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HNPEIUCJIOBHUE

W3nanme HacTOAMIEro IUKIA YY4EOHBIX MOCOOHMH MO OOIMUM OOBEAMHSIIOIINM
Ha3zBaHUEM «JKojorudeckass (Gu3noJIorusi BOAHBIX (POTOTPOPHBLIX OPraHU3MOBY
[IPOJIMKTOBAHO  HEOOXOAMMOCTBIO  INPEAOCTaBICHUSI  CTYIAEHTaM  IPAKTHUYECKOTO
PYKOBOJICTBA IO BaXHOMY pa3ely Y4eOHOro IUIaHa TIOJArOTOBKM CHELMAIMCTOB
9KOJIOTOB M (DM3UOJIOTOB BOJAHBIX (POTOTPOGHBIX OpraHu3MoB. Poib MOpCKHX W
MIPECHOBOIHBIX (POTOABTOTPOGOB PA3TUUHOTO TAKCOHOMUYECKOTO MPOGUIIS B MPOAYKIIUU
OPraHWYECKOTO BemiecTBa Ouocepbl W Peryasluu Ta30BOTO COCTaBa aTMOC(heps
Ype3BBIYAHO BEIIMKA. DTH OPraHU3MBI SBISIFOTCS BaKHEHIIMMHU YJaCTHUKAMU CIIOKHBIX
JKOJIOTMUECKUX CBf3€M, B TOM uucie oOecrieuyuBas MHILEBbIE, MEAUIMHCKHE U
TEXHUYECKHE NMOTPEOHOCTH YEJIOBEKa U BBICTYIAsl B KAUECTBE aJICOPOCHTOB U30BITOUHBIX
MPOAYKTOB €ro JesTedbHOCTH. DU3ndeckne M XUMHUYECKHE IapaMeTphl Cpeasl HX
0oOWTaHUS 3HAUUTEIBHO OTJIMYAIOTCS OT TAKOBBIX JUIS PACTEHUM CYILIH, YTO HEH3OEKHO
JOJDKHO TIPOSIBIISITHCSI B ABOJTIOIIMOHHBIX PA3IMYUSIX MHOTHX (PU3UOJIOTHICCKUX (DYHKITHIA
U mpucrnocoOneHuii. MoxHO a Priori yrBepXkIaTh, YTO HMHOW CIEKTPAIbHBIA COCTaB
CBETa, €ro MHTEHCHUBHOCTh M CYyTOYHbIE Bapualudd, a TaKXKe MWHbIE YCIOBUS
ra3ocHaOKeHHs] W TUTAaHUS B BOJHOM cCpele MO CPaBHEHHUIO C BO3AYIIHOW OyayT
MPOSIBIIATECA B M3MEHEHUU KaK (OTOCHHTETHMYECKON U Jpyrux OGyHKIUH, TaKk u
rapaMeTpoB poCcTa M pa3BUTUS U MOPdosoTHH GOoTOpPOdOB.

B TOXeE BpeMms cTeneHb M3y4eHHOCTH (PU3UOJOTHUECKHX (PYHKIHUA MOPCKUX U
MIPECHOBOJHBIX PAaCTEHHUIl, B TOM 4YHCII€ U BBICHIMX, 3HAUYUTEIBHO OTCTAT OT 00BEMA
3HaHMi 00 oOutarensx cymu. [IporeMOHCTpUPOBATH CTYAEHTAM TEOPETHUECKYIO U
MPUKIAJHYI0O 3HAYUMOCTb TaKUX 3HAHWUN, MPHUBJIEYb BHUMAHUE K OCOOEHHOCTSIM
CUCTEMATHUKH, KU3HEHHBIX [IUKIOB U IKOJIOTUYECKOTO cTaTyca (OoToaBTOTPO(OB BOJHOI
Cpelbl, 1 OJTHOBPEMEHHO HAy4YUTh MpuéMaM paboThl B €CTECTBEHHBIX YCIOBUSX MOPCKOI
SKCHEAUIIMA — LeJb JAHHOTO Y4eOHOro MOcOoOWsI U MPaKTUKyMa, JJIsi KOTOPOTO OHO
Hanuca”o. [ xadenper ¢usuonorun pacrenuit MI'Y 3T0 He mepBasi HOMBITKA —
clieqyeT BCIHOMHHTH BBIJAIOLIETOCS TEOpeTuKa (U3UOJOTUHU PACTEHUH U MOPCKOTO
poMaHTHKa, 3aBenyromiero kadenpoit B 30-40-e roasl mpouutoro Beka mpodeccopa
Jmutpust AHaronseBuda CaOMHNHA, MHTEPEChl KOTOPOro ObLTM 0OpallieHbl U Ha BOJIHBIE
pacteHus; 3aBeayromero kadeapoit B 70-80-e roast nmpodeccopa Muxauna Bukroposuua
I'yceBa, OpraHu30BaBIIEr0 MOPCKUE SKCHEAUIUH A CTYICHTOB-(DU3HOJIOTOB PacCTEHUH.

Wx yyacTHUKOM OBII W COABTOp IMOCOOMS, M PYKOBOJIUTENb IMPAKTHKyMa BeIyIIUN



HAy4YHbI cOTpynHUK, 1.0.H. Ajnekcannap Hukonaeuu KamueB. Ha Ouomormueckom
¢dakynprere lOxxnoro  ¢enmepanmpHOro  yHuBepcurera (paHee —  PocroBckuit
rOoCy/lapCTBEHHbI YHUBEPCUTET) aHAJOTUYHBIE MOPCKHE MPAKTUKH IPOBOJWINCH Ha
YépHoMm MoOpe, B KOTOPBIX Y4acTBOBAJ JOIEHT, K.0.H. Jmutpuit ®&énoposnu Adanacees.
B HacTosiiee BpeMs K IPOBEICHMIO INMPAKTUK MOJKIOYaeTcs U A30BCKUNA HaydHO-
HCCIIEI0BATENIbCKUIM UHCTUTYT PhIOHOTO X035 CTBA.

Pa3BuTne mnpenogaBaHus JAaHHOTO HAIPaBJIEHUS DSKOJOTMU U (U3MOJIOTUU
pacTeHMi, KaKk MOXHO HaJesAThCS, HampaBlIieHO Ha (opMHUpOBaHUE OoJiee HIMPOKOTO
B3rIsga OyIylIMX CIENHUATUCTOB HAa 3aKOHOMEPHOCTH TNPUPOJTHBIX B3aUMOCBS3EH U

BO3MOKHOCTH TIPAKTUYECKOTO MCIIOIB30BAHUS PECYPCOB OHOCHEPHI.

IIpogpeccop U.I1. Epmakos

INTRODUCTION

Publication of this series of educational materials under the title «Ecological
physiology of water phototrophic organisms» is based on the existing necessity to
provide students from departments of ecology and physiology of water phototrophic
organisms with practical manual on an important part of the curriculum. The role of sea
and fresh water photoautotrophs of different taxonomic profiles is extremely big both in
the production of biosphere’s organic matter and in the regulation of gas composition of
atmosphere. These organisms are the most important participants of complex ecological
relationships, providing for the nutritional, medical and technical needs of mankind and
adsorbing their redundant waste products. Both physical and chemical attributes of their
environment differ drastically from those of plants that grow on the land, which
inevitably has to manifest itself in the evolutionary differences of various physiological
functions and appliances. It can be claimed a priori that the different spectral light
structure, its intensity and daily variations as well as different conditions of gas supply
and nutrition in water environment in comparison with air environment will be reflected
in changes in photosynthetic and various other functions, and also in terms of growth,
development and morphology of photophtors.

At the same time, the level of exploration of physiological functions of sea and
fresh water plants, including higher plants, is minor to the level of knowledge about
ground inhabitants. The aim of this educational aid and the practicum is to show students

both the theoretical and practical importance of this sphere of knowledge, to drive their



attention to the specifics of systematization, life cycles and ecological status of autotrophs
in water environment. Moreover, another aim is to teach the work tactics in the natural
conditions of sea expedition. This particular attempt is not new for the department of
plant physiology of Moscow State University — prior to it there were the outstanding
theorist of plant physiology and sea romanticist professor Dmitry Sabinin, who was the
head of the department in 30 and ’40 and had interest in water plants as well; the head of
the department in 70 and ’80 professor Mikhail Gusev, who organized sea expeditions
for students — plant physiologists. Among the participants of these expeditions was one of
the authors of this textbook and the practicum leader, leading research scientist Alexander
Kamnev, doctor of biological sciences. Similar practices were held at the Black Sea by
the faculty of biology of Southern Federal University, in which associate professor
Dmitry Afanasjev, candidate of biological sciences, took part. Currently Azov Research
Institute of Fishery is joining the practices.

The development of teaching this branch of ecology and plant physiology is
supposed to aim at forming a wider overview of future specialists at mechanisms of

nature relations and the opportunity of practical usage of biosphere resources.

