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Vegetation of the red algal belt of the White Sea
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Abstract. In 2016—2018, during the summer period, the first detail studies of the red algal belt
of the White Sea were carried out time with SCUBA diving at the Chupa Inlet, near the Cape
Kartesh, and at the Kolvitsa Inlet (the Kandalaksha Bay), in the vicinity of Sonostrov Island
(the White Sea Basin) and Bolshoy Zhuzhmuy Island (the Onega Bay). The upper boundary of
the red algal belt lies at a depth of about 7 m, and the lower boundary, at a depth of about 20 m. In
the White Sea, the algae distribution in the lower part of the photic zone depends on the geomor-
phological structure of the bottom and on the composition of the accompanying sedentary fauna,
so the lower boundary may vary in the depth range from 14 down to 23 m. In total, 87 species
of algae belonging to the three large taxonomic groups have been registered: Chlorophyta (13),
Phaeophyceae (33), and Rhodophyta (41). Significant richness of the species composition, verti-
cal zoning, and a variety of phytocoenoses of the red algal belt in different parts of the White Sea
have been found. Phytocoenoses of the red algal belt refer to three associations: ass. Odonthalia
dentata(—Pseudolithoderma extensum), ass. Phycodrys rubens+Coccotylus truncatus(—Pseudolitho-
derma extensum), and ass. Lithothamnion glaciale. Nineteen species of macrophytes were the most
common and characteristic representatives of the red algal belt, including thirteen species of red
algae, four species of brown algae, and two species of green algae. It has been found that abundant
and characteristic species of the red algal belt have an additional edificatory function in the stud-
ied phytocoenoses, being the consorts that carry rich epiflora and form favorable conditions for
increasing the species diversity of algae in the lower phytal zone. The observed rapid shrinkage of
the depth range of the kelp and red algal belts, as well as the changes in the vertical distribution
of some other algal species in the White Sea, require specific attention concerning altering of their
habitat conditions.

Keywords: biomass, lower phytal zone, phytocoenoses, seaweeds, size and age structure of coe-
nopopulations, zonal distribution, White Sea.
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Pesiome. IlepBbie jeTasibHble HCCJAEOBaHUS T0siCA KPACHBIX Bojopociein benoro mops
[POBE/IEHbI ¢ IPUMEHEHUEM BOJ0JIA3HOTO 000pynoBaHus B jetHuil nepuon 2016—2018 rr. B rybe
Uyna, Boausu M. Kaprem, u B ry6e Kossuna (Kanganakuickuii sanus), B paiioHaX OCTPOBOB
Conoctpos (Bacceitn Besoro mopst) n Bosbimoit XKyskmyit (OHesxckuit 3ayuB). YCTaHOBJIEHO, YTO
BEpPXHsIs TPAHUIA 110sica 3aJeraeT Ha ryOuHe OKOJIO 7 M, a HUKHSL — Ha ruyOuHe okojio 20 M.
Pacripesiesiennie pacTuTeIbHOCTH HUZKHENH yacTu (hOTUYECKOI 30HbI Besloro Mopsi 3aBUCHT OT Teo-
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MOP)OJIOrHYECKON CTPYKTYPBI HA ¥ COCTaBa COILYTCTBYIOIIEH CeleHTapHOl (hayHbl, B CBSI3M C YeM
PaCIIOJIOJKEHNE HUKHEN IPAHUIIBI 0sICA MOKET BapbUPOBaTh B jnarasone raybun ot 14 g0 23 m.
Bcero ormeueno 87 Bunos Bogopoceii: 13 — Chlorophyta, 33 — Phaecophyceae, 41 — Rhodophyta.
Boisiiieno 3naunresnbioe Guopuctuueckoe 60raTcTBO, BEPTUKAIbHAsI 30HAIBHOCTD U PasHooOpa-
3ue (DUTOIEHO30B M0sICa KPACHBIX BOJOPOCJEN B Pa3MYHbIX y4acTKaX Mopst. DUTOIEHO3bI OTHO-
caresa K tpem accommanmsam (acc.): acc. Odonthalia dentata(—Pseudolithoderma extensum), acc.
Phycodrys rubens + Coccotylus truncatus (—Pseudolithoderma extensum) n acc. Lithothamnion gla-
ciale. Hanbosiee xapakTepHbIMI TIPECTABUTENISIMI TTosica sABJstioTest 19 Bugos Makpodutos, 13 us
KOTOPBIX — KpacHble, 4 — Oypble 1 2 BUIa — 3eJIeHble BOLOPOCJIU. YCTAHOBIEHO, YTO MACCOBBIE 1
XapaKTepHbIe MPEICTABUTENN TI0SICA BBINOJIHSIOT JOMOJHUTENbHYIO 9uMUKATOPHYIO (DYHKIIUIO B
(uToIEHO3aX KaK KOHCOPTHI, Hecyire boraryio arduopy u GopMUPYIOIIHE YCJIOBS 15T yBeude-
HUSI BUJIOBOTO Pa3HO0Opasust BogopocJieil HukHel huraiu. OTMedeHHOe HOAHITAE HUKHIX IPAHUIL
paciipe/iesieHus] OTIeJIbHBIX BHUIOB U 3JIEMEHTOB PACTUTEIbHOCTH TpeOyer BHUMAHUSI K OIEHKe
u3MeHeHuil B ycsioBusix oburanust B Besom Mope.

Kirouessie cioBa: Gromacca, MOPCKHE BOJOPOC/IM, HUKHSSE (DUTAIIb, Pa3MePHast U BO3PACTHASI
CTPYKTYPa IEHOTIONYJISIIUH, (PUTOIEHO3bI, 30HATILHOCTD, Besioe Mope.

