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Chrysichthys nigrodigitatus (Lacépede, 1803) has high economic significance in coastal areas of Nige-
ria, especially off the Lagos Lagoon as a source of protein for locals. It is also an important compo-
nent in the aquatic food web. Analysis of stomach content and digestive enzymes of 540 silver catfish
from Ibeshe Beach, the Lagos Lagoon, confirmed the omnivorous diet of the species. Overall, stom-
achs of 10.6% of specimens were empty, while stomachs of the others were characterized by a vary-
ing degree of fullness. According to the Index of Relative Importance (IRI), the prevailing food item
were diatoms accounting for 32.2%; those were followed by crustaceans, algae, and molluscs. The oc-
currence, distribution, and specific activities of digestive enzymes (carbohydrases, proteases, and li-
pases) in different gut regions of juvenile C. nigrodigitatus (standard length < 20.5 cm) and adult fish
(SL > 20.5 cm) were assessed using a digestive enzyme assay. The activity of these enzymes, which
enables the digestion of carbohydrates, proteins, and lipids, aligns with an omnivorous feeding habit.
These results underscore the trophic adaptability of C. nigrodigitatus to its environment, especially
in light of the high level of ongoing anthropogenic activity in the area, and provide insight into nutri-
tional physiology of the silver catfish. This study is relevant in terms of the development of age-specific
feed for this species, enhancing fisheries management and aquaculture practices.

Keywords: Chrysichthys nigrodigitatus, food items, gut, digestive enzymes, Lagos Lagoon

Water quality, human activities, and various environmental stressors are among the main factors that
greatly affect the structure and functioning of aquatic ecosystems. These factors often lead to a decrease
in the availability, diversity, and quality of food resources. Studies indicate that changes in the ecologi-
cal niches of fish species eventually affect their diet, nutritional strategies, and even the survival of fish
in the future [Kuton, Akinsanya, 2016]. The Lagos Lagoon, one of key natural and ecologically valuable
brackish water systems in Nigeria, faces serious environmental threats. Major problems, such as in-
creasing pollution, habitat destruction, eutrophication, and overfishing, remain unresolved up to now
and are subjects of extensive discussion. Intense human pressure on the ecosystem can affect species
composition, since it can result in local extinction and endangerment of native species, as well as in in-
vasion by alien ones [Wilson, 1994]. Therefore, determining the feeding habits and digestive responses
of fish species in such disturbed environments is an important issue to elucidate their resilience and eco-
logical plasticity. In addition, such studies provide a scientific basis for formulating effective and feasible
strategies for sustainable fishery exploitation, habitat conservation, and aquaculture development.
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Chrysichthys nigrodigitatus (Lacépede, 1803) is a species of high ecological and economic value
in Nigeria, especially along the Lagos Lagoon shores. This fish is a vital source of protein for locals,
and it plays an essential role in the aquatic food web. Numerous studies have analyzed various as-
pects of its biology, particularly feeding ecology and growth patterns. Investigations of the silver cat-
fish food and feeding habits across different aquatic systems have confirmed its omnivorous and op-
portunistic nature [Atobatele, Ugwumba, 2011; Kuton, Akinsanya, 2016]. Surveys on length—weight
relationships and condition factor have provided insights into its growth patterns [Kareem et al., 2015;
Uneke, 2015].

Stomach content analysis was pivotal in determining the species trophic position and dietary plastic-
ity. For instance, M. Jeyol and N. Umar [2024] explored the feeding habits of the species in the Lagos
Lagoon; C. Ikechukwu et al. [2025] examined the stomach content of C. nigrodigitatus in the Otuocha
River; and I. Esenowo et al. [2017] focused on its biological characteristics in the Nwaniba River, South-
east Nigeria. All concluded that it is a voracious and flexible feeder. Earlier studies conducted by S. Fa-
gade and C. Olaniran [1973], K. Ikusemiju [1975; 1976] / K. Kusemiju [1981; 1991], and J. Igbinosun
and O. Robert [1988] also showed the dietary flexibility of this species. In [Ikusemiju, 1976; Kusemiju,
1981], foundational insights are provided into hydrobiology and ichthyofauna of the Lekki Lagoon link-
ing feeding behavior of fish with habitat characteristics and food availability. Collectively, these surveys
demonstrate that C. nigrodigitatus exhibits a high degree of trophic adaptability, enabling it to exploit
a wide range of food resources and thrive in fluctuating environmental conditions.

M. Hidalgo et al. [1999] and W. Uys and T. Hecht [1987] explain that fish feeding and food habits
are significant indicators of their digestive abilities. Understanding the digestive physiology of C. nigro-
digitatus requires analyzing both adults and juveniles: various fish are known to undergo ontogenetic
changes in their digestive enzyme activities as they mature, usually due to metabolic demands and bi-
ological processes, such as reproduction [Gisbert et al., 2018]. Few studies have investigated diges-
tive enzymes of C. nigrodigitatus along the Ibeshe area of the Lagos Lagoon, leading to a serious re-
search gap: there is a lack of comprehensive data on the distribution of digestive enzymes in the gut,
and on the ontogenetic changes in the digestion of different feed components [Oghenochuko et al., 2022].

This investigation contributes to developing a species-specific and nutritionally balanced feed with
reduced feed waste and an increased growth rate for C. nigrodigitatus, a fish of high economic and eco-
logical importance. Understanding its digestive physiology will help the Nigerian aquaculture in creating
more efficient feeding plan and reducing pressure on wild populations, especially with the rising inter-
est in farming the silver catfish. Also, due to its resilience to environmental stressors in the Lagos La-
goon, this species is a suitable model for studying the effect of changing estuarine habitats on nutrition
and digestion in hydrobionts.

This study aims to investigate the trophic adaptability and digestive efficiency of Chrysichthys nigro-
digitatus from Ibeshe Beach, the Lagos Lagoon. The objectives of the work are to analyze the diet
of the species by examining its stomach contents using numerical method, estimating frequency of oc-
currence, and involving volumetric method. Also, the objectives are to conduct a digestive enzyme assay
to identify the catalytic proteins involved in the breakdown of major food components, to determine
the distribution of these catalysts in different gut regions, to compare their activities between adult
and juvenile specimens, and to measure their specific activities.

MATERIAL AND METHODS

To study C. nigrodigitatus diet, a total of 500 specimens were collected from artisanal fishermen
that used gill nets and cast nets between July and November 2023. To prevent putrefaction, the samples
were immediately preserved in ice boxes in the field and transported to a laboratory for further analy-
sis. The standard length (SL), total length, and weight of each specimen were measured by standard

Marine Biological Journal 2026 Vol. 11 No. 1
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morphometric techniques. The stomach of each specimen was then categorized as empty, one-quarter
full (Y4), half full (12), three-quarters full (34), or full, following the established protocol for dietary
studies [Hyslop, 1980].

After dissection, stomach contents were emptied into Petri dishes, and examined under a Biobase
optical microscope (BMP-107B, Biobase, Shandong, China) at magnification from 40x to 400x. Food
items were identified to the lowest possible taxonomic level using Field Guide to the Commercial Ma-
rine Resources of the Gulf of Guinea [1990]. The food habits were quantified involving three indices:
frequency of occurrence (%F) as the percentage of stomachs containing a specific food item; numerical
composition (%N) as the proportion of each food item relative to the total number of items; and volumet-
ric composition (%V) as the relative volume of each food item compared to the total stomach content,
estimated via water displacement. The Index of Relative Importance (IRI) was calculated by the formula
described by E. Hyslop [1980]:

IRI = %F (%N + %V),

where %N (percent by number) is the number of individuals of prey type i expressed as a percentage
of the total number of all prey items in non-empty stomachs;

%V (percent by volume) is the volumetric contribution of prey type i expressed as a percentage
of the total gut content volume [for macroscopic prey, it was estimated by wet weight (mg), while
for microscopic prey (diatoms and algae) and amorphous matter (detritus and unidentified masses),
9%V was estimated under a microscope by the point-count method and scaled to total stomach volume];

%F (frequency of occurrence) is the percentage of non-empty stomachs in which prey type i occurred
(empty stomachs were excluded from analysis).

IRI values were subsequently standardized to %IRI to allow comparison across prey categories:

where i is individual prey type.

For the digestive enzyme assay, 40 live specimens of C. nigrodigitatus were taken from fishermen
at the Ibeshe area of the Lagos Lagoon. The sample size (20 juveniles and 20 adults) was determined
based on methodological precedents in similar studies of fish digestive physiology [Gisbert et al., 2018;
Hidalgo et al., 1999]. Although this sample size is below the theoretical minimum for detecting medium
effect in a two-way ANOVA, it was adequate for revealing large effects. The significant differences ob-
served across gut regions and age classes support the validity of the sample size used. Healthy individuals,
showing no signs of diseases, were selected for analysis without sexual distinction. Specimens were eutha-
nized by cervical dislocation following ethical guidelines for fish research, with approval from the relevant
institutional review board. The entire gut was excised and divided into six anatomical regions: oesoph-
agus, stomach, pyloric caeca, anterior intestine, posterior intestine, and rectum, following established
protocols [Tengjaroenkul et al., 2000]. To ensure sufficient material for analysis, tissues from each gut
region were pooled for juveniles and adults.

Each gut region was weighed after thawing, and homogenized in an all-glass Potter—Elvehjem ho-
mogenizer (model GPE-10, VWR International, Germany) with 10 volumes of ice-cold 1% neutralized
KOH to produce a 1: 10 homogenate. The homogenate was centrifuged at 2,500 g for 20 min at +4 °C.
The resulting supernatant was collected as the crude enzyme extract and stored at —20 °C until analysis
to preserve enzymatic activity, following the method of M. Furné et al. [2005].

Protease activity was quantified involving casein hydrolysis [Kunitz, 1947]. The reaction mixture con-
tained 1 mL of crude enzyme extract and 1 mL of 1% casein solution (in phosphate buffer, pH 7.5); it was
incubated at +37 °C for 30 min. The reaction was terminated by adding 0.5 mL of 10% trichloroacetic

Marine Biological Journal 2026 Vol. 11 No. 1
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acid, and the mixture was centrifuged at 3,000 g for 10 min using a refrigerated centrifuge (model 5415R,
Eppendorf AG, Hamburg, Germany). The absorbance of the supernatant was measured at 280 nm with
a UV-Vis spectrophotometer (model UV-1800, Shimadzu Corporation, Kyoto, Japan). Lipase activ-
ity was measured titrimetrically using olive oil as a substrate [Winkler, Stuckmann, 1979]. A mix-
ture of 1 mL of enzyme extract, 2 mL of 50 mM Tris-HCI buffer (pH 8.0), and 2 mL of olive oil
was heated in a water bath at +37 °C for 60 min. After that, the mixture was titrated with 0.05 M NaOH
to pink endpoint. Enzyme activity was calculated from the difference in titrant volume between the test
sample and the control. Carbohydrase activity was determined in triplicate applying the dinitrosalicylic
acid (DNS) method of M. Furné et al. [2005]. Enzyme assays were performed using starch, maltose,
sucrose, and lactose as substrates.

For each assay, the reaction mixture consisted of 0.4 mL of 1% substrate solution, 0.2 mL of phos-
phate buffer (pH 8.0), 1.6 mL of DNS reagent, and 0.1 mL of enzyme extract. These mixtures were
heated at +37 °C for 30 min, and the absorbance of the product was measured at a wavelength of 540 nm
with a colorimeter (model 721 Visible Spectrophotometer, LabTex Digital, China). Enzyme activity
was expressed in laboratory-specific units: proteases (trypsin and pepsin), in ug-mL™-min~! based on ty-
rosine equivalents; lipase, in units-mg'-min™' based on titration volume against NaOH; and carbohy-
drases (amylase, lactase, and maltase), in mg-mL™"-min~! based on glucose equivalents using standard
calibration curves. All enzyme activity data was normalized to the total protein concentration (mg-mL™!
of enzyme extract) to control for inconsistencies arising from differences in tissue weight and extraction
efficiency.

Statistical analyses were performed involving ANOVA, with gut region and organism size
as sources of variation. Post-hoc comparisons were executed using Tukey’s Honest Significant Differ-
ence (HSD) test to characterize specific group differences and detect essential relationships. A p-value
of less than 0.05 was considered statistically significant.

RESULTS

Stomach fullness analysis of 500 C. nigrodigitatus specimens revealed that 48.2% had full stomachs,
while 10.6% had empty ones (Fig. 1). A summary of food items that constituted the diet of C. nigro-
digitatus from the Ibeshe sampling site of the lagoon is given in Table 1. Diatoms were the dominant
food item, with the value of the Index of Relative Importance (IRI) accounting for 32.2%. Those were
followed by crustaceans (19.5%), algae (18.7%), and molluscs (8.9%). The presence of plant materials
and fish parts (IRI of 5.5% and 5.4%, respectively) suggests an omnivorous feeding habit. IRI for detritus
and unidentified materials were of 7.4% and 2.4%, respectively (Fig. 2).

60%

PERCENTAGE OF COMPOSITION
N w B o
[=] [=] (=] (=]
S S ES ES

=
ES

Empty Ya Full % Full 34 Full Full

Fig. 1. Stomach fullness of 500 Chrysichthys nigrodigitatus
Puc. 1. Hanonuenue xemnyaxos 500 ocobeit Chrysichthys nigrodigitatus
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Table 1. Share (%), occurrence, and volume of food items in Chrysichthys nigrodigitatus stomachs

Ta6mma 1. [lons (%), konuuecTBO U 00bEM MUINEBHIX OOBEKTOB B kenyakax Chrysichthys nigrodigitatus

Food item Numerical method Occurrence method Volumetric method
N %N F 9%F A" 9%V
Diatoms 5,652 37.7 252 56.4 850 17.0
Algae 4,761 31.7 237 53.0 100 2.0
Crustaceans 2,344 15.6 219 49.0 1,125 22.5
Molluscs 1,229 8.2 192 43.0 575 11.5
Plant materials 499 33 179 40.0 490 9.8
Fish parts 523 35 149 333 600 12.0
Detritus - 0 157 35.1 1,010 20.2
Unidentified mass - 0 205 45.9 250 5.0

Note: %F is a number of stomachs containing prey item + total of non-empty stomachs (n = 447). Empty stomachs
(n =53) were excluded.

IIpumeuanne: %F — KOMMUYECTBO COIEpKAIMUX NOOBIYY KETYyJKOB + OOIIee KOJMYECTBO HEIyCTHIX XKEITYIKOB
(n =447). Ilyctele xenyaku (n = 53) UCKJIIOUEHBIL.

Unidentified
mass
2.4%

Fish parts
5.4%

Diatoms
32.2%

Molluscs/

8.9%

Crustacean
19.5%

Fig. 2. The Index of Relative Importance (%) of food items in stomachs of Chrysichthys nigrodigitatus
from Ibeshe Beach, the Lagos Lagoon

Puc. 2. OrHocurenbHast 3HAaUUMOCTh (%) TMIIEBBIX OOBEKTOB B xenyakax Chrysichthys nigrodigitatus
y isbka Ubemne, naryna Jlaroc

The digestive enzyme profiles of C. nigrodigitatus juveniles and adults revealed consistent activity
of proteases (trypsin and pepsin), lipases, and glycosidases (amylase, lactase, and maltase) across all gut
regions (Tables 2, 3, Figs 3-5). In juveniles (SL < 20.5 cm), trypsin and pepsin activities were the highest
in the anterior intestine: (0.75 * 0.015) and (0.76 + 0.010) pg-mL™"-min™!, respectively. Lipase activ-
ity ranged from (0.54 + 0.10) units-mg™"-min”! in the pyloric caeca to (0.78 * 0.10) units-mg™'-min™
in the stomach, indicating a capacity of lipid digestion throughout the gut.