Professor I. P. Yermakov



JETHSASA YYEBHO-HAYUYHAS ITPAKTHUKA TIO DKOJOTHMYECKON
OU3NO0JIOTI'NU BOJHBIX ®OTOTPOPHBIX OPTAHU3MOB

C KaXIpIM TOJOM B MHPE PACTET YHCIIO MyOJIMKAIMK, TOCBSIIEHHBIX BOTIPOCAM
oOmieil OWONOTMHM ¥ DKOJIOTHH, CUCTEMATHKH, (QU3UOJOTHH W OWOXMMHU BOIHBIX
¢doroTpodHBIX OpraHm3MOB. Takol TOBBIIICHHBIH HHTEPEC OOYCIOBIIEH 3HAYMMOCTBHIO
ITHX OPraHU3MOB U KaK BOKHBIX IEPBUYHBIX MTPOTYIIEHTOB, OTHOBPEMEHHO SIBJISTFOIIIMXCS
MECTOM HepecTa phi0 W OECITIO3BOHOYHBIX; U KaK OPraHW3MOB, YKPEIULIOIINX TPYHTHI U
MPEMSITCTBYIONINX ~NPOHUKHOBEHUIO AHTPOTIOTCHHBIX  BEMISCTB, IOCTYMAIONIUX C
OeperoBeIMU CTOKAMHU M TPYHTOBBIMH BBIHOCAMU; W KaK OPTraHU3MOB, CHHTE3UPYIOIINX
IIEHHBIC OWOJIOTMYECKN aKTHUBHBIC BEIIECTBA, IIMPOKO WCIOIB3yeMbIE B Pa3IHYHBIX
00JacTsSIX HApOJHOTO XO3MWCTBA; W KAaK OPraHU3MOB, KOTOPBIC AKTHBHO IIBITAIOTCS
BBOJIUTh B aKBaKyJbTypy, M HAKOHEI, KaK IPEBOCXOJHBIX MOJCIbHBIX OOBEKTOB
(Bozxunckas, Kamues, 1994; Caguukos, Kynpsimos, 2005). Mcxoas U3 3Toro 04eBuIHO,
9TO TOTPEOHOCTh B WM3YYCHHH PA3JIMUHBIX ACIEKTOB JXU3HU BOJHBIX (OTOTPOGHBIX
OpPraHW3MOB BEJIMKA.

K coxanenuro, B Hacrosmee Bpems B Poccumm 3TOMY HaIlpaBJICHHIO HayKd
YACNSETCS CIWIIKOM HE3HAYUTEIIbHOE BHHUMAaHWE, a T03TOMY OIIYIIAeTCS OCTPhIA
nedUIUT B HAYYHBIX U y4€OHBIX HAMPABICHUSX MO JAaHHOW TeMaTHKE, U COOTBETCTBEHHO,
auTepaType, JOCTYIMHOW JUIsi CTyIeHTOB. Muorue MoHorpaduu, TOCOOUsS |
onpenenutend, BeimyiieHHbIe B 1960-¢ — 1990-e roapl, cranoBsTCs Onbimorpaduaeckoit
penxocTeio. HekoTopple paHee OmMyOJMKOBAHHBIE CBEACHHS K HACTOSAIIEMY BpPEMCHH
ycTapesu, a COBpeMeHHbIE PabOThI, T1Ie ObUTH Obl 00BEAMHEHBI JAHHBIC TI0O COBPEMEHHOM
CUCTEMAaTHKe, OMOJIOTUN U KOJOTHH, (PU3UOJIOTUM U OMOXHMHH BOJHBIX (DOTOTPODHBIX
OpraHU3MOB, HE BCET/Ia JOCTYITHBI.

[IpyymHOM I CO3MaHMS I[MKJIA IMOCOOHMM ITOJ OJHUM OOIIMM 3arojIOBKOM
«Ikonornyeckasi (pu3noaoruss BOAHBIX (POTOPOPHBLIX OPraHU3MOBY» TOCITYKUIIO
KeJlaHue, C OJHOW CTOPOHBI, BOCIIOJIHUTH OTCYTCTBHE OOIIero mocobus 1o
AKOJIOTUYECKOU IKO(PHU3UOIOTHH BOJIHBIX POTOTPO(PHBIX OpraHU3MOB, HEOOXOIUMOTO IS
MPOBEJICHUS] Y4eOHO-HAyUHBIX CTYACHUYECKUX TMPAKTUK B PErHoHaX, TIIe HUMEIOTCS
BOJIOEMBI Pa3NIMYHBIX THUIIOB, T.€. MOPE, PEKH, BIAJAIOIINE B HETr0, U HAXOJSALIUECS B
HEMOCPEJCTBEHHONH OMU30CTH MpPYJIbl, 03epa U 00JOTa, a C IPYrod — BOCCTAHOBHTH, B
MOJIHOM O00BEME, JIETHIOI MOPCKYIO MPAKTHKY, B YaCTHOCTH, Kadeapbl (PU3UOIOTUU

pacreruit MI'Y um. M.B. JlomoHOCOBa, KOTOpasi NPOBOJAWIIACH B BOCBMUIECATHIE T'OJIbI



MPOILJIOr0 CTOJEeTHs, M Obula OueHb OJM3Ka MO CBOEH KOHLENIMU K JAaHHOH
npobiemMaTuke.

OCHOBHO# 1LIENBbI0 HACTOALIETO TMOCOOMS, @ COOTBETCTBEHHO, JAHHOW MPAKTUKU
SIBJISIETCSI, BO-TIEPBBIX, 3aKPEIUICHHE 3HAHUM M TPAKTUYECKUX HABBIKOB, MOJYYEHHBIX
CTYACHTAMH W3 JICKIIMOHHBIX KYpCOB W JAOOPATOPHBIX 3aHATHNA B CTAI[MOHAPHBIX
YCIIOBUSIX, 3HAKOMSAIIUX UX C BAXHEHIICH TPYINIONW MEPBUYHBIX MPOIYIIEHTOB — BOJIHBIX
($OTOTPO(HBIX OpPraHW3MOB, BO-BTOPBIX, — PACHIUPHUTH JHAIMa30H 3HAKOMCTBA C
dboToTpodHBIMU OpraHuU3MamMu. B-TpeThbuX, HaTh BO3MOXKHOCTh CTYACHTAM HAyYUTHCS
paboTaTh B MOJEBBIX YCIOBUSAX U UCIOIB30BATh JJISl ATUX LIl MOJIeBbIe ONpPEeAeTUTENN
Y TIOPTATHUBHBIE MPUOOPHI.

OCHOBHBIMH 33Ja4aMU MPAKTUKU SBIISIOTCS: 3HAKOMCTBO CTY/ICHTOB C BEIYIIIUMHU
(dhopmMaMu MPECHOBOJHOTO M MOPCKOTO (DUTOTUTAHKTOHA, (PUTOOCHTOCA U TEpUPUTOHA,
OOWTAOIMIMX B PA3JIUYHBIX JKOJOTHYECKUX YCIOBUSX; H3y4Ye€HHE OCOOCHHOCTEH
pacmipeneneHuss BOAHBIX  (OTOTPO(HBIX OpPraHU3MOB;, YACHEHHE JKOJOTHYECKUX
0COOEHHOCTEH 1 OMOJIOTUYECKUX CBA3EH MCCienTyeMblX OOBEKTOB U IOHUMAaHUE UX POJIU
B IPUPO/JIE U MPAKTUYECKON JEATEIbHOCTH YEJIO0BEKa; OCBOCHHE METOJ0B KaUeCTBEHHOTO
U KOJMYECTBEHHOTO Yy4€Ta BOJHBIX (DOTOTPOQHBIX OPraHU3MOB; OBJAJCHHE METOJAMHU
OTpeJieNieHus BHUJAOB, POJIOB U TAaKCOHOB Oojiee BBICOKUX IMOPSIKOB; TMOJIrOTOBKA
WHIUBUAYAJIbHBIX TrepOapreB U YCBOGHHME WX JATHUHCKMX W PYCCKUX Ha3BaHUI;
MpHOOpETEeHNE HABBIKOB IIOCTAHOBKHM IIOJIEBBIX HCCIIEIOBAHUN WIM 3KCIEPUMEHTOB;
oTpaboTka (U3MOJIOTMUYECKUX METOJOB C HCIOJIb30BAaHHUEM IOPTATUBHBIX MPUOOPOB;
ocoboe  BHHMaHUE  YAENSAETCS  CPAaBHUTEIBHOMY  aHaIU3y  (PU3UOJIOTHYECKUX
XapaKTePUCTUK BBICIIUX W HU3MIMX BOIHBIX (HOTOTPOQHBIX OPraHM3MOB; HAMHCAHUE U
3aIUTa UHIMBUYAIbHOTO HAYyYHOTO MPOEKTA.

PaGotas Hag HaCTOSIIMM IUKIOM MOCOOMIL, aBTOPHI HE CTPEMUJIMCh MPUBSA3ATH
Oouonormuyeckue OOBEKTHI W BOJOEMBI, a COOTBETCTBEHHO, BCIO MPAKTUKY K
onpenenéHHOMY MECTY M BPEMEHHBIM CPOKaM, OTBOJIMMBIM Ha He€, a pyKOBOJCTBOBAIIUCH
TeM, 4TO HacTosllee mocoOue Morjiao Obl OBbITh MCHOJB30BAHO B PAa3UYHBIX PETHOHAX U
IpU JIOOBIX YCIOBUAX OpraHM3allMd NpakTHKU. B kadecTBe 0a30BBIX MOJEIBHBIX
PErMoHOB JJIi MPOBEIEHUS MPAKTHUKUA B3ATHl YCIOBHBIE CTaHUWUH, TJ€ OTACIIbHbBIC
(GbparMeHThl aHAJIOTHMYHOM TMPAKTUKUA YyXKE€ TMPOBOJAUINCH U, COOTBETCTBEHHO, B
JanbHENIIIeM TaKkKe MOTYT OBITh MTPOJIOTKECHBI.