The vertical distribution of the macroalgae in the Arctic Ocean and in the northern
Atlantic Ocean is generally well known. Mainly Fucus L. and Ascophyllum Stackh.
algae inhabit coastal or intertidal zone that is drained during the ebb. The species of
Laminaria J. V. Lamour. and Saccharina Stackh. inhabit greater depths and form lam-
inarian zone; some researchers also distinguish deeper the Desmarestia J. V. Lamour.
zone in the Barents Sea represented by Desmarestia aculeata (L.) J. V. Lamour. and
D. viridis (O. F. Miill.) J. V. Lamour. (Blinova, 1964a, 1964b, 1965; Wiencke, Amsler,
2012). Red algal belt is the lowest one; it limits the macrophyte distribution down to
the boundary of the photic zone. These groups (belts or zones) combine the formations
with numerous smaller communities, so-called associations.

The diverse phytocoenoses of the large brown algae have been studied in detail by
both Russian and foreign researchers (Kalugina, 1957, 1958; Blinova, 1962, 1964a,
1964b, 1965, 1969; Vozzhinskaya, 1967, 1986; Dolgacheva, 1975; Kain, 1975; Ninburg,
Shoshina, 1986; Mikhaylova, 2000a, 2000b, 2006, 2014; Wiencke et al., 2004; McNeill,
2010). Meantime, intertidal communities, due to their easy accessibility, are the most
popular for the studies by marine biologists (Stephenson, Stephenson, 1949, 1972; Bli-
nova, 1962; Ellis, 2003; Malavenda et al., 2017; Bertolini, 2018).

At the same time, a more deep-lying zone remains relatively poorly studied in terms
of both algae abundance and the species composition. There is sketchy information
about the maximum depth of distribution of various species. It is known, for example,
that in the region of Spitsbergen, red algae communities are predominantly formed
by the species Coccotylus truncatus (Pall.) M. J. Wynne et J. N. Heine and Phycodrys
rubens (L.) Batters, and the latter may descend down to a depth of 60 m (Wiencke,
Amsler, 2012).

The first information on the lower part of the photic zone of the White Sea was
obtained on the basis of the samples collected by means of hydrobiological dredges,
i. e. without visual control (Sinova, 1922; Derjugin, 1928). Particularly, the elitorial
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boundary, i. e. the lowest part of the photic zone, was set in the White Sea at a depth
of 45 m and even lower, at 60 m depth in the vicinity of the Solovetsky Islands (Si-
nova, 1922).

The studies of the structure of algal communities of the White Sea began in the
second half of the 20t century and continue to nowadays (Kalugina, 1957, 1958; Bli-
nova, 1962; Vozzhinskaya, 1967, 1986; Dolgacheva, 1975; Ninburg, Shoshina, 1986;
Mikhaylova, 2000a; Mikhaylova et al., 2017). Using SCUBA diving for algae sampling
made it possible to assess the characteristics of the vegetation visually and to deter-
mine the composition of species and their quantitative ratio at specific depths with
more accuracy. It has been reported earlier that the algal cover in the lower part of the
photic zone is strongly rarefied, with the exception of red coralline algae (Vozzhin-
skaya, 1967). At the same time, fairly high algal biomass has been described for the
depth range of 15-30 m by the same author (Vozzhinskaya, 1967): for example, the
biomass of two species of the genus Ptilota C. Agardh was 0.8 kg/m?, and the total
biomass of the red algae reached almost 2 kg/m?.

In the 1980s, the hydrobiologists studied the bottom biocoenoses at the whole
depth range in the Basin, in the Kandalaksha and Onega Bays (Golikov et al., 1982,
1985a, 1985b). These biocoenoses were defined in regard to the dominant species, of-
ten by benthic invertebrates: therefore, according to these data, it is not always possi-
ble to determine the distribution boundary of the autotrophic organisms.

The results of the first investigation targeted specifically on the lower part of the
photic zone in the Kolvitsa Inlet, the Kandalaksha Bay (Mikhaylova et al., 2017)
showed that the red algal belt extended there from 7 down to 17—18 m, and it was
characterized by a clear zonal distribution. The association of Odonthalia dentata (L.)
Lyngb. developed in the uppermost part (7—9 m), Coccotylus truncatus association in-
habited the middle part (9—15 m); meantime, the monodominant phytocoenosis of lat-
ter association were distributed within the depth range from 9 down to 11-12 m, and
the phytocoenosis of C. truncatus+Phycodrys rubens (two dominating species), from
11-12 down to 14—15 m. In the lower part of the red algal belt (deeper than 15 m), a
few species of crustose algae grew, mainly representatives of coralline red algae. Phy-
tocoenoses formed by bushy forms were quite rich, they include from 26 to 35 algae
species (Mikhaylova et al., 2017).

The goal of our work is to describe the species diversity and structure of vegeta-
tion of the red algal zone at different areas of the White Sea. The data from the latest
detailed studies prompted us also to test the hypothesis of high species richness and
vertical heterogeneity of the vegetation of the red algal belt in the other areas of the
White Sea.

Material and methods

The material was sampled in 2016—2018: in the Kolvitsa Inlet (67°04'N, 32°49'E,
the Kandalaksha Bay, July 2016), near the Cape Kartesh, the Chupa Inlet (66°20'N,
33°40'E, the Kandalaksha Bay, July 2016-2017), in the vicinity of the Sonostrov Is-
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land (66°11'N, 34°13'E, the White Sea Basin, July 2018), and in the vicinity of the
Bolshoy Zhuzhmuy Island (64°40'N, 35°31'E, the Onega Bay, July 2017).

