Pezuonanvuas sxonoeus, Ne 1 (51), 2018

VIK 594.72:591.613

DO 10.30694/1026-5600-2018-1-31-43
M. . Opnosa’**, E. B. Crporosa®?, T. JIlmun*, M. JIypne*

K cTparermsam 3amurhl cCMCTEM HUPKYTSIMOHHOTO U TeXHUYeCKOro BogocHabxenus (CTB)
OT 00pacTaHus KOTOHUATbHBIMU 0€CII03BOHOYHBIMY C MOKOSIIEICS CTauen

B )Ku3HeHHOM 1uKe: Plumatella emarginata (Tentaculata) n

yIbTpaduoneTOBOE U3TyYeHNE UV — KOHTPOIb VS. YHUYTOXKEHME.

Yacts I. HoBble maHHbIE 0 BBIXOJE 13 AMANAY3bl U X IPMMEHEHNE A/ 9KOTOTMYeCKOTro
moHutopunra CTB

'®BI'YH 3oonorndecknit nuHCTUTYT Poccniickoit akagemun Hayk (3VIH PAH)
Poccus, 199034 Canxm-Ilemep6ype, Yiusepcumemckas Hao., 0. 1

2000 HayuHo-TexHI4YecKnit LeHTp « TeXHOIKOTOH»
Poccust, 171842, Teepckas obnacme, 2. Yoomns, yn. Kocmonasmos, 0. 5a, nom. 141

>OBI'YH Cankr-IletepOyprckuit Hay4yHbIil HeHTp Poccuiickoit akagemyn Hayk (CITBHII PAH)
Poccus, 199034 Canxm-Ilemepbype, Ynusepcumemckas nao., 0. 5

* Arnantnym texnonorun OOO,
Mspaunv, 99100 Mnoycmpuanvrvii napx Xap Tys, yn. Xamenaxa, 0. 11, n/s 11071

*E-mail: marina.orlova2012@gmail.com

Llenb coO06IeH s TPeACTaBUTh HAI/LIAHYIO U [PYTYIO 6a30ByI0 MHGOPMALINIO, HEOOXORUMYIO /I OPTaHU3ALNI
U BefleHVis1 MOHUTOPVHIA PaCCeNIUTENbHBIX CTaINIT BULOB-00pacTaTeeil, s CO3LaHMA CUCTEMbI KOHTPOJIS PasBUTHA
6uonomex B CTB o6bexra aHepreTuku. B coobuienny npencTaBieHbl pe3ynibTarhl, B TOM Y1CTe POTOLOKYMEHTB,
NabOpaTOPHBIX HAOMIOeHNIT 32 heHOMeHOTIOTHeN ([IOC/IeOBATEIBHOCT, TAIMIHI, KOTIMYeCTBEHHbIE XapAKTePVICTIKIA)
BBIXOJja CTaT06/1acTOB MIllaHKY poga Plumatella 3 jyanayspl. B 4acTHOCTH, BBIAB/IEHBI HOBbIE OCOOEHHOCTH 3TOTO
polecca, Takme Kak popMUpOBaHue B JIETHEE BPEMs arperawiuii, COCTOSILINX U3 CTATOO/IACTOB, X OCTATKOB U
Pa3BUBAIOIIVIXCS 300M0B-0OCHOBATE el KOTOHMIL. DTy 0COO6EHHOCTh MOXKHO PaCcCMAaTPUBATh KaK OfJH I3 BAPUAHTOB
[peajjanTanyy JAHHOTO 9KOIOTMIECKY IIACTUYHOTO PO K KOJIOHU3ALMI UCKYCCTBEHHBIX OMOTOIIOB.

K}IIO‘ICBI)IC C/I0BaA: IIOKOAIINECA 1 paCCeTH/ITeHbHI)Ie cTagum O6PaCTaTeTI€I‘/‘I, BbBIXOI 13 ;cu/[anaysm, CHUCTEMBI
LYPKY/IALVIOHHOTO U TEXHIYECKOTro BofocHabxenus, Plumatella

Toward strategies for protection of cooling water and service water systems (CSWS) from overgrowth by colonial

invertebrates with resting stages in their life cycle: Plumatella emarginata (Tentaculata) and UV —
control vs. combating.

Part i. New data on dormancy release and their value for ecological monitoring of CSWS
M. I. Orlova-#, E. V. Strogova*>, T. Lichi‘, M. Lurie*

'Zoological Institute of the Russian Academy of Sciences (ZIN RAS)
1, Universitetskaya nab., St. Petersburg, 199034, Russia

2 LTD Scientific and Technical Center “Technoecoton”
off. 141, 5a, ul. Kosmonavtov, Udomlya, Tver’ oblast, 171842, Russia

3 St. Petersburg Research Center of the Russian Academy of Sciences (SPBRC RAS)
5, Universitetskaya nab., St. Petersburg, 199034, Russia

* Atlantium Technologies Ltd
11 Hamelacha Street, Har Tuv Industrial Park, POB 11071, 99100, Israel

*E-mail: marina.orlova2012@gmail.com

This paper is aimed to provide visual documentation as well as basic information required for setting up and carrying
out monitoring of dispersal stages of undesirable (biofouling) species. Such monitoring is designed to help develop systems

for control of biological fouling in Cooling and Service Water System (CSWS) of power plants. This communication
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presents results (including photographs) from laboratory observations of various stages of the genus Plumatella life cycle.
Some previously unknown peculiarities of the life cycle have been observed, such as formation of aggregations consisting
of statoblasts and newly hatched zooids-founders of colonies in the summer time. This peculiarity has not been previously
documented and can be considered as one of pre-adaptations of this ecologically flexible genus for colonization of artificial

habitats.