[To xapakTepy MOCTPOCHHUS W U3NOKEHUS JAaHHBIX HACTOAIIMNA LUKI MOCOOUI 10

3KOJIOTHYECKOM (I)I/I3I/IOJ'IOI‘I/II/I BOJHBIX (I)OTOpO(pOB OTIIMYacTCA OT OHY6J'II/IKOBaHHLIX
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paHee PYKOBOJCTB Kak 1Mo o0bEMY Marepuaia, Tak U 1o (opme ero mpejacraBieHus. B
NPUJIOKEHUN JaHbl CXEMBl OIpENeNIeHUs] MacCOBBIX BHUIOB BOJHBIX (POTOTPO(OB,
BKJIIOYAss MaKkpo- U MHUKPOBOJIOPOCIH, a TAaKXKe PUCYHKH U (ororpaduu 0OBEKTOB Kak
HEOOX0/IMMOE YCIIOBHE COBpEeMEHHOro omnpenenutens. O4eHb cephE3HOE BHUMAHUE
YIESIeTCSl CO3AaHUI0 COBPEMEHHBIX (POpPM yIOOHBIX TOJIEBBIX ompenenuTeneii. KakoBeim
U ABJISIETCS] HACTOSAIIEE MTOCOOUE U3 pa3padaThIBAEMOTO IIUKJIA.

Hacrosimee y4yeOHOEe mMmOcCOOME COCTAaBICHO B COOTBETCTBHH C MPOrpaMMOi
y4eOHBIX 3aHATUH W TPAKTUK JUIsl CTYIEHTOB JBYX ¢akyiapretoB MI'Y umm. M.B.
JlomoHOCOBa — Ouosiornyeckoro ¢axyapTeTa M (pakynbrera mnouBoBeneHus. OHO
MpeIHAa3HAYSHO /ISl MCTIOJIh30BAHUS KaK CTYIEHTAMH, MPOXOSAIIMMH MPAKTHKY, TaK U
MPEToIaBaTeNIsIMU, BEAYIIUMHU 3Ty NPaKTUKY. JIBYS3BIYHOCTh HACTOSIIErO II0JIEBOTO
OTIpE/ICIIUTEIIS HAlpaBiieHa Ha o0OerdeHue 00ydeHusl HHOCTPAHHBIX CTYJCHTOB.

Kak wm mobas paborta, mocoOusi AaHHOTO IHKIa, OE3yCIOBHO, MOTYT HMETh
HE/IOCTATKH, MTO3TOMY aBTOPHI OyAyT OJarogapHbI 3a BCE OT3BIBBI U 3aMEYaHMUsI, KOTOPHIE

OyIyT CllenaHbl.

Asmopeul

SUMMER SCIENCE TEACHING PRACTICE ON ECOLOGICAL
PHYSIOLOGY OF WATER PHOTOTROPHIC ORGANISMS

Every year the number of publications on the questions of general biology and
ecology, systematization, physiology and biochemistry of water phototrophic organisms
is increasing. Such an growing interest is determined by the importance of this organisms
as essential primary producers, who simultaneously provide places of spawning of fish
and invertebrate, and as organisms that strengthen the soils and prevent anthropogenic
substances from coming with coastal runoffs and soil enleachings; as organisms that
synthetize precious bioactive materials that are widely used in various spheres of national
economy; as organisms that are being actively incorporated into aqua-culture, and finally
as excellent model objects (Vozjinskaya, Kamnev, 1994; Sadchikov, Kudrjashov, 2005).
Based on the named reasons, it is obvious that there is a big necessity to study different
aspects of life of water autotrophic organisms.

Unfortunately, there is not enough attention paid to this scientific direction in
Russia, that is why a severe shortage of scientific and student materials and literature on

this topic exists. A number of monographs, materials and identification guides published



in 1960-1999 are rare to find. Some of the information published earlier has proven itself
old-fashioned. And up-to-date works that combine the data on modern systematization,
biology and ecology, physiology and biochemistry of water phototrophic organisms are
not always available.

The reason for creating this series of educational materials under the title
«Ecological physiology of water phototrophic organisms» was the wish to fulfil the
lack of general study aids on ecological ecophysiology of water phototrophic organisms,
which is necessary for carrying out educational and scientific student practices in the
regions where there are water bodies of different types, including a sea with rivers
flowing into it and ponds, lakes and swamplands nearby. The other aim was to restore as
a whole the summer sea practise, in particular of the department of plant physiology in
Moscow State University, which was taking place during *80 and had these problems as
the central concept.

The main aim of this material and the practice is, first of all, the reinforcement of
knowledge and practical skills obtained by students from courses of lections and
laboratory classes in stationary conditions that gave the students the overview into the
most important group of primary producers — water phototrophic organisms. Second aim
is to widen the knowledge about phototrophic organisms. Thirdly, it is meant to provide
the students with the opportunity to learn how to work in field conditions and to use
identification guides and portable devices.

The basic tasks of the practice are: to make students acquainted with the leading
forms of fresh water and sea phytoplankton, phytobenthos and peryphyton which lives in
different ecological conditions; to study the features of distribution of water phototrophic
organisms; to consider the ecological specifics and biological links of objects of study
and to understand their part in nature and in the practical activity of mankind; to examine
the methods of quality and quantity recording of water phototrophic organisms; to master
the methods of defining species, kinds and taxa of higher level; to prepare individual
herbarium and to learn its Latin and Russian names; to obtain the skills of carrying out
field researches or experiments; to work through the physiological methods using
portable devices; particular emphasis is given to the comparative analysis of
physiological characteristics of higher and inferior water phototrophic organisms; to carry
out and to defend thesis of individual scientific project.

While working at this series of materials the authors did not aim at connecting the

biological and water objects and the whole practice to a particular place and time, but

10



took the course at applying the materials to different regions and different practice
conditions. As the basic model regions for practice contingent stations were taken, where
some parts of similar practices have already been held and can be continued.

The way of structuring the data in these materials on the ecological physiology of
water phototrophs differ from earlier published in terms of quantity of information as well
as in the form of presenting it. In the appendix there are schemes of identifying key types
of water phototrophs, including macro- and micro- algae as well as drawings and
photographs of objects as the necessary condition of a modern identification guide. A
serious attention is paid to creating up-to-date forms of field identification guides, an
example of which is this educational aid.

This educational material was creates in accordance with the programme of studies
and practices for students of two faculties of Moscow State University — faculty of
biology and faculty of soil science. It is aimed at application by both the students having
practice and teachers leading it. The bilingualism of this field identification guide makes
it easier to be used by foreign students.

As every work this series of educational materials can undoubtedly have some
drawbacks, so the authors are gratefully looking forward to receiving reviews and

comments.

Authors
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IToseBoli onpeneanTe b Bogopocieid poaa Ulva
YepHoro, A30Bckoro, Kacnuiickoro Mmope 1 BOCTOYHOU

baaTtukn

VipBOBBIE — OJHA W3 HauOOJiee HEMPOCTHIX B ONPENCIICHHH TPYII 3EJICHBIX
BoJiopocieil. MHUHUMalbHOE KOJIMYECTBO MAaKpPOCKONMUYECKUX MOP(OIOrH4ecKux
NPU3HAKOB W BBICOKAs CTEMEHb WX BApHAOCIBHOCTH 3HAYUTEIBHO YCIOXKHSIOT
OTIpPEICTICHUE ITUX BHUJIOB B MOJICBBIX YCIOBHSAX. bosee Ha/Ie)KHBIMU TAKCOHOMHYECKUMHU
NpPU3HAKAMH CIYXXaT YIOPSJOYCHHOCTh (WM HEYIOPSJOYCHHOCTh) PACIOJIOKCHUS
KJIETOK, pa3Mephbl U MECTOTIOJIOKEHHE XJIOPOILIIACTOB, KOJIMYECTBO TUPEHOUIOB. B 1e1om,
1151 onpeziesienus BuioB poaa Ulva rienecooOpa3Ho MCMOb30BaTh KOMILIEKC MPU3HAKOB.
Tak, oguu u3 HanboJice MoKa3aTeNbHBIX Mpu3HakoB I Buaa Ulva intestinalis — nanuuue
MOJYKOHIICHTPUYECKUX ~ CTPYKTYp M3 KJIETOK, pACIOJIOKEHHBIX B  Pa3JIUYHBIX
HanpaBiieHUsX. Takue CTPYKTyphl MOTYT mosBisaThes, ecnu kimetku Ulva intestinalis
AENATCS MOJ] Pa3HBIMHU YIJIaMH, HE3aBUCHMO OT HAIIPABJICHHS JCICHHS COCETHUX KIETOK.
Kpowme toro, kierku Ulva intestinalis mocrarouno nebosbmoro pasmepa. s suga Ulva
prolifera Hamboiee OYEBUAHBIM OTIMYUTEIBHBIM MHKPOCKOIHMYECKAM IPH3HAKOM
CIIY’)KUT DAacCIoOJIOKEHHE KIeTOK B mapax win uerBepkax. Jias Bumma Ulva linza
XapaKTEePHBI JUTHHHBIEC TTPOIOIbHBIC H/WIIN TOIIEPEYHBIC PSIBI KIETOK, KPYIHbBIC pa3Mephl
KJIETOK M OOJIBIION, XOPOIIO 3aMETHBIN B KIIETKe, NHUpeHoua. K cokaleHuro, HEKOTOpbIe
AK3EMILLIPbI HE MMEIOT YeTKO BBIPKEHHBIX BUIOCIENM(UYHBIX npu3HakoB. Hampumep,
HekoTopble dK3eMIunipel Buaa Ulva linza uMeror 4acTu Taiuioma, KIETKH KOTOPBIX
Je30praHu3oBanbl (0COOCHHO B 0a3ajbHOW YACTH TalIOMa) WM Jaxe (OPMHPYIOT
MOJIYKOHIIEHTPUYECKUE CTPYKTYphl, kak y Buaa Ulva intestinalis. B stom ciyuae s
OIIpeJICNICHUs] BU/IA HAJI0 UCCIICA0BATh BECh TAIUIOM B MOWCKAX JUIMHHBIX MapalielIbHBIX
PSILIOB KIICTOK.