The water temperature and salinity were measured using the MIDAS-500 and
Cyclops automatic probes. Initial survey of the red algal belt and defining of its
boundaries were performed by SCUBA divers using an Olympus Pen E-PL3 under-
water camera equipped with an Olympus lens (14—42 mm/3.5-5.6) and an Olympus
UFL-2 flashlight, and a video camera Magiceye hdss100. The survey started at the
depth of 6 m, and then the divers went deeper to the lower boundary of the algae
distribution; the maximum depth, where the observations were made, was 24—25 m.
The sampling stations were planned on the base of photo and video material anal-
ysis. The samples were collected by SCUBA divers in the depth range from 6—7
to 14—18 m using a 0.04 m? frame and a 0.05 m? diving core designed by Gruzov
and Pushkin (1967). If it was impossible to use the diving core and the frame, the
samples were taken by collecting the entire stone. In this case, during further pro-
cessing, the area of the stone was measured by wrapping the overgrown surface with
aluminum foil and removing its sections from the folds (Marsh, 1970). The area was
recalculated through the weight of the foil, for which the «area/weight» ratio was
previously established. In total, 72 samples were collected. The initial processing of
the collected samples showed that some of them were collected outside the red algal
belt and therefore were not used in the further analysis. The species composition and
the algal communities of the red algal belt were argued from 54 samples: at each site,
from 8 to 19 samples have been collected.

Algae were identified to the species level using light microscopic technic. In the
absence of the necessary taxonomic attributes, the samples were determined to the
genus level (Table). The frequency of occurrence of the particular species at the site
was calculated as the ratio of the number of samples, where the species was encoun-
tered, to the total number of the samples collected at this site. The biomass (g/m?)
of all species (with 1 mg accuracy of wet weight), the population density (ind./m?),
the size and age (Schoschina, 1996; Shoshina, 1990a, 1990b) of the dominant species
were determined, the percentage cover degree (PCD) has been visually determined
for the crustose algae. When comparing the species composition of algae at differ-
ent sites, the Serensen index was applied (Magurran, 1988). The species abundance
(number of species per 1 m?) was calculated according to the logarithmic relation-
ship (Gleason, 1917, 1926). The selected examined specimens were collected for de-
posit in the Herbarium of the Komarov Botanical Institute of the Russian Academy
of Sciences (LE).

The data obtained earlier in the Kolvitsa Inlet, but not included in the previous
publication (Mikhaylova et al, 2017), are used here for comparison with the other
studied sites and for the data generalization.

42



Hosocmu cucmemamuxu nuswux pacmenuii — Novosti sistematiki nizshikh rastenii 53(1): 39—65. 2019

Results

Environmental conditions. Generally, the hydrological conditions in the studied ar-
eas are quite similar. In the studied range of the depths, the water temperature in July
decreased uniformly from 13—-15 down to 4—10 °C, the water salinity gradually in-
creased with the depth from 21.0 up to 26.0 %o in the Kolvitsa Inlet (Mikhaylova et
al., 2017), and from 24.5 up to 26.0 %o in the areas of Cape Kartesh and in the vicinity
of Sonostrov and Bolshoy Zhuzhmuy islands.

The bottom sediments in the Kolvitsa Inlet are presented by silty mud with rare
boulders (Mikhaylova et al., 2017). In the area of Cape Kartesh, the sea bottom is rep-
resented by rocky cliff. In the area of the Sonostrov Island, gravel-pebble deposits on a
sandy base are distributed down to a depth of 14 m; the rock substrate is absent at the
deeper areas, and the sediments are sands. In the vicinity of Bolshoy Zhuzhmuy Island,
there is a stream gravel on the sandy bottom; at the depths exceeding 15 m, the stones
lie on the sandy-muddy bottom.

Phytocoenoses of the Kolvitsa Inlet. The red algal belt extends from 7 m down to
17-18 m. The quantitative composition of phytocoenoses of all studied areas is pre-
sented in the Table. The two-layer phytocoenoses of the upper parts of the belt have
been described earlier (Mikhaylova et al., 2017). It can also be added to the published
data that the red algae Grania efflorescens, Meiodiscus spetsbergensis, Phycodrys rubens,
Scagelia pylaisei, brown algae Battersia arctica, Ectocarpus siliculosus, and green algae
Chaetomorpha tortuosa, Derbesia marina, and Rhizoclonium riparium are also charac-
teristic species (frequency of occurrence 100 %) in the phytocoenosis Odonthalia den-
tata+ Coccotylus truncatus+Polysiphonia stricta (7-9 m depth). In the phytocoenosis
of Coccotylus truncatus (9—12 m depth), red algae Euthora cristata, Grania efflorescens,
Meiodiscus spetsbergensis, Rhodochorton purpureum, Rhodomella confervoides, Scagelia
pylaisei, brown algae Battersia arctica, Ectocarpus siliculosus, Pseudolithoderma exten-
sum, Stictyosiphon tortilis, and green algae Chaetomorpha tortuosa, Cladophora rupes-
tris, C. sericea, and Derbesia marina belong to the characteristic species, in addition
to the subdominants indicated earlier. In the phytocoenosis of Coccotylus truncatus+-
Phycodrys rubens (12—14 m depth), the characteristic species are also red algae Futho-
ra cristata, Leptophytum leave, Meiodiscus spetsbergensis, Polysiphonia stricta, Rhodo-
chorton purpureum, Rhodomela confervoides, Scagelia pylaisei, brown algae Battersia
arctica, Ectocarpus siliculosus, Pylaiella littoralis, Stictyosiphon tortilis, and green algae
Chaetomorpha tortuosa, Cladophora rupestris, and C. sericea. The depth range from 14—
15 m down to 17—18 m is inhabited by poorly developed single-layer phytocoenosis of
the crustose algae Lithothamnion glaciale+Leptophytum laeve, that are characterized
by low percentage cover degree (PCD) of 10—20 % and include 3—4 algal species.