Keywords: dormant and dispersal stages of
biofouling species; dormant release; industrial cooling
water system biofouling; Plumatella.

Introduction

For the last 15 years there have been numerous
reports of biofouling of CSWS in hydroelectric
facilities by Bryozoa[1,2, 6,7, 8, 15, 16], worldwide.
In the last 4 years, two new species of common
freshwater bryozoan from genus Plumatella have
been found in the cooling reservoirs of nuclear
power plants (NPPs) in the North-West of Russia
[1,2,6,7].

The life cycle of freshwater bryozoans
inhabiting heated water bodies and causing
biofouling in industrial complexes has been studied
less comprehensively than that of fouling species
with larval dispersal (e.g. zebra/quagga mussels).
Plumatellids — the most common freshwater
bryozoans are well studied by taxonomists [1-3]
who deal with preserved material and electronic
microscope, but they are poorly studied as living
organisms [4, 17]. Therefore it is not surprising that,
generally, the control of bryozoan fouling is focused
on manual or mechanical removal of colonies. Little
or no attention is given to presence of microscopic
dormant lifestage (statoblasts) in industrial systems,
which are the real prerequisite of massive fouling.
Statoblast germination which leads to rapid
recolonization of cleaned surfaces by new colonies
has not been well studied. Until 2014, statoblasts
and biological processes related to them have been
out of scope of ecological monitoring carried out in
cooling water bodies of power plants in Russia [7].
As no attention was given to the dormant stages of
bryozoans, there is insufficient information on their
distribution, abundance, viability, or the mechanisms
of their germination.

This paper presents results and photographs
from laboratory studies. It describes the germination
of statoblasts (flotoblasts) and hatching of zooids
in Phylactolemata bryozoan species Plumatella

emarginata and P. geimermassardi. This study
revealed peculiarities of the plumatellids life cycle
which may lead to understanding of the limits of
common antifouling strategies and provides criteria
for estimation of UV illumination effectiveness
described in the companion paper [13].

Background

1. Overview of the bryozoan life cycle for
developing appropriate monitoring and
strategy for control of biofouling

Most taxa of freshwater Bryozoans, including
genus Plumatella, belong to class Phylactolemata.
They are biofouling species with a complex life cycle.
The fouling is caused by moss-like colonies of live
individuals which develop within the cooling water
system, growing attached in place within the piping
systems and impeding water flow. From the literature
[3], representatives of this class are hermaphrodites
and sexually produce free-swimming larvae —
ancestrula-like (very rarely found by researchers").
They are capable of asexual reproduction through
the formation of vegetative “bags” (statoblasts)
produced by colonies through internal gemmation.
Statoblasts are the obligatory dormant (resting) stage
[4, 16]. These dormant stages and the period of rest
(diapause) both serve as strategies for survival of
unfavorable conditions (1)? and for passive long
distance dispersal (2). The vegetative bags act
as seeds and it has been shown that they are able
to quickly germinate under favorable conditions
[4]. They are also the tool for subsequent rapid
colonization of appropriate habitat either natural or
artificial (3).

Infestation of any facility by Phylactolemata
occurs during the mobile stages of the life cycle,
either as planktonic larvae (rare) or more often by

Vit is not possible to reliably assess the role of the larvae in biofouling development at this time. In our 5-year study [7]
we have observed that dispersal of P. emarginata occurs primarily through statoblasts;

2 primarily it is a “tool” for survival in unfavorable conditions: in temperate zone during the winter season and in tropical
zones during the dry season, when water bodies can completely or partially dry-up;
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those resting statoblasts which are able to passively
drift with the incoming water and accumulate in
sediments and on the surfaces of cooling water
systems.

Statoblasts are lentiform multicellular bodies,
covered with a solid shell. Examples of the statoblasts
of the two species belonging to common freshwater
bryozoan genus Plumatella — floating ones called
“flotoblast” and sessile ones called “sessoblast™ are
shown in Figure 1. These dormant/resting statoblasts
are generally resistant to common antifouling
strategies, such as chlorination [16]¥, successfully
used for dreissenid mussels, e. g. zebra (Dreissena
polymorpha) and quagga (D. bugensis) [11, 12]
control. It seems [5] that even control strategies
effectively used for Hydrozoans (Cordylophora
caspia), which are considered more resistant than
mussels [14], appear ineffective against plumatellids
statoblasts. It has been found [10] that statoblasts are
highly resistant to both organo-chlorine pesticides
and 2,4-D (a dioxin pesticide), which are highly
toxic to most life-forms; copper sulfate had no
impact on germination success; mercuric chloride
had minimal impacts at low levels, but mortality
increased with concentration; sodium salts of
arsenic and molybdenum (AsNa,;0,; MoNa,0,),
while keeping germination below the level of the
control, actually increased germination rates at
higher concentrations. As for the colonies (active
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phase of life cycle) they are relatively sensitive?,
however in toxicity bioassays it is not uncommon
for an apparently dead colony to "revive" when it is
returned to clean water [16].

Many common biofouling invertebrates have
only the sexually produced larvae (Fig. 2) serving
as the dispersal and colonization mechanism. Larvae
as a rule are vulnerable to negative environmental
factors [8] and antifouling remedies [11], more
so than the sessile adults. Plumatella in its active
phase (colonies) is also known as relatively tolerant
organisms even to high ambient temperature. It is
able to form monospecific fouling at sites where
mussels do not survive [8, our unpublished data] or
co-occur with other fouling organisms possessing
free-living larvae in cooler habitats [5, §].