B HacrosiieM nocoOuu MpUBOJATCS KIFOY U OMUCAHUS BUIOB BOJIOPOCICH poaa
Ulva espormeiickux Mopeii Poccun. B 0oCHOBY HacTosIero Kirouya MOJIOXKEH KIIHoY,
NPeUIOKeHHBIH JUTs ompeieNieHns: BUIOB Bogopocieit pona Ulva bpuranun u Upnanmin
(Brodie et al., 2007). PacmpocTpaHeHue BHIOB NPHBOIAUTCS KaK MO COOCTBEHHBIM

JaHHBIM, TaK U MO JHUTEpaTypHbIM HcTo4YHHMKaM (3uHOBa, 1967; Bunorpamoma, 1974;
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Kanyruna-I'ytauk, 1975; I'pomos, 1998; Zhakova, 2006; Milchakova, 2011; Velikova
(ed.), 2012; Guiry, 2016).

BunoBas npuHaIeKHOCTh YIIBBOBBIX, MHUKPO- U MakpoQoTorpapuu KOTOPHIX
IMPHUBCACHDBI B IMPUIIOKCHUMU, MOATBCPKACHA MOJICKYJIIPHO-TCHETHYCCKNMUA
uccienopanusiMu (o reny tufA), mpoBeleHHBIMH B J1a0OpaTOpPHUU SKOJOTMU OEHTOCa

LeHTpa okeaHnyeckux uccienopanuii B Kuie (GEOMAR, Kiel), I'epmanus.

Kiou

1 TannoM nosHOCTHIO TPYOUATHIM 2

Tanmom B BUJIe TIIIACTUHKH 00Jiee 2 CM IMHUPUHON C win 0e3

KpaeBbIX TPyOUaThIX BETBEH 14
2 Tamtom He BeTBSIIHANCS 3

TamnoM BeTBAIMNCA 8
3 Cocrowut u3 TpyooK MeHbie 50 um mupuHO#H u 5-50 cM JUTHHOM U. torta

Tpyoxu 6osiee 100 pm mmpuHOH 4
4  TpyOku WIMHAPUYECKHUE, ITy3bIPEBHUIHBIC MU CIIABJICHHBIC B

MOMEPEYHOM CEUYECHUH, IO KpalHel Mepe, YaCTUYHO B3AyThIe 5

TpyOku cnaBiaeHHBIE, HE B3IyThIS 7
5 Cnoesuie 0,5-3,0 MM IIMPUHO#, OYEHB JUTMHHOE M Y3KOE U. kylinii

Crnoesuie 6ojee S MM ITUPUHOM 6

6 CroeBuile HHWIMHAPUYECKOE WIN CAABICHHOE B IONEPEYHOM
CEUYEHUH, M0 KpailHel Mepe, YaCTUYHO B3JIyTOE€, KIETKH C |
MTUPEHOMIOM U. intestinalis
Crnoesuilie my3bIpeBUAHOE, B3yTOE, TEMHO-3EJIEHOE, KIETKH C
2-3 MUPEHOHIaMH U. maeotica
7 KieTku B KOPOTKHX psiiax win 06e3 0co00ro mopsiKa,
XJIOPOIUIACTHI KOJMMAYKOOOpa3HbIe B BEPXHEH YaCTH KIIETOK U. compressa

Knerku B MMPOAOJIBHBIX UJIK B MOIICPCUYHBIX pAAaX, XJIOPOIIJIACThI

3aIOJIHSIOT BCHO KIIETKY U. linza
8 KieTku HeOpraHn30BaHHBI U. intestinalis
KiteTku B KOPOTKUX WJIH JJIMHHBIX Psiax 9
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10

11

12

13

14

15

14

XnopormiacT B popMe KoJIavKa; KIETKA B KOPOTKHUX Psiax
(peaxo B NJIMHHBIX)

XJIOpOIUIACT 3aIMOJIHSAET BCIO KIETKY WIN (POPMHUPYET
MIPUCTEHOYHbBIC IIUJIUHAPHI, HO HE B (DOpME KOJIMMauKa; KIETKU B
JUTMHHBIX TIOTIEPEYHBIX U MPOIOIBHBIX PsiIax

1 nupeHou1, XJIOPOILIACTHI 3aIIOJIHAIOT BCIO KIIETKY, KIETKU
MeHnbIne 20 um

2 wim 60Jiee MUPSHOUIOB Ha KIIETKY, KIeTKH pazmepom 20-50
um

Kierku B mapax uinu B 4eTBEpKax

KneTtku cknanpIBaroT AMMHHBIE (IPOAOJIbHBIE U MIONEPEYHBIE)
psnel, HE POpMUPYS TTap U YETBEPOK

3-15 nmupeHOUI0B Ha KIETKY, XJIOPOIUTACTHI TUCKOBUIHON
(hopMBI, TEXKAT HAPOTUB OJTHOM CTEHKH, YaCTO Ha
MPOTUBOTIOJIOKHBIX CTEHKAX B Tapax KIETOK

Kitetku o0b14HO ¢ 2-4 mupeHoU1aMu

Kitetku o0b14HO ¢ 2-3 mupeHOn1aMH, BCTPEYAIOTCS KJIETKH C 1-
7(8) mupeHou1aMu, XJIOPOILIACTHI BHITSHYTHIC 10
UWIMHAPUYECKUX, CIOEBUILE 0OBIYHO OOMIIBHO Pa3BETBICHHOE
Kinetku ¢ 2-4 nupeHouaMu, ClIoeBHINe IIUHHOE, y3Koe, 0,5-3,0
MM HIMPUHOM, €1a00 pa3BETBICHHOE

KrneTku B JUIMHHBIX TIPOAOIBHBIX U MOTIEPEUYHBIX psAaX,
IJIAaCTHHA OOBIYHO ITUPUHOU MEHEE 5 cM

KneTtku Heoprann3oBaHHbIE B KAKOM-JIHOO MOPSIIKE, UIH B
KOPOTKHX psJIax

XJ0pomIacT B BUI€ KOJIMAaYKa WK KAMIOIIOHA C OTHUM
MIUPEHOUIOM; KIIETKU B KOPOTKUX, PEAKO B JUIMHHBIX Psiiax
XJIOpOIIaCT MapUeTaIbHbIN, KIeTKH ¢ 1 (2-4) mupeHon1aMu,

CTapble KJIETKH ¢ 3-7 mUpeHon1aMu

U. compressa

10

11

12

U. prolifera
U. linza

U. clathrata
13

U. flexuosa
U. kylinii
U. linza

15
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Onucanue BUI0B

Ulva clathrata (Roth) C. Agardh (1811)
Conferva clathrata (Roth) (1806)

Ulva muscoides Clemente (1807)

Ulva ramulosa J.E.Smith (1810)

Enteromorpha crinita Nees (1820)

Enteromorpha clathrata (Roth) Greville (1830)
Enteronia clathrata (Roth) Chevallier (1836)
Enteromorpha welwishii J.Agardh (1883)
Enteromorpha muscoides (Clemente) Cremades (1990)

CrnoeBwuilie COCTOUT U3 ATUHHBIX OOMIBHO BETBALIMXCS TPyOOUeK, GOPMUPYIOLTNX
nyuku umHO# 10-15 cm u Gontee u TomuHoi 0,25-5 (10) mm. Tammomsl OT cBeTJIO- 10
TEMHO-3eJICHOTO I1BeTa. KIleTkn OOBIYHO pacriojiararoTcsi B MPOJOIBHBIX psjiaX, WHOTIAA
Pa3siInuuMBbl TOMNEPCUYHBIC PsAJbl, KICTKH 3aKPYIrJICHHBIC W YCTBIPEXYIr'OJbHBIE C
3akpyrieHHsiMu yriaamu, guamerpom 20-30 (50) pum. XmoporuracTel AMCKOBHAHBIE C
TJIJKUM WK 10J1b49aThiM KpaeM. [Tupenonmos — (1) 2-3 B MOJIOABIX KiI€TKax u 10 5-15 B
0oJiee cTapbIX KJIETKaX B OCHOBAaHUU TaJIIOMa.

[TonoBoii mpomecc — aHW30TaMus, OCCHOJIBLIH — YETBHIPEXKI'yTUKOBBIMHU
300CTHIOpPaMH.

Berpeudaercss B COJIOHOBAaTOBOAHBIX MU MOPCKHUX aKBaTOPHUSX Yy 3alIUIICHHBIX U
OTKpBITHIX O€peroB, Ha cKajllaX, KaMHSIX M pPaKOBHHAX M B KadyecTBe SNU(PUTOB, B
JUTOPATBbHOMN 30HE, B CYNPAIUTOPAIIH, TICEBAOJIUTOPAIH, pexe B cyonuTopanu. Hanbonee
oOunbHOE pa3BuTHe Habmomaercs BecHOM U yerom. OtMmewaerca s UYepHoro,

Azosckoro, Kacniuiickoro u bantuiickoro Mmopei.

Ulva compressa Linnaeus (1753)
Enteromorpha compressa (Linnaeus) Nees 1820
Enteromorpha complanata Kiitzing (1845)
Enteromorpha usneoides J. Agardh (1883)
BI/II[, IIAPOKOC PACIIPOCTPAHCHUEC KOTOPOT'O0 HEKOTOPBIMH aJIbI'OJIOTaMH CTABUTCH

1oa COMHCHHCE. CormacHo JAaHHBIM MOJICKYJIAPHBIX HCCHC,Z[OBaHHf/'I, B banruiickom MOp¢C
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Ulva compressa BctpedaeTcs TOJILKO B BUE KPYITHBIX, IUIOCKHX M TPYOBIX, JISKAIIUX HA
JTHE MEJKOBOJHBIX JIaryH, TaJuIOMOB, B CEBEpHOM MOpE — B BHUJE Pa3BETBICHHBIX
Tpyouathix cioeBunl. CornacHo ompenenurento (Brodie et al, 2007), cnoepuie
paszHooOpa3Hoe mo Gopme: ocu 0ObIYHO TpyOUaThie, HO HE B3AYThIC, CXKAThIe, OOMILHO
BeTBsimuecs 10 60 cM u 6onee B ymHy U 0,1-2,0 cM B mMpuHy, MHOTIa OYCHD IUPOKHE
U IUIaCTUHYAThle, C MHOTOYHCICHHBIMH TpPyO4aThIMH BBIPOCTAMH Ha MOBEPXHOCTHU
cinoeBuina. [[BeT TangoMoB BapbUpyeT OT CBETJO- JI0 TeMHO-3ejieHoro (puc. 5). Kierku
pacrnojyio’keHbl OecHOpsIOYHO, HHOTJa B KOPOTKUX psAlax WIM pO3€TKaMH, HO
BCTpeyaroTcss GOpMbI U € MPOJOJIBHBIMU psAAaMH KieToK. KopoTkue psapl BKIOYAIOT 10
4-5 Kx11eToK, M3BUTHIE JUIMHHBIE B MApalIeNbHBIX psagax — 1o 10-31 kimetok. Kietku 6-9 X
8-11um wu Oomee (mo 15-30um B auaMeTpe) OKPYIJIbIe, MPSIMOYTOJIbHBIC WU
noJIMroHaneHble ¢ 5-6 yrmamum. Knetkm comepkar 1 OosbmIoi XOpoIIo 3aMeTHBIN
nuperoun (o 3-4 um). XmoporutacT B BHJIE KOJINAYKa, MAMOYKH, OOBIYHO B alTUKATBLHON
qacTH KJieTku (puc. 1).

l'ametoduT paznenbHOMNONBIN, 00pa3yeT NBYKT'YTHUKOBbIE aHM30TaMHbIE TaMEThI;
Ha criopoduTre 00pa3yroTCs YUEThIPEXKI'YTUKOBBIE 300CIIOPHI.

[Inpoko pacnpocTpaHeH Kak B 3alIMIEHHbIX, TAK U Ha MOJBEPKEHHBIX BOJHOBOM
aKTUBHOCTH Oeperax, BCTpedaeTcs SNU(GHUTHO, SIWINTHO, HA MEJIKUX KaMHAX, CKalax,
WHOT/Ia B JIUTOPAJIbHBIX BaHHaX. BcTpedaercs: Kpyriblid 1o, oOuieH BECHOW W JIETOM.

Bcerpeuaercs B UepnoM, AzoBckom, Kacnimiickom u bantuiickom Mopsx.

Ulva flexuosa Wulfen (1803)
Conferva flexuosa Roth (1800)

Enteromorpha intestinalis var. tubulosa Kiitzing (1845)
Enteromorpha tubulosa (Kiitzing) Kiitzing (1856)
Enteromorpha flexuosa (Wulf.) J. Ag. (1883)

CJ'IOGBI/IH.[G BapbUpPYECT IO MOp(l)OJ'IOI‘I/II/I OT MaJIO BETBAIIUXCA JJIWHHBIX JICHT A0 2
CM B HIHUPHUHY [0 Y3KHUX BCTBALIUXCA pr60‘IeK MeHee 1 MM B ANaMeTpe. Betouku
PACIIOJIOKECHBI CYIIPOTUBHO U JIATCPAJIbHO, HHOTJA AOCTHUIasdl HIWPUHBI IJIaBHOM OCH.
Pactenust yacto o0Opa3yroT MsrKhe CKOIUICHHs OnienHo-3eneHoro mBera (puc. 6). Ocu
MUJIIMHAPUYCCKUC, CAABJICHHBIC WJIM B3AYTHIC. Koneunrsle BeTOUKH HHOT'Ia OJHOPSAIOHBIC.

Knerku B MPpOAOJIBHBIX U TIONCPCUHBIX psAHdax 0OBIYHO MMpsAMOYTOJILHBIC. XJ'IOpOHJ'IaCTBI
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MPUCTEHOYHBIE, MPEICTABIIAIOT COOO0H MOIBIN MMIMHADP, OTKPBITHIN ¢ 000MX KOHIIOB, C 1-
4 (uHor/Ma OoJIee) MUPCHOMIAMH.

[TomoBo#t mpomecc — anuzoramus ((HOPMHUPYIOTCS JBYKI'YTHKOBBIE T'aMEThI,
KOTOpbIE  TaKXKe MOIYT  pa3BUBaThCs  MAapTEHOICHETHYECKH),  OCCHojblid  —
YEThIPEX)KT'YTUKOBBIMU 300CTIOPAMH.

[Ipouspacraer B pasnMuHBIX MECTax: B BEpXHEH CyOIMTOpalii 3alIMIIEHHBIX U
OTKpBITBIX O€peroB, Ha JIUTOpPalIM, B COJOHOBOJHBIX JIaryHaxX, Ha COJIOHYaKax.

Otmeuaetcs s Uepnoro, AzoBckoro, Kacnimiickoro u bantuiickoro mopeii.

Ulva intestinalis Linnaeus (1753)
Enteromorpha intestinalis (L.) Nees (1820)

Crnoesuirie 0ObIYHO TpyOUaTOe, B3AYTOE, MHOT/IA CAABICHHOE, CBETJIO MJIM TEMHO
3€JICHOTO I[BETa, OOBIYHO JOBOJILHO MSTKOE. TayioM HEBETBSIIIUUCS WM C HECKOJIBKUMU
BETBSIMH, OTXOJSIIMMH OT OCHOBAHHUS CIOEBHUINA. BhicOTa ClIOEBHUIA OT HECKOJIBKHX
cantumeTpoB 10 30-40 cm, mupura — ot 0,5 go 4,0-50 cm (puc. 7). IlomoBoe
Pa3MHOXEHHE JBYXKT'YTHKOBBIMU aHHU30TaMe€TaMH, OECIOJIo€ — YeThIPEXKI'YTUKOBBIMU
300CTHIOpPaMH.

Knerkn 6-10 X 7-16pum, B OCHOBHOM, TMOJUTOHANbHBIC, C 3-7 yriaamu, JmOO
okpyribie g0 20 um B muamerpe. KieTkn He opraHW30BaHbl WM PEAKO COOpaHBI B
KopoTkue pansl (10 8-10 KIeTOK), pacroJiaralollMMKCS B pPa3HbIX HampaBiICHUSIX (HE
napajuiebHBIMU U HE MEPIeHIUKYIIpHBIMU JIMHUAME). KiieTku dacto pacmnonaratorcs B
OJIMHOYHBIX WK 2-3 mapajuleNbHbIX MMOTY-KOHIEHTPUUYECKUX CTPYKTYpaXx, BKIIOYAIOIINX
1o 15-20 knerok (puc. 2). OdeHb peaKo KJIETKH COOpaHbl B MPSIMOYTOJIbHBIE CTPYKTYPHI
no 4x4 wnm 5X5 kierok. IlupeHoun oauH 10 2,5uM B auaMerpe, MHOrJa HE OYEHb
XOPOIIO MpOocMaTpUBarouiica. XJIOpOIUIaCT HAXOJIUTCS B alUKaJIbHOM YacTU KIIETKU
WJIM 3aHUMAET BCIO KIIETKY.

Bun mmpoko pacmpocTpaHeH B MOPCKHMX M COJOHOBATBIX BOJAX, KaK MPaBHIIO,
npu cosieHocTu MeHee 20%o Kak Ha 3allUIEeHHBIX, TaK U Ha OTKPBITHIX ydacTkax Oepera,
Ha KaMHSX, CKalaX, pakoBuHaX. Bcrpewaercs B UepHoMm, A3zoBckoM, Kacnwmiickom u

banTtuiickom Mopsx.

17



Tonesoii onpedenumens y1b606bix 6000pOCiell

Ulva kylinii (Bliding) Hayden et al. (2003)
Enteromorpha kylinii Bliding 1948

Cnoeumia panuHHble, Yy3kue (0,5-3,0 MM IIMpPUHON), UMIMHAPUYECKUE,
HEBeTBsIMEeCs WIM BerBsiuecs. KieTku KBaapaTHble, MPSMOYTOJIbHBIE, YacTo
BBITSHYTBIC 110 JUTMHE CIIOEBHINA, 15 X 24 um, conepxar 2-4 nupeHona.

Berpeuaercs Ha kaMHSX, B CyOIMTOPaJIbHOM 30HE.

Otmeuen B YepHoMm u, Bo3mMokHO, B Kacmuiickom mopsix. Pacnpoctpanenue

HYXJAa€TCA B YTOUHCHHWH.

Ulva linza Linnaeus (1753)

Enteromorpha procera Ahlner (1877)
Enteromorpha linza (Linnaeus) J. Agardh (1883)
Enteromorpha ahlneriana Bliding (1944)

Ulva procera (Ahlner) Hayden et al. (2003)

CrnoeBuina CBETIIO 3€JICHOTO I[BETA, MATKHE, Pa3HOOOpa3HO POPMBI — OT OOUIIBLHO
BerBsinuxcs y3kux (0,5-5,0 (10,0) MM) yruIOmIEHHBIX TaUIOMOB JI0 HEBETBSIIUXCS
JIBYXCIOWHBIX JICHTOBUAHBIX OT 0,5 mo 4,0-5,0 (8,0) cm mmpunoit u 5-30 cm u Gosee
JUTAHOM C BOJIHUCTBIMH KpasMH U KOHYCOOOpa3HbIMH TOJBIMH HOXKaMu (puc. 8).
IlepBeiit  MopdoTunm u3Ha4YaabHO ObUT ommcaH Kak Enteromorpha procera wu
Enteromorpha ahlneriana, sBropoii — kak Enteromorpha linza. ITo qaHHbIM MOJIEKYJISIPHO-
TCHETUYECKUX UCCIICIOBAHUI 3TH BU/IBI HE PA3INYAIOTCSI.

Pasmepbl kinetok W ux (opmMa y HM3yYCHHBIX HaMH O3K3EMIUIIPOB pPa3HBIX
MOPGOTHIIOB HECKOJIbKO OTin4YaroTcs. Knetku y mpeacraBureneit linza-mopdoTuna B
OCHOBHOM MPSIMOYT'OJIbHBIE WU MOJUTOHANBHBIE ¢ 6-7 yrnamu pazmepom 7-20 X 9-30pum
comepkar 1 (penko 2) otHocutenbHO KpymHbId (2,0-3,5um) u xopoino Hab0gaeMbIi
MUPEHOUI. Y 3K3eMIUIIPOB, OTHOCSIIMXCS K procera (ahlneriana)-mopdorumny, KieTku
HECKOJIbKO MEHBIIHUX pazMepoB — 6-15 X 9-20 um, B OCHOBHOM NPSIMOYTOJIbHBIE WIIH
MOJMTOHABHBIE C 5-6 yrilaMH, 4acTo yinHeHHble. B kietkax cogepxkutcs 1 (B 5-7%
KJIETOK — 2) TaKKe OTHOCHTENBLHO KPYMHBIH (2-3m), XOpOIIo BHUAMMBIA MHPEHOM/I.
XJ0pomnacT mapueTanbHbIN, IPU CBETOBOM MHUKPOCKOMMPOBAHWU YaCTO BBITTIAIUT Tak,

Kak OyATo ObI 3aHMMaeT BCIO KIIETKY (puc. 3).
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Y o6oux MOp(hOTHIIOB KIETKH OPraHU30BAaHBI B IMApAJIICIbHBIE IMPOJIOIBHBIC
W/WIK ToTIepeuHbIe psijibl, BKIrouatomue 10 16-38 (linza-mopdortun) nam 10-35 (procera
(ahlneriana)-mopdoTum) KiIeTok (BO3MOXHO 1 OosbIie). KileTku 4acTo opraHu3yroTCs B
YETKHUE MPSMOYTOJIbHBIC CTPYKTYPHI, coaepxkarnue 10 6X12 kieTok.

PazMmHOXEHME €BpONEHCKUX TMPEACTABUTENEH BHJIA NAPTEHOTCHETUYECKUMU
JBYX)KI'YTUKOBBIMU TaMETaMH WJIM YETHIPEXKI'YTUKOBBIMH 300CIIOPaAMHU.

[[Inpoko pacnpOCTpaHEHHBIN BHU[, BCTPEYAIOIIMICA HA CKAJIbHOM M BAIYHHOM
cyOcTpaTax B BepXHEH CYOJMTOpAIN U JTUTOPATU MOPEN ¢ OKEAaHMYECKOW U MOHMKEHHOMN

cosieHocTh10. Berpeuaercs B UepHoM, A3oBckoM, Kacniniickom un bantuiickom Mopsix.

Ulva maeotica (Pr.-Lavr.) Tsarenko (2011)
Enteromorpha maeotica Pr.-Lavr. (1945)

Crnoesuiie IMy3bIPEBUIHOE, SIATICBUTHOC, PO I0ATOBATO-SIHIIEBUIHOE,
HEpa3BETBJIECHHOE, C HEOOIBIITUM CTEOSITHPKOM M TIOIOIIBOM, AUHON 2—10 cM U mMpuHON
2-8 cm. Ha BepmmHe wuMeeTCs OTBEPCTHE, YacTO CJOEBUIE B BEpPXHEW YacTu
pasopBanHoe. TaimaoM rpyOblii, TEMHO-3e1eHoTo 11BeTa (puc. 9).

KrneTtku ¢ moBepXHOCTH MPSMOYTOJIbHBIE, KBaJIpaTHbIE, C OKPYIJIEHHBIMU yrilamH,
pasmepoM 12-26um, pacmoyioxkeHsl 0e3 ocoboro mopsaka. Xpomarodpop ¢ 2-3
MUPEHOUTAMH.

Berpeuaercs Ha pakoBHHAX, a TakKe B HEMPUKPEIUIEHHOM BHJIE Ha HEOOJbLION
riyOMHE B 3allUIICHHBIX MECTOOOMTAHHUSAX C Pa3IMYHON COJEHOCThI0. OMuUCaH TOJBKO

1u1st YepHOro u A30BCKOTO MOPEil.

Ulva prolifera O.F. Miiller (1778)
Enteromorpha salina (Kiitzing) (1845)
Enteromorpha prolifera (O.F. Miiller) J. Ag (1883)

CJ'IOGBI/IH_IC XapaKTCpU3yeTcCsa BBICOKOM CTCIICHBIO MOp(l)OHOFquCKOﬁ
N3MCHYHNUBOCTU OT MaJIOBCTBAIIUXCA ()10 50 cM B MUIMHY " l cmB H_II/IpI/IHy) JICHT A0
0OMIILHO Pa3BCTBJICHHBIX TAJUIOMOB C pr6‘laTBIMI/I BETBSIMU MeHee 1 MM B ANaMETpC.
CJ'IOGBI/IH_IC OT CBCTJIO- 10 TEMHO-3CJICHOTO IIBE€TA, OCU NMUJIMHAPHUICCKUEC UJIU CHABJICHHLIC

C HeHTpabHO mosiocThio (puc. 10).
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Kietkn okpyrible, IpsMOYyroJjbHbIC, HHOT/IA MOJIMTOHAIbHBIE pazMepoM 5-9(-35)
X 6-13(-30) pum, pacnojoKeHHbIE OYEBHUIHBIMU TlapaMH WM 4YeTBepkamu. Kierku
00pa3yloT OTHOCHUTEIBHO JJIMHHBIC W3BUIIMCTBHIC MPOJOJIBHBIC W/WIM TONEPEYHBIC PSIbI
mHoM g0 13-30 xierok. XJOpomjacT 3aHUMAeT B KIETKE LEHTPAJbHOE WIH
NPUCTCHOYHOE TIOJIOKEHHE (MHOTJA 3aloJIHACT BCHO KIETKY), YacTO 3aTeMHSETCS
MHOTOYHCIICHHBIMUA KpaxMaJbHbIMU 3epHamu. [lo TeHTpy KieTku pacnojaraercss 1
(vHorma 2) moBOJBHO OOJIBIION mupeHou] (10 2-3 um), KOTOPBIH HWHOTAAa HE OYCHb
xopoIo npocmarpuBaetcs (puc. 4).

Pa3MHOKEHHE aHM30TaMHBIMU JIBYX)KI'YTUKOBBIMH T'aMETaMH, KOTOPBIE MOTYT
Pa3BHBATHCS MAPTEHOICHETHYECKH, a TAKKE MHOTOYMCICHHBIMHU YETHIPEXXKI'yTHKOBBIMU
3oocropamu (Koeman, van den Hoek, 1982).

U. prolifera pa3ssuBaeTcs B 30He BEpPXHEH CyONUTOpad HA TIyOMHAX 10 3-5 M B
JUTOPAIGHBIX BaHHAaX. BceTpewaeTcs Ha KaMHSAX, cKajgax M pakoBuHaX. OOWIBHO
pa3BuBaeTcsi B ycioBusx sBTpodukarmu. [loBcemecTHO pacmpoctpaneHa B UepHow,

A3zoBckoM, KacnimiickoM u bantuiickoM Mopsix.

Ulva rigida C. Agardh (1823)

Tammom B BHJIe MMPOKOW TIJIACTHHBI HETIPABUIBLHOU (POpMBI ¢ TiephopausiMu OT
HECKOJBKMX MHWJIUMETPOB 10 1-2 cM B auamertpe. LIBeT cimoeBHia — OT CBETIIO- IO
TEMHO-3€JICHOT0, TEKCTYpa — JKecTKasi, Koxucras. Kpas 6osee-MmeHee poBHbIE, 10JIbYATHIE
wi BosHuCThie (puc. 11). Ilox MHKpOCKOIIOM Kpas clioeBHIIa — 3yOuathie. KieTku
pacmojyio’keHbl OecHopsAIOYHO, HMHOTJA B HEPOBHBIX psAJaX, MHOTOYrOJIbHBIE WU
MPSIMOYTOJIbHBIE pazMepoM oKoJio 15 x 9 um (miu Gosee). Xi1opoIuiacTel mapueTalibHbIe,
¢ 2-4 (penxo 1) nmupeHouamH.

Berpeuaercs B mutopaniv U BepXHE# cyOnuTOpaiy pa3Hoil cTeneHu NpuOoHHOCTH,
Ha KaMHSX M SNU(UTHO, MPEUMYIIECTBEHHO B 3BTPO(UPOBAHHBIX MECTOOOUTAHUSIX.
JloctaTouHo 4acTo BcTpedaeTcsi cBobOoaHoruiaBaomumM. OtMewaercs s YepHoro,

Azosckoro, Kacniniickoro un bantuiickoro Mmopeii.
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Ulva torta (Mertens) Trevisan (1841)
Enteromorpha torta (Mertens) Reinbold (1893)

Cnoeuiie B Buae cnyraHHblXx Y3kux (30-50 MKM), IWIMHIPUYECKUX,
HEpa3BETBJICHHBIX, AIUHHBIX (10 50 cM UIMHOMN) TpyOOYeK, OJMHAKOBOW TOJIIMHBI I10
Bcelt mmuHe (puc. 12). Kimetku pasmepom 12-28 x 6-16 pum pacrosioskeHHBIX B 3-12
IIPOJIOJIBHBIX MPSMBIX WM COUPAIBHBIX PAIOB. XJIOPOIUIACT MAapUETAbHBIN, 00bIYHO C 1
MMUPEHOUIOM, pexe ¢ 2-3.

Berpeuaercs B Bujie CllyTaHHBIX MAacC BMECTE C APYTMMHU HUTYATHIMH 3€JIEHBIMU
BOJIOPOCJISIMH B 3anuBax W dctyapusx. [IpuBoaurcs mis Kacnmiickoro u bantuiickoro

MOpeEH.
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The field guide to Ulva species found in the Black, Azov,

Caspian Seas and Eastern Baltic

Ulva species are considered to be most difficult to distinguish between green
macroalgae. The minimum number of macroscopic morphological features and their great
variability significantly complicate the identification of the species in the field. More
reliable taxonomic characters are the order (or disorder) of cell arrangement, the size and
location of chloroplasts and the number of pyrenoids. In general, it is reasonable to use a
set of features in order to determine the species of the genus Ulva. For example, one of
the most representative characters of the species Ulva intestinalis is the presence of
polyconcentric structures of the cells that are located in different directions. Such
structures may emerge with Ulva cells dividing in at different angles, regardless of the
direction of the division of neighboring cells. In addition, the cells of Ulva intestinalis are
sufficiently small. As to the species Ulva prolifera, its most obvious distinguishing
feature is the arrangement of microscopic cells in pairs or fours. Long longitudinal and/or
transverse rows of cells, large size of cells and a large pyrenoid clearly seen in the cell,
are typical of the species Ulva linza. Unfortunately, some specimens lack for distinct
species-specific characteristics. For example, some specimens of Ulva linza have such
parts of the thalli whose cells are scattered (especially in the basal part of the thallus),
moreover, polyconcentric structures can be formed as it occurs with Ulva intestinalis. In
this case, to identify the species it is necessary to investigate the whole thallus for long
parallel rows of cells.

This manual provides the key and descriptions of the algae belonging to genus
Ulva from the European seas of Russia. An identification guide to British and Ireland
Ulva species has been used as the basis of our key (Brodie et al., 2007). Distribution of
the species are given according to own data and information from listed references
(Zinova, 1967; Vinogradova, 1974; Kalugina-Gutnik, 1975; Gromov, 1998; Zhakova,
2006; Milchakova, 2011; Velikova (ed.), 2012; Guiry, 2016).

Species identity of the algae whose photomicro- and macrographs are given in the
annex of the manual has been confirmed by molecular-genetic studies (for tufA gene)
conducted in the Helmholtz Center for Ocean Research GEOMAR, Kiel (Germany).

22



The field guide to Ulva species

Key

The whole thallus is tubular 2

Thallus in the form of blade more than 2 cm wide with or without

marginal tubular branches 14
Thallus is not branched 3
Thallus is branched 8
Consists of tubes less than 50 um wide and 5-50 cm long U. torta
Tubes are more than 100 um in width 4

Tubes are cylindrical, bulb like or flattened in cross section, partly

swollen 5
Tubes constricted, not swollen 7
Thallus is 0.5-3.0 mm wide, very long and narrow U. kylinii
Thallus is wider than 5 mm 6

Thallus is cylindrical, or constricted in cross section, partly
swollen, cells with 1 pyrenoid U. intestinalis
Thallus is bulb like, dark green, cells with 2 or 3 pyrenoids U. maeotica

Cells in short rows or irregularly arranged, plastids are calyptriform

in the upper part of the cells U. compressa
Cells in longitudinal or transverse rows, plastids fill the entire cell U. linza
Cells are scattered U. intestinalis
Cells in short or long rows 9

Chloroplast is calyptriform, cells in short rows (long rows seldom
occur) U. compressa

Chloroplast fills the entire cell, forms parietal cylinders but not in

the shape of a cup; cells in longitudinal or transverse rows 10
1 pyrenoid, plastids fill the whole cell, cells are less than 20 pm 11
2 or more pyrenoids per a cell, cells are of 20-50 pum size 12
Cells arranged in pairs or fours U. prolifera

Cells in longitudinal or transverse rows, but not arranged in pairs or
fours U. linza
3-15 pyrenoids per a cell, plastids are discoid, located against a

wall, often on opposite walls in paired cells U. clathrata
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13

14

15

24

Cells usually with 2-4 pyrenoids 13
Cells usually with 2-3 pyrenoids, but some cells with 1-7(8)

pyrenoids, plastids are cylindrical, thallus is usually highly

branched U. flexuosa

Cells with 2-4 pyrenoids, thallus is very long, narrow, 0.5-3.0 mm

wide, sparsely branched U. kylinii
Cells in longitudinal or transverse rows, blade is usually less than 5

cm wide U. linza
Cells are scattered without any order or they are in short rows 15

Chloroplast is in the shape of a cup or a hood with one pyrenoid,;

cells are in short rows, seldom in long ones U. compressa
Parietal chloroplast, cells with 1 (2-4) pyrenoids, old cells with 3-7

pyrenoids U. rigida
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Description of species

Ulva clathrata (Roth) C. Agardh (1811)

Conferva clathrata (Roth) (1806)

Ulva muscoides Clemente (1807)

Ulva ramulosa J.E.Smith (1810)

Enteromorpha crinita Nees (1820)

Enteromorpha clathrata (Roth) Greville (1830)

Enteromorpha welwishii J.Agardh (1883)

Enteromorpha muscoides (Clemente) J. Cremades in J. Cremades & J.L.Perez-
Cirera(1990)

Thallus consists of long abundantly branching tubules forming tufts, of 10-15 cm
long and 0.25-5 (10) mm thick. Thalli are from light to dark green in colour. Cells are
generally located in longitudinal rows, sometimes transverse rows can be observed, cells
rounded or rectangular with rounded corners, of 20-30 (50) um in diameter. Chloroplasts
are discoid with a smooth or lobular edge. One or two-three pyrenoids in young cells, and
up to 5-15 in older cells at the base of the thallus.

Sexual process is anisogamous, asexual reproduction is by quadriflagellate
zoospores.

It is found in brackish and sea water areas in the protected and open beaches, on
rocks, stones and shells and as epiphytes in the littoral zone, the water's edge, less
frequently in the subtidal zone. The most abundant growth is observed in spring and

summer. It is a common species in the Black, Azov, Caspian and Baltic Seas.

Ulva compressa Linnaeus (1753)

Enteromorpha compressa (Linnaeus) Nees 1820
Enteromorpha complanata Kiitzing (1845)
Enteromorpha usneoides J. Agardh (1883)

It is the species whose wide distribution is questioned by some algologists.
According to molecular research, Ulva compressa occurs in the Baltic Sea only in the
form of large, flat and coarse thalli lying on the bottom of shallow lagoons, in the

Wadden Sea — in the form of branching tubular thalli. According to the guide (Brodie et
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al., 2007), thallus is various in its form: axis are usually tubular, but not swollen,
compressed, profusely branching up to 60 cm or more in length, 0.1-2.0 cm wide,
sometimes very broad and leaf-like, with numerous tubular outgrowths on the surface of
the thallus. Thalli colour varies from light green to dark green (Fig. 5). The cells are
arranged randomly, sometimes in short rows or rosettes, but there are forms with
longitudinal rows of cells. Short rows consist of 4-5 cells, there are up to 10-31 cells in
winding long parallel rows. Cells of 6-9 x 8-11 pum size and more (up to 15-30 um in
diameter) are round, rectangular or polygonal with 5-6 angles. Cells contain one large
well observed pyrenoid (up to 3-4 um). Cap-shaped chloroplast, caps are generally in the
apical part of the cell (Fig. 1).

Gametophyte is dioecious, forms biflagellate anisogamous gametes;
quadriflagellate zoospores are formed on sporophyte.

Widely distributed both on protected and subjected to the wave activity shores,
occurs as epiphyte or epilith on small stones, rocks, sometimes in tide pools. It is
observed throughout the year, abundant in spring and summer. Different morphotypes of
the species occur in the Black, Azov, Caspian and Baltic Seas.

Ulva flexuosa Wulfen (1803)
Conferva flexuosa Roth (1800)

Enteromorpha intestinalis var. tubulosa Kiitzing (1845)
Enteromorpha tubulosa (Kiitzing) Kiitzing (1856)
Enteromorpha flexuosa (Wulf.) J. Ag. (1883)

Morphology varies ranging from sparsely branched long ribbons of 2 cm in width
to narrow branching tubular less than 1 mm in diameter. The branches are arranged
oppositely and laterally, sometimes reaching the size of the main axis. Plants often form
soft clumps pale green in colour (Fig. 6). Axes are cylindrical, flattened or swollen.
Branches at edges are sometimes uniseriate. Cells are usually rectangular in longitudinal
and transverse rows. Parietal chloroplast is a hollow cylinder, open at both ends, with 1-4
(sometimes more) pyrenoids.