In the red algal belt, a synusia of epiphytes has been found; it included 29 species at
this site. Epiphytes settle on 12 basiphyte species. Three of them (Coccotylus truncatus,
Odonthalia dentata, and Phycodrys rubens) host more than 10 epiphyte species. Such
basiphytes may be considered as the most significant members of the community.
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Phytocoenoses near the Cape Kartesh. The red algal belt here spreads from the depths
of 7-8 m down to 22—23 m. At the depths from 8 to 10—11 m, two-layer phytocoenosis
Phycodrys rubens+ Coccotylus truncatus+Polysiphonia stricta—Pseudolithoderma exten-
sum included 45 species (38.5 = 0.9 species/m?). The first layer is represented by bushy
and filamentous forms up to 10—15 cm height; it includes 42 species, the biomass here
is 97.0 = 27.5 g/m> The layer of crustose algae is poorly developed, it is represented
by the three species; the brown alga P. extensum dominates here (PCD 5-20 %). At
these depths, several species are the most characteristic representative species of the
phytocoenosis, which encountered in each sample: red algae Ahnfeltia plicata, Vertebrata
Jucoides, Rhodomela conferovoides, Scagelia pylaeaei, brown algae Battersia arctica, Cha-
etopteris plumosa, and green algae Cladophora rupestris, C. sericea, and Rhizoclonium ri-
parium. The abundant representative of zoobenthos, ascidia Styela rustica L., 1767, is one
of the main holder of the primary stony substrate together with algae.

At a depth of 11—14 m, the phytocoenosis Coccotylus truncatus+Phycodrys rubens—
Lithothamnion glaciale is formed; it includes 50 species (16.6 + 2.9 species/m?). The
first layer is represented by bushy forms up to 5-10 c¢m height; it includes 41 species,
the biomass is 11.5 + 2.7 g/m?. Most species have negligible biomass. The crustose al-
gae layer is formed by 9 species, their total PCD is 40—55 %. The most common species
is red coralline alga L. glaciale (average PCD 20-30 %); Pseudolithoderma extensum
(PCD 10-20 %) is the second most important species of this layer.

At the depth of more than 14—15 m, only crustose algae (5 species) are noted. Al-
though, they are most abundant down to the depths of 17—18 m, where Lithothamnion
glaciale (PCD 50-80 %) and Lithophyllum crouaniorum (PCD 10-30 %) dominate. In
the lowest part of the belt, the PCD of algae does not exceed 10 %.

The synusia of epiphytes in this area includes 32 species that settle on 25 spe-
cies-basiphytes. The most significant basiphytes are Coccotylus truncatus, Phycodrys
rubens, and Polysiphonia stricta.

Phytocoenoses near the Sonostrov Island. The red algal belt stretches at the depth
range from 7-8 m to 13—14 m. The two-layer phytocoenosis Odonthalia dentata+Coc-
cotylus brodiei—Pseudolithoderma extensum, comprising 50 species (43.5 = 6.0 spe-
cies/m?), is formed in the upper part of the belt (7—9 m depth). The first layer is rep-
resented by large bushy forms that are up to 15-20 cm height; it includes 44 species,
the biomass is 255.4 + 85.0 g/m? Phycodrys rubens and Ptilota serrata are also quite
abundant inhabitants of the first layer; their biomass exceeds 10 g/m? The crustose
layer is formed by six species, the total PCD is 65—-85 %, brown algae P. extensum
(PCD 50-75 %) and Ralfsia verrucosa (PCD 5-25 %) prevail. Several species have
been found in each sample, and so they can be classified as the characteristic repre-
sentative species of phytocoenoses at these depths. These are the red algae Euthora
cristata, Fimbrifolium dichotomum, Polysiphonia stricta, Meiodiscus spetsbergensis, and
brown algae Battersia arctica, Chaetopteris plumosa, and Saccharina latissima; the last
species has been found at the stage of germlings.
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The middle part of the belt (9—11 m depth) is occupied by a two-layer phytocoe-
nosis Phycodrys rubens+Coccotylus truncatus—Pseudolithoderma extensum+ Litho-
phyllum crouaniorum, comprising 44 species (33.7 = 3.8 species/m?). The first layer
is represented by bushy forms about 5 cm high; it includes 36 species, the biomass is
15.6 = 5.3 g/m?. The crustose layer is formed by 8 species, the total PCD is 60—70 %;
brown alga Pseudolithoderma extensum (PCD 25-35 %) and red coralline alga Litho-
phyllum crouaniorum (PCD 20-30 %) dominate. The most characteristic representa-
tive species of phytocoenosis (frequency of occurrence is 100 %) at these depths are
red algae Lithothamnion glaciale, Meiodiscus spetsbergensis, Polysiphonia stricta, and
Ptilota serrata.

The lower part of the belt is occupied by the phytocoenosis of the crustose al-
gae Lithothamnion glaciale+Lithophyllum crouaniorum, which includes 24 species
(12.7 £ 2.7 species/m?). The total PCD is 30-45 %, the two dominant species con-
tributes 10—15 % each. In addition to the crustose algae, the phytocoenosis includes
also 17 species of bushy forms, which are rare and are characterized by insignificant
quantity, so they do not form an independent layer.