Glycosidase activity was the highest in the pyloric caeca: (3.07 + 0.021) mg-mL™-min! for maltase
and (1.31 £0.081) mg-mL™"-min™! for lactase. Strong activity was also observed in the posterior intestine
for both lactase [(2.70 + 0.081) mg-mL™!-min"!] and maltase [(2.81 £ 0.015) mg-mL™"'-min"!] reflecting
intensive carbohydrate digestion in midgut and hindgut sections.

Adult fish (SL > 20.5 cm) exhibited elevated overall enzyme activities. Trypsin and pepsin activities
reached the highest values in the posterior intestine: (1.17 + 0.021) and (0.98 + 0.010) ug-mL™-min™!,
respectively. Lipase activity was uniformly distributed along the gut, peaking in the rectum:
(0.82 % 0.15) units:mg min"!. Glycosidase activity was concentrated in the pyloric caeca
[(2.99 £ 0.006) mg-mL’l-min'1 for maltase and (1.96 = 0.025) mg-mL’l-min'1 for lactase] and anterior
intestine [(2.74 *+ 0.036) mg-mL™"-min~! for maltase], confirming active digestion of carbohydrate-rich
diets in these gut regions.
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Table 2. Specific activity of enzymes in the gut of Chrysichthys nigrodigitatus juveniles (standard length
< 20.5 cm) (with Tukey’s HSD superscripts) off Ibeshe Beach, the Lagos Lagoon, Nigeria (mean  SD)

Tabéamma 2. VYnenbHast akTUBHOCTH (DePMEHTOB B KHMIIEUHUKe Mojionu Chrysichthys nigrodigitatus (cTan-
naptHasa gaavHa < 20,5 cm) (co cpenrum Twiokm) y miska Moere, naryHa Jlaroc, Hurepus (cpenHee

3HaueHue + SD)

Gut region Proteases, ug-mL~!-min™! units-rlgllgﬁilfi- ;nin“ Glycosidases, mg-mL~"-min™!
Trypsin Pepsin Lipase Amylase Lactase Maltase
Oesophagus 0.70£0.01* | 0.59+0.01* | 0.72%£0.10%* | 0.47£0.02* | 0.09£0.01* |2.54 £0.02%*
Stomach 044 £0.01* | 0.35+£0.01* | 0.78£0.10%* | 0.51 £0.02* | 0.77 £0.02* | 2.16 £ 0.04**
Pyloric caeca 0.52+0.02% | 0.17+£0.01* | 0.54%£0.10%* | 0.24£0.01* | 1.31£0.08%* | 3.07 £ 0.02**
Anterior intestine | 0.75 £0.02* | 0.76 £0.01* | 0.74 £0.15*%* | 0.42+0.02* | 0.91£0.02* | 1.37 £0.02**
Posterior intestine | 0.57 £0.01* | 048 £0.01* | 0.62£0.15** | 0.30+0.02* | 2.70 £ 0.10*%* | 2.81 £ 0.01**
Rectum 0.61 £0.02* | 0.86+0.02* | 0.71 £0.02** | 0.28 £0.02* | 0.43£0.01* |2.34£0.03**

Note: * and ** mark significant differences within the same row among different enzymes (Tukey’s HSD, P < 0.05).

IIpumeuanue: * u ** —

P <0,05).

3HAYMMBIE PA3JIMYKs B IIpefiesiax OJHOTO psijia Cpein pa3HbIX (hepMeHTOB (cpeaHee ThiokH,

Table 3. Specific activities of enzymes in the gut of Chrysichthys nigrodigitatus adults (standard
length > 20.5 cm) (with Tukey’s HSD superscripts) off Ibeshe Beach, the Lagos Lagoon, Nigeria

(mean * SD)
Taoauua 3.

VienbHasi aKTUBHOCTh (hepMEHTOB B KHILNEUHHMKE B3pOCIBIX ocobelt Chrysichthys
nigrodigitatus (cranpaptHas mmuHa > 20,5 cm) (co cpemaum Teioku) y ispka Moente, naryna Jlaroc,
Hurepus (cpennee 3nauenue * SD)

Gut region Proteases, ug-mL~"-min™! units'rilgp‘ls ;nin“ Glycosidases, mg-mL~'-min™!
Trypsin Pepsin Lipase Amylase Lactase Maltase
Oesophagus 0.54£0.01* | 0.51+£0.02*% | 0.73+£0.15%* | 0.24£0.02* | 0.05£0.01* | 0.53 £0.03%*
Stomach 0.56 £0.01* | 0.50+0.01* | 0.71 £0.10%* | 0.26£0.01* | 0.02+0.01* |2.51 £0.04**
Pyloric caeca 0.97£0.01* | 0.93+£0.01* | 0.77£0.20*%* | 0.44£0.01* | 1.96%0.03**| 3.00 £ 0.01%**
Anterior intestine | 0.81 £0.01* | 0.83+£0.01* | 0.78£0.15%* | 0.34+0.01* | 0.41+0.01% | 2.74 £0.04**
Posterior intestine | 1.17 £0.02* | 0.98 £0.01* | 0.81 £0.10%* | 0.41 £0.02* | 0.70 £0.03* | 2.10 £ 0.06**
Rectum 0.71 £0.01* | 0.59+0.01* | 0.82£0.15%* | 0.55£0.02* | 1.20+0.01* | 2.40 £ 0.01%**

Note: * and ** mark significant differences within the same row among different enzymes (Tukey’s HSD, P < 0.05).
IMpumeuanue: * u ** — 3HaUMMBIE pa3IMUMs B MpeiesiaXx OJHOTO Psida Cpean pa3HbiX (pepMeHTOB (cpeaHee Thiokw,

P <0,05).

1.40

1.20

1.00

0.80

trypsin activity (ug/mU/min)

mJUVENILES mAdults

Posterior
intestine

Oesophagus Stomach

0.00
Anterior Rectum

intestine

Pyloric
caeca

Fig. 3. Trypsin activity in different gut regions of Chrysichthys nigrodigitatus
Puc. 3. AKTUBHOCTb TPUIICMHA B pa3fIMUHBIX OTAEaX KumedHuka Chrysichthys nigrodigitatus
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amylase activity (ug/mUl/min)

mJuvenile mAdult

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Oesophagus Stomach Pyloric Anterior Posterior Rectum

caeca intestine intestine

Fig. 4. Amylase activity in different gut regions of Chrysichthys nigrodigitatus
Puc. 4. AKTUBHOCTh aMUJIa3bl B Pa3JIMUHBIX OTAeaax Kumeunuka Chrysichthys nigrodigitatus

maltase activity (ug/mU/min)

mJuvenile mAdult

3.5

25
1.5
0.5

0

Oesophagus Stomach Pyloric Anterior Posterior Rectum
caeca intestine intestine

N

-

Fig. 5. Maltase activity in different gut regions of Chrysichthys nigrodigitatus
Puc. 5. AKTUBHOCTH MajbTa3bl B pa3jIMUHbIX OTAeNaX KumedHuka Chrysichthys nigrodigitatus

These results demonstrate that C. nigrodigitatus possesses a full complement of digestive enzymes
at both life stages, supporting its omnivorous feeding habit. The enzyme distribution shows ontoge-
netic adaptation: juveniles increased activity of carbohydrase, while adults increased protease and lipase
activity, reflecting a dietary shift with growth.

DISCUSSION

Food and feeding habits of fish are crucial for aquaculture and provide valuable insights into habi-
tat characteristics, ecological productivity, and environmental heterogeneity. C. nigrodigitatus feeds
on a variety of food items in the lagoon. In its diet, 8 major items were recorded, of both plant
and animal origin: diatoms, algae, crustaceans, molluscs, plant materials, fish, detritus, and unidenti-
fied mass. These observations are consistent with prior studies by M. Lawal er al. [2010], T. Edem
and C. Odey [2019], and J. Dada and P. Araoye [2008]. Quantitative analysis revealed that diatoms,
a plant component, were the prevailing food item, constituting 37.7% by number and 56.4% by frequency
of occurrence. Plant materials were also reported as a major food for this species in Asa Dam [Dada,
Araoye, 2008]. I. Udosen and O. Rufus [2018] reported six main food groups, including plant ones (phy-
toplankton) and animal ones (crustaceans, insects, molluscs, and worms), as well as unidentified matter;
this indicates that C. nigrodigitatus is an omnivorous feeder. A similar report on this species published
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by N. Inyang and C. Nwani [2004] suggested that it fed on both plants and animals, but animal
components predominated in its food. This contradicts the results of the present study, in which di-
atoms were the prevailing food item. Such a discrepancy could be the result of an unspecialized mode
of fish feeding, which can be explained by differences in food availability between various habitats.
0. Oghenochuko et al. [2022] confirmed the overlapping and omnivorous feeding nature of C. nigrodig-
itatus, linking it to opportunistic behavior. This conclusion was supported by O. Atobatele and O. Ug-
wumba [2011], as well as B. Uneke [2014]. R. Welcomme [2001] also reported that unspecialized feed-
ers consume items like insects, zooplankton, detritus, and plant matter based on their relative abundance
in the environment.

We recorded high glycosidase activity, which indicated that C. nigrodigitatus can effectively di-
gest carbohydrates. Apparently, starch digestion starts in the esophagus and continues in the poste-
rior intestine. In adults, high glycosidase activity in the pyloric caeca (1.96 mg-mL™"-min™! for lactase
and 2.99 mg-mL"-min™! for maltase) and anterior intestine (2.74 mg-mL"-min™! for maltase) ensures
the complete digestion of carbohydrates in these regions. The strong specific activity of the amylase
enzyme observed in the stomach suggests that the digestion of carbohydrates, which starts in the ante-
rior segment (esophagus), intensifies as food moves into the stomach. This fact provides evidence that
the digestion of carbohydrate is largely concluded in these parts of the alimentary canal [Oghenochuko
et al., 2022]: a finding consistent with that in the paper of D. Odedeyi and O. Fagbenro [2010]. Li-
pase activity was detected uniformly throughout the entire gut of C. nigrodigitatus, and a similar pattern
was reported for Heterotis niloticus (Cuvier, 1829) by O. Fagbenro et al. [1993]. As noted by R. Budding-
ton [1985], the presence or absence of specific digestive enzymes in fish depends on its diet and feed-
ing habits, and also on the functional morphology of gut regions. The occurrence of various glycosi-
dases, proteases, and lipases in C. nigrodigitatus gut correlates with its omnivorous diets. Furthermore,
the digestive enzyme activities were higher in adults than in juveniles, supporting conclusion of C. Tra-
mati e al. [2005] that the digestive processes in Diplodus puntazzo (Walbaum, 1792) are correlated with
body size and dietary composition.

The high protease and lipase activities in adults indicate that a protein- and lipid-rich diet would
enhance the growth rate of fish in a culture system, and this aligns with recommendations established
for omnivorous species [Cahu, Zambonino Infante, 2001]. Conversely, the high carbohydrase activity
in juveniles suggests that a plant-based diet is both cost-effective and nutritionally suitable during the ear-
lier stages of cultivation [Francis et al., 2001]. Consequently, this investigation provides a basis for for-
mulating stage-specific feeds, reducing the reliance on expensive animal-based feed ingredients, thereby
lowering costs and enhancing the sustainability of culturing the silver catfish.

This study shows that C. nigrodigitatus is a promising species for both wild capture and aquaculture
due to its omnivorous and opportunistic feeding habits, which make it resistant to constantly chang-
ing environmental conditions. The dietary and enzymatic activity data provided in this investigation
can be integrated into fisheries management strategies, supporting the species economic potential, par-
ticularly in regions like Ibeshe, where it serves as a vital source of protein for locals, while also helping
to maintain ecological balance. However, realizing this potential requires regular monitoring of pop-
ulation dynamics and ecosystem health, especially in the face of anthropogenic threats like pollution
and the habitat degradation from ongoing sand mining in the Lagos Lagoon [Wilson, 1994].

Conclusions. This study provides crucial insights into the feeding ecology and digestive physiology
of Chrysichthys nigrodigitatus: a species of ecological and economic importance in coastal and estuarine
systems of West Africa. The identification of a diverse range of dietary items, particularly diatoms, algae,
crustaceans, and molluscs, alongside the distribution of carbohydrases, proteases, and lipases throughout
the gut, underscores the species trophic adaptability and omnivorous feeding strategy. Such physiological
and dietary flexibility is likely to contribute to resistance of the silver catfish to anthropogenic pressures
and fluctuating environmental conditions in habitats like the Lagos Lagoon.
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The observed ontogenetic variation in digestive enzyme activity reflects an adaptive physiological
response to changing dietary needs across life stages. This insight can be directly applied to design nutri-
tionally efficient, age-specific diets, thereby improving feed formulation, optimizing growth, and reduc-
ing production costs in aquaculture. From a fisheries management perspective, understanding the species
ecological role as both a consumer of diverse food resources and a key contributor to energy transfer
in the aquatic food web is vital for developing effective conservation strategies to wild populations.

Given its ecological plasticity and economic importance, C. nigrodigitatus should be a priority species
in ecosystem-based management plans. Further in-depth studies are recommended to investigate how
environmental stressors, seasonal dynamics, and habitat changes affect feeding ecology of the silver cat-
fish, its reproductive success, and long-term population stability. Such research will enhance our capacity
to balance aquaculture development with the conservation of natural stocks and ecosystem functions.
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COCTAB IINII1M 1 MIIIIEBAPUTEJIbBHBIE ®EPMEHTbDI
B KUIIIEYHUKE CHRYSICHTHYS NIGRODIGITATUS (LACEPEDE, 1803)
YV IVIAZKA UBEHIE, JIAT'YHA JIAT'OC, HUT'EPUA

b. X. AMuny

Ypanbckuii peiepaibHbId YHUBEPCUTET UMEHHU TiepBoro npe3uaeHTa Poccun b. H. Enbiuna,
Exatepun6ypr, Poccuiickas Penepanys
E-mail: baminu@urfu.ru

Chrysichthys nigrodigitatus (Lacépede, 1803) mmeeT GobIlioe SKOHOMUYECKOE 3HAYEHUE IS TPH-
OpexHbIX pailoHoB Hureprn, oco6eHHO aryHsl Jlaroc, Kak ICTOUYHHK OeJIKa JIsi MECTHOTO HaCeJIeHU s,
a TaK)Xe KaK BaXKHBI KOMIIOHEHT MOPCKOH MHIIEBOM 1enu. AHAIN3 COAEPKUMOTO JKeTyIKOB, a TaK-
e NHIIeBapuTeNbHBIX (pepmeHToB 540 ocobeii coma C. nigrodigitatus, BBUIOBIEHHBIX Y TUisika oere
B JlaryHe Jlaroc, CBHIETENLCTBYET O BeesiTHOCTH 3Toro Buna. Y 10,6 % pwi0 sxemyaKu ObUIH MyCTHIMY,
a 'y OCTaJIbHBIX 0COOEH CTereHb HAMOJIHEHHOCTHU pasiyanach. COrlacHO 3HAUSHUSIM UHJIEKCa OTHOCH-
tenbHOM 3HauMMocTH (Index of Relative Importance, IRI), noMuHMpYIOIIM NHUIIIEBHIM OOBEKTOM ObI-
TV IUATOMOBBIE Bojiopociii — 32,2 %; 32 HUMU CJIeJJOBAIN paKoOOpa3HbIe, BOJIOPOCIU M MOJUTIOCKU.
VY mononu C. nigrodigitatus (standard length < 20,5 cm) u B3pocisix ocobdeit (SL > 20,5 cM) ¢ oMol
(bepMEHTATMBHOTO aHAJIM3a YCTAHOBJIEHO paclpeeieHre MUIIEeBApUTENIbHBIX (PepMEHTOB (KapOorua-
pas, mpoTeas U JIuMa3) B Pa3jHyHbIX OTAEaX KHUIIEYHWKA U OIpejeieHa UX yAebHas aKTHBHOCTB.
CrnocoOHOCTh Pa3HOBO3PACTHBIX O0COOEH TOro BUIA TIepeBapUBATh YITIEBObI, OCIIKM U KUPHI OTpa-
KaeTcsl B AKTUBHOCTHU THIIIEBAPUTEbHBIX (DEPMEHTOB, UTO MOATBEPKIAET BCESTHOCTh coma. [loiy-
YeHHBIE Pe3yJIbTaThl TOAYEPKUBAIOT €ro TPO(PIUECKYI0 aIaTUBHOCTD K YCIIOBHSAM Cpeibl OOUTaHUS
Y K YPOBHIO aHTPOIIOTeHHO! Harpy3KH, NaBasi MpeICTaBIeH s O (PU3UOJIOTHH MTUILEBAPUTETLHOTO ITPO-
1iecca TOoro Bujia. Pe3ysbraTel UCCIeIOBaHUs BaXHBI 1)1 pa3padOTKU BO3paCTCEMpUIECKUX KOp-
MoB 11 C. nigrodigitatus B IIeJISIX COBEPIICHCTBOBAHMSI YIIPaBJICHHUS PHIOHBIMU PECYPCAMH B PETHOHE