The sexual process is anisogamy (biflagellate gametes are formed, which can also

develop parthenogenetically), asexual reproduction is by quadriflagellate zoospores.
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It grows in a variety of places: in the upper subtidal zone of protected and open
shores, in the intertidal zone, in saltwater lagoons and in salt marshes. It is a common

species in the Black, Azov, Caspian and Baltic Seas.

Ulva intestinalis Linnaeus (1753)
Enteromorpha intestinalis (L.) Nees (1820)

Thallus usually tubular, swollen, sometimes constricted, light or dark green in
colour, usually quite soft. Thallus unbranched or with some branches extending from the
base of the thallus. Height of thallus is from a few centimeters to 30-40 cm, and its width
is from 0.5 to 4.0-5.0 cm (Fig. 7). Sexual reproduction is by biflagellate anisogametes,
asexual is by quadriflagellate zoospores.

Cells of 6-10 x 7-16 um, mainly polygonal, with 3-7 angles or rounded up to 20
um in diameter. Cells are not arranged or rarely found in short rows (8-10 cells), located
in different directions (not oriented parallel or perpendicular). Cells are often located in
single or 2-3 parallel semi-concentric structures comprising up to 15-20 cells (Fig. 2).
Very seldom cells are collected in rectangular structures of 4x4 or 5x5 cells. Pyrenoids
each to 2.5 um in diameter, sometimes not very well viewed. Chloroplast is in the apical
part of the cell or covers the whole cell.

The species is widespread in marine and brackish waters, as a rule, at a salinity
less than 20 %o both in the protected and open areas of the coast, on rocks, stones, shells.

Occurs in the Black, Azov, Caspian and Baltic Seas.

Ulva kylinii (Bliding) Hayden et al. (2003)
Enteromorpha kylinii Bliding 1948

Thalli are long, narrow (0.5-3.0 mm wide), cylindrical, unbranching or branching.
Cells are of square or rectangular form, often extending longitudinally, 15 x 24 um, with
2-4 pyrenoids.

Observed on stones, in sublittoral areas

Occurs in the Black Sea and is likely in the Caspian Sea. Distribution needs to be

specified.
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Ulva linza Linnaeus (1753)

Enteromorpha procera Ahlner, 1877
Enteromorpha linza (Linnaeus) J. Agardh (1883)
Enteromorpha ahlneriana Bliding (1944)

Ulva procera (Ahlner) Hayden et al. (2003)

Thalli are light green in colour, soft, of various shape — from highly branched
narrow (0.5-5.0 (10.0) mm) flattened to unbranched two-layer band-like thalli of 0.5 —
4.0-5.0 (8.0) cm wide and 5-30 cm long or more, with wavy edges and conical hollow
stipes (Fig. 8). The first morphotype was originally described as Enteromorpha procera
and Enteromorpha ahlneriana, the second as Enteromorpha linza. According to
molecular-genetic studies these species are similar.

The size and shape of cells of the specimens belonging to various morphotypes we
have studied are slightly different. Cells of linza-like morphotype representatives are
mainly rectangular or polygonal with 6-7 angles of 7-20 x 9-30 um size containing 1
(rarely 2) relatively large (2,0-3,5 um) and well observed pyrenoid. The specimens of
procera (ahlneriana)-morphotype have somewhat smaller cells, 6-15 x 9-20 pum,
substantially rectangular or polygonal with 5-6 angles, often elongated. The cells contain
one (two pyrenoids in 5-7% of the cells) a rather large (2-3 um), clearly visible pyrenoid.
Chloroplast is parietal, under the light microscope it often looks like as if it occupies the
whole cell (Fig. 3).

The cells of both morphotypes are arranged in parallel longitudinal and/or
transverse rows containing up to 16-38 (linza-morphotype) or 10-35 (procera
[ahlneriana]-morphotype) cells (there can be more cells). Cells often form clear
rectangular structures holding up to 6x12 cells.

Representatives of European species reproduce by parthenogenetic biflagellate
gametes or quadriflagellate zoospores.

It is a widespread species, occurring on rocky substrates and boulders in the upper
sublittoral and littoral zones with normal and lowered salinity. Occurs in the Black, Azov.

Caspian and Baltic Seas.
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Ulva maeotica (Pr.-Lavr.) Tsarenko (2011)
Enteromorpha maeotica Pr.-Lavr. (1945)

Thallus vesicular, egg-shaped, elongated ovoid, unbranched, with a small stalk
and stipe, 2-10 cm long and 2-8 cm wide. A hole at the top, thallus may be easily torn in
its top. Thallus is stiff, dark green in colour (Fig. 9).

Cells from the surface are rectangular, square, with rounded corners, of 12-26 um
size, arranged in no particular order. Chromatophores with 2-3 pyrenoids.

It is found on shells, as well as in an unattached form at shallow depth in protected
habitats with different salinity. It is an endemic species in the Black and Azov Seas.

Ulva prolifera O.F. Miiller (1778)
Enteromorpha salina (Kiitzing) (1845)
Enteromorpha prolifera (O.F. Miiller) J. Ag (1883)

Thallus has a high degree of morphological variability from low branched (up to
50 cm in length and 1 cm wide) ribbons to highly branched thalli with tubular branches
less than 1 mm in diameter. Thalli are from light to dark green in color; axes are
cylindrical or compressed with central cavity (Fig. 10).

The cells are round, rectangular, sometimes polygonal of 5-9 (-35) x 6-13 (-30)
um size, arranged in pairs or fours. The cells form relatively long longitudinal and/or
transverse winding rows of 13-30 cells long. Chloroplast occupies in the cell a central or
parietal position (sometimes it fills the entire cell), is often obscured by numerous starch
grains. In the center of the cell there is one (sometimes two) pyrenoid, quite large (up to
2-3 um), which is sometimes not very well seen (Fig. 4).

Reproduction is anisogamous by biflagellate gametes that may develop
parthenogenetically, as well as by numerous quadriflagellate zoospores (Koeman, van den
Hoek, 1982).

U. prolifera lives in the upper subtidal zone at depths of up to 3-5 meters in tide
pools. It is found on stones, rocks and shells. It is abundant under conditions of

eutrophication. It is a common species in the Black, Azov, Caspian and Baltic Seas.
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Ulva rigida C. Agardh (1823)

Thallium as a broad irregularly shaped blade with perforations from a few
millimeters up to 1-2 cm in diameter. It is from light green to dark green in colour, with
tough, leathery texture. The edges are more or less smooth, lobed or wavy (Fig. 11).
Under the microscope the thallus edge is tooth-like. Cells are scattered, sometimes in
irregular rows, polygonal or rectangular, of 15 x 9 mm size (or more). Chloroplasts
parietal, with 2-4 (rarely 1) pyrenoids .

It is found in the intertidal and upper subtidal zone with surf of different force, on
rocks and as an epiphyte on other algae, mainly in eutrophic habitats. It often floats

freely. Occurs in the Black, Azov, Caspian and Baltic Seas.

Ulva torta (Mertens) Trevisan (1841)
Enteromorpha torta (Mertens) Reinbold (1893)

Thallus in the form of tangled narrow (30-50 um), cylindrical, unbranched, long
(up to 50 cm in length) tubules of the same thickness throughout its length (Fig. 12). Cells
measuring 12-28 x 6-16 mm are located in 3-12 longitudinal straight or spiral rows.
Chloroplast parietal, usually with one pyrenoid, rarely two-three.

It occurs in the form of a mass tangled around other filamentous green algae in

bays and estuaries. It occurs in the Caspian and Baltic Seas.
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Pucynok 1 A, B. Mukpockomnuueckasi CTpyKTypa cpeaneit uactu tamuioma Ulva compressa

Figure 1 A, B. Microscopic structure of the middle part of an Ulva compressa thallus




Pucynoxk 2 A, B. Mukpockomnuueckasi CTpyKTypa cpeaneit uactu tamuioma Ulva intestinalis

Figure 2 A, B. The microscopic structure of the middle part of the thallus of Ulva intestinalis



Pucynoxk 2 C. Mukpockonuueckasi CTpykTypa cpeaneit uactu tayuioma Ulva intestinalis

Figure 2 C. The microscopic structure of the middle part of the thallus of Ulva intestinalis



Pucynoxk 3 A, B. Mukpockomnuueckasi CTpykTypa cpeanent uactu tayuioma Ulva linza

Figure 3 A, B. Microscopic structure of the middle part of an Ulva linza thallus




Pucynoxk 3 C. Mukpockonuueckasi CTpyKTypa cpeaHeit yactu tamoma Ulva linza

Figure 3 C. Microscopic structure of the middle part of an Ulva linza thallus



Pucynoxk 4 A, B. Mukpockomnuueckasi CTpyKTypa cpeanent uactu tayuioma Ulva prolifera

Figure 4 A, B. Microscopic structure of the middle part of an Ulva prolifera thallus




Pucynox 5. O6mmii Bun Ulva compressa

Figure 5. General view of Ulva compressa
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Pucynok 6. O6mwmii Bun Ulva flexuosa ~ Figure 6. General view of Ulva flexuosa
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Pucynox 7. O6mmii Bug Ulva intestinalis. Figure 7. General view of Ulva intestinalis



Pucynox 8. O6mmii Bug Ulva linza.  Figure 8. General view of Ulva linza.



Pucynox 9. O6mmii Bug Ulva maeotica.  Figure 9. General view of Ulva maeotica



Pucynok 10. O6mmii Bun Ulva prolifera.  Figure 10. General view of Ulva prolifera
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Pucynoxk 11. O6mmii Bun Ulva rigida. Figure 11. General view of Ulva rigida.



Pucynoxk 12. O6mwmii Bun Ulva torta

Figure 12. General view of Ulva torta
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