one of them (consisting of typical macroalgae of this area) was found
unusually early — in June 2015, opposite of MRS settlement, at the first time. Evidently, seasonal
maximum of the local algae development may occur earlier than before.

5. Mass Gastropoda extinction (mostly — representatives of Lymnaea genus) is described in 2013—
2014: billions of the died shells found on the sandy beaches between Tyya and Senogda. These
“cemeteries” are located along the areas of the most abundant Spirogyra development and influenced by
sewages from Severobaikalsk City. Less abundant Lymnaea shell accumulations found along the splash
zone, off Maximikha settlement in Barguzin Bay (June 2015).
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6. Mass extinction and several kinds of diseases of endemic Lubomirskiidae sponges at the scale
of the entire lake were described in 2013-2014 (Tumomkun u ap., 2014). All 3 ecological forms of the
sponges (branched, encrusting, globular) can be sick. Over than 50 dives performed in 2014. Depending
on area, from 30 to 100% of branched Lubomirskia baikalensis specimens were either sick or damaged
and died. According to Dr. Ch. Boedecker (pers. comm.), in most of the studied areas of South basin
(September 2014) this process was limited by isobaths 15-20 m. Deeply leaving sponges were found to
be sick in June 2015.

It was described, that the most distributed sponge illness is accompanied by mass development of
the “saprophytic” blue-greens of Phormidium genus (Tumomkun u np., 2014). The filaments are cherry-
red and moving. Light-microscopic analysis evidences, that each affection patch on the sponge surface
consists of 1-2 dominating blue-green species (90-95%). Different deformations and damage of the
external sponge surface (=beginning stages of its extinction) in most cases (50-80%) happen prior to the
mass blue-green development. According to preliminary data, the branched sponges, dwelling in the
South Basin (Listvyanichny, Bolshye Koty Bays, off Chernaya River mouth) are most of all affected by
illness. Much less damaged or even healthy L. baikalensis specimens were found around the north-
western coast area, approximately located between Elokhin Cape and Bolshye Olkhonskye Vorota Gate.
Nota bene: the same coastal area has been found to be free of mass Spirogyra blooms in 2014.

7. High concentrations of the fecal indicating bacteria have been determined in the surface and
near-the-bottom water layers along the coasts opposite the settlements. The same is true for the interstitial
waters (especially — under the coastal accumulated algae) of the splash zone. For example, the enterococci
concentrations may exceed 2000 colony forming units per 100 ml.

Results of 13-years long investigations evidencing on the large-scale, so-called "hidden™ (or —
indirect) eutrophication of the splash and the shallow water zones of Baikal (Timoshkin et al., 2014;
Timoshkin, 2015). Huge amount of the pure waters and the active turbulence prevent the creation of the
stable areas or patches with high nutrient concentrations in the water column (what is typical scenario of
eutrophication in many shallower and smaller lakes). Extra nutrients entering Baikal coastal zone through
the inlets (1) and, what is typical for most of the settlements without sewage purification system, through
the coastal ground, by passive filtration (2). Therefore, the most illustrative ecological changes happen in
the near shore zone and related to shallow water benthonic (bottom) rather than planktonic (water
column) communities. According to preliminary data for 2012-2014, sewage of Severobaikalsk only
contributed into the shallow waters of the north top of the lake up to 6 tons of P (PO*) annually. It was
the main reason of the most abundant Spirogyra bloom ever detected during all history of limnological
research on Baikal. Total wet biomass of costal accumulated algae (95-97% of Spirogyra), detected along
to 8 km of Tyya-Senogda beaches in autumn 2013, exceeding 1400 tons.

According to the senior author, the main reasons of the negative ecological processes described
are as follows: a) long-lasting discharge of non-properly purified (or not purified at all) sewages into
shallow water zone (Severobaikalsk, Babushkin, Baikalsk, Slyudyanka and other cities); b) destroyed
purification stations, which were constructed during the USSR period (Ust-Barguzin) or their absence in
the largest coastal cities and settlements, where the active construction of the hotels and recreation centers
is taken; as a result —passive sewage filtration through the ground into the coastal zone; ¢) mass discharge
of the sewage from the numerous ships and vessels. According to the world literature (for review, see
Timoshkina, in press), mass Spirogyra bloom is often accompanying the areas with non-properly purified
sewage discharge. Two other factors such as artificial water level fluctuations and climatic changes may
be crucial for the mass development of the macrophytes. All the factors are detected in Baikal. However,
to the mind of the senior author, climatic changes may only catalyze these processes, but barely can play
the dominant role. Extra nutrient income should be considered as the most important factor of mass algal
blooms.

All these negative phenomena observed in the lake for the past four years, have not been
documented and are not reflected in the government reports on the state of the ecosystem of Lake Baikal
in 2011-2014. This situation clearly shows the inefficiency of government monitoring system of Lake
Baikal because it is almost exclusively concentrated on the survey of the central water body of the lake.
Shallow water zone (and splash zone), which are the most indicative from the viewpoint of potential
anthropogenic influence, are not included into the monitoring system. Therefore it is not in principle
capable of diagnosing the possible destruction of the ecosystem bottom occurring due to the “hidden”
eutrophication.

Investigations performed within the federal project Ne 01201353447 «Current condition,
biodiversity and ecology of the coastal zone of Lake Baikal» and partly supported by RFBR project Ne
13-04-01270 and by director of the Institute, academician, Grachev M.A.
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H.A., llleBeneBa H.I'., BoakoBa E.A, HenmokpbiThix A.B., 3aiineBa E.Il., MenBe:xoHKkoBa
0.B., JIyxneB A.T'., 3BepeBa 10.M., [1oGepexnas A.E,
HIupoxkas A.A., [loranckas H.B., Tom0epr U.B., lombimesa B.M., Tumomkuna
E.M., Kynunnckuii A.B.
Jlumuonoruueckuit unctutytr CO PAH, r. Upkytck, Poccus
tim@lin.irk.ru

PesynbTaThl MEXAMCIMIUIMHAPHBIX HCCIIEOBaHUN NMpUOpe:KHOH 30HBI baiikana (BkiIrouas 30HY
3ariecka) 3a nepuox 2007-2014 rr. cBUAETENBCTBYIOT O 3HAYUTENBHBIX M3MEHEHHSAX B CTPYKTYpe H
KOJIMYECTBEHHBIX XapaKTePUCTHKaX MEJIKOBOJHBIX COOOmecTB JHa B MacmTabax Bcero o3epa
(TumomikuH u np., 2014). B 2007-2012 rr., u3-3a OTCYTCTBUSI (DMHAHCHUPOBAHHUS, OHU IPOBOJIMIUCH
OTpaHUYCHHO, B paiione 3anuBoB bomnwine Kot u Jluctesuununsiii (Kpasiosa u ap., 2011; Tumomkud u
ap., 2014a; Kravtsova et al., 2014). Metoasl W OCHOBHBIC PE3YJbTAaThl HCCICIOBAHUN 3KOJIOTHH
3aIJIECKOBOM 30HBI OTpaXkeHHI B 13 myOnukanusax (063op: TumomkuH u ap., 2011). B menkoBoHOM 30HE
M3YYJaJINCh COCTaB M KOJHMYECTBEHHBIC XapaKTEPUCTHKH COOOIMECTB MAaKpO(HUTO- W MaKpo3000eHTOCa,
TUTAaHKTOH, THIPOXUMHYECKHE, THIPOJIOTHIECKUE U MUKPOOHOIOTHYECKHE XapaKTEPUCTHKH TPUIOHHBIX,
MMOBEPXHOCTHBIX cJoeB Bonbl. Haumnas ¢ 2013 r., 6maromapst mognepxkke mupekropa JIMH CO PAH,
M.A. I'padyeBa, OBLIO OPraHM30BAHO HECKOIBKO BECEHHE-JETHUX M OCEHHUX OSKCIEOUIINKA TO0 BCEMY
o3epy. B cmiy OTCYTCTBHS perymsipHBIX KpyroOaiikamsckux HaOmomerwmii mo 2010 1., Hagamo STHX
M3MEHEHUIl MOYKHO JAaTHPOBaTh JHIIb MPUMEPHO, MO pe3yiabTaTaM HccienoBanuil B FOxuom baiikane.
BepostHas «rtouka otcuera» — 2010-2011 rr. Hawbomee 3HaYuMBbIE MEPECTPOWKH MPOM3ONLIA B
coo0mecTBaX MakpoHUTOOCHTOCA. BBIBOABI IO BO3MOXKHBIM H3MEHEHHUSM B COOOIIECTBAX 3000€HTOCA
(kpome Ty0OK) BO3MOJKHBI JIMIIB TIOCJE aHadu3a OTOOpaHHBIX Mpo0. Hmke mpuBemeHBI XPOHOIOTHS
COOBITHI U KpaTKasi XapaKTepPUCTHKA OCHOBHBIX HEOOBIYHBIX M HETATHBHBIX YKOJIOTHYECKUX IPOLIECCOB,
oOHapyxeHHbIX Hamu 3a niepuoxa 2010 — urons 2015 rr.

1. B 2010-2011 rr., 1ByMsI HE3aBUCHMBIMH TpYyIIIaMH HcciienoBaTesneil (0b. Cit.) oOHapykeHbI
KpYITHOMAcCINTa0HbIE M3MCHEHHsI B COCTaBE W MPOAYKIHMOHHBIX XapaKTePHCTHKAX JOMHHHPYIOIINX
MaKpOBOJIOPOCJICH MEJIKOBOJHOM 30HBI OTICNBHBIX 3anuBOB FOxHoW kotinoBuHbl (Bonbmue KoTel u
JIMCTBIHUYHBIN). DTO BBIPAXKAJIOCh B MAaCCOBOM Pa3BUTHHU paHee HE CBOMCTBEHHBIX balikamy 3esIeHBIX
HHUTYATBIX BOJIOpociel poma Spirogyra (riay6ounst 0.5 — 10 M) ¥ HEOObIYAWHO MAcCOBOMY Pa3BHTHIO B
MO3IHE-OCEHHMM IIEpHOa APYroi HMT4aToi Bomopocad — Stygeoclonium tenue, B 30He mmEpBOTO
pacTuTenbHOro mosica, o0blYHO oOpasyemoro HutdaTkoit Ulothrix zonata. B 2013-2014 rr. maccoBoe
[BETEHHE CIIMPOTHUPHI OOHAPYKEHO B MEIKOBOJHON 30HE NPAaKTUYECKH B MacIiTa0ax BCEro o3epa:
CesepobOaiikanbck, HmxHeanrapck, Oyxtel OnokodaHckas, borydanckas, Cenorma, Jlymaps, Ass,
Awmnuynnakas, [lasme, bapry3unckuii 3anuB (ceBepHOe TTodepexne, Makcnmuxa, PoBecHHK), baOymkuH,
Tanxoit, baiikanbck, Caoasaka, Kynryk, KBX/I, Jluctesnka, O6yrenxa, boi. Kotel, Oyx. Ilecuanas,
babymika, boa TomoyctHoe. CrieoBarenbHO, B OCEHHHM MEpHOM BHIBI poaa Spirogyra B Macce
BCTPEUAINCh WIIM JaXe JOMHUHUPOBAIM B MEIKOBOJbE NPAKTUYECKH BCETO0 BOCTOYHOTO W MHOTHX
y4acTKax 3amajHoro mobepexns. Ha 3amagnom mobepexnse HOXH. KOTIIOBUHBI Pa3BUTHE BOJOPOCIH
YEeTKO OTPaHUYMBAIOCH MEIKOBOABEM BO3JIe PUOPEIKHBIX HACEICHHBIX MYHKTOB M IICHTPOB PEKpeallvy.
IIux pas3Butust crouporup baiikana npuxoauTcs Ha oceHb (CeHTIOpb-oKTAOpH). Mx MaccoBas
KpYTJOroAWYHAsl BEreTalsl MOKa CBOMCTBEHHA Wb JABYM M3 15-20 HM3y4eHHBIX paliOHOB: 3ail.
JluctBaanuHbi 1 MenkoBoabe Twis—CeHorma. Pesymbrarhl aparupoBaHus, mpoBeneHHeie B 2013 T.
HampoTUB YCThd p. Twii u B TyOe Borywanckoii (CeB. bBaiikan) CBUAETENBCTBYIOT O BHEIPECHUH
CIHPOTHPHL B OTKpBITOE 03epo A0 TnyomH 10-20 m. BrwlsicHeHO, 4TO chIpas Ouomacca CIHUPOTUPEI
COMOCTaBMMa WM JaXe IMPEBBIIIACT AaHaJOTHYHbIE 3HAYCHUS, XapaKTepHble Uil OalKallbCKUX
MAaKpoBOJOpOCIe 1-ro M Jaxke 2-To pacTUTENIbHBIX TMOsICOB. MaccoBoe IMO3/IHE-OCEHHEE pa3BUTHE
CTHTEOKJIOHMYMa B TIPHYPE30BBIX COOOIIECTBAaX BCEX TPEX KOTIOBHMH HaOmoAanock kak B 2013, Tak u B
2014 rr.

2. YBenndeHne ChIpoil OMoMacchl (MPOIYKTHBHOCTH) OalKanbCKHX MakKpO(HTOB MEIKOBOMbS.
Tak, B mrore 2015 1. 6momMacca B IEPBOM pPACTHTEIHLHOM I0Osice (C MOMHUHUPOBAHHEM YIOTPUKCA)
HEKOTOpBIX yuacTko Ces. Baifkama mocturama 3-5 Kr/M%, 9TO MHOTOKPATHO MPEBBIIIACT MAKCHMAIbHBIC
3HaueHus mponutsix et (MxGommmna, 1990: HIOHBCKHIT MAKCHMYM He mpeBbimact 0,5 kr/m2).

3. MaccoBoe pa3BuTHE «carpo(UTHBIX» (CM. HUXKE) B «CBOOOTHOKHUBYIINX» ITHAHOIIPOKAPHOT B
HEKOTOpbIX pakoHax o3epa. Jlerom 2013-2014 rr. OrpoMHO€ KOJHYECTBO OCIUJUISITOPUEBBIX
[IMAHOMIPOKAapHOT oOHapyxkeHo Ha ri1. 10-15 M npu aparuposannu roxHee Oyx. [lecuanoit. 3HaunTensHOE
pa3BUTHE OCHTOCHBIX I[MAHONPOKAPHOT HAONIONAIOCh TaKXKe B MeIKoBogbe ryOnl bon. Kortsi,
baprysunckom 3anuse u ap. (Phormidium, Oscillatoria, Tolypothrix spp. u xp.).
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4. B 2013-2014 rr. oOHapyxeHbl TruranTckue OeperoBbie ckomrenus (BCJl) rHuUrommx
BOJIOpOCIICH pPAa3IMYHOrO CocTaBa (CIUporupa, smojes, nuaHompokapuotel, Cladophora glomerata,
BEICIIIME BOJIHBIE PAaCTEHUS W Jp.), JOCTHUTAIOIINE 1O CBIpOMY Becy a0 90 kr/M%. CTOJIb MacCOBBIE BCI
oOHapy)XeHBI I o3epa BHepBele. OHHM TPHUYpPOUYEHBI K TPHOPS)KHOW 30HE 3amagHee T.
Ceepobaiikanscka, UnBbIpkylickoMy 3aimBy (MOHaX0BO), I0KHOMY ITOOEPEkKbI0 bapry3mHCKOTO 3amuBa
(Makcumuxa, Poecunk), MPC, Oyx. llluga m moc. Kyntyk. B bBaprysuHckoMm 3aiuBe BIIEpBbBIE
oOHapyxeHbl 3HaunTenbHble bBCJ[ ¢ JOMHHUPOBaHHMEM «CBOOOTHOXHBYIIHMX» ITHAHOMPOKAPHOT
(Tolypothrix spp. u mp.). I'mranrckue BCJ 00BIYHO Pa3BUBAIKCH B TO3IHE-IETHHM, OCEHHUN ITEPHOIBL.
Bnepsrie mist utonst oounapyxeno rurantckoe bCJl u3 Oaiikanbckux makpodutos B paitone MPC (2015).
CrnenmoBatesibHO, MACCOBOE UX PA3BUTHE B CE30HHOM acIleKTe CABUTaeTCs Ha Ooliee paHHUE CPOKH.

5. B 2013-2014 rr. oOHapy>xeHbI HACTOSIIIUE KJIaA0UIIA OPIOXOHOTHX MOJUTIOCKOB (B OCHOBHOM,
JUMHEH]1), COTHH THICSY PAKOBHH BBIOpomieHb! Ha Oeper. OHM TpUypodeHBI K MecTaM Hamboee
MaccOBOTO pa3BUTHS CIUPOTUPHI, HA CEBEPHOI okoHewHoCcTH o3epa (Cenorma—3apeunsiif). B utone 2015
T. aHaJIOTHYHBIE, HO HE CTOJIb MaclITa0HbIe Kiaa0uiia 0OHapyKeHbI HAIIPOTUB Moc. Makcumuxa.

6. B 2013-2014 r., B macmrabax METKOBOAHOW 30HBI MPAKTHUYECKH BCEro 03€pa, BBIABICHO
nmopakeHre (rudesb, HECKOJIbKO BUJOB OOJE3HEH) IHIEMHUYHBIX OailKalbCKHX T'yOOK — KaK KOPKOBBIX,
MIOOYIBHBIX, TaK M BeTBUCTHIX. [1o pesymbratam 50 morpyxenuit ceHTsopst 2014 r. BeIsIBIEHO, 9TO OT 30
no 100% ocobeit Lubomirskia baikalensis Obutin nmm6o noBpexaensl, au60 OGombHbl. B 2014 1. 310
SIBIICHUE B OOJBIIMHCTBE M3Yy4eHHBIX MecT HOKH. KOTJIOBHHBI OTpaHWYHMBAIOCH TIyOmMHamu 15-20 M
(Boedecker, pers. comm.), B 2015 3arparuBaer Gojiee riyOOKHe pailoHBI. BriepBbie BBISBIECHO, YTO
HanboJiee pacIpoCTpaHCHHOE 3a00JIeBaHKE T'YOOK COMPSKEHO ¢ MACCOBBIM Pa3BUTHEM «CAMPOPHUTHBIX)
anonpokapuoT poaa Phormidium (Tumomkuu w ap., 2014). Hutu Bomopociel MOABHMKHBI U
OKpaIeHbl B TEMHO-BUIITHEBEIH 11BeT. CBETOONTHYECKUH aHAIIN3 MTOKA3bIBAET, YTO B TSITHE MMOPAKECHUS HA
90-95% HOMHHHPYIOT NHMAHONPOKAPUOTHI, 2-3 BUAa. Pa3nuuHoil cremeHu nedopmaius HapyKHOU
MTOBEPXHOCTH T'YOKH (T.€. — Ha4aJbHBIE CTAJANN €€ OTMHUPAHUs) B OOJBIIMHCTBE UCCIIEOBAHHBIX CIy4acB
(50-80%) mpemiiecTByeT MacCOBOMY 3aCelICHHI0 €€ IHaHOMpoKapuoTamu. 110 TpeaBapUTEIbHBIM
JaHHBIM, HanOoJee TOpakeHbl BETBUCTHIE TYOKK FOkHON KOTIOBHHBI (3a71HB JIMCTBSIHUYHBINA, HAIPOTUB
naaun YepHas u 1p.), HaMMeHee — TYOKH CeBepo-3amajHOro ydactka (mpumepHo EmoxuH-Bonbiime
OnpXOHCKHE BOPOTA). ITOT K€ YIACTOK, B OCHOBHOM, CBOOOICH OT CITUPOTHD.

7. BoraBnensl npesbiiieHds HopM CanllMH B NMOBEPXHOCTHBIX M INPHUIOHHBIX BOJAAX IISDKEH
OOJIBIIMHCTBA TPUOPEKHBIX HACEIEHHBIX IyHKTOB 10 CAHUTapHO-TIOKa3aTeNbHBIM MHKPOOPTaHHU3MaM.
Wx 3HaunTeNbHBIE KOHIIEHTPAIIMH OOHAPYKEHBI TAK)KE B MOPOBBIX BOJAX IUIDKEH, 0COOCHHO — B TyHKax
mox BCJI. Tak, KOJIM4eCTBO YHTEPOKOKKOB MOKeT mpeBbimars 2000 KOE/100 ml.

Pesynprarel  13-7eTHUX ~— McciedoBaHMK — MPUOPEKHOM  30HBI  CBHJICTEIBCTBYIOT O
KPYITHOMAcCIITaOHOW «CKPBHITOH 3BTpO(MKAMM» MEIKOBOJAHONH W 3aIUIeCKOBOM 30H o3epa baiikan
(TumomkuH u ap., 2014; Timoshkin, 2015). TIpu 3ToM orpomHas Macca 4ucToi BojbI baiikana u BeTpo-
BOJIHOBAaS AaKTHBHOCTH IMPEMSATCTBYIOT (DOPMHPOBAHMIO CTAaOWMJIBHBIX TOBBIIICHHBIX KOHIIEHTpAIUi
OuoreHoB B Toummie BoAbl. [loATOMY OCHOBHBIE H3MEHEHHS MPOUCXOAAT HE B TONIIE BOABI, HYTO
CBOWCTBEHHO JJIs1 OONBIIMHCTBA CPAaBHUTEIILHO MEIKOBOIHBIX 03€p, MOABEPTHINXCS 3BTPOPHUPOBAHUIO, a
Ha gHe baiikama. OCHOBHBIMH TYTSAMH TOCTYIUICHHS HM3JIUITHUX OMOTEHOB SIBIAIOTCA TPUTOKH, Kyja
OCYILIECTBIISIETCS] COPOC CTOKOB M NMACCHBHAS (QMIILTPAIIHS MMOCIEIHIX CKBO3b IPYHT OeperoBoi 30HEI. [1o
NpeJBapUTEIbHEIM JaHHBIM, TOJBKO co cTokamu T. CeBepoOalKalbCK B MENKOBOAHYIO 30HY CeB.
KOTIOBUHBI 3a 2012-2014 rr. uepes p. Teia moctymano 6 Toun P(PO") exeroamo, 4ro mpHBeno K
HanboJiee MacCOBOMY Pa3BHTHIO CITUPOTHPHI 32 BCIO UCTOpHUIO HaOmoaeHui. Ceipas Ouomacca TOJIBKO
BBIOpOIIEHHBIX Ha Oeper Bomopocieit oceHpio 2013 r. mocturana 1400 ToHH.

[To MHEeHHIO TIEpBOTO aBTOpa, HanOOJIee BEPOSTHEIMA MPUYMHAMH ITUX HETATHBHBIX IPOLECCOB
SIBJIIIOTCS: a) MHOTOJISTHHI cOpoc B 03epo baiikan HeIOCTaTO4YHO OYMINEHHBIX, JIMOO — BOBCE HE
OUMIICHHBIX CTOYHBIX BoxA (ropoma CesepoOaiikanbck, baOymikuH, baiikansck, Cnronsska); 0)
paspylIeHne OYUCTHBIX COOPYKEeHUH, MocTpoeHHBIX Bo BpeMeHa CCCP, n1bo ux MojHOE OTCYTCTBHE B
Hambosiee KPYIMHBIX MPUOPEKHBIX HACENEHHBIX MYHKTaX, B KOTOPBIX OCYIIECTBISJIOCH W IMPOJODKAET
OCYILECTBIISITHCS. MacCOBOE CTPOHUTENBCTBO OOBEKTOB OTABIXa M TMPOXMBAHUS, KaK CJIEICTBHE — B)
MaccuBHasl (UIBTPALMs CTOKOB CKBO3b OEPEroBYI0 30HY W/WIM WX TOCTYIUICHHE C MPHUTOKAMHU
(OOMBIIMHCTBO TTPUOPEKHBIX HACENEHHBIX ITYHKTOB), I') MacCOBBIA cOpOC (heKaTbHBIX H MOACIAHHUEBBIX
BOJI C MHOTOYHCIIEHHBIX CY/IOB.

[lo manHBIM MHpOBOH nuTEpaTypsl (0030p: cM., TUMOIIKKWHA, B TEYaTH), MacCOBOE Pa3BUTHE
CITUPOTHPHI 3a4aCTYI0 CBOWCTBEHHO BOJIOEMaM, Ky/a COpaChIBAIOTCA HEAOCTATOYHO OUYHIIIEHHBIC CTOYHBIE
Boapl. [lommmo OworeHoB, aBa Apyrux (hakropa MOTYT WIPaTh PEIHIAIONIYI0 POJb: HMCKYCCTBEHHOE
KoJieOaHue YpOBHS BOJABI M KIMMAaTHYeCKUe M3MeHeHHs. Bce Tpu (akropa cBoiicTBeHHBI M baiikay.
Opnnako, mo MHeHHIO TOA, KIMMaTHYECKHUE U3MEHEHUS MOTYT JIMIIb KaTaIN3UPOBATh 3TU MPOLECCHI, HO
TTIaBEHCTBYIOUICH pOJM He WrpatoT. [locTymieHne M3NMMIIHAX OWMOTCHOB CIIEAYET paccMaTpUBaTh Kak
OCHOBHOM (paKTOp MaccCOBOTO pa3BUTHI MaKpo(HUTOB B MPUOPEIKHOM 30HE 03¢epa.
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OueBWIHO, YTO CYIIECTBYIOIIUE TOCYIAPCTBEHHBIC CHUCTEMbl MOHHUTOpPHHTa He 3((EeKTHUBHBI,
MOCKOJIbKY OHHM CBEPX CKOHIICHTPHPOBAHBI HAa CIICKCHHH 3a IICHTPAIBHBIM BOJHBIM TEJIOM 03€pa,
MOHHTOPHHT MEJIKOBOTHON 30HBI (BKJIIOUAs 3alJIECKOBYIO) B CUCTEMY He BKIIOUYeH. T.e. — 3Ta cuctema
MOTEHIIMATBHO HE CIOCOOHA JMArHOCTUPOBATh BO3ZMOXKHBIC MOPAKEHHSI SKOCUCTEMBI JHA 03epa balikau,
KOTOPBIE MOTYT IPOUCXOINTH BCIEACTBHUE «CKPBITOM 3BTpO(HUKaIANY.

PabGora BeIMONHEHA B pamkax rocOrompkerHoro mpoekra Ne 01201353447 «CoBpeMeHHOE
cocTosiHue, Oropa3Hoo0pa3re W DKOIOTUS MPUOPEKHON 30HBI 03epa balikan» M 4acTHYHO MojajepiKaHa
rpanToM PODU Ne 13-04-01270 u nupexropom MHcTUTyTa akagemMukoM M.A. I'paueBbiM.

UNEXPECTEDLY HIGH SPECIES DIVERSITY REVEALED IN AN
ENDEMIC GASTROPOD GENUS (PARAMELANIA) FROM LAKE
TANGANYIKA: THE COMPLEMENTARY ROLE OF OLD AND NEW

COLLECTIONS
Todd J.A.%, Burgon J.D.2, Michel E.3
'Department of Earth Sciences, Natural History Museum, London, UK
?Institute of Biodiversity, Animal Health and Comparative Medicine,
University of Glasgow, UK
Department of Life Sciences, Natural History Museum, London, UK
j.todd@nhm.ac.uk

Lake Tanganyika’s endemic ‘superflock’ of cerithioidean snails is perhaps the most diverse (>100
species) and morphologically disparate (18 genera) extant gastropod radiation within Ancient Lakes
worldwide. Known generic diversity was discovered early and has grown little over the past century.
Until now species diversity has been considered to be well known, excepting the single hyper-diverse
genus, Lavigeria, One moderately diverse genus, the iconic Paramelania, has been known for 130 years
and historically has been considered to comprise 2-5 morphologically variable species or ‘forms’; but it
has long been recognised that the genus is in need of revision. We decided to undertake a detailed re-
examination based on the following materials:

—historic collections, 19™ and early 20™ century, Brussels (RBINS), London (NHM), Tervuren
(MRAC) (mostly shells only): 321 lots, 6414 specimens

—A. Cohen research collection (shells): 69 lots, 1382 specimens

—E. Michel research collection (shells, EtOH specimens): 87 lots, 529 specimens

—Qur aim was to answer the following questions:

1. Do finely divided shell-based groups (species) coincide with molecular clades based on
sequencing COI and 16S gene fragments?

2. How do the species composition of historic and modern collections using a variety of methods
(e.g. dredging, SCUBA) compare over 147 lake-wide collections?

3. Are within-site collections of living and dead (shell) specimens comparable?

We obtained DNA sequences (16S, COI) from specimens comprising five a priori, finely divided,
shell-based species; robust molecular clades proved to be consistent with shell morphology. We used this
correspondence to assess species diversity in the three major historic collections comprising shells only,
including samples from the currently inaccessible Congo coast. We also re-assessed the two modern
research collections (including radulae, opercula), largely from the Tanzanian coast, in the light of
insights gained from historic samples.

The combined historic and modern collections comprised over 8395 shells from 147 lake-wide
locations, with a marked difference in collection method, maximum depth and substrata between historic
and modern collections. Geographic sampling was uneven, historically focused in Congo and Zambia,
while modern samples were largely restricted to Burundi and Tanzania. Twenty-one species were
separable using shell morphology (16 undescribed) — another two species are found in collections
elsewhere. Historic and modern collections showed similar total diversity, 16 and 14 species respectively,
but shared only 9 in common. High levels of sympatry were seen. Both wide-ranging species and short-
ranged local endemics are present (n=7; undescribed) and evidence exists for extensive range shifts
between dead and living populations.

Historic and modern collections give complementary views of diversity and distribution of
Paramelania, capturing differences in geographic ranges and ecology. Unexpectedly high levels of
‘hidden’ diversity were found: 21 species, 16 undescribed. The value of fine-scale shell morphology in
delimiting species within this genus was revealed here through strong molecular-morphological
congruence. Our results emphasise that in systems with high local endemism, historic collections may
contain undocumented diversity only revealed in a modern interpretive context. In such cases, species
discovery needs to be undertaken on both modern and historical collections to get the most accurate view
of biodiversity.
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