1 OITUMM3AIU aKBAKYJIbTYPBI.

Kurouessbie cioBa: Chrysichthys nigrodigitatus, nuineBble 0ObEKThI, KUIIEYHUK, TTUITIEBAPUTEIIHHBIE

(pepmenTsl, naryHa Jlaroc
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brotexHONIOTMS MHUKPOBOAOPOCHEN PacCMaTpUBAETCsl KakK TMEPCHEeKTHBHOE HamNpaBieHHWe i To-
Jy4eHHUsI BO3OOHOBIISIEMBIX MCTOYHHMKOB OMOMAcChl, OoraToil OejKkamH, JUMUAAMU U MUTMEHTaMH,
YTO JIEJIa€T aKTyaJbHbIM ITOWCK ONTHUMAJIBHBIX YCJIOBMH MX KyJapTHBUpOBaHUWA. IIpencraBurenu po-
na Scenedesmus Meyen, 1829 omuaiorcst ObICTPEIM POCTOM, YCTOWYMBOCTBIO K U3MEHEHHSIM BHEII-
Hel cpesbl M 3HAYMTEJbHBIM COAEpKaHHEM OWOJIOTMYECKH aKTHUBHBIX COEIMHEHHUH, YTO omnpeness-
€T MX BBICOKWI MOTEHLMAN JJIs MPUMEHEHUs B MUILIEBOU, (hapMalleBTUYeCKON U SHEPreTUIecKon
orpacisx. Llenbio Hactosmedl paGoThl ObUIO MPOAHATU3UPOBATH MAPAMETPbl POCTA U COAEPKAHUS
(poTocuHTETHYECKUX TTUTMEHTOB B KyJIbType Scenedesmus rubescens (P. J. L. Dangeard) E. Kessler,
M. Schafer, C. Hummer, A. Kloboucek & V. A. R. Huss, 1997, BeipammBaeMoil Ha TPEX TH-
MaX MHUHEPAIbHBIX MUTATEJIbHBIX Cpell — Ha MOJHOU cpefe Tamus, e€ MOoJOBUHHON MOIU(UKAILIMN
(Tamust ¥2) u cpepe Bonga (Bold’s basal medium, BBM) (Bapuantst Ne 1, 2 u 3 cooTBeTCTBEH-
HO). B pamkax ncciegoBaHMs MUKPOBOAOPOCTHU S. rubescens KyJIbTUBUPOBAIN B YCJIOBUAX AOMOJI-
HUTEJIBHOIN MO/IaYM YIJIEKUCIIOTO ra3a M HeNpephIBHOTO OCBeleHus B TeueHue 16 cyTt. OTMedeHa
BBICOKAs yJEJIbHAsl CKOPOCTh pOCTa KyJIBTYphI (M) Ha nuraTenabHbix cpepax BBM u Tamua — 0,48
u 0,49 cyr™' coorerctBenHo. Ilpu mcnons3oanmyu cpemsl Tamusa Y2 yhenbHask cKOpOCTh pocTa
S. rubescens 6wina auke — 0,33 cyr~!. JluHeilHbIl POCT MUKPOBOIOPOCEH Ha TPEX THUTATETbHBIX
cpeaax HaOMOAaNM 1Mo 4-e CyTKHM BKJIOUMTENIBHO. 3a 3TOT NMEepPHOA IUIOTHOCTD S. rubescens B Bapu-
aHTax ombiTa Ne 1 U 3 yBesMuMIach NPAaKTUYECKU B 7 pa3, B BapuaHTte Ne 2 — B 3,7 pa3a. Makcu-
MaJlbHas TPOSYKTHBHOCTb S. rubescens njsl TpEX BapUaHTOB 3KcrepuMmeHTa cocrasisia 0,35, 0,18
u 0,31 rcyxoii maccs-n!-cyr™!, ipu 9TOM KaKMX-TMO0 M3MeHeHHi B MOP(ONOrMYeCcKOil CTPYKType
KJIETOK OOHapyXeHO He ObU10. BhIsiBIeHB 3HAUMMBbIE Pa3avursi B OMOXMMHUYECKUX Y KMHETUYECKHUX
XapaKTepUCTUKax pocTa S. rubescens, KyJbTUBUPYEMbIX Ha TPEX pa3HbIX MUTATEbHBIX cpefax. Beico-
K¥e KOHIIEHTPAIUH XJI0popuiuia a U b 3a(pMKCUPOBAHBI B KJIETKAX MHUKPOBOIOPOCIICH, BRIPAIICHHBIX
Ha cpesiax Tamus u BBM. TTonyueHHbIe B 9KCTIEpIMEHTE Pe3yJIbTaThl CBUNIETENBCTBYIOT 00 OUeHb OJTN3-
KHMX POCTOBBIX XapaKTEPUCTUKAX KYJIBTYPHI S. rubescens B BapuaHTax Ne 1 v 3 B Trana3oHe SKCIOHEH-
LMaIbHOM U JIMHENHOM (ha3 pocTa, YTo NO3BOJISET HOA00PaTh YCIOBUS, CIIOCOOHBIE 00EeCIeUnThb Ha Cpe-
Je BBM npoIyKTMBHOCTh M HAKOIUIEHWE LIEHHBIX BEILECTB, aHAJIOTHMYHBIE TAaKOBBIM JI BapHaHTa
Ha cpege Tamus.

KuroueBrble cioBa: Scenedesmus rubescens, nutatenbHas cpeaa bonna, muratenbHas cpena Tamus,
HAKOIUTEIbHAS KYJIbTypa, MPOILYKTUBHOCTh, (POTOCMHTETHYECKIE TUTMEHTHI
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BroTeXHOJIOTHST MUKPOBOJIOPOCIel CIIOCOOHA BHECTH 3HAUYMTENILHBIM BKJIAJ B PellieHue ro0alb-
HBIX TIPOOJIEM, CBSI3aHHBIX C PACTYIIMM HaceJIeHHeM 3eMIIH, 3arpsiI3HEHUEM OKPY KaIoIIel Cpebl, COKpa-
IIIEHKEM 3aT1acOB UCKOMAEMOro TOIUIMBA U MOTPEOHOCTHIO B YCTOMUMBBIX MUIIEBBIX M SHEPreTUIECKUX
pecypcax. Mcnonbp3oBaHrue MUKPOBOJIOPOCTIEH, SBISIONIUXCS BO3OOHOBIISIEMbIM UCTOYHUKOM IIJIOTO
KOMILJICKCa 6I/IOHOFI/I‘IGCKI/I AKTUBHBIX BEIIIECTB, CO MHOXXECTBOM IIOTCHIIMAJIbHBIX CHOCO6OB nux HpI/I-
MEHEHHUsI, OTKPbIBAET OrPOMHBIE BO3MOKHOCTH JIJIsS MHHOBAIMA. VIHBIMU CIIOBaMH, MUKPOBOJIOPOCIIH
MIPUBJIEKAIOT BHUMaHHUe OJarogapsi MHOTO()YHKIIMOHATLHOCTH TOJY4aeMON MPOIYKIIMU U 3HAYHUTEITh-
HOMY TMOTEHIMATy CBOETO MCIIOJIb30BAHUS B PA3JIMUHBIX OTPACIISX MPOMBIIUICHHOCTH (B MEJIMOpAIIWH,
B npousBojctBe bAJloB, KOpMOB, ToIuIMBa U KocMeTUKM) [Levasseur et al., 2020; Suresh, Benor, 2020].

CKOpOoCTh pOCTa MHKPOBOJOPOCIICH TO3BOJISIET TOJIy4yaTh OrPOMHOE KOJIMYECTBO Onomac-
col (B 10-20 pa3 Gosbliie, yeM Oriomacca KyKypy3bl HJIM COM Ha €WHUITY TUIONIAN) C BBICOKMM CO-
AepkaHueM OeJIKOB, ITUTMEHTOB, JIUITUIOB U MUKPO3JIEMEHTOB. BUOXUMUUECKMM COCTABOM OMOMACCHI
MOJKHO YIPaBJIATh, U3MeHSs1 (PUBUKO-XUMHUUECKHE TIapaMeTphl cpejibl oouTanus. [IpeacraBurenu poaa
Scenedesmus Meyen, 1829 u3 knacca Chlorophyceae yacto BcTpevyaloTcss B IPECHOBOIHBIX BOJOEMAX.
OTU HETNOJIBUKHbBIE KOJIOHUAJIbHBIE 3€JIEHBIE MUKPOBOAOPOCIIHU, COCTOSIIINE U3 KJIETOK OKOJIO 8 MKM
B IIMpUHY U 14 MKM B JUIMHY, 00J1aJal0T BBICOKOM MUTATEbHON IEHHOCThI0. MHOTHE BHIBI STOTO
PO/Ia MCHOJNB3YIOTCS TI0 BCEMY MHUPY B Pa3HOOOPa3HBIX KOMMEPUYECKMX MPOEKTax OJyarogapsi CBoeMy
OBICTPOMY POCTY, TIPOCTOTE BHIPAIIIMBAHUS U CIIOCOOHOCTH aJIalITUPOBATHCS K PA3JIUUHBIM YCIOBUSM
OKpY’KalolIen Cpelibl.

[MutaTenbHas IEHHOCTD 3€JEHBIX MUKPOBOJIOPOCHEH poaa Scenedesmis 00yCIOBIIEHa BHICOKUM CO-
AepkaHveM OeJlka, MOJUHEHACHIICHHBIX JKUPHBIX KUCJOT, BATAMUHOB U OMOJIOTUYECKU aKTUBHBIX CO-
equaenuid [Chu, 2012]. I[Tpu aTOM KaXblii BUA XapaKTepU3yeTCsl CBOUM COOTHOIIIEHUEM JIMIUIOB, yT-
neBosioB 1 OenkoB [Nur et al., 2014]. Scenedesmus rubescens (P. J. L. Dangeard) E. Kessler, M. Schafer,
C. Hummer, A. Kloboucek & V. A. R. Huss, 1997 6b11 ncnob30BaH B Ka4eCTBE MOJIETbHOIO OPraHu3-
Ma J1J151 IPOM3BOJICTBA OeTa-KapoTHHA, OMera-3 — KUPHBIX KUCIOT U ruepuHa [Jo et al., 2020], koto-
pble UTPaloT BaXHYIO POJib B O0phOe ¢ pa3IMUHBIMU 3a00JIeBAHUSIMU, BKIIIOUAsT CEPIICYHO-COCYUCTHIE
MATOJIOTVIH, XPOHUYECKHE BOCTIAJICHHUSI, aTEPOCKJIEPO3 M PaK, a Takke B O0pbOe C MpolieccaMu CTApSHUS.

Bbuomacca Scenedesmus 6orarta xopoyiaMi U KAPOTHHOMIAMH, KOTOPbIE CIIOCOOHBI 3HAYNUTE]Th-
HO YJI4IIIUTh OOlIee COCTOSIHUE OPTraHU3Ma YesIOBeKa U KMBOTHBIX. DTH MUTMEHThI 9(PHEKTUBHO Neii-
CTBYIOT KaK MHIMOUTOPHI POCTa MUKPOOPTraHU3MOB M AHTHOKCHUIIAHTHI, & TaKXke MOJJEPKUBAIOT 3pe-
HUE, IMMYHHYIO CUCTeMY U 3[0pOBbe Koku. Kpome Toro, oHu UMEIOT OOJIbIIOE 3HAYCHUE B MUIIEBOU
MIPOMBIIIIEHHOCTH, TTOCKOJIbKY PacIIMpPSIIOT BO3MOKHOCTU MPOU3BOJCTBA (DYHKIIMOHAIBHBIX MPOJIYK-
TOB U yJy4YILIAlOT UX HYyTpuTUBHBINA pocduiib [Fan et al., 2013; Guedes et al., 2013; Ishaq et al., 2016;
Patil, Kaliwal, 2019]. Birarogapst Takoii 0COOEHHOCTH MUKPOBOAOPOCTH Scenedesmus 00Iaqao0T 3Ha-
YUTEIbHBIM KOMMEPUYECKUM MOTEHIMAIOM Ui IPUMEHEHHUsI B MEIMIIMHE U B MIUILEBOW U KOCMeTHYe-
CKOI MpoMbIUIeHHOCTH. Takke Onomacca Scenedesmus SIBISIETCSI OMHUM M3 OCHOBHBIX JKUBBIX KOP-
MOB, 00€CIIeYMBAIONIUX MMPABWIILHOE Pa3BUTHE BOAHBIX OPraHM3MOB — KOJIOBPATOK, TPE/ICTABUTEIICH
300IIJIAHKTOHA, JITYMHOK PHIO U KpeBeToK [Pynenko, Tkadesa, 2021; Mayeli et al., 2004].

OpHako cienyeT NpUHUMAaTh BO BHUMaHHE, YTO MaccoBOE€ MPOM3BOJICTBO MUKPOBOAOPOCIEH CO-
MPSIKEHO € MPEeoA0IEHeM MHOKeCTBa MpensaTcTBridl. OjHa U3 MpodieM — BBICOKAsi CTOUMOCTh MaKpO-
Y MUKPOSJIEMEHTOB [1J151 IPUTOTOBJIEHUS! KYJIbTYpaJIbHBIX Cpell: Ha He€, coriacHo JaHHbIM [Fasaei et al.,
2018], mpuxoautcsi okoyo 34 % OT 00Iel CTOMMOCTY TIPOU3BOJICTBA, IIPU 3TOM 3aTpaThl HA COOP ypo-
*kast coctaBsaioT 20-30 %. Ecnu npodiemMsl co cOOpoM yposkast BOSMOXKHO PEIInTb, UCTIONb3YsI (P ek-
TUBHbIE U MAJIO3aTpaTHbIE METO/bI, Takue Kak (pokyJsaus [Rahman et al., 2022], To njis1 CHUKeHUS
ce0eCTOMMOCTH MPOU3BOJICTBA BOAOPOCIIEH MO-TIPEXHEMY aKTyaJleH TOUCK MPOAYKTUBHOM, YCTOMUM-
BOIl M SKOHOMMYECKU MPUEMIIEMON MUTATENLHON cpelbl. Pe3ynbTaTsl OOJBIIOTO KOJTMYECTBA IKCIIe-
PUIMEHTAJIbHBIX UCCIIEIOBAHUI, B TOM YHMCIIE HAIIUX COOCTBEHHBIX, MOKA3aIH, YTO Y MpeCTaBUTENCH
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pona Scenedesmus MOXHO 3HAUUTENILHO YBEJIMUUTb CKOPOCTh POCTa NMPHU YACTUYHOM WM MOJIHOH 3a-
MEHE MUHEPaAJIbHBIX COCTABJISIOIIMX MUTATENIbHBIX Cpel] Ha cTouHble Boawl [Ishaq et al., 2016; Muluye
et al., 2021]. D10 MO3BOJIAET CYIIECTBEHHO COKPATUTh 3aTpaThl HA IPUTOTOBJIEHUE MTUTATENILHBIX CPEJL
1151 BRIPAIMBAaHUS MUK poBogopociieil. [Ipu 3Tom nosyueHHyIo oJOOHBIM crioco0oM 6roMaccy B 00JIb-
IIMHCTBE CIIy4aeB 11e1ecO00pa3HO MCTIONb30BaTh ISl U3BJICUYEHHS [IEHHBIX BEIECTB U IJIs1 yI0OpEeHus
CEJIbCKOXO3SICTBEHHBIX KYJBTYP JIMOO e B KauecTBe KOPMOBOW JOOABKH IJIS1 KUBOTHBIX (UEJTIOBEKY
ynotpedsaTh e€ Henb3s1) [[opOyHosa, ['yneuiosny, 2020; l'opOyHoBa, 3yoko, 2010].