The synusia of the epiphytes at the studied site includes 42 species that settle on
25 species-basiphytes. Nine of them are the most important: Coccotylus brodiei, C. trun-
catus, Odonthalia dentata, Phycodrys rubens, Polysiphonia stricta, Ptilota serrata, Cor-
rallina officinalis, Chaetopteris plumosa, and Cladophora rupestris.

Phytocoenoses near the Bolshoy Zhuzhmuy Island. The red algal belt occupies
here the depths from 7-8 m down to 17—18 m. Two-layer phytocoenosis Phycodrys
rubens+Odonthalia dentata—Pseudolithoderma extensum are formed in the upper part
of the belt and include 41 species (37.3 £1.6 species/m?). The first layer is represented
by large bushy forms up to 15-20 c¢m height and includes 35 species; biomass here is
900.8 £597.0 g/m>. Coccotylus truncatus is a relatively abundant species of this phy-
tocoenosis, its biomass reaches more than 10 g/m? The biomass of the other species is
low. The crustose layer is formed by six species, the total PCD is 15-40 %, and P. ex-
tensum dominates (PCD 10-30 %). The most characteristic representative species of
phytocoenosis (frequency of occurrence of 100 %) at these depths are red algae Eutho-
ra cristata, Grania efflorescens, Meiodiscus spetsbergensis, Polysiphonia stricta, Ptilota
gunneri, Scagelia pylaeaei, and the germlings of brown alga Saccharina latissima.

The middle part of the belt (depths of 9-12 m) is occupied by a two-layer phyto-
coenosis of Phycodrys rubens; 48 species (41.2 + 3.4 species/m?) are registered for this
community. The species richness of the phytocoenosis is provided mostly by the spe-
cies of the first layer (45 species). The height of the algae here is mainly 7—10 c¢m, rare
it exceeds 15 cm. The total biomass is 54.6 + 19.1 g/m?. The biomass of non-dominant
algae is insignificant. The crustose layer is extremely poor: three found here species
form small spots; their PCD does not exceed 1-3 %. The most characteristic repre-
sentative species of phytocoenosis (frequency of occurrence 100 %) at these depths
are red algae Antithamnionella floccosa, Coccotylus truncatus, Euthora cristata, Grania
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efflorescens, Meiodiscus spetsbergensis, Odonthalia dentata, Polysiphonia stricta, Ptilota
gunneri, Rhodomela confervoides, Scagelia pylaisaei, and brown algae Battersia arctica,
Chaetopteris plumosa, and Desmarestia aculeata. Along with algae inhabiting this range
of depths, barnacles (Balanus crenatus Brug., 1789 and Verruca stroemia (O. F. Miill.,
1776)) are also the main holders of the primary stony substrate here.

Depths from 12—13 m down to 17 m are actually occupied by the same phytocoe-
nosis of Phycodrys rubens, but it comprises less species (30 species) and has a lower
biomass (7.8 = 2.3 g/m?). The height of the algae here does not exceed 5 cm. The abun-
dance of barnacles is also high, especially of Verruca stroemia.

The synusia of epiphytes in this area includes 34 species that settle on 24 basiphyte
species. The most important basiphytes are Coccotylus truncatus, Odonthalia dentata,
Phycodrys rubens, Polysiphonia stricta, and Ptilota serrata.

Structure of coenopopulations of dominant species. The species Odonthalia dentata
is a typical representative of the red algal belt, it develops in masse only in the upper
part of the belt, where it is the single dominating species or one of the dominants in
the algal community. The only exception is the site in the vicinity of the Cape Kartesh
area, where this species has been observed in small quantities (Table). The population
density of this species varies from 100 to 300 ind./m? and rarely reaches 500 ind./m?
In most of the studied coenopopulations inhabiting the depths of 7-9 m, large plants
(more than 5 cm long) have a significant proportion (Fig. 1, @). The maximum size
of this alga was registered in the Kolvitsa Inlet and in the vicinity of Bolshoy Zhu-
zhmuy Island (20.5 and 21.5 c¢m, respectively). As a rule, the life span of the species
is 3—4 years; a small number of algae aged 5+ years are noted in the vicinity of the
Sonostrov Island; in the area close to the Cape Kartesh, the age spectra is limited to
2+ years (Fig. 1, ¢). The size and age spectra of the coenopopulations narrow as the
depth increases (Fig.1, b, d): at a depth of 9—11 m, the age of algae does not exceed
3+ years; 50 % and more of the specimens do not exceed a length of 5 cm. This species
is rarely found deeper than 10—11 m, usually as a few germlings.

Phycodrys rubens is a characteristic representative of the red algal belt at all depths.
In the vicinity of the Bolshoy Zhuzhmuy Island, this species is characterized by much
higher biomass (Table) and population density. In the upper part of the belt (depths
of 7-9 m), the average population density of this species in most areas varies from 250
to 450 ind./m?and reaches about 3000 ind./m?in the vicinity of Bolshoy Zhuzhmuy
Island. In the coenopopulations inhabiting this range of depths, the contribution of
the large algae (more than 5 cm long) to the total abundance is significant, 20—40 %
(Fig. 2, a); here the largest plants are noted: 22.4 cm and 16.8 c¢m in the vicinity of
the Bolshoy Zhuzhmuy Island and the Cape Kartesh, respectively. As a rule, the life
span of this species reaches 3+ years (Fig. 2, d), but the algae of 0+ and 1+ age prevail
here (75-85 %). At the depths of 9-11 m, the average population density at most
sites varies from 100 to 300 ind./m? in the vicinity of the Bolshoy Zhuzhmuy Island,
it is 1300 ind./m? The length of the plants decreases here: as a rule, it does not ex-
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Fig. 1. Size structure (a, b) and age structure (¢, d) of Odonthalia dentata coenopopulations from
the different sites at the depths 7-9 m (a, ¢) and 9—11 m (b, d). X-axis: percentage of plants in
coenopopulation, %; Y-axis: size groups (a, b) and age (¢, d). Legend: I-VI — Kolvitsa Inlet,
Cape Kartesh, Sonostrov Island and Bolshoy Zhyzhmuy Island, respectively.

ceed 10 cm; in the coenopopulations small (less than 5 em in length) and young algae
predominate (90-98 % and 75-95 %, respectively) (Fig. 2, b, e). At the depths of
11-14 m, the population density is significantly reduced: in the most areas, from
5 to 30 ind./m? but in the vicinity of the Bolshoy Zhuzhmuy Island, it is about
300 ind./m? In the coenopopulations inhabiting these depths, small plants of 0+ and
1+ age prevail, the large plants (about 10 cm in length) of the two-year-old algae
were found among single specimens only in the area of the Cape Kartesh (Fig. 2, c, /).

The species Coccotylus truncatus is a typical representative of the red algal belt and
is one of the most abundant species at different depths, including the deepest zone of
the distribution of the bushy forms: down to the depths of 14—15 m. In the upper part
of the belt (depths of 7-9 m), the average population density of this species varies from
200 to 500 ind./m? As a rule, for the coenopopulations inhabiting this range of depths,
a large number of big-size algae (more than 5 cm in length) are usual: from 5—10 up to
25 % (Fig. 3, a). At the depths of 9—11 m, the average population density increases,
it varies from 250 to 1000 ind./m?. However, the overwhelming majority of the algae
do not exceed 5 cm in length (Fig. 3, b); only in the Kolvitsa Inlet, there was noted a
high percentage of large algae (more than 30 %). At the depths of 11—14 m the popu-
lation density decreases again, varying from 80 to 500 ind./m? The size of algae also
decreases: in this range of depths, most algae do not exceed 1 cm in length (Fig. 3, ¢).
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Fig. 2. Size structure (a—c) and age structure (d—f) of Phycodrys rubens coenopopulations from the
different sites at the depths 7-9 m (a, d), 9—11 m (b, e) and 11-14 m (¢, /).
X-axis: percentage of plants in coenopopulation, %; Y-axis: size groups (a—c) and age (d—f).
Legend as in Fig. 1.
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Fig. 3. Size structure of Coccotylus truncatus coenopopulations from the different sites at the depths
7-9m (a), 9-11 m (b) and 11-14 m (¢). X-axis: percentage of plants in coenopopulation, %;
Y-axis: size groups. Legend as in Fig. 1.

An exception is the sampling site in the Kolvitsa Inlet, where about 90 % of the algae
of the coenopopulation are relatively large and belong to the size groups of 5-10 cm
(~20 %) and 1-5 cm (=70 %) (Fig. 3, ¢).

The species Coccotylus brodiei is found in the red algal belt only in the vicinity
of the Sonostrov Island and only at the depths of 7-9 m, where this species is a

55



Mikhaylova. Vegetation of the red algal belt of the White Sea

subdominant by biomass. Its distribution is patchy, the average density of plants is
96.0 + 58.8 ind./m? Different size groups of this species are presented uniformly in
the coenopopulation; the maximum length of the alga here is 23.4 cm.

Discussion

The red algal belt in the White Sea follows immediately after the laminarian zone.
In the studied areas, the laminarian zone ended at a depth of about 6 m, only single
specimens of large kelps were found deeper. At the studied sites, the lowest boundary
of the distribution of marine algae referred in the most of cases at the depths of about
20 m. According to our observations, the depth limitation of the algal distribution can
be associated with various factors, both abiotic and biotic. For instance, in the vicinity
of the Cape Kartesh, where the rock substrate in the deep-water zone was represented
sufficiently, the crustose algae were found down to a depth of 22—23 m. On the con-
trary, in the vicinity of the Sonostrov Island, the rock substrate and, accordingly, the
red algal belt were distributed only down to a depth of 13—14 m. In the Kolvitsa Inlet,
a pronounced silting prevent the algae spreading down to the margin of the photic
zone, and in the vicinity of Bolshoy Zhuzhmuy Island, the rock substrate was almost
completely occupied by dense colonies of barnacles. According to the published data,
in some areas of the White Sea, the lower boundary of the laminarian zone lies at the
depths of 8—12 m, sometimes reaching 15 m (Vozzhinskaya, 1967; Golikov et al., 1882;
Golikov et al., 1985a, b; Mikhaylova, 2000b; Pronina, Repina, 2005); the lower limit
of the algae distribution goes down to the depths of 25-30 m (Vozzhinskaya, 1967).
Taking into account the diversity of the numerous biotopes of the White Sea, it can-
not be ruled out that under conditions of sufficient transparency, in the presence of
rocky grounds at greater depths, and at the absence of competition from the sedentary
animals, the red algal belt may lie deeper and occupy a slightly different depth range
comparing to our data.

In the red algal belt, 87 species of algae belonging to the three large taxonomic
groups were noted at the studied sites: Chlorophyta (13), Phaeophyceae (33), Rhodo-
phyta (41). Of these, 42 species were observed in the Kolvitsa Inlet, 55 in the vicinity
of the Cape Kartesh, 59 in the vicinity of the Sonostrov Island, and 57 species in the
vicinity of Bolshoy Zhuzhmuy Island. Twenty-nine species (a third of the total num-
ber of species) were common for all the studied sites. Of these, three species of Rho-
dophyta ( Coccotylus truncatus, Phycodrys rubens, Polysiphonia stricta) and one species
of Phaeophyceae (Battersia arctica) were noted at all sites with a frequency of more
than 50 %. Red microscopic alga Meiodiscus spetsbergensis has been encountered with
similar frequency at three sites. In two of the four studied areas, nine species of Rho-
dophyta (Ceramium virgatum, Euthora cristata, Grania efflorescens, Lithothamnion gla-
ciale, Odonthalia dentata, Rhodochorton purpureum, Rhodomela confervoides, Scagelia
pylaisaei, Vertebrata fucoides), three species of Phaeophyceae (Chaetopteris plumosa,
Ectocarpus siliculosus, Pseudolithoderma extensum), and two species of Chlorophyta
(Cladophora rupestris, C. sericea) have been found with high frequency. The remaining
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10 common species have been found frequently only at one of the studied sites. Thus,
in our opinion, the nineteen species common for all studied sites are the most charac-
teristic for the red algal belt, they are found with high frequency at least in two sites
of four studied.

The lowest similarity is observed between the most remote areas — the Kolvitsa
Inlet on one hand, and at the vicinities of Sonostrov and Bolshoy Zhuzhmuy islands
on the other: the Serensen coefficient is the same (0.69). On the contrary, the highest
similarity (0.74) is noted between the two areas of the Kandalaksha Bay (between
Kolvitsa Inlet and Cape Kartesh) and the sites located in the Basin and the Onega Bay
(between the Sonostrov and Bolshoy Zhuzhmuy islands).

Phytocoenoses of the red algal belt refer to three associations: (1) association Odon-
thalia dentata(—Pseudolithoderma extensum), (2) association Phycodrys rubens+Coc-
cotylus truncatus(—Pseudolithoderma extensum), and (3) association Lithothamnion
glaciale. The phytocoenoses of the first two associations are two-layered, and some-
times the crustose layer can be slightly expressed; the phytocoenoses of the third asso-
ciation are single-layered.

The association Odonthalia dentata(—Pseudolithoderma extensum) is common in
the upper part of the belt. Phycodrys rubens, Polysiphonia stricta, Coccotylus brodiei,
and C. truncatus are co-dominants and/or subdominants of the phytocoenoses of this
association.

As a rule, the phytocoenoses of the association Phycodrys rubens+Coccotylus trun-
catus(—Pseudolithoderma extensum) inhabit the middle part of the belt. In some cases,
they spread to the upper (Kartesh) and lower (Kartesh, Zhuzhmuy) parts of the belt. In
the phytocoenoses of this association, either one of the species may dominate, or both
species may act as co-dominants. Polysiphonia stricta may be also a subdominant. The
mono- and bi-dominant phytocoenoses Coccotylus truncatus and C. truncatus+Phy-
codrys rubens described in the Kolvitsa Inlet, were mistakenly attributed earlier as
the association of Coccotylus truncatus (Mikhaylova et al., 2017). In fact, they refer to
the association Phycodrys rubens+ Coccotylus truncatus; at this particular site, they are
only a special case of the association widespread in the White Sea.

The association Lithothamnion glaciale, which includes single-layer phytocoe-
noses of crustose algae, is distributed in the lower part of the belt. Coralline algae
Lithophyllum crouaniorum and Leptophytum laeve are the subdominants in these
phytocoenoses.

In our opinion, the replacement of some associations by other ones or the reduction
of particular dominants in the phytocoenoses (Fig. 4) resulted largely from the interrela-
tions with some certain species of the sedentary invertebrates. Thus, the depressed state
of vegetation in the upper part of the belt in the area of the Cape Kartesh is due to the
fact that the biocoenosis with the dominance of the ascidian Styela rustica is developed
there. As a result, we observe not only a low algal biomass unusual for this depth range,
but also an unusually low biomass of the species Odonthalia dentata (Fig. 4), which usu-
ally thrives at these depths and forms an independent association. Rough leathery tunic
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Fig. 4. Contribution of dominant species to the total biomass of phytocoenoses in the red algal belt
in the White Sea. X-axis: depth range (m) and locations; Y-axis: percentages.

of ascidians, which are a good substrate for many species of algae (Phycodrys rubens,
Coccotylus truncatus, Polysiphonia stricta, etc.), are unsuitable for the development of
the long-living large thallus of O. dentata. Probably, periodic contractions of the animal’s
body lead to a breakdown in the strength of the connection with the large holdfast of this
algal species and thus do not allow it to develop to an adult state.

Another example is the displacement of algae by the barnacles Balanus crenatus
and Verruca stroemia in the vicinity of Bolshoy Zhuzhmuy Island. This applies not
only to crustose algae. According to our observations, the species Coccotylus truncatus,
unlike Phycodrys rubens, is found extremely rare on the barnacle shells and prefers to
grow on a stony substrate. At this site, the biomass of C. truncatus in the middle and
lower parts of the red algal belt is significantly lower when compared to the other sites
studied (Fig. 4) due to the almost complete occupation of the substrate by barnacles
at this particular depth range.

Finally, the insignificant biomass of the Phycodrys rubens in the upper parts of the
red algal belt in the Kolvitsa Inlet may be preconditioned by the high abundance of
the polychaete Pista maculata Marenzeller, 1884. These polychaetes build their tubes
using the sand grains. The adhesive substance used by these polychaetes to build their
tubes attaches with the same success both to the rocky substrate and to the thalli of
the filamentous and foliose algae, so the conglomerates of interconnected algae are
formed. The thick blades of Odonthalia dentata and Coccotylus truncatus are able to
hold such tubes, but the thin leaf-like blades of P. rubens easily come off. The abun-
dance of P. rubens slightly increases only at a depth of 12—14 m (Fig. 4), accompanied
by a simultaneous decrease in the abundance of P. maculata.
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The edificatory function of the dominant species in the red algal belt of the White
Sea is not limited to the function of the holders of the substrate; these species are
also the most important basiphytes. The basiphyte-epiphyte consortiums, formed by
dominant species, provide the species richness of the entire synusia of the epiphytes
of the lower part of the phytal zone, increasing the species diversity of the entire belt
as a whole.

Generalizing the data obtained, the features of the vertical distribution of the main
dominant species are revealed. Coccotylus truncatus is a characteristic representative
of the red algal belt. According to our observations, it appears in the subtidal zone at
a considerable depth of 7-8 m and reaches the depths of 13—15 m almost everywhere.

The species Coccotylus brodiei in the White Sea inhabits both in the lower litto-
ral and in the sublittoral zones. According to the literature data, this species was of-
ten registered in the red algal belt (Vozzhinskaya, 1967; Golikov et al., 1982, 1985a,
1985b). However, in the areas studied within the present work, and also in accordance
with previous original observations, this species rarely goes deeper than 7-8 m. Gen-
erally, it is a typical representative of the associations of Fucus/Ascophyllum and Lam-
inaria/Saccharina algae. In our material sampled at the four geographically distinct
sites, it was met only in the vicinity of the Sonostrov Island, on the boundary between
the laminarian zone and the red algal belt. In the zone of ecological overlap between
the two species of the genus Coccotylus (7—9 m), their morphology has similar features.

Our data also do not prove the high abundance of Polyostea arctica and species of
the genus Ptilota (Vozzhinskaya, 1967), as well as Palmaria palmata (Golikov et al.,
1985b) in the red algal belt of the White Sea. Despite these species have been found at
the studied sites, they are not the dominant species there. Moreover, they do not even
refer to the characteristic and frequently encountered species of the red algal belt.

Phycodrys rubens and Odonthalia dentata are the typical representatives of both
the laminarian zone and the red algal belt. The distribution of P. rubens down to the
depths of 14—15 m in the subtidal zone, its abundance and life span in our collec-
tions fits nicely to the data previously reported for the White Sea (Schoschina, 1996;
Shoshina, 1990a). At the same time, our data do not support the previous results on
the depth distribution of O. dentata in the White Sea. Particularly, Shoshina (1990b)
marks this species as dominant in the red algal belt of the White Sea down to a 15 m
depth. According to our data obtained at the four sites located in different regions of
the White Sea, this species prefers the depths that do not exceed 8—9 m and rarely
descends deeper than 11 m. The life span of O. dentata in our collections generally
corresponds to the age range indicated in the published data (Shoshina, 1990b), but
the maximum age for this alga reported for the White Sea (7+ years) was not recorded
within this study. Taking into account that Shoshina (1990b) sampled the algae in a
shallower zone (depths of 2—5 m), the full age spectrum is characteristic for the coe-
nopopulations of this species that inhabit the associations of laminarian algae, where
it is abundant.
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For the last fifty years, the kelp belt boundaries has shifted to the shallower depths,
as well as the overall lower boundary of the marine vegetation distribution did; in ad-
dition, several species in the red algae belt are nowadays characterized by significantly
lower abundance than it has been reported in 1960s—1980s (Vozzhinskaya, 1967; Go-
likov et al., 1882, 1985a, 1985b; Mikhaylova, 2000b; Shoshina, 1990b). Such evidence
is a warning signal about the ongoing change in the ecological state of the White Sea.

Conclusion

At all the studied sites, the upper boundary of the red algal belt lies at a 7 m depth.
The lower boundary of the belt refers to different depths: 14 m in the vicinity of the
Sonostrov Island, 17—18 m in the Kolvitsa Inlet and in the vicinity of Bolshoy Zhu-
zhmuy Island, and 22—-23 m in the vicinity of the Cape Kartesh. The boundaries of the
red algal belt in other parts of the White Sea may vary depending on the characteris-
tics of the biotopes.

Algae distribution in the red algal belt of the White Sea depends on the geomor-
phological structure of the bottom and on the composition of the accompanying sed-
entary fauna. The vegetation of the red algal belt is characterized by considerable spe-
cies richness and diversity in various parts of the White Sea.

In total, in the red algal belt, 87 species of algae belonging to the three large taxo-
nomic groups were noted at the studied sites: Chlorophyta (13), Phacophyceae (33),
Rhodophyta (41). Of these, 42 species were observed in the Kolvitsa Inlet, 55 in the
vicinity of the Cape Kartesh, 59 in the vicinity of the Sonostrov Island, and 57 species
in the vicinity of Bolshoy Zhuzhmuy Island. Nineteen species are the most character-
istic for the red algal belt of the White Sea, including thirteen species of red algae, four
species of brown algae, and two species of green algae.

Phytocoenoses of the red algal belt refer to three associations: association Odon-
thalia dentata(—Pseudolithoderma extensum), association Phycodrys rubens+Coccot-
ylus truncatus(—Pseudolithoderma extensum), and association Lithothamnion glaciale.

The peculiarities of the vertical distribution of the dominant species of the red al-
gal belt have been revealed in the White Sea, these data substantially supplement the
earlier conceptions. An additional edificatory function of the algae has been found,
especially of the key and the most characteristic representatives of the belt: they serve
as the consorts bearing a rich epiflora and forming conditions for increasing the species
diversity of the lower phytal zone.
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