Freshwater bryozoan Plumatella emarginata is
found in CSWS of power plants (including NPPs
of the Russian Federation and adjacent countries
[6, 8]). It forms massive colonies (Fig. 2), causing
problems with adequate cooling water delivery,
particularly during the warm time of the year. The
statoblasts (Fig. 1) are present in artificial and quasi-
natural habitats throughout the year. Single zooids or
germinating statoblasts (active phase) are observed
periodically during the warm season in fouling
samples collected from surfaces and water inside
CSWS. They are found less frequently in zoobenthos
and zooplankton samples collected (1-3 times in the

gy

Fig. 1. Resting — statoblasts of Plumatella genus. On the left electronic microscopic
photos P. geimermassardi flotoblast [From Gontar’ 2016 [1]); in the center —
sessoblast of the same species [the same source], on the right — flotoblasts of

P. emarginata (central and right photos were taken using binocular light microscope,
X40, the same resolution is also used for microscopic photos in figs. 2, 3 and 5,

unless otherwise stated.

Puc. 1. ITokosuuecs noyku odpacrareneii- crarodnacTsl MIIaHku popa Plumatella.
CreBa — anexTpoHHas Mukpodotorpadus ¢iorodonacra P. geimermassardi [u3
Gontar’ 2016 [1]); B ileHTpe — ceccoOnacT TOro Ke BU/a [TOT e HCTOYHHUK ],

cnpaBa — ¢urorodnactel P, emarginata (eHTpanbHas U nipasast Gpororpadus caenaHbl
10/T OMHOKYIISIPHBIM MHKPOCKOTIOM TIpH yBennueHuu X40, To jxe caMoe YBelTHueHUe
HCIIOJIB30BaHO MIPH MUKPOCKOIIpoBanu (pororpadupoBanum) 00bEKTOB, HMCIO-
HIMXCs HAa pUCYHKax 2, 3 and 5, ecinu He yKa3aHO MHOE).

9 some sources [17] distinct future flotoblasts and sessoblasts within a mother colony and state that sessoblasts need
shorter time for completing their gemmation from mother colony (3.84 days on average), while formation of flotoblasts
possessing swimming ring takes longer time — 5.32 days on average; number of future flotoblast in a colony in higher than that
of future sessoblasts (from 4:1 to 21:1); released sessoblasts when finding an appropriate substrate attach before dormancy;

4 occasional maintenance treatments with sodium hypochlorite of 0.3mg/1 over 24 hours should keep bryozoans colonies

under control, but will not kill statoblasts [16].
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Fig. 2. Active phases of fouling organisms inhabiting cooling and service water systems and outer areas of hydroelectric
(canals, dams) power plants from preserved samples. Upper block of photos from left to right: fragment of colony of
P. geimermassadi [1] (light microscopic photo, X10), colony of P. emarginata ( naked eye) on a fouling coupon,
germinating statoblasts of P. emarginata — open shells and releasing content (pointed with arrow, light microscopic
photo). Lower block from left to right: adults of Dreissena polymorpha, planktonic larvae of Dreissenidae (light

microscopic photo).

Puc. 2. AxTuBHSBIE (ha3bl )KU3HEHHOTO LUKJIA 0OpacTaTenaeid, 0OMTAIOIIIX CUCTEMbI OXJIaXKACHHS U TEXHUUECKOTO BOJIO-
CHAOXXCHUS AIEKTPOCTAHIHMHN, TAK KAK OHH BBIIIAAAT B (PUKCHPOBAHHBIX THAPOOHOIOTHYECKHX Mpodax. BepxHuii 6ok
(ororpacdwuii cneBa HanpaBo: GpparMeHT KonoHuU P. geimermassardi [u3 1] (IO MUKPOCKOIIOM, JIECATHKPATHOE yBEIHUYe-
HUe), KooHus P. emarginata (HeBOOPY)KEHHBIM IVIa30M) Ha IUIACTHUHE JUTS UCCIIEIOBAaHMS TUHAMUKH ()OPMHUPOBAHUS
obpacTaHus1, NpoOyxaaromuiics crarobnact P. emarginata — OTKPBITH CTBOPKH, BBIXOIUT HAPYKY COACPKUMOE (yKa3aHO
CTPEJKOii, pOTO CeNaHO IO/ CBETOBBIM MUKpOCKONOM). HrkHUIT 670K ciieBa HarmpaBo: B3pociblie ocodu Dreissena
polymorpha, nnanktonHsle mTuauHKK Dreissenidae ($hoTo caenano Mo cBeTOBEIM MHKPOCKOIIOM).

warm season) during annual monitoring of cooling
water reservoirs and preserved with formaldehyde
(Fig. 2). The resting life stages are generally not
reported by observers carrying out routine ecological
monitoring aimed at environmental protection rather
than prevention of biofouling in industrial settings.
Little is known about the role of each statoblasts
generation in fouling of cooling water systems. The
fouling process appears to be more complicated than
that under natural conditions [7]. Partial control of
bryozoans colonies in industrial systems through
chemical control or dewatering [16] may trigger the
formation of resting stages at almost any time.
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Resting statoblasts can accumulate in natural
water bodies: flotoblasts (Fig. 1, left and right
photos) — may be present in the water column and
also in the surface film and in the bottom sediments
(pers. observation by Orlova and Strogova);
sessoblasts (Fig. 1, central photo) — can be found on
hard substrata. The statoblasts can also accumulate
in the CSWS, both as flotoblasts transported there
by water flow from upstream colonies or released
from existing colonies growing in place and as
sessoblasts® attached within the piping prior to
dormancy (mechanisms of such protracted dormancy
are yet to be understood).



Itisnot clear which factors regulate the dormancy
release of Plumatella statoblasts from generation (1)
[3], while activation of statoblasts collected from late
summer/autumn colonies (generation (2)?) is well-
studied under laboratory conditions [4]. It would
appear that under laboratory activation (germination)
of statoblasts collected from colonies is facilitated by
vernalization (exposure to freezing temperatures) for
approximately 1 month or more [4].

When activated under favorable conditions, the
statoblasts are able to produce zooids-founders of
colonies (Fig. 3). If vernalization and subsequent
cultivation are properly done, hatching success
under laboratory conditions can reach 90 % for
P, fungosa [4].

Under natural temperate climate conditions
plumatellids produce colonies during the spring and
summer [4, 7, personal observations]. However,
in the cooling ponds and within the inner part of
CSWS, where seasonality is erased with the addition
of heat, resting periods and vegetative growth peaks
may not be predictable [7]. Therefore, biofouling
problems are difficult to anticipate under these
artificial conditions. Further, biofouling forecasts
are also complicated by annual climate fluctuations.
During years with long-lasting cool springs, no
massive colony formations are observed in the
summer time. [7].

Material and methods

The laboratory research has been done twice
with Plumatella emarginata statoblasts; once in
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the winter time (normal period of rest in temperate
climates) and once in the early summer (at the
peak of vegetative growth). During the summer
experiment the influence of pre-germination period
on dormancy release was also tested. The description
of P. emarginata biological material and cultivation
methods (Fig. 4) is common with the companion
paper [13].

Additionally we tested dried statoblasts of
P. geimermassardi.

Biological material

Plumatella emarginata. Biological material
from the same locality, collected on the same
date and stored at the same place, has been used
for the two sets of observations described in this
paper. Statoblasts (flotoblasts) were collected from
a mature colony growing in the basin used for
cultivation of fish larvae in Kurchatov town (Kursk
region) on September 30, 2016, at an ambient water
temperature of 20 °C. We suggest this material
belongs to generation 2 (see Background, section 2).

Immediately after the collected colony was
brought to the laboratory, the statoblasts were
manually washed out from it, using raw water
from the Kursk cooling reservoir. Subsequently,
the washed out statoblasts were examined under a
microscope. All statoblasts found were flotoblasts
which looked intact and mature with well-developed
morphological structures (see Fig 1, right photo).
They were associated with the surface film of
water. The statoblasts were collected from the water

Fig. 3. Examples of zooids-founders of colonies (transparent object with coronas of tentacles) hatched from germinated
statoblasts. To the left — example from Plumatella emarginata (Kurchatov, collection on September 30, 2016, activation
after vernalization June 6, 2017, zooids have hatched June 11-12), to the right P. geimermassardi (Kopora Bay, collected
in content of dried colonies from fish farm pontoons on July 28, 2017, activated by placement in water on August 1, 2017,

without vernalization by freezing).

Puc. 3. [Tpumepsl 300110B-0CHOBATENEH KOJIOHHUH (IIpO3pauHble 0OBEKTHI ¢ BEHUYMKOM IIIyIIaJielr), BBUTYTTUBIINECS 13
B3omeaAmunx craroonacto. Cnesa npumep Plumatella emarginata (r. Kypuaros, c6op 30 centsiops 2016 1., akTHBHPOBaHbBI
nocine sposuzanuu 6 utons, 2017 r., 3oouas! BeuTynuiuch hatched 11-12 urons), HanpaBo — P. geimermassardi (Konop-
CKHIf 3aJIUB, COOpaHBI 28 UIOJSI B COCTABE BBICOXIINX KOJIOHHI C TOHTOHOB CaJIKOBOTO XO3SHCTBA, aKTUBHPOBAHBI ITyTEM
nomereHus B Boay 1 aBrycra 2017 6e3 aposusauyuu nymem npomoparcusanus).
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surface, subdivided into small groups and placed
into separate plastic bags for storage and future
transportation. All bags were immediately placed
in a freezer where they were maintained at —10 to
—15 °C until required for further experiments.

Statoblasts were activated twice; first on
December 25" 2016 and for a second time on June
4-6,2017. The first experiment was carried out in the
“Gidrotechproject” Ltd lab. in St-Petersburg, Russia.
The second experiment was done in Atlantium
Technologies Ltd lab. in Bet-Shemesh, Israel.
Facilities used for cultivation are shown in Fig. 4.
In December the raw water used was taken from the
Udomlya Lake (cooling reservoir of the Kalininsk
power plant) and had salinity of 0.24 ppt and pH
above 8 [7]. In June, water from the Kinnereth Lake
(Israel) diluted by deionized water to keep salinity
within 0.2-0.4 ppt and pH within 8-8.6 was used
[13]. The temperature for both experiments was
the ambient room temperature (16-20 °C in the
winter experiment and 24-29 °C in the summer
experiment). Photoperiod corresponding to the time
of the year and latitude of locality (St-Petersburg or
Bet-Shemesh) was maintained.

Activation — melting and acclimation to room
temperature of P. emarginata statoblasts occurred
differently in each experiment in order to imitate
different environmental conditions (see Table 1 and
section 1.3.1. in [13] for more details).

P. geimermassardi. Statoblasts from dried
colonies collected during the monitoring of
periphyton in the discharge canal of Leningrad
power plant on July 28, 2017, belonged to generation
(1). They were activated to check their ability to
germinate by placing them in water on August 1,
2017, without vernalization by freezing.

Germination is defined as the growth of cellular
mass within a statoblast resulting in visual changes
— opening valves, visibility of live whitish content
between valves, capacity to tightly close in response
to touch or shaking with subsequent reopening of
valves. Not all statoblasts hatch into zooids. Hatching
is defined as the final part of the process of dormancy
release. Dormancy release describes the whole
sequence from awakening of the statoblasts up to
the appearance of fully developed zooids (Fig. 3).

Results and discussion

1. Photoimages as basic visual information for
monitoring of dormant and dispersal stages of
plumatellids

Mature colonies of two plumatellid species
Plumatella emarginata and P. geimermassardi are
shown in Fig. 2. Both species pose risk of biofouling
in power plants. The same figure shows the image
of dormancy release of P. emarginata statoblasts
from preserved sample. Figure 3 shows hatched

Fig. 4. Laboratory conditions for cultivation of P. emarginata. On the left — cultivation vessels prepared for experiment,
on the right — cultivation vessels with treated [12]) and control (used here (below) for observations of germination of
statoblasts and hatching of zooids — founders of colonies) samples of statoblasts (each sample had 400-600 individuals in
the individual cages, which allowed for isolation of individuals from those in other samples but provided unhampered

access of water to each individual).

Puc. 4. JTaGopaTtopHbie yCIIOBUS JUIsl KyIbTUBUpOBaHus P. emarginata. CneBa — €MKOCTH JUISL KyJIBTHBUPOBAHHS C
a’pUpyeMoii BOJIOH, TOTOBBIE ISl HCIIOJIB30BAHMUS B OKCIIEPUMEHTAX, CIIpaBa — Te€ )K€ eMKOCTH, Ky/a MOMEIeHbI 00pabo-
TaHHbIC [ 12] U KOHTPOJIbHBIC (MCIIONIBb30BAHHBIC U1l HAOTHOJCHUH 32 BCXOXKECThIO CTATOONIACTOB M BBUTYIICHHEM 300H-
JIOB-OCHOBATEIICH KOJIOHUIT) TIPOOBI cTaTo01acTOB (Kaxaas mpooda, cocrosas u3 400—600 cTarob1acToB HAXOANUTCS B
WH/IMBUAYAJIBHOM CaJIKe, KOTOPBIN TI03BOJISIET H30JMPOBATh KX yt0 P00y, HO HE 3aTPyAHSET BOIOOOMEH MEX/y CaJIKOM M
OCHOBHOM Maccoil BOJIbI B KYJIBTHBAIIMOHHON €MKOCTH U JIOCTYI KUCIOPO/a K cTarobiactam).

36



zooids-founders of colonies. This stage can only be
observed in live samples. Additional materials on the
third plumatellid species — Plumatella similirepens
can be found in reference [2].

2. Observation of dormancy release in
Plumatella emarginata

2.1. General sequence. Figure 5 shows the
sequence of transformations from intact, frozen,
closed statoblasts into zooids. This sequence is
reconstructed primarily from the observations carried
out during June 6-14, 2017, and partly (2b) from
observations done in December in St. Petersburg.
Additional data collected by the authors in the field
were also used.

The sequence shows (1) variation in statoblasts
undergoing the processes of germination and
hatching (see variations numbered 2, 3, 5 and
indicated with Cyrillic letters a, 6, B). Another
observation not previously recorded in open
literature is (2) the process of clumping of viable
statoblasts to each other and with remnants of
dead statoblasts and empty shells using an excreted
jelly-like matrix (code (way) 4 in Fig. 5). We
suggest that these aggregates may serve as nurseries
for groups of newly hatched zooids and thereby
increase the probability of successful colonization
when an appropriate substrate is encountered. If
the appropriate substrate is absent, the aggregate/
colony can remain floating or drifting. The process
of consolidation into mobile aggregates is likely to
have an adaptive role, including that of withstanding
damage from an external impact.

The presence of the floating colonies calls into
question the regulatory role of biofilm in adhesion,
attachment and settlement of dispersal stages of
invertebrates and the development of macrofouling [6,
13]. We can compare the development of travelling®
Plumatella aggregates/colonies to translocation by
adult dreissenid mussels [9]. However, unlike the
translocators, the floating aggregates with hatching
zooids can serve as the initial macrofouling colonies
of plumatellid in the proximal and distant portions
of CSWS. Unlike the individual translocators, these
colonies will grow and multiply in-situ by asexual
division.

2.2. Timing. Results from the activation
experiments carried out in December were
significantly different from those carried out in June.

December 2016. Process of swelling (1 in Fig. 5)
of corrugated (dehydratated by freezing) statoblasts
took 2—3 days; excretion of jelly-like “adhesive”
by statoblasts was found on day 4-5, coinciding
with the opening of the valves (3 in Fig. 5); the first
zooids, very few in number, were found on day 7.
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Flattening of statoblasts (2b) or consolidation into
aggregates (5) were not observed at all.

June 8—14, 2017. Results from observation
done on days 1-4 are summarized in Table 1 (9
characteristics, including the beginning of hatching).
Almost no corrugated statoblasts were found in the
cultures. The first zooids appeared 3—4 days sooner
than in December (columns 6, 7 in Table 1). Hatching
started after, or simultaneously with the formation of
aggregates.

Thus, timing of two phases of dormancy release
(germination and hatching) was different under
different temperature regimes of the different
seasons despite the fact that the statoblasts had the
same origin and cultivation. Further, there was a
lack of aggregation during the winter experiment.

2.3. Quantitative and semiquantitative
characteristics of hatching from observations
done June 8-14, 2017. Hatching started on the 4"
day of cultivation (table 1) and continued up to the
termination of the experiment (5" day for Group T
and 7" day for Groups A and U (Table 2)). Hatching
was strongly dependent on the regime of activation
(see data for 5" Day in Table 2 for Group T and
Groups A, U), like germination was (Table 1). Result
of hatching (contribution of zooids to total number
zooids+intact statoblasts) in groups with extended
period of acclimation to room temperature was
impressively high — up to 45 % in Group A, 71 %
in Group U (Table 2) by the 7th day of observations.
Probably these results should be attributed to the time
of a year — the best for the processes of dormancy
release given the temperature conditions.

2.4. Practical consideration of results for
Groups A, U and T

Very high destruction of statoblasts (Table 1) and
low number of hatched zooids (Table 2) in Group
T activated under conditions of fast melting and
rapid oscillation of temperature in the range above
zero (Group T transportation from laboratory in St-
Petersburg (Russia) to laboratory in Bet-Shemesh
(Israel) in June 2017 lasted for almost 3 days) has
practical application. In 2017 after a late springs
and cool summer Plumatella appeared to have
lower capacity for colonization of CWSS (personal
communication from Kursk NPP staff). Thus, rapid
activation of statoblasts especially with subsequent
decrease and oscillations of temperature could be
considered as a prototype for a preventive anti-
fouling method.

3. Additional observation of dormancy release
in Plumatella geimermassardi

We had no P. emarginata statoblasts of generation
(1) from the Kurchatov location and used available
statoblasts of P. geimermassardi likely belonging to
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Fig. 5. Major phases of statoblast activation (germination and hatching) during dormancy release by Plumatella emarginata.
General legend: black arrows — stop further germination and development; blue arrows — steps/events of germination
processes; yellow arrows — hatching and its results;

Numbers and letters: 1. Swelling and restoration of normal shape by frozen corrugated statoblast (result: closed intact
statoblast); 2 Excretion of gel by statoblast; 2a — attachment of single statoblast with gel secretion to substrate (is this
secretion adhesive?) or to surface water film; 26 — change of shape and getting appearance characteristic of sessoblast
(result: some flattening and stacking to substrate); 3 — reversible opening of shell valves by intact statoblasts (result:
beginning of hatching, excretion of additional quantity of secrete); 4 — very slow movement (how?) and consolidation due
to excreted material e (result: formation of aggregates= statoblasts partly immersed into transparent jelly-like matrix
(consolidated); 5 — hatching of tentaculate zooids by consolidated groups of statoblasts (not all of them are hatching, but
many); Sa — finding larvae-like zooids in matrix (single event in experiment (AL100, see in [13]) and mass event in
September 2016 in cooling reservoir); 56 — aborted zooids; 5B — hatching zooids from single statoblasts.

Puc. 5. OcHoHble (a3bl (poOyKaeHHE U BBUTYIIEHUE 3004/10B) BbIX0AA U3 Auanayssl y Plumatella emarginata.
Venosnvie 0b603nauenus: depHbIe CTPEIKH — MPEKPAIICHIE JaJbHCHIICTO MPOPACTAHUS M PA3BUTHE CTATOOIACTOB U
300HUI0B; TOJIYObIE CTPEJIKM — CTaANK/HAauOO0Iee BayKHbIE COOBITHS MPOLECCa MIPOPACTAHUS; KEIThIE CTPEIIKH — OTPOIKIC-
HHUEC (HOSIBJ'[BHI/ISI) 300MJ0B U OCHOBHBIC PE3YyJIbTAThI IIPOLECCA BbIXOAa U3 Aralay3bl;

Ludpossie u GykBeHHbIC 0003Ha4YeHUs: | — HaOyxaHHE ¥ BOCCTAHOBJICHHE HOPMAIIbHON (DOPMBI CMOPIIICHHBIMHE T10CIIE
peObIBaHKS B MOPO3WJILHOW Kamepe cTaro0iacTaMu (pe3ysIbTar: 3aKpbIThI MHTAKTHBINM CTaTo0acT); 2 — BBIJCICHHE
resst (keneoOpa3Horo cexpera — «aare3uBa»?) cTaro0IacToM; 2a — NPUKPEIJICHHE OTASIBHOTO CTAaTo0IacTa ¢ MOMOILBIO
BBIJICTICHHOTO CEKpeTa (SBISETCS JIM CEKPELHUs YacThio Mpolecca aare3nn?) K cyocTpaTy Wl acCOIMAIIMS ¢ TTOBEPXHOCT-
HO¥ TUICHKO BOJIBL;, 26 — M3MeHeHHe pOpPMBI M IPUOOPETEHHE CTaTOOIACTOM YepT ceccobnacra (pesyibrar: HEeKOTOpoe
YIUIOILIICHNE ¥ TIPUJIMIIAHKUE K cyOCTpaTy); 3 — 00paruMoe OTKPBIBAHUE CTBOPOK WHTAKTHBIMHU CTATOONACTaMH (pe3yJbTar:
MEePHUOANYECKOE MOSBICHNUE 30011a MKy CTBOPKAMH, BBIJCICHNE J0OABOYHOIO KOJINYECTBA JKEJICO0Pa3HOTO CEKPeTa);

4 — OoueHb MEIJICHHOE PA3HOHANPABICHHOE ABMKEHHE (POPMUPYIOLIUXCS 300MI0B OTHOCUTEIBHO CTBOPOK «MATEPHHCKO-
ro» CcTaTo0IacTa U KOHCOMHIAINS CTaTO0IaCTOB, CONCPIKALIAX 300U bl C IPYTUMHU MaTepUaIoM B BBIICICHHOM JKelIeo0pas-
HOM cekpeTte (MaTpukce) (pe3ynbTrar: OpMUPOBAHUE arperaiyii, COCTOSIINX U3 IPO3PAYHOr0 MaTPUKCa U YACTUYHO
MOTPY>KSHHBIX B HETO TPOPACTAIOIINX CTATOOIACTOB C 300UAaMH U MEPTBOTO MaTepuasa); 5 — MPHCYTCTBUE (BbUTYILIE-
HHe) ¢(HOPMUPOBAHHBIX HIYNATBIEHOCHBIX 300UI0B KOHCOIUIIUPOBAHHBIMU TPYIIIAMH CTATOOIaCTOB (HE U30 BCEX, HO U3
MHOTHX BBIXOISIT 300H/Ibl); 58 — 0OHApYKEHUE aHIIECTPYIONOI00HBIX 3001I0B B MATPHUKCE (CAMHCTBEHHBII pa3 B
sKcriepuMeHTe ¢ koaupoBkoii (AL100, cm. [13]) u MmaccoBo B centsiope 2016 r. B KypuaroBckoM BopoXpaHuiuine; 56 —
a0OpPTUPOBAHHBIC 300UIbI; SB — BBIXOJ] 300H/I0B M3 OJMHOYHBIX CTATOOIACTOB.
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Table 1

Germination and beginning of hatching (columns 6, 7) of statoblasts from Groups A, U, T* by observations carried
out June 8-11, 2017

% in total number of observed statoblasts Semi-quantitative data (scores)
Group Open Open Closed Closed | Presence | Presence Degree of | Presence | Aborted
intact damaged intact | damaged of of larvae- | consolidation of material
(day of
observation) tentaculate like (aggregation) | ciliates 1,2,3,4
zooids zooids , 1,2, 0,1,2,3
lor0 lor0
1 2 3 4 5 6 7 8 9 10
A(l) 2.13+1.4 0.9 90.9£1.6 | 5.9+1.6 0.0 0.0 0.0 0.0 0.0
U(2) 2.7+1.7 1.8+1 924425 | 3.1£2.7 0.0 0.0 0.0 0.0 0.0
T(2) 5.4 11.7 70.3 9.1 0.0 0.0 0.0 0.0 35
A4) 25.7£€15.5 | 7.1£5.2 | 62.8+12.1 | 45£1.0 | 0.7+0.5 0.3+0 2+1 1.240.4 0.0
U@ 31.4+16.5 0.3 67.0£16.2 | 1.3+0.8 10 0.0 1.1£0.4 0.6+0.2 0.0
T(4) 20.7+2.2 | 21.049.1 | 53.2£11.2 | 5.1£3.3 1£0 0.0 1.1£0.4 0.0 140

* — Group T, activation occurred in conditions with fast melting and rapid oscillation of temperature in range above
zero; Groups A and U were melted gradually as well as acclimation to room temperature conditions occurred for 1.5
(Group A) and 2.5 (Group U) days.

Taonuma 1
IpoGy:xnenne cTaTo01acTOB M HAYAJI0 BHIIYIJIEHHS 300U/10B (cT0J01BI 6, 7) B rpynnax A, U, T* no nadaonenusnm,
BbINOJHEHHBIM 8—11 uions 2017 r.

% B 001IeM YncIie HAOMIOTAEMBIX Ilonykonu4ecTBeHHBIE TaHHBIE (OANITBI)
cTaTo0IacTOB
I'pynma
(ness OTKpBI- OTKpBI- 3aKpsI- 3akpel- | Hammume | Hannuwme Crenens | Hamumume | AOoptu-
HAGTO- TBIX TBIX TBIX TBIX IIyTanb- aHIle- KOHCO- nHdy- | poBaHHBIE
WHTaKT- | MOBPEX- | HMHCTAK- | MOBPEX- | EHOCHBIX | CTPYJIONO- | JIMJAIUK 30pui 300H/IbI 1
JICHHUS)
HBIX JICHHBIX THBIX JICHHBIX | 300UIOB nobueix | (arpermpo- | 0,1,2,3 Ip.
1 umm 0 3001/10B BaHHOCTbD) Marepual
1w 0 0,1,2,3 1,2,3,4
1 2 3 4 5 6 7 8 9 10
A(1) 2.13+1.4 0.9 90.9+1.6 | 5.9+1.6 0.0 0.0 0.0 0.0 0.0
UuQ®) 2.7+1.7 1.8+1 924425 | 3.1+2.7 0.0 0.0 0.0 0.0 0.0
T(2) 5.4 11.7 70.3 9.1 0.0 0.0 0.0 0.0 35
A4 257155 | 7.1£5.2 | 62.8+12.1 | 4.5£1.0 0.7+0.5 0.3+0 2+1 1.2+0.4 0.0
U @) 31.4+16.5 0.3 67.0+16.2 | 1.3+0.8 1+0 0.0 1.1+0.4 0.6+0.2 0.0
T(4) 20.742.2 | 21.04£9.1 | 53.2+£11.2 | 5.1+3.3 1+0 0.0 1.1+0.4 0.0 10

* — T-rpynmna, akTUBALYsI IPOTEKala B yCIOBHUIX OYEHb OBICTPOTO OTTAUBAHUS U PE3KUX KONEOAHUN MOJIOKUTENbHBIX
3HAYEHUI TeMIepaTypsl cpelbl; rpymnsl A u U noasepraauch NOCTEIEHHOMY Pa3MOPaXUBAHUIO, UX aKKIMMAIK K KOM-
HaTHOW TeMIlepaType TakKe MPOTeKasla MOCTENEHHO, B TEUEHHE MOIyTOpa CYyTOK Y TpyHIbl A u 2, 5 cyTok y rpymmst U.
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Table 2

Portion (%) of intact well-developed tentaculate zooids in total number of observed zooids and statoblasts

Day 5 (12.06.2017)

Day 7 (14.06.2017)

A U T

A U T

32.1+11.6 65.8+9.7 6.15+1.1

45.2+10.8 71£12.6 Experiment is

terminated

Tabnuma 2

Briana (%) 1e10CTHBIX 300M/10B € Pa3BUTHIM BEHYHKOM LIyNaJjen B 001IyI0 YHCJEHHOCTh BeeX Ha0/I01aeMbIX B

moJie 3peHusi 300UA0B " ¢TaTrod/1acTOB

Jenb 5 (12.06.2017) Jenb 7 (14.06.2017)
A U T A 0] T
32.1£11.6 65.8+£9.7 6.15+1.1 45.24+10.8 71£12.6 DKCHEepUMEHT
MIPeKpaIeH

generation (1) (Kopora Bay, collected in the contents
of dried colonies from fish farm on July 28, 2017).
Approximately 5 % of these statoblasts when placed
into water on August 1, 2017, without any freezing,
had hatched into well-developed tentaculate zooids
(Fig. 3). Germination of these statoblasts was not as
good as that of vernalized statoblasts of P. emarginata
collected in Kurchatov town in autumn 2016 which
belonged to generation (2). The germination was
even lower than that of Group T (see Table 2).

4. What is the role of different generations

of statoblasts, vernalization and other
environmental factors in life cycle and activity
of Plumatella?

Following the laboratory results we can conclude
that the hypothesis regarding the presence of several
(probably 2) viable generations of statoblasts in
plumatellid biofouling in temperate climate water
bodies is valid. Additionally, it would appear
that both of these generations have the ability to
hatch zooid-founders of colonies. Statoblasts of
P geimermassardi (generation (1)), released in
spring-early summer 2017 demonstrate limited
hatching without vernalization, however we cannot
exclude drying as trigger factor for their activation.
Statoblasts of P. emarginata released in autumn 2016
(conditionally generation (2)), have “overwintered”
in freezer (vernalized) and demonstrated massive
hatching early next summer. Thus the Plumatella’s
statoblasts of any generation are able to hatch.

All of the relevant information collected [4]
deals with statoblasts collected directly from mature
colonies growing in semi-natural conditions. There
may be other activation factors for sessoblasts and
flotoblasts which accumulate in the benthos of
natural or artificially heated water bodies or inside
CWS. Nevertheless we conclude that vernalization
while helpful, may not be absolutely necessary for
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the activation of plumatellids statoblasts. Therefore,
statoblasts in industrial complexes may be activated
by other environmental factors such as rehydration
after freezing or drying, sub-lethal temperature or
sub-lethal antifouling treatments. This ability could
help explain multiple peaks of Plumatella biofouling
of cooling water systems during relatively short
periods of time as observed during selected years
in Kursk [7].

Summary:

— Monitoring of periphyton has to include
monitoring of dormant stages of plumatellids; this
paper provides primary photographic materials for
identification of both active and dormant stages of
two plumatellid bryozoan species. Preparation of
an atlas and an identification key for dormant and
dispersal stages of fouling species posing a threat
for industry could be an important update to current
monitoring of periphyton and meroplankton [6].

— Plumatella demonstrates variability in
statoblast development during the process of
germination and hatching;

— The consolidation of germinating statoblasts
and hatching zooids into aggregates suggests that
the development of Plumatella colonies is not as
strongly dependent on biofilm precursors as free-
living larvae of other biofoulers. Therefore, control
of biofilm on industrial substrates may not prevent
colonization by plumatellids. Different preventive
strategies may be required for these two groups of
biofoulers.

— Results of germination and hatching are
dependent on conditions of activations (gradual
acclimation (Groups A,U) or rapid changes (Group
T)). Rapid activation and temperature oscillations
could be considered as a possibility for prevention
of biofouling;



— Under favorable environmental conditions
(temperature, oxygen, salinity etc.) at favorable time
of a year, release of zooids-founders of new colonies
is higher than that during periods of normal rest; it
occurs in different generations of statoblasts; it is
facilitated by vernalization. Questions about other
environmental and men-mediated factors facilitating

Pecuonanvnas skonoeus, Ne 1 (51), 2018

dormancy release remain. Thus fouling prevention
planning should focus on the known period of
high colony formation. Additional experimental
studies on activity and dormancy of plumatellids in
industrial systems with erased or altered seasonality
and photoperiod as well as impacts of biofouling
controls are required.
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Kpartkue cBegenuss 00 aBTopax:

OpaoBa Mapuna UBanoBHa, 1. 6. H.
"Beayuuii HayqHbI COTPYIHUK,

71abopaTopHs IPECHOBOIHOMN U SKCIIEPUMEHTAIBHON
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