ToT (pakt, yTO MpU OpraHU3aAIUK POU3BOJCTBA MUKPOBOAOPOCIEH 3HAUMMBIM MTOKA3aTEIEM BBICTY-
MAeT He TOJIbKO MPOIYKTUBHOCTb, HO U KAYECTBO MOJIy4aeMOr0 yposxasi, sIBJISIETCSI OCHOBAaHUEM [UIs1 TO-
WCKa ONTUMAaJIbHOU MTUTATEIbHOU cpeibl 1Sl Scenedesmus. Ha ceromHsHui JeHb B IUTepaType onuca-
HBI PA3JINYHbBIE TUITHI TUTATEILHBIX CPeJl, AKTUBHO UCTIOJIb3YEMBIX BO BCEM MUPE ISl KYJIbTUBUPOBAHUS
MHKPOBOJIOpOCen cemericTBa Scenedesmaceae. 1o cpeapl YceneHckoro, bonga (Bold’s basal medium,
BBM), Uy-10, Yy-13, Tamus, Tamus V2, Cetuk u BG-11. HecMOTpst Ha TO, YTO BCE STH CPeIbl IPUTOI-
HBI U1 BbIpalllMBaHus Scenedesmius, CKOPOCTh POCTA KYJIbTYpPbl, yPOKAHHOCTb U COfIEPKAHUE TTUTMEH-
TOB MOTYT 3HAaUUTEJbHO OTJIMYATHCS U3-32 PA3HOTO COCTABA U KOHLIEHTPALIMU XUMUYECKUX COeJUHEHUN,
MPUMEHSIEMBIX /ISl TPUTOTOBJICHUS TTUTATEILHBIX CPE/l.

Takum 00pa3om, psili IPEUMYIIECTB — OBICTPHIA POCT, BHICOKAsi KOHIIGHTpAIHsI aHTHOKCUIAHTOB
U (uznonornyeckas IiacTUIHOCTh — JIeJlaeT NpeICTaBUTeNel Scenedesmus EPCTIEKTUBHBIMUA 00b-
ekTamu OrotexHosiorru. OIHAKO peann3aiysi KOMMEPUYECKOTo MOTEHIIMANa BO3MOXKHA JIMIIb 32 CUET
COBEPLICHCTBOBAHUSI CTpaTerMii U ONTUMU3AIMK MapaMeTPOB KYJbTUBUPOBAHUSI MUKPOBOAOPOCTIEH,
YTO OCTA&TCs IIaBHOM 3a/1auell uccienoBaresneil. Llenpio HacTosimen paboThl ObLIO MPOAHATM3UPOBATD
POCTOBBIE XapaKTEPUCTUKH U COJIEp)KaHUe TUTMEHTOB B KyJbType Scenedesmus rubescens (Chlorophyta:
Scenedesmaceae, Scenedesmus), BeIpalBaeMoi Ha TPEX MUHEpaIbHBIX cpefax — Tamust, Tamus V2
u BBM.

MATEPUAJI 1 METO/1bI

B xauectBe 0ObeKkTa MCCIIeIOBAaHNS MCTIOIb30BaHa 3eJI€HAs MUKPOBOAOPOCTD S. rubescens, TaMmm
IBSS-91 u3 LIKII «Komnekmus rugpooronToB MupoBoro okeana» ®PUILL MHBIOM (Cesactomosns).
MUKpPOBOZOPOCITH BBIPAIIMBAIM Ha TPEX MUTATENbHBIX cpeax: Tamust [Tamiya, 1957], Tamus 2 [Hase
et al., 1957; Sandmann et al., 2022] u BBM [Bischoff, Bold, 1963] (nanee — Bapuantsl Ne 1, 2 u 3
COOTBETCTBEHHO). Cpe/ibl OTIMYAIOTCA APYT OT JPYra He TOJbKO COCTAaBOM M YPOBHEM KOHLEHTPALMU
XMMHYECKHMX COSJAMHEHUN, HO 1 CTOMMOCTBIO (TaouI. 1).

J1s1 Ka)KJ0ro BapuaHTa SKCIEPUMEHT MPOBOAWIM B TPEX MOBTOpHOCTSX. [IuTartenbHble cpeibl ro-
TOBWJIM Ha OCHOBE JUCTWUIMPOBAaHHOM BoAbl. [IpenBaputesibHO B TeueHue S5 cyT S. rubescens aganTu-
POBaJIM K KaxJ101 cpeje. MUKpOBOJOPOCM BHIPAIIMBAJIM B CTEKJISIHHBIX KYJIbTUBATOpaXx MJIOCKOIApaJl-
JIeJIbHOTO THMa TOMIMHON 5 cM [Tpenkenuty u ap., 2017]. Pabounii 00bEM KyJbTUBATOpa COCTABIIST
3 1. OcBenieHne KyJbTYpbl ObLJIO KPYIJIOCYTOUHBIM; MCHOJIB30BAJIM CBETOBYIO PEIIETKY U3 JIOMUHEC-
HEHTHBIX JIaMIT MOIITHOCTBIO 18 BT. IHTEeHCHBHOCTH OCBEIIeHHsI Ha MOBEPXHOCTH (POTOOMOPEaKTOPOB
peructpupoBanu usmepuresneM LI-250A ¢ mupomerpuyeckum natunkoMm (Li-COR, CIHA). Cpennss
ocBeti€éHHOCTh — 10 KkJIk. Bap6oTak KyJbTyp OCYIIECTBISUIM BO3IyXOM C MOMOIIBI0 aKBAPUYMHOTO
kommpeccopa Hailea ACO-308. Cpeanssi cKOpOCTh MOJA4M BO3/lyXa COCTaB/sANa OKoIo 1 -1 KyJb-
TYpbl B MUHYTY (C JONOJHUTEJIBHON MoJayeil yriaekucnoro rasa uis craduwmmsanuu pH u BHeceHus
MCTOYHMKA yriieposa B cpeny). OntumaibHblii ypoBeHb pH B KynbTHBaTopax, 6,5—7, noaaepxuBaiu
¢ nomoteio pH-koHTpOoiepa (Aqua Medic, I'epmanus). Temnepatypy CTaOMIM3UPOBAIN B JMana-
30oHe +28...+30 °C. Ha npoTsikeHrur BCEro 3KCHEepUMEHTa B KyJIbTUBATOPaX MOICPKUBATIM 3aJaH-
HBIII 00BEM BObI; UCTIAPEHUE KOMIEHCHUPOBAIM, NOJMBAs OAWH Pa3 B CYTKH Tepej W3MEpPEHUSIMU
AUCTUITTMPOBAHHYIO BOZly 10 OTMeTKH 3 J1. B cpenHeM 00bEM gosmBa coctaisit 60 MiL.
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Tadémmua 1. CpenHsisi pplHOYHAST CTOMMOCTb MHUHEPAIbHBIX MUTATENbHBIX Cpel Ui MPOMBILUIEHHOTO
KyJIbTUBUPOBaHUA Scenedesmus rubescens

Table 1. Average market cost of mineral nutrient media for industrial cultivation of Scenedesmus rubescens

Ximnueckoe coenmmente | Tlena sa 1 Kr, pyo. Llena peaxtuBa ajis npurotosieHus 1000 11 cpensl, pyo.
Cpena Tamust Cpena Tamust V2 Cpena BBM
NaNO; 285 - - 71,25
KNO, 357 1785 892,5 -
MgSO,-7H,0 134 335 167,5 10,05
NaCl 95 - - 2,38
K,HPO, 693 - - 52
KH,PO, 534 667,5 333,75 93,45
CaCl,-2H,0 172 - - 4,3
Na,EDTA-2H,0 790 29,2 14,6 39,5
FeSO-7H,0 433 1,3 0,65 2,15
KOH 254 - - 7,85
H;BO;, 344 0,98 0,5 0,39
MnCl,-4H,0 865 1,57 0,78 1,25
ZnSO,-7H,0 365 0,08 0,04 3,25
MoO; 2500 0,04 0,02 1,8
NH,VO 9400 0,22 0,11 -
CuS0O,-5H,0 555 - - 0,87
Co(NO3),-5H,0 2376 - - 1,16
Bceero 2822 1411 292
HJIH 3aceBa 9KCIICPUMEHTAJIbHBIX KYyJIbTUBATOPOB HUCIIOJIb30BaJIN mpeaABapuTEIbHO

aJaNTUPOBAHHYIO K ONpPE/eIEHHOM cpefie KyJIbTypy ¢ HaualbHOI mioTHocTho 0,16 T cyxoil Macehl-1! .

JI1 OUEHKM IUJIOTHOCTU KyJbTYpbl NMPUMEHSUIM ONTUYECKUH MeTod. ONTUYECKYyI0 IJIOTHOCTb
KyJIbTYpbl MUKpoBogopociel (D) paccuutsiBanu no ¢gopmyiie:

D=—1g(T), (1)

rae T — BenuuuHa mporyckaHus, onpenensemass Ha ¢oromerpe Unico mipu JymHe BoJHBI 750 HM,
B KIOBeTax ¢ padoueit mymHOM 0,5 ¢M (aOCOMOTHAS MOTPENHOCTh He npeBbimana 1,0 %).
KioBeTsl pacrioarajii MakCUMaJIbHO ONHM3KO K (POTONPUEMHUKY [UIsi YMEHBINCHUS BIUSHUS
CBeTOpaccesTHUsI Ha MOKa3aHus puoopa.
[epecu€Tr eauHUI] ONTUYECKOU TIOTHOCTH Ha cyxylo maccy (CM) MUKpOBOAOpPOCIEN TPOBOIMIN
B COOTBETCTBUU C yPAaBHEHUEM:
CM =k X Doy, (2)

rae k — smmupudecku onpeaenéHHbii koaggumment, pasusii 0,77 rr e onr. o

Jnst pacuéra k orOupamm cepuio mpod u3 BCeX IKCIIEpUMEHTAbHBIX KyJIbTHBAaTOpoB. Cepust cocTo-
sJla MUHUMYM M3 TPEX MOBTOpPHOCTEN 1o 15 mut kaxnas. s kaxaoil mpoOsl MPOBOJUIM Mapasliesib-
HblE U3MepeHus onrudeckor iotHoctH (D) u cyxoii maccsl. [lepen onpenenenvieM D cycnieH3uio Muk-
POBOJOpOCTE B MPoOe TIIATETHHO MepeMerBaiy. s u3MepeHus: Cyxoi Macchl aJTMKBOTY CYCIIEH-
3um (10 MiT) MIOMenany B MpoOUPKH, KOTOPbIE MPeIBAPUTETFHO TOBOIMIIHN 10 MOCTOSTHHOM MacChl B CY-
IbHOM Imkady mpu (+105 £ 3) °C B Teuenue cyTok. C nomomsio neHTprdgyru jadopatopaoi OITH-3
C MakCMMaNbHbIM (pakTopoM paszienenus g = 1,870 npu 3000 06.-MUH™! ocakianu KJIeTKH Ha IPOTs-
KeHUM 15 MuH, 1ocse 4ero akKypaTHO CJAMBAJIM CylepHaTaHT. KileTKM MUKpOBOJOPOCIEN IIPOMBIBAIIN
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OT coJIell TeM ke 0OBEMOM JUCTUIIMPOBAHHOW BOJIBI M eIIE pa3 LeHTpudyruposany. Ha 3akmounTtesns-
HOM 3Tare MpooupKu ¢ GUOMaccoi BBICYIIMBAIM B cylmibHOM Kady npu (+105 £ 3) °C B TeueHue
cyTok. Ilo pa3Huiie HaYaIbHOW ¥ KOHEYHOI Macchl MPOOMPOK OMpEAEIsUIN CyXyIo Maccy S. rubescens
B OT(UIBTPOBAHHOM 00BEME, MOCIIE YEro MPOBOAMIIM MEepecyeT Ha 1 J1.

VaenpHYIl0 CKOPOCTh pocTa (W) BBIYMCISUIA TYTEM ammpoOKCUMAIMA KPUBOM POCTa OMOMACCHI
B 9KCIIOHEHIIMAIBbHOM (haze 1o opmyie:

_InBy—InB,

; 3
— 3)

0

e InB,; u InB, — Guomacca B Hauasie 1 KOHIIE SKCIIOHEHIIMAIBHOM (ha3bl pocTa;
t, U t, — BpeMs B HayaJle ¥ KOHLIE KCIIOHEHIIMaIbHOU (pa3bl pocTta [Tpenkenury, 2019].
MakcumasbHasi TPOAYKTUBHOCTb KyJIbTYpHI (P) U1 Ka)KA0ro BapuaHTa SKCIIepUMEHTa pacCYMTaHa
MyTEM aIrmpoKCUMallMi KPUBOW pocTa OMOMAcChl B JIMHEHHOM (hase 1o dopmyiie:

B,— B
P:—t2 tl’ 4)
2~ 1

rae B, u B, — O6uomacca B Hauane u KoHue (a3bl muHenHOro pocta [Tpenkenury, 2005].
VYposkait KyJabTyphl IJIs1 KaXJI0ro BapuaHTa skcnepumMenTa (H) onpenenén o gpopmyie:

H=2B,, —By. 5)

rie B, — OGuomacca B Havase SKCIIepUMEHTa;
B

CocrosiHME KJIETOK MMKPOBOIOpPOCIU S. rubescens M YUCTOTY KyJIbTYpbl KOHTPOJMPOBAIM
¢ nomouiblo ceeToBoro Mukpockona Carl Zeiss Axiostar Plus (I'epmanus) npu yBeandenuu 400x.

max — MaKCcUMasbHasi OnomMacca 3a BpeMs skcriepuMenta [Jlenexos, Tpenkenmry, 2007].

Copneprxanue NUrMeHTOB (XJIOPOPUILI @, XJIOPOPWILT b ¥ KAPOTUHOU/IBI) OIIPEeIIsIU CIIEKTPOdOTO-
MeTpuYecKkuM MeTojoM. [IpoOsl oTOMpanu B TPEX MOBTOPHOCTSIX TOCE TIIATEIBHOTO IepeMelInBa-
HUs KyJbTypsl Ha 2, 4, 6, 10 u 16-e cyt 3kcriepumenTta. CycrieH3uio eHTPU(YTupoBaJid B TeUEeHUE
10 muH nipu 3000 00.-MuH !, HAJI0CAI0UHYIO KUJKOCTh CIIMBAJIU, OCAKAEHHYI0 OMOMACCy 3aMOPaK1Ba-
71 Ha 24 9 ¥ UCTIONB30BAJTH 1151 OTIpeIe/IeHH s MMTMEHTOB. [TMrMeHTh 9KCTparupoBaiu U3 KJIETOK MUK-
poBogopocieir 100%-ubm anieToHOM (xumMudecku 4uctbiM, «IKOC-1», Poccust). Criektpsl noroie-
HUS AaLIETOHOBBIX IKCTPaKTOB (puKkcupoBaiu Ha ciekTpodoromerpe CP-2000 («OKbB Cnekrp», Poccus)
B quamnaszone 400-800 HM B KBapIIeBbIX KIOBETAX C JUIMHON ONTHYECKOro MmyTu 1 cM.

Pacuér koHUeHTpauuii XJopoduiia a U b 1 CyMMapHOTO COZIepKaHUsA KapOTUHOMIOB IPOBOAN-
q no dopmynam, npemnoxeHHsiM [Wellburn, 1994], no 3HaueHusam onruyeckou miaotHoctu (D)
Ha JUIMHAaX BOJIH, KOTOPbIE COOTBETCTBYIOT MaKCUMyMaM IOIJIOIIEHUS STUX TUTMEHTOB!

Chla =11,75 X Dggy — 2,35 X Dgys;
Chlb = 18,61 x Dgys — 3,96 X Doy (6)
Carotenoids = (1000 X D7y — 2,27 x Chla — 81,4 x Chlb)/227 .

Onpepensiu cpepnue apudmeTndeckue (X), CTaHIAPTHBIE OTKJIOHEHHS (S), OCHOBHBIC OIMMOKH
CpeIHUX 3HAYCHUI W JOBEpPUTEIbHbIE MHTEPBAIHI IS cpeqHuX (AX). Pacu€Tel mpoBOaMIM B TIpOrpam-
Mmax LibreOffice u SciDAVis ans yposns 3HaunmMoctu o = 0,05. B tabnuiiax rnpeacraBieHbl cpeiHue
3HAYEHUsI U BBIYUCIICHHbIE JOBEPUTEIbHbIE MHTEPBaJIBI (X + AX) AJ11 TPEX NOBTOPHOCTEN.
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PE3VJIbTATHBI

B tevenue 16 cyT MUKPOBOAOPOCIM BRIPAIMBAIM HA TPEX TUIAX MUTATEJbHBIX Cpell, B TPEX J1abo-
PaTOPHBIX KYJIbTUBATOPAX, B YCIOBUAX KPYIJIOCYTOUHOIO OCBELICHU. JJuHAMUKA IJIOTHOCTH KYJIBTYP
MHUKPOBOAOPOCJIEH OMUCHIBAETCS HAKOITUTEIbHBIMU KPUBbIMU (pucC. 1).

2.4 —
R o0
1 o® ®
°
1.6 — e ®
.-{: i [ ]
~ 12 °
= ® ° 000
© AAAQQCADQEOO
0.8 e & A,
- A
[ ]
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Bpems, cyTkn

Puc. 1. [luHamyka IJIOTHOCTH HAaKOIMTEJIBHOW KYJIBTYPbl Scenedesmus rubescens Tipu BbIpallliBaHUU
Ha ruTateabHbIX cpepax Tamus (@), BBM (O) u Tamusa Y2 (A)

Fig. 1. Dynamics of the density of Scenedesmus rubescens batch culture when grown on Tamiya nutrient
medium (@), BBM (O), and Tamiya %2 nutrient medium (A)

VaenpHass ckopocTh pocTa (W) A1 MUKpoBoJopocei Ha cpegax Tamus u BBM paccunrana nucxoas
U3 KOHILIEHTpalMi OMOMacchl B NEPUO IKCIIOHEHLIMAIbHON a3kl [cM. ypaBHeHMe (3)]. OnpeneseHsl
KUHETUYECKUE XapaKTEPUCTUKU S. rubescens Ipy BbIpallMBaHUM Ha TPEX cpenax (Tadu. 2).

Ta6uuna 2. KuHeTnueckue XapaKTepUCTUKH POCTa MEUKPOBOAOPOCIU Scenedesmus rubescens
Table 2. Kinetic characteristics of Scenedesmus rubescens growth

IMapametp Cpena Tamusa Cpena Tamus V2 Cpena BBM
Ypoxaii, T cyxoi MACChI-JT! 1,94 £ 0,06 0,84 £ 0,02 1,03 £ 0,04
Maxcima bias1 MOy K THEHOCTS, 0,35 (R = 0,97) 0,18 (R? = 0,98) 0,31 (R? = 0,99)
I CYXO# Macchl-Ji ' -CyT
VienbHas CKOpOCTb pocTa, CyT ! 0,48 (R?=0,99) 0,31 (R?=0,99) 0,49 (R?=0,99)

JluHeWHbli pocT S. rubescens Al BceX BapUaHTOB SKCIEpUMEHTa HaOmoAamM ¢ 1-x mo 4-e cyr.
3HavyeHuss OMOMACCH 32 3TOT MEPUO]] MCIOIb30BAIM ISl pacyéra CKOPOCTH pocTa Bogopocieit. [o-
cine 6 THEW pocT KyJbTYphl Ha muTatesnbHOl cpege BBM npekpatwiics, Hauanachk (aza OTMUPaHUS
MuKpoBogiopocieil. K aTomy MomenTy mpupoct 6uomaccsl coctapua 1,03 r-17!'. Creryer orMeTuts,
9TO B JIMHEHHOM (pase Ha cpeze Tamust V2 ckopocTh pocta S. rubescens OblTa IPAKTHYECKU BABOE HU-
e, 4YeM TakoBas 1 Apyrux BapuaHTtoB. Ha 10-e cyT ombiTa IIIOTHOCTH KyJbTyp B BapuaHTax Ne 2
u 3 cpaBHsuiack. [laree 3apeructpupoBaHa (haza OTMUpaHUsI MUKPOBOAOpociei Ha cpeae Tamus V2.
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bBruoxumMudeckuii aHanM3 OMOMacChl MUKPOBOJIOPOCIHIEH, BBIPAIIEHHBIX Ha IIOJHOM IMUTATEb-
HOW cpene Tamus, mokasas: coiepkaHue XJopodula a B KIETKaX B Ipolecce KyJIbTHUBUPOBA-
HUs yBeqnuwioch ¢ 2,34 % B Hauajne JuHeWHoOU asbl pocta 10 2,62 % (puc. 2). 3aTeM KOH-
HEHTpaIMs MMUTMEeHTa TMOCTENEeHHO CHMKAlach,; MUHUMAJbHOrO 3HauyeHus1, 1,77 %, oHa AOCTHIIA
Ha 16-e CyT sKCcniepuMeHTa.

AHaJOTMYHYI0 AMHAMUKY XJIOpOopULIa @ HaOMoJaIN B KJIETKaX MUKPOBOJOPOCIEN MPH HUCTIOJb30-
BaHWU TUTATEJIbHOM cpefibl Tamusi Y2, 0JHAKO KOHLIEHTpaIMs MUATMeHTa Obula BOBoe Huke. [Tpu BbI-
pamuBanuu S. rubescens Ha cpege BBM copepxkanue xyopoduiia a yBeaunuuiaocs ¢ 2,25 1o 2,63 %.
Ha 3akmountebHOM CTagrK KCIIEPUMEHTA, TTPU JOCTHKEHUH CTaIlMOHAPHOM (pa3bl pocTa 1 (ha3bl OTMU-
paHus1 MUK POBOIOPOCIIEH, 3HAUEHHSI KOHIIEHTPAIIUHU XJIOpouiuia a JUTisl TPEX BApUAHTOB MPU PacyuéTe
Ha | J1 KyJbTYpHI BBIIUIA TPAKTUYECKU HA OIUH YPOBEHb.

- 3,5 :

- 40 A_ o T anmis - B : B Tanma

£ .. ] ¢ s ’ =T 12

’E 35 1 u Tavmsa 12 < 3 anEcs 1

_‘ =BBM

< 30 - = BBM g 28

E 25 - T,
B

T 20 | E

g 15

5 o1s 4 E

& 1

E 10 g
2

g 5 g05

g Q

=

o 0 0

2 4 [} 10 16 2 4 [ 10 16
CyTKH CyTEH

i 35 15 :

- B u Tavma 2 1" B Tammun

530 ®Tavma 172 & 5 : B Tamms 112

E - =BEM E =BBM
=

W TTTUR R R R T 2'1'95 """""""""""""""""""""""""""""""""""""""

g g

B 15 2

“

z g

g 05

g 5

g ]

o0

- 0.25 :

B 15 :[ ® Tanma ° ’ E = Tanmme

Eﬁ g ® Tanmisa 1/2 :n ™ Tanams 1/2

g 2 = BBM § 0.2 ‘ =BBM

g g

B s E 0,15

g g

Z 1 % 01

g :

2 05 £ 0,05

& g

] <&

[} S 0

2 4 [ 10 16
CyTKH

Puc. 2. Innamuka copepxanusi nurMeHToB: A, B, ]I — B KynbType Scenedesmus rubescens npu Bblpa-
[IMBAaHUM Ha THMTaTeNbHBIX cpenax Tamus, Tamusa %2 u BBM, mrr !l B, T, E— B cyxol Onomacce
MHUKPOBOJOpOCIeH, %

Fig. 2. Dynamics of pigment accumulation: A, B, II, in Scenedesmus rubescens culture when grown

on Tamiya nutrient medium, Tamiya %2 nutrient medium, and BBM, mg-L'l; B, I', E, in the dry biomass
of the microalga, %
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OBCYKIEHUE

Boibop cpen Tamus, Tamus %2 1 BBM 00ycioBiieH pa3HuIleld B COCTaBe M HIMPOKUM HATa30-
HOM KOHLEHTPALMKU IMTATEIbHBIX BEILECTB, UCIIOJIB3YEMBIX I MX NMpUrorosieHusd. Tak, cpepa Ta-
MU ABJIAETCS OJHOU U3 CaMbIX KOHLIEHTPUPOBAHHBIX MUHEPAJIBHBIX CPEll, IPUMEHAEMBIX IS MOJTyYe-
HUS NHTEHCUBHBIX, IJIOTHBIX KYJIbTYP 3€JIEHBIX MUKpOBOAopociieil. HanpoTus, 41 npurotosieHus cpe-
el BBM Hcrionb3yl0Tcsl HEBBICOKME KOHIEHTPALIMA MUHEPAJIbHBIX BEUIECTB. B KauecTBe MpomMeKyToy-
HOTO BapHUaHTa [0 3HAYEHUSAM KOHLIEHTpALMK Mbl IPUMEHSIN cpelly TaMusi ¢ MOJIOBUHHBIM COCTaBOM
HYTPHUEHTOB.

DKCIOHEHIMATIBHBIA pocT S. rubescens Ha cpenax Tamus m BBM nHabmogamu B 1-e cyT 3Kcrie-
pumeHTa, Ha cpene Tamusi 2 — B TeueHue mepBbIX 2 cyT. V3BecTHO, YTO B 3TOT MEPUOA YIEb-
Hasl CKOPOCTb pOCTa IOCTOSIHHA M MMEET MaKcUMaslbHble 3HaueHus [Jlenekos, Tpenkenmry, 2007].
Pocrt S. rubescens na nurarenpHbix cpegax BBM u Tamus xapakrepr30Bascs BHICOKOW yIEIbHOM CKOPO-
crei0, 0,48 10,49 cyT‘l, a poct Ha cpezie Tamus /2 — 3navyenuem 0,33 cyT‘1 . B pa6ote [Nur et al., 2014]
yJebHasA CKOpOCTh pocta Scenedesmus Ha cpefe BBM cocrasuna (0,22 + 0,04) cyr™!, uto B 2,2 pasa
HIKE 3HAUYEHMH, ITOJTyYEHHbIX HAMH.

Bplie ynmomsiHyTO, YTO JIMHEWHBIA pocT S. rubescens Ajsi BCEX BApUAHTOB OIBITa HAOIONAIN
10 4-e cyT. Ciefyer OTMETUTh CYILECTBEHHOE IPEBBILIEHUE CKOPOCTH POCTa MUKPOBOIOPOCIIEH HA IH-
TaTeNbHBIX cpesiax Tamuisi 1 BBM o cpaBHeHwIo ¢ TakoBbIM Ha cpeie Tamust ¥2. 3a 4 cyT sKkcriepiMeHTa
oromacca MUKpoBogopociel B BapuanTax Ne 1 u 3 yBeauuwiach IpakTHUECKH B 7 pa3, a B BapUaHTe
Ne 2 — B 3,7 pa3a. MakcumaibHas IPOAYKTUBHOCTS S. rubescens 1151 BapuaHToB omnbita Ne 1, 2 u 3 co-
crapysna npu atom 0,35, 0,18 1 0,31 r cyxoit Macchl-1~!-cyT™! cooTBeTcTBEHHO. BakHO, 4TO HA JaHHOM
3Tare HUKaKue U3MeHEeHUs] MOp(OJIOTUH KJIETOK HU B OJHOM W3 BapUaHTOB YKCIIEPUMEHTA He 3apuK-
cupoBasbl. C 5-X 110 9-€ CyT OTMEU€EH JIMHEWHBIN POCT KYJIBTYPbl C MEHBIIIUM YITIOM HAaKJIOHA HAKOIM-
TebHOI KpuBo# ais cpen Tamus u Tamus Y2. BoaMokHO, 9TO CBA3aHO CO CMEHOH JIMMUTHPYIOLIETO
pocT gakTopa.

W3BeCTHO, 4TO Ha IMHEMHOM Y4acCTKe CKOPOCTb POCTa MUKPOBOJIOPOCJIEN ONIPENENAETCA BETUUNHON
CBETOBOTO TIOTOKA WJIM KOHLIEHTPAIMEN YIVIEKHUCIIOTO ra3a, KOTOPhIE MOJTHOCTHIO MOITIOMAIOTCS KYJIbTY-
PO, UTO MPUBOAUT K CHUKEHHUIO MPOJYKTUBHOCTU. YUUTHIBAs], UTO B HAIlIEM IKCIIEPUMEHTE KYJIbTYpa
HEeIIpepeIBHO 0apOOTHpOBasIach ra3oBo3AyHIHON cMechio ¢ CO,, MOXHO MPEIIoI0KHUTh, YTO €r0 CO-
AepXkaHue B cpelie ObUIO JOCTATOUHBIM ISl OAJEPKaHUsI ONTUMAJIBHOTO YPOBHS (DOTOCHHTE3A U PO-
cTa MUKpoBoJopociieid. TakuM oOpa3oM, JUMUTUPOBAHUE pocTa S. rubescens 1O yriepoay B JaHHbIA
NIEPUOJ, MOKHO MCKJIIOUUTh. BeposTHo, B BapuaHTax Ne 2 1 3 MHTEHCUBHBI POCT MUKPOBOAOPOCIIEN
ObLT OrpaHUYEH HEJOCTATKOM OMOT€HHBIX 3JIEMEHTOB.

3a Bech Nepuoy BelpaluBanus S. rubescens Ha nutateabHON cpere BBM HanOosbInas mioTHOCTh
KyJIbTypbl cocTaBuna 1,2 r-17!, 410 mpeBbilIaeT MaKCUMAaIbHOE 3HAYEHHe TUIOTHOCTH Scenedesmus sp.,
nosyueHHoe B padote [Muluye et al., 2021], — 0,75 r-17! 3a 7 gueii BrIpammBanusa Ha cpejge BBM
6e3 nonosmHuTenbHON nomaun CO,. Takxke aBTOpaMu OIpesesieHa MaKCUMaJIbHasl MPOAYKTUBHOCTD
Scenedesmus sp. — 107 mr-m'-cy17!; 310 B 3 paza Huske 3HaUYEHHUS, TOMTYYEHHOTO B HACTOSAIIEM HCCJIe-
noBaHuM. Takyio pa3HUIly KUHETUUYECKUX XapaKTEPUCTHK POCTa MUKPOBOAOPOCIEH MOKHO OOBSACHUTD
JONOJHUTEIBHOM NT0JJa4ell B HALIMX SKCIIEPUMEHTAX YIJIEKUCIIOTO ra3a B KyJbTypy, puuéM pH cpezp
BO BCEX BApMAHTAaX OIIbITA HE YBEJIMYMBAJICS U HAXOJWICS B Auanas3oHe 6,5-7.

KucnotHocTs KyJabTypalbHOW cpellpl O4eHb BaxHa: ypoBeHb pH ompeaenser pocrynHocts CO,
Y ATATEJIbHBIX BEIIECTB 1JIs1 MUKPOBOAOPOCIEH, a TAKkKe OKa3bIBAET CYILIECTBEHHO BIIMSHUE HA UX Me-
tabomu3M. [lpu BeicOKMX 3HauyeHusix pH oOpasyiorcss KapOOHAThl, YTO OTPaHMYMBAET JOCTYII-
HOCTh YIJIEKHCJIOTO Ta3a; KakK CJeJICTBHE, Mbl HaOmoaaeM cHikeHue 3(PheKTUBHOCTH (POTOCHHTE-
32 M NOAABJEHUE POCTa KJIETOK MUKpoBogopocieu. Kak m3BecTHO, onTuMmasbHbll ypoBeHb pH
U1 KaXJOro BHUJA BapbUpPYeT B Y3KOM [MANa30HE M 3a4acTyl0 3aBUCUT OT BHJA BOAOPOCIEN
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1 KOHKpeTHOro Imramma [Drira et al., 2017]. D1o cBsi3aHO ¢ (PU3HOJIOTHUYECKUMHI OCOOEHHOCTSIMHA MUK-
pOBOJIOpOCIeH, ONpeAeSIONMMUA UX CIOCOOHOCTh aJalTUPOBAThCS K PA3IMYHBIM YCJIOBUSIM BHEIII-
Heil cpedpl. st GONBIIMHCTBA MPECHOBOAHBIX BoAopocieid, B Tom uucie anss Chlorella vulgaris
Beijerinck, 1890 u S. rubescens, onTumaibHbIi ypoBeHb pH 00bIYHO cocTaBiisieT 7—8. BbIcOKMe KOHLIEH-
tpauun CO, (> 5 %) MOryT HEeraTMBHO BIIUATh HA CKOPOCTH TOIVIOIIEHH ] MUKPOBOJOPOCIISAME CyOcTpa-
Ta U CBETA U, KaK CJIEJICTBUE, HA CKOPOCTh POcTa M Ha MopdoJioruio kiietok. Hanpumep, B padotax [Jena
etal., 2012; Zhang et al., 2022] moka3aHo, YTO MMOBHIIIEHHBIN YPOBEHb YIJIEKUCIIOTO ra3a CiocoOCTBOBA
00pa3oBaHuIo Oosiee KPYMHbIX KosloHui Scenedesmus obliquus (Turpin) Kiitzing, 1833. Takum obpasom,
nojiiepkaHie HeoOxoaMMoro 3HaueHus: pH B mporiecce KyJIbTUBUPOBAHUS MUKPOBOJOPOCTEN U BO3-
MO3KHOCTb YIIPABJIEHUS €I0 YPOBHEM KPUTHUYECKU BaKHbI: OTKJIOHEHHE pH OT OoNTUMasbHOrO MOXKET
MIPUBECTH K 3aMeIJIEHHIO POCTA WITH JIaXe K THOEeNN KJIeTOK. [IOCKOIbKY Ky IbTYpHI S. rubescens TOTIOTHY-
TenpHO cHaOxamck CO,, a pH cpebl moaaepkuBaJiCsi Ha ONTUMAIBHOM YPOBHE, MOKHO YTBEPKAATh!
9TH (paKTOPBI HE BIIMSUIM HAa PE3yJIbTAaThl UCCIIEIOBAHUS; PA3IMUMs MEXKIY BapUaHTAMU IKCIIEPUMEHTA
00YCJIOBJIEHBI TOJIBKO COCTAaBOM IMUTATENIbHBIX CPEI.

Ha HavyasibHOM 3Tarie oIbITa BO BCEX €ro BapraHTax OOJIBIIMHCTBO KJIETOK MUKPOBOIOPOCIIEH ObUIN
SIPKO-3€JIEHOTO 1[BETa M UMEJIM HEMOBPEKAEHHBIN XJIoporuiact. [lanee mbl Habmoaam Mopdosornde-
CKH€E U3MEHEHMA KIIETOK S. rubescens, 4To CBS3aHO, NO-BUAMMOMY, C COCTABOM Cpell, Ha KOTOPBIX BBIPa-
MBI MUKpoBoopocau. HaunHas co Bropoii Heiesm KyJIbTUBApOBaHUs Ha cpesie BBM nossnsnuce
€/IMHUYHbIE KJIETKH C MOBPeXAEHHBIMHU Xtoporuiactamu. C 6—7-x cyt Ha cpene Tamust ¥2 no 10 % kietok
UMeJM YaCTHYHO (hparMeHTHpoBaHHbIN Xytoporuiact. C 10-ro aHs BepanmBaHus Ha cpeaax Tamus Y2
u BBM KyJabTypbl CTaHOBMIIMCH JKEJITOBATO-3€JIEHBIMU, YTO OBLJIO BBI3BAHO, BEPOSITHO, YACTUYHOU
Aerpajanyei IMrMEeHTHOrO KOMILIEKca.

HaumHas ¢ 5-X cyT sKcnepuMeHTa cojiepkaHue KapOTHHOUIOB B KJIETKaxX S. rubescens pu KyJib-
TUBUPOBAHMU Ha TMUTaTeNbHbIX cpeaax Tamus u BBM Bo3pactano mpomoplyMOHANIbHO YBelIude-
HUI0O OMOMAccChl, a 3aTéM IOCTENEeHHO CHUXaloch. OTMeueHHash 3aKOHOMEPHOCTbh HAKOIUICHHS Ka-
POTMHOUJIOB B IUKJIE KYJIbTUBUPOBAHUSI MHUKPOBOJOPOCIIE XOPOILO COIJIaCcyercsi C pe3yJsibTaTaMu,
npeacTaBlieHHBIMUA B padote [boxkkoB, MenssHoBa, 1997]. [lpu BeipammBanuu S. rubescens Ha TH-
TateqbHOM cpene Tamust Y2 ¢ mepexomom KyJabTypbl B CTAallMOHApHYIO a3y pocrta Mbl HaOImo-
Jany pe3koe BO3paCTaHUE KOHIIEHTPAlMM KApOTHMHOMIOB (cM. puc. 2). M3BecTHO, YTO MOBBIIIEH-
HO€ UX KOJIMYECTBO B MHUKPOBOJOPOCISX OOBIYHO CBSA3AHO C PAa3IUYHBIMU CTPECCOBBIMH YCIIOBUS-
mu. Hampumep, Korga MUKpPOBOAOPOCIU CTATIKUBAIOTCS C JE(UIIUTOM OCHOBHBIX MUTATEJILHBIX Jie-
MeHTOB (a30T, ¢ocop, Kaauii WM MarHui), OHM MOTYT CHHTE3MpOBaTh OOJIbIIEe KapOTUHOHIOB
11 3ammTh KiaeTtok [Hu et al., 2013].

OtMmeTtuM, uTo B BapriaHTax Ne 1 U 3 B KOHIIE JTMHENHOM (ha3bl pOCTa MUKPOBOJOPOCIIA UMEJIU paB-
Hbl€ MOKa3aTeN KOHIIEHTpAMi OMOMACCHI, TIPU 3TOM U OTHOCUTEJIbHOE CoJepKaHue XJopoduiia a
1 b XapaKTepu30BaJIOCh MTPAKTUYECKU OIMHAKOBbIMU 3HaueHUsIMU. [IprHrMasi BO BHUMaHue TOT (haKT,
YTO CTOMMOCTb TIOJTHOM MUTATEIbHOU cpelbl TaMus Ha MOPSIOK BbIIIE CTOMMOCTU cpesl BBM, Mox-
HO c/IeJIaTh BBIBOJT 00 SKOHOMHYECKOM 11eJIeCO00Pa3HOCTH UCTIONb30BaHMs cpeabl BBM, Ho mpu ycio-
BUM OpraHu3aIyy coopa ypoxas Ha 4—5-e CyT HaKOITUTEILHOTO BIPAIMBAHUS JTMOO MTPU 00eCTIeYeHIN
KBa3MHEIIPEPHIBHOI'O MpoIiecca KyJIbTUBUPOBAHUS.

[Npu BeIpammBanuy S. rubescens Ha uTaTenbHON cpeae Tamus Y2 B 3akimounTeNbHBIX (ha3ax po-
CTa B MOJIyYeHHOU Oromacce 3a(hMKCUPOBaHbI OOJIbIINE KOHIIEHTPAIIMH KAPOTUHOU/IOB, YEM IS IBYX
APYTMX BapUaHTOB SKCIEPHMEHTa, OJHAKO 3Ta Cpeda He MOXET ObITh PEeKOMEHAOBaHA MJIsl WH-
TEHCHBHOTO BBIpaIllUBaHus S. rubescens ¢ TENbl0 TIONy4YeHUs] OMOXMMHYECKH IIEHHBIX BEIIECTB.
VcraHoBIEHO, YTO 3aTpaThl Ha TPHUTOTOBJIEHWE MUTATeNbHOW cpensl Tamuss Y2 B 5 pa3 mpeBbl-
M 3aTpaThl Ha MpUroTOBIeHUe cpeabl BBM, a ckopocTh pocTta MHUKpPOBOAOPOCIHEH IMpU 3TOM
Obl1a B 2 pa3a HUXe.

Marine Biological Journal 2026 Vol. 11 No. 1



OlieHKa MPOAYKIMOHHBIX XaPAKTEPUCTHK 1 (POTOCUHTETUUECKHUX UTMEHTOB Scenedesmus rubescens... 23

[Tpoananu3upoBaB JUHAMUKY OTHOCUTEIBHOTO COJEPAKAaHUA KAPOTUHOMIOB B KJIETKax S. rubescens,
BBIPALLEHHBIX HA TPEX MUTATEJIbHBIX CPEJaX, Mbl BBISIBUIM, UYTO UX KOHEYHAsl KOHLIEHTPALUA IIPU KyJIb-
TUBUpOBaHMUM Ha cpeze Tamus V2 Briie Ha 35 %, yem aist BapuanToB Ne 1 u 3. C y4€Tom TOrO, 4TO Cpe-
na Tamus Y2 sBnsercs MeHee cOAIAHCMPOBAHHON U MOAXOJIAIIECH /11 UHTEHCMBHOTO KYJIbTUBHPOBA-
HUSl JAHHOTO BUJA, HAKOIUIEHWE KapOTMHOMJIOB — 3TO, BEPOSITHO, 3alllUTHAsl peakuus S. rubescens
Ha HeOJIaronpusATHbIE ycinoBus pocta. [JaHHbIA (akT eme pa3 NoAYEPKUBAET ONTHMAIBHOCTD BBIOOpA
nuTatesibHou cpelbl Tamusa i BBM 11 MHTEHCUBHOTO KyJIbTUBMPOBAHMSA 3TOTO BUJA.

[TonyyeHHble B SKCIIEPUMEHTE Pe3yJIbTaThl CBUIETEILCTBYIOT 00 OYeHb OJM3KUX POCTOBBIX Xapak-
TEPUCTUKAX KYJbTYpPHI S. rubescens B BapuanTax Ne 1 u 3 B quana3oHe SKCHOHEHIIMATbHON U IMHEMHON
(a3 pocta, 4TO MO3BOJISIET OAOOPATH YCIOBUSI, KOTOPBIE MOTYT oOecreunTh Ha cperie BBM BbICOKyI0
MPOAYKTUBHOCTb M HAKOILJIEHHE (DOTOCUHTETUYECKUX MMTMEHTOB, aHAJIOTMYHbIE TAKOBBIM /17151 BADUAHTA
Ha cpene Tammus.

Ha ocHOBe pOBEAEHHBIX UCCIIEA0BAaHUN M PACUETOB MOKHO 3aKJIIOUNTh, YTO UCITIOJIb30BaHUE THUTA-
TeJbHOU cpepl BBM sBisieTcsi 9)KOHOMHUYECKH OIPaBAAHHBIM MPH YCIOBUM, YTO COOP MOJHOTO YpO-
’ast OCYIIECTBISAETCS] Ha 4—5-€ CYT HAaKOIUTEILHOTO BBIPAIIMBAHUS JIMOO IPUMEHSIETCS] PEKUM KBa3H-
HETPEePHIBHOTO KYJIbTHBUPOBAHUS. [[JIsl MOATBEPIKICHNSI C/IENAHHBIX BBIBOJIOB TpeOyeTcsl ampoOanus
BeIpaluBaHus S. rubescens Ha cpege BBM B KBa3MHENPEPHIBHOM peXUME C IUIOTHOCTBIO KYJIBTYPBI
MUK POBOJIOpociie B auana3oHe 0,4—1,2 ol

BeiBoabl. B xone npoBeJEHHOrO MccieA0BaHNs MPOAHAIN3UPOBAHBI IIApaMETPbl pOocTa U COAEp-
KaHue (POTOCMHTETMUECKUX IMUTMEHTOB B KyJbType Scenedesmus rubescens, BbIpalleHHON Ha TPEX
TUIaX MUHEpPAJIbHBIX MUTATEIbHBIX CpeJl — Ha NOJHON cpene Tamus, €€ MOJOBUHHON Moaudu-
kaimn (Tamust Y2) u cpeme Bonma (Bold’s basal medium, BBM). YcraHoBieHbl 3HAYMMBIE OT-
IMYnsl OMOXMMHMYECKMX M KHUHETMYECKMX XapaKTepHCTUK pocta S. rubescens. BblsBieHHas Mak-
CUMaJIbHasi MPOJYKTUBHOCTb IJI1 BapuaHTOB 3KcnepumeHTta Ne 1, 2 u 3 cocrasmsua 0,35, 0,18
u 0,31 rcyxoit maccwl-r ' -cyr™! coorBercrBenHO. Haubonbime KoHeHTpauu xjaopoduiia a u b 3a-
(bukcrpoBaHbI MpU BBIPAIMBAHUM MHUKPOBOJOPOC/EN Ha muTatesbHbIX cpefax Tamus u BBM. Ilo-
JlydeHHbIE B ONbITE PE3yJbTaThl CBUIETEJBCTBYIOT 00 OYEHb OJIM3KMX POCTOBBIX XapaKTEPUCTHKAX
KyJIbTYpHl S. rubescens B BapuaHtax Ne 1 m 3 B guana3oHe SKCIOHEHLMAJIbHOM M JIMHEMHOU (ha3
pocta. DTO MO3BOJIsAET paccMarpuBaTh cpery BBM kak anprepHaTuBY O0Jiee JOPOrocTosiien cpe-
ne Tamusi 11 HAaKONMTENBHOTO KyJbTHBUpOBaHUsl S. rubescens. Cpepa Tamus Y2 w3 ucciempoBan-
HBIX THUIIOB MUTATEJIbHBIX Cpell OblIa MpHU3HAHA TpeThed MO 3(P(PEKTUBHOCTU C TOUKU 3PEHUS POCTa
MUK POBOJIOPOCIIEN.

Paboma evinonnena 6 pamkax zocyoapcmeennozo 3adanusi PUL] UnBIOM no meme «Komnaexchoe uc-
CNe00BaHUe MeXaAHUIMO8 (PYHKUUOHUPOBAHUS. MOPCKUX OUOMEXHON0ZUMECKUX KOMNAEKCO8 C UeAbl0 NOAYUEeHUS.
OUONOUMECKU AKIMUBHBIX BeUlecna U3 2uopoouormoe» (Ne zoc. pezucmpayuu 124022400152-1).
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ESTIMATION OF THE PRODUCTION CHARACTERISTICS
AND CHEMICAL COMPOSITION OF SCENEDESMUS RUBESCENS
WITH VARYING AVAILABILITY OF MINERAL SUBSTRATE

S. Gorbunova, A. Borovkov, and R. Trenkenshu

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: svetlana_8423@mail.ru

Biotechnology of microalgae is a promising field for obtaining renewable sources of biomass rich in pro-
teins, lipids, and pigments; this makes the search for optimal cultivation conditions highly relevant. Rep-
resentatives of the genus Scenedesmus Meyen, 1829 feature rapid growth, resistance to environmental
changes, and high content of biologically active compounds, which determines their potential for use
in the food, pharmaceutical, and energy industries. The aim of the study was to analyze the growth per-
formance and photosynthetic pigment content in a culture of Scenedesmus rubescens (P. J. L. Dangeard)
E. Kessler, M. Schafer, C. Hummer, A. Kloboucek & V. A. R. Huss, 1997 on three types of mineral
nutrient media: complete Tamiya medium, its half-strength modification (Tamiya %2), and Bold’s basal
medium (BBM) (variants No. 1, 2, and 3, respectively). In the experiment, S. rubescens was cultured
for 16 days under continuous illumination and additional carbon dioxide supply. On BBM and Tamiya
medium, a high specific growth rate (u) was recorded: 0.48 and 0.49 day™', respectively. When using
Tamiya Y2 nutrient medium, S. rubescens specific growth rate was lower: 0.33 day!. Linear growth

on all three media was observed up to the 4™ day. During this period, the cell density of S. rubescens
in experimental variants No. 1 and 3 increased nearly 7-fold, and in variant No. 2, by 3.7 times.
The maximum productivity of S. rubescens for the experimental variants No. 1, 2, and 3 was 0.35,
0.18, and 0.31 gdry weight-L™"-day™, respectively, with no morphological changes in cells. Significant
differences were revealed in the biochemical and kinetic growth characteristics of S. rubescens cul-
tured on the three nutrient media. High concentrations of chlorophyll a and b were recorded in cells
grown on Tamiya medium and BBM. The obtained results indicate very similar growth characteristics
of S. rubescens for variants No. 1 and 3 during the exponential and linear growth phases. This suggests
that cultivation on BBM can provide productivity and accumulation of valuable compounds comparable
to those reached on Tamiya medium.

Keywords: Scenedesmus rubescens, Bold’s basal medium, Tamiya nutrient medium, batch culture,
productivity, photosynthetic pigments

Marine Biological Journal 2026 Vol. 11 No. 1


https://ibss-ras.ru/
mailto:svetlana_8423@mail.ru

8 71 Mopckoii GUOJIOrHYeCKUH KypHAI

(OO o -
’!ﬁlﬁmﬂﬂﬂl‘ 2026, Tom 11, Ne 1, c. 27-34
InEIOM —IBSS https://marine-biology.ru/mbj/article/view/511

VK 593.95-11

IIUPKOHBI U TUTAHOMATI'HETUTDI
MOPCROTI'O EZKA SCAPHECHINUS GRISEUS (MORTENSEN, 1927)
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Mopckue exwu, peactaBuTenu moaotpsaga Scutelloida, HakarMBaIOT B AUBEPTHUKYJIAX MUHEPATHHbIE
YaCTHIIBI MecuyaHoro cyocrpara. Mojioasle ocodu Scaphechinus mirabilis A. Agassiz, 1864 BriOupa-
10T ¥ HAKaIUTMBAIOT KPUCTAJJIBI TOJHKO OYeHb PEIKUX MHHEPATIOB — IMPKOHA W WiIbMeHuTa. B naH-
HOW paboTe BIepBBIE OINpeeSieHl MUHEpPAIbl B JUBEPTUKYJIaX POJACTBEHHOTo BUna, Scaphechinus
griseus (Mortensen, 1927), obuTaiomero COBMECTHO ¢ S. mirabilis B iec4aHOM cyOcTpare y 10KHOTO
nobepexbs octpoBa Pycckuii (AAnonckoe mope). Mx cocyiectBoBaHre 00YCIOBIEHO OOIIEH CTpyK-
TypOU MUTAHUS, BKJIIOYAIOIIEN TUaTOMOBBIE BOJIOPOCH U, BOZMOXKHO, HEOPTAaHMYECKUE COSAUHEHHUS.
CocraB MHHEpaJIOB B JUBEPTUKYJIAX OKa3ajCs OIWHAKOBBIM Ui IBYX BHIOB poaa Scaphechinus
A. Agassiz, 1864. IIpoBea€HHbIA aHAIN3 MOKa3al IPUOPUTET OTOOPA LIUPKOHA BUAOM S. mirabilis
B cpaBHeHun c S. griseus. ComepkaHue OKCHIOB MHUHEPAJIOB B JOHHHIX OTJIOXKEHHSX B MeCTax
po6ooTOopa OBUI0 HEOOJNBIIMM. YCTAaHOBJIEHO, YTO OCHOBHOW OPraHWMYECKH KOPM HCCIIETyeMbIX
eXel M3 MPUIOHHOTO MOPCKOro cyOcTpaTa — JMATOMOBBIE BOJIOPOCIH, IMpejcTaBieHHble 17 Buaa-
mu u3 kiaccoB Coscinodiscophyceae (4 Buna), Fragilariophyceae (2) u Bacillariophyceae (11). Cpe-
¥ HUX KOJIMYECTBEHHO Mpeodagaii OAMHOYHO JKUBYIIME MOpPCKUe OeHTOCcHble popMbl, Navicula
dumontiae Baardseth et Taasen, 1973 (128-10° ki.-cM™3), M ocemainMe W3 METArdaIv [UIAHKTOH-
uwle, Asterionella formosa Hassall, 1850 (106-10° KiL-cM ™). Obmmme quatomeit (245-10° kir.-ecm™3)
B IPUOPEKHBIX JOHHBIX OCAJKAX B MECTaX OOUTAHWSI MOPCKHX €Xel MOXKET CIIOCOOCTBOBATH YCIel-
HOMY Pa3BUTHIO B SIMOHCKOM MOpe 3THX JIByX SHAEMHUYHBIX BUAOB 3XxuHOUAEH. [loydeHHbIe TaHHbIE
CYIIECTBEHHBI [Isl PACIIUPEHHs 3HAHUN O TPO(PUUECKUX MPEAOUTEHUSX IBYX POJCTBEHHBIX BUIOB
MOPCKUX e3kel, 0OUTAIOIIMX MO/ MOBEPXHOCTHIO MIECYAHOT0 MOPCKOTO JIHA.

KiloueBble cj10Ba: AMaTOMOBBIE BOJOPOCIM, MHHEpPAibl, LUPKOH, (peppOTHTaH, AUBEPTUKYII,
MOPCKOH €%

Marine Biological Journal

3apeiBatonecss Mmopckue exu (Echinodermata: Echinoidea: Scutellidae) 3anumator Huiy necua-
HBIX CyOCTpaTOB MOPCKOTO JJHA HUKE TPWIMBHO-OTIIMBHOM 30HBL. Biarogapsi MHOKECTBY XeMopelen-
TOPOB Ha KyJIaYKax OMpe/IeIEHHBIX MUKPOCKOTIMYECKUX U M HOKKaX-TpyOOUKax Ha 00erX CTOpPOHAX
cJIerKa BOTHYTOTO IMCKOMIHOTO SHIOCKENETa, €K1 CIOCOOHBI PACIIO3HABATH BEC, Pa3MepP U XMMUYECKYIO
NIPUPO/Ly KOPMOBBIX YAaCTHUIL JJO TOTrO, Kak OHM OyAyT nepeHeceHsl B kuueyHuk [Ghiold, 1983]. Exu no-
TpeOIAI0T MEHOOEHTOC M JETPUT BMECTE ¢ MUHEPAIbHBIMU YACTUIIAMHU U3 OKPYKAIOIIEro MeCYaHoro
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cyocrpara [Ellers, Telford, 1984]. ¥ xuBotHbIX ogoTpsia Scutelloida umeercss 00bEMHBIN TUBEPTH-
KyJI, B KOTOPOM OHM HAKarlIMBaIOT OTOOpaHHbIe MUHepaibHble 3€pHa [Zachos, Ziegler, 2024; Ziegler,
Barr, 2018]. leno3ut HanOoee TSKETBIX MUHEPAJIOB KeJie3a M OKCUJOB KPEMHHUS, IIMPOKO PaCIpo-
CTPAHEHHBIX B JOHHBIX OTJIOKEHUSIX, UCCIIEIOBATEIH CBSI3BIBAJIM C CO3/IAHUEM «BECOBOTIO MOSICA» Yy MOP-
CKUX exel B moasrkHOM JoHHOM mecke [Chia, 1973]. Ilo3:ke nosgBMINCh COMHEHUSI B HA3HAUEHUU
nanHoro 6awtacta [Chen, Chen, 1994]. O6cyxieHre BBISIBIEHHOTO HECOOTBETCTBHUS IPUBEJIO K BBIBO-
1y, 4TO CHIOCOOHOCTD IpeACTaBuTeNel Scaphechinus A. Agassiz, 1864 oToupaTh MIUHEpaIbHBIE 3EPHA
U3 JJOHHBIX OTJIOKEHUH 117151 (POPMHUPOBAHUS «BECOBOTO MOSICa» SIBISETCS PE3yJIbTATOM BOJIIOLIMOHHO-
ro pa3BuTHs OOJIBIIMHCTBA BUIOB 3TOro poaa [Mooi, Chen, 1996]. B atoii paboTe oTMeUYeHO Takxke,
YTO AMBEPTUKYJIbl KPyHHbIX npencrasuteneit Scutelloida — Scaphechinus mirabilis A. Agassiz, 1864
u Scaphechinus griseus (Mortensen, 1927) — ObLTH 3aI0JTHEHBI MEJIKMM ITECKOM U KPUCTAUIAMHU (X MH-
HEepaJIbHbI COCTAB OCTAJICS HEU3BECTHBIM). [103ke ObUIO YCTAaHOBJICHO, UTO B TUBEPTUKYJIE S. mirabilis
HAKOIJIeH TOJIbKO IIUPKOH (85 00bEMHBIX %) 1 miibMeHUT (15 00bEMHBIX %), XOTS cofepkaHue 3€peH
9TUX MUHEPAJIOB B JIOHHOM CyOCTpaTe COCTABJISUIO COThIE I0JU OOBEMHBIX %, TO €CTh ObLJIO Ha YEeThIpe
nopsiaka Menbliue [Enpkun u gp., 2012]. Bo3HuK Bonpoc ¥ 0 BO3MOKHOCTSIX €Xa pacro3HaBaTh LIUPKO-
HBI U WUTbMEHUTHI (KJIACC JKeJIe30-TUTAaHOBBIX OKCHJIOB) B JIOHHBIX OTJIOKeHUsAX. CIIOCOOHOCTD )KUBOTHO-
IO COPTUPOBATH MUHEPAJIbl B KUIIEUHUKE C TOMOIIBIO EPUCTAIBTUYECKOTO JUBEPTEPA TPSAMOM KUILIKU
Y HampaBJsTh UX B AUBEPTHUKYJIbl BbisBlIeHa paHee [Zachos, Ziegler, 2024]. deHomeH TpedyeT u3y-
YeHHUsI: HeOOXOAUMO OIPeeSIUTh HEN3BECTHbIC MPUYMHBI, JAIOIIe BO3MOKHOCTh MoJiogu S. mirabilis
BBIOMPATh M JBAK/IBI COPTUPOBATH NIepel aKKyMYJIMPOBAaHUEM UMEHHO TH peKie MUHEPAIbI (IIMPKOH
B IIPUOPUTETE) U3 OKPYKAIOIIIEro cyocrpara.

[NosiBneHne HOBBIX 3HAHMI O (PU3MOJIOTHH MOPCKOTO exa S. mirabilis 06yCIOBIIO UHTEpPEC K aHa-
JIM3y MUHEPAJIOB U3 JUBEPTHKYJIOB POACTBEHHOTO BU/A, S. griseus, B Tpeesiax TOro ke OMOreoleHosa,
C UCNIOJIb30BaHUEM S. mirabilis B KauecTBe «BHYTPEHHET0 cTaHaapTa». K coxanenuio, S. griseus He pop-
MUpYeT MOMYJISAMIA B JOHHBIX OTJIOXKEHUsAX OyxThl XoJjepHasi SImoHCKOro mMops, rae Obliu cOOpaHbl
U3y4eHHble exu S. mirabilis (BOIM3M pa3pylIaOIUXCcs NEPMCKUX I'PpaHOANOPUTOB ['aMOBCcKOro Maccu-
Ba) [Empkun u 1p., 2012]. O6Hapy)XeHHOEe COCYIIECTBOBAHKE JIByX BUIOB €XKell B pailoHe I0)KHOTO T10-
Oepexbs ocTpoBa Pycckuid, rae oOHakaloTCs EpMCKHE TPaHUTHBIE 00pa30BaHMs, 1AJI0 BO3MOKHOCTD
[IPOAHAIM3UPOBATh MUHEPAJIb, HAKAIJIMBAEMBIE S. griseus.

Llesb HaCTOSAIIETo MCCIeJOBAaHUS — OIPeeIMTh COCTAB MUHEPAJIOB, HAKAIUIMBAEMBIX Scaphechinus
griseus, 4TO HEOOXOAMMO JJisi TIOHMMAaHUsl TPEINOYTeHUH IpU BBHIOOpE MHUHEPAJIOB, (peHOMeHa
UX 0TOOpa, OCOOEHHOCTEN HAKOIUIEHHS U UX POJIM B (PU3HOJIOTUH MOPCKOTO €3XKa.

MATEPHUAJI 1 METO/IbI

Marepuanom 1715 UCCIeJ0BaHus NOCIYKUIM MOPCKUE exU S. mirabilis v S. griseus (cpegHuN pas-
mep — 45 u 30 MM cootBeTcTBeHHO). 1o 11 3K3. Kaxaoro Buna coopansl 31 okrsa0ps 2013 r. B OyxTe
Hogeiit [Ixurut (10xxHast 9acth ocTpoBa Pycckuit fnonckoro mopst) (N42.95°, E131.85°) Ha riryOuHe
5-6 M (puc. 1). [Ipoba TOHHBIX OCAJKOB BMECTE C MOPCKUMH €XaMHi OTOOpaHa BOJOJa3aMU B TOUKE
OOMTAaHMSA KUBOTHBIX C BEPXHEr0 10-CM CIOS Mecka IUIACTHKOBBIM CTakaHoM o0béMoM 30 cv’. AHa-
JIOTMYHBIM 00pa30M OJHOBPEMEHHO O0TOOpaHa mpoda JAOHHBIX 0caaKoB B Oyxrte XonepHas (3aiuB Ilo-
cbeta SnoHckoro mMopsi) ¢ BepxHero 10-cMm ciosl nmecka Ha ryouHe S M. 7KHMBOTHBIX (PUKCHpOBAIU
96%-HbIM 3TAHOJIOM C MOCJIEAYIOIIUM BbICYIIIMBaHUEM Ha Bo3yxe. [1og OMHOKYISIpHBIM MUKPOCKOIIOM
BPYYHYIO U3BJIEKAJIM MUHEPAJIbHBIE 3€pHA U3 JUBEPTUKYJIOB €kel. [JoHHble ocagKu, MpeCTaBISAIOIIIE
co00i MEJIKO3EPHUCTHIN TIeCOK, TaKKe BHICYIIMBAIMA M MMPOCEMBAIM HA CTaHAApTHBHIX cutax (> 0,063
1 < 0,2 MM) I ITOJTyYeHHUS] MEJIKOM (hpaKIIu¥ MHHEPAJIOB, 10 pa3Mepy aHAJIOTMYHOHN HOTpeOJIsseMOu
STUMHU KUBOTHBIMU. OTaeeHre (PPAKIMHU TAKETBIX MUHEPAJIOB POBOJUIIM OCAKICHUEM B TETPAOPOM-
MeTaHe (y/IebHbliA Bec — 5 T-cM ™), pa36aBJiss ero aleToHoM. TUTaHOMAarHeTUTHI U3 TAKENOH (hpaKIuu

Marine Biological Journal 2026 Vol. 11 No. 1



L¥pKOHBI U TUTAHOMArHETUTBI MOPCKOTO exa Scaphechinus griseus (Mortensen, 1927)... 29

W3BJIEKATM MarHuToM. MeToMKa OTIe/IeHusI, U3BJIeUeHNs] U MICHTHU(UKAIIMYA MUHEPAJIOB OIMCaHa pa-
Hee [Enbkun u ap., 2012]. MunepasbHble 3€pHa ONpenessiiv 1Moj, OMHOKYJISIPHBIM CBETOBBIM MHKPO-
ckoriom Jenaval (Carl Zeiss, I'epmanust) npu yBenuuenun ot 40x 10 400x. O6bEMHbBIE KOHIIEHTPAILTUH
UACHTU(UITMPOBAHHBIX MUHEPAJIOB PACCUMTHIBAIIM IO UX U3BECTHBIM YEJIbHBIM BECAM.
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Puc. 1. Kapra-cxema paiioHa uccienoBanus. Toukamu 0003Ha4YeHbl MecTa OTOOpa Mpod MOPCKUX exel
u JloHHoro rpyHTa B Oyxtax Hosbiii [Ixurut (1) u XonepHas (2) SnoHckoro mopst

Fig. 1. Schematic map of the study area. The dots mark sites of sampling of sea urchins and bottom sediment
in the Novy Dzhigit Bay (1) and Kholernaya Bay (2) of the Sea of Japan

Jlns oripenesieHusl BUIOBOTO COCTaBa M YMCJIEHHOCTH JAMATOMOBBIX BOJOPOCIEH MpoOy HecyaHo-
r0 I'pPyHTa OTMBIBAIX (PUIBTPOBAHHOM MOPCKOW BOJOW, CYCHEHIUPOBAIU U (PUKCUPOBAIU 4%-HbIM
pactBopoM (opMajMHa. 3aTeM CYCHEeH3UI0 MPO(UIbTPOBBIBAIM Ha 80-MKM KanpoOHOBOM (hUJIbTpE
Nitex (Sefar, [lIBeinapus). @pakiyy 3TUX CMBIBOB KOHIEHTPUPOBAJIM METOIOM OCaKAEHUA 10 4—5 MIL.
KamepasibHyl0 1 MUKPOCKONIMUECKYI0 0OpaOOTKY Matepuasia MPOBOJWIM COIJIACHO METOAMKAM, OIH-
ca"HbIM paHee [Psa0ymiko, Beryn, 2015]. MUKpPOBOIOPOCTIH OIPE/IEIISUIN ITOJT CBETOBBIM MUK POCKOIIOM
npoxopsiero ceeta Olympus BX41 ¢ o6vekruBom UPLanF1 100x/1.30 (fnonus). s nnentuduka-
UM HEKOTOpBIX BuI0B Bacillariophyta ucronb30Baiu MoCcTOSIHHBIE MPENapaThl ¥ TPAIUIIMOHHBIE METO-
Ibl ouncTky nanuupeit [[uatomoBsie Bogopociu CCCP, 1974]. BunoBoil cocTaB 1uaToMeN YTOUHSLITU
C MOMOIIIBI0 CKAaHUPYIOILIETo 3/1eKTpoHHOro Mukpockona Sigma 300 VP (I'epmanust). Knetku Mukpo-
BOJIOPOCJIEeH TTOJICUUTHIBAIN B Kamepe ['opsieBa o0bEMoM 0,9 MJI, B TISITH MIOBTOPHOCTSIX ; YMCJIEHHOCTh
KJIETOK PACCUMTHIBAIM Ha 1 cM® JOHHBIX OCAJKOB. BHIOBYIO MPHHAIIEKHOCTh YCTAHABIMBAIM C HC-
NOJIb30BaHUEM psilla OIpeJesMTesNiel U aTiacoB, yKa3aHHbIX B MoHorpacduu [Paoymiko, beryn, 2015].
Criicok BoJIOpOCIel COCTaBJIEH B COOTBETCTBUU ¢ pecypcoM AlgaeBase [2026].
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PE3VIJIbTATHI

Pe3ynbTaTel aHaM3a MUHEPAJIOB B JOHHOM IECKE U JUBEPTUKYJIAX MOPCKMX exel S. mirabilis
u S. griseus noka3zansl B Ta0J. 1. KonmuvecTBo (peppOTUTAHOBBIX MUHEPAJIOB (TUTAHOMArHETUT U WJIb-
MEHHUT) B cpelie 0OuTaHusi 3TUX BUJIOB B Oyxte HoBwiil [ xurut okazanocs B 5—6 pa3 Gosblie, YeM Ta-
KOBOE B paHee u3yueHHou Oyxte XosepHas [Enbkun u ap., 2012], a Konm4ecTBo UPKOHA, HA0O0POT,
HEMHOTO MeHblIlle. MUHEpaJIbHBIN COCTaB OTIOXKEHUH U3 P00, OTOOPAaHHBIX BOIM3M ocTpoBa Pycckuii
u B OyxTe XosepHasi, OTJIMYAeTCs TOJIBKO [0 KOJIMYECTBEHHOMY COOTHOIIEHUIO THTAHOMAarHeTUTa 1 iib-
MeHuTa. KuBoTHBIe 000MX BUI0B BEIOMpanu 4 u3 11 munepanos pasmepHoit ¢ppakimu 0,063-0,2 M.
CoctaB MUHEPAJIOB, HAKOIUIEHHBIX €KaMU JIByX BUIOB, UICHTUUYEH, OIHAKO Y S. griseus 5/6 MuHepason
COCTABJIS/IM TUTAHOMArHETUTHl U TOJIbKO 1/6 — nupkoH. [IpeBasimpoBaHre TUTAHOMAarHETUTOB B M-
BEPTHKYJIaX 00OMX BUOB €XeH, ITO-BUIMMOMY, 00YCIIOBIEHO BHICOKMM COZIEP)KaHUEM STHX MUHEPAJIOB
B OTNIOKeHUsX. ToT pakT, UTo 10151 IETKMX MUHEPAJIOB B AMBEPTHKYJIAX COCTaBIsAeT Bcero 7—10 00bEM-
HBIX %, MOXET OOBACHATBCS CTPECCOM MOPCKHX €Xell M3-3a BRICOKOW BOJTHOBOI aKTMBHOCTH B pailoHe
OOHTaHUS.

Tadmmma 1. CocraB MuUHEpasibHBIX YacTHI[ B JOHHBIX OCaJIkax B 30HE OOWTaHWsI MOPCKUX exXel
Scaphechinus mirabilis u S. griseus M B UIX qUBEPTUKYJax, 00bEMHbIE %

Table 1. Composition of mineral particles of bottom sediments in the habitat of sea urchins Scaphechinus
mirabilis and S. griseus and in their diverticula, volume %

Munepan (< 0,2 Mm) JloHHBIE OCaIK1 Scaphechinus mirabilis Scaphechinus griseus
Kgapm, nosieoii mmat 69,3 5,5 7,0
CraJibHble 00JIOMKY 26,8 2,6 2
Amdpubdon 0,87
Cmoga 0,99
SOuUIoT 1,9 1,4 1,0
TutaHomarHeTur 0,057 4.5 12,0
nemenur 0,052 40,4 64,0
Hupkon 0,001 45,6 14,0
Amnpamy3ur 0,006
Kopaouepur 0,004
Tutanur 0,011

AHaJm3 JOHHOTO MecKa B pailoHe MeCTOOOUTAHUST MOPCKUX exel S. mirabilis v S. griseus TIOKa3aj
Haiuuue B HEM 17 BUIOB JAMATOMOBBIX Bogopocierd u3 kiaccoB Coscinodiscophyceae (4 Bupa),
Fragilariophyceae (2) u Bacillariophyceae (11): Actinoptychus senarius (Ehrenberg) Ehrenberg, 1843;
A. vulgaris f. vulgaris Schumann, 1867; Asterionella formosa Hassall, 1850; Delphineis surirella
(Ehrenberg) G. W. Andrews, 1981; Diploneis smithii (Brébisson) Cleve, 1894; Fogedia finmarchica
(Cleve & Grunow) Witkowski, Metzeltin & Lange-Bertalot, 1977; Halamphora cuneata (Cleve)
Levkov, 2009; Lyrella clavata (Gregory) D. G. Mann, 1990; Lyrella lyra (Ehrenberg) Karajeva, 1978;
L. spectabilis (W. Gregory) D. G. Mann, 1990; Navicula dumontiae Baardseth et Taasen, 1973;
N. cancellata var. retusa (Brébisson) Cleve, 1895; N. perrhombus Hustedt ex Simonsen, 1962; Odontella
aurita (Lyngbye) C. Agardh, 1832; Petroneis monilifera (Cleve) A. J. Stickle & D. G. Mann, 1990;
Plagiogramma staurophorum (W. Gregory) Heiberg, 1863 wu Plagiogrammopsis vanheurckii
(Grunow) Hasle, Stosch & Syvertsen, 1983 (puc. 2). OOmas TIOTHOCTh IOCEJICHHUS IUaTO-
Mell B Tmecke cocTapisiia 245 Kin-mi; JOMUHHMpOBaNM OeHTOCHbId BUI N. dumontiae (59 %)
Y TUTAaHKTOHHBIA A. formosa (25 %).
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Puc. 2. [luatomMoBble BOJOPOCIH JOHHOTO IecKa B palloHe MECTOOOMTaHUSI MOPCKUX exell Scaphechinus
mirabilis w S. griseus (CKaHUPYIOIIUA 3JIEKTPOHHBIA MUKpockom): A — Delphineis surirella;
b — Actinoptychus vulgaris f. vulgaris; B — A. senarius; I' — Halamphora exigua; ]I — Fogedia
finmarchica; E — Navicula dumontiae; KX — Odontella aurita, 3 — Plagiogrammopsis vanheurckii, 1 —
Diploneis smithii. MacmtabHas auHerika — 1 MM (A), 4 mxMm (B), 2 MM (B—X) u 10 mxm (3, 1)

Fig. 2. Diatoms in bottom sand in the habitat of sea urchins Scaphechinus mirabilis and S. griseus (a scanning
electron microscope): A, Delphineis surirella; b, Actinoptychus vulgaris f. vulgaris; B, A. senarius; I, Halam-
phora exigua; 1, Fogedia finmarchica; E, Navicula dumontiae; X, Odontella aurita; 3, Plagiogrammopsis
vanheurckii; Y, Diploneis smithii. Scale bars are 1 ym (A), 4 um (B), 2 yum (B—X), and 10 pm (3, 1)

OBCYKIEHUE

Hecmotpst Ha pa3Huily B KOJIMYECTBEHHOM COfiepKaHuu (DeppOTUTAHOB, MOPCKO €x S. mirabilis
MPOIEMOHCTPUPOBAJ 3HAUUTEIBHBI KOHCEPBAaTU3M B BbIOOpe KpuctawioB [Dawkins, 1982]: B ero au-
BEPTUKYJIe OOHApyKeHO 10 45 00bEMHBIX % IMPKOHA M CTOJIBKO K& THTaHOMarHeTwra. [Ipu 3TOM
MUHEPAJIOB 0OOKX TUIIOB B JJOHHBIX OTJIOKEHUSX OKA3aJIOCh Ha 4 MOpsiIKa MEHbIIIE.

CpaBHUTENbHBI aHAIA3 MUHEPAJIOB, OCOOCHHO IIUPKOHA, B JAUBEPTUKYJIAX UCCIETyeMbIX BHUIOB
eXel Mo3BOJISIET MPEANOI0KUTh X BOBJICUEHHOCTDh B (pU3HOJIOrHUecKue rpotuecch Scutelloida. ®eno-
MEH arrJioTHHAIMY [IMPKOHA W WJIbMEHHWTA M3BECTeH Takxke sl nmpotuctoB [Capotondi et al., 2019;
Sabbatini et al., 2016] u3 ocankoB AgpuaTUku. Mbl MPEINONI0XKUIN, YTO MPOLIECCHI, MPUBOIAIINE
K HAKOIUIEHUIO KPUCTAJIOB Y MPOCTEHIINX, MOTYT UMETh CXOJCTBO C MPOLIECCAMH, MPOTEKAIIIUMU
Ha KOJUIAar€eHOBOW MOBEPXHOCTH KyJIAUKa MIJIMAPOBBIX UTI Scutelloida. Bo3MOXHO, CyILIECTBYET U HEKast
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HEU3BECTHAsl Ha CETOJHSIIHUI JIeHb CBSI3b MEXAY JIEKTPOXUMUYECKUMU U (PU3NYECKUMU CBOWCTBA-
MU KPUCTAJUIOB IUPKOHA 1 OMOXMMUYECKUMHU U (PU3HUOJIOTHUECKIMU TIPOIIECCAMHU Y TIPOTHCTOB U MOP-
CKUX eXell — Han€Kux APYr OT JApyra B SBOJIOIMOHHOM pa3BUTHM OOUTaTeNiell MOpCKoro nHa. Peub
UAET O MPEINoaraéMor pojiM LHUMPKOHA B (PU3MOJIOTMM NUTAHUS MOPCKOro exa S. mirabilis ¢ y4é-
TOM €ro BUJIOCHEIU(PUIHOTO KUIIEYHOTO MUKPOOHOMA, YYaCTBYIOIIETO B OMOBBIINIEIAYMBAHUN MUHE-
panbHbIX 5meMenToB, Hanpumep K, P, Ag u Fe [Enpkun u ap., 2013]. C npyroit cTOpoHBI, HaKOII-
JIeHWe MUHEPAJIOB, TEOXUMHUYECKU POJICTBEHHBIX jileMeHTaM Zr u Ti, MokeT ObITh 0OYCJIOBJICHO I10-
Ka HEU3BECTHOHN MX POJIbI0 B KaTajan3e OMOXMMUYECKUX MPOIECCOB B TUBEPTUKYJIAX MOPCKHUX €Xel
[Pinsino et al., 2015].

danuy MOPCKOTo JHA IMPU OTCYTCTBHM PEYHOTO CTOKA OKA3aJIMCh TaKXke OeITHBl pacTUTEIbHBIM
¥ BOZIOPOCJTEBBIM JIeTpUTOM. OIHAKO B «IPHOOMHON MeJbHHILE» OeperoBoi TaJbKH BHIIIE MCCIENO0-
BAaHHOIO MeCTa OTOOpa exeill OOMTAIOT JIOHHBIE TMATOMOBBIE BOJIOPOCIN — OCHOBHAsI I'PYIa MUKPO-
CKOIMYECKMX aBTOTPO(pHBIX opranu3mos [Martin, Quigg, 2012]. Takxke 10oHHBIE (palluK ABJISIOTCS Me-
CTOM OCE€JaHUs TUIAHKTOHHBIX AMATOMEN B pe3yJibTaTe aKTUBHOM I'MIPOJMHAMUKH, U3-32 YETO0 B MOP-
CKOM NpuOpekbe (PUTOTUIAHKTOH U MUK PO(UTOOSHTOC CBS3aHBI B OJMH KOJIOTO-(hJIOPUCTHUECKHIIA KOM-
iekc [Pa0ymiko, beryn, 2015]. BaxkHo oTMeTuTh crieyolee: KpoMe JUaTOMOBBIX BOJOPOCIIEH, MTUILE-
BOUi crieKTp S. mirabilis u S. griseus 0XBaTbIBa€T MEMOOEHTOC; ITO OBLIO ONPE/IEIEHO IMyTEM CPaBHEHUS
TEMIIOB pOCTa MOJIOJIBIX €Xell BOJIM3H yCThsl peKH U BaaIu oT Hero [Bpbikos, [Tapeicuna, 1979].

Panee nmpoBen€HHOE BOMM3M YCThsl peku Bomyanka (3ammB Boctok SImoHcKoro mopsi) mccnenoBa-
HUe Mopckoro exa Echinarachnius parma (Lamarck, 1816), 3aHMMaonero oHy 3KOJOTHYECKYI0 HU-
my c S. mirabilis n S. griseus [Ps0ymko, beryH, 2015], noka3ajo HaJuyue B €ro KUIIEYHUKE Jua-
TOMOBBIX BOJOpPOCJIEH, OTHOCAIMXCS K 22 TakcoHam. Cpenu HUX ObUM BUIbI poaoB Plagiogramma
R. K. Greville, 1859, Navicula J. B. M. Bory de Saint-Vincent, 1822, Lyrella N. 1. Karayeva, 1978,
Halamphora (Cleve) Z. Levkov, 2009 u Diploneis (C. G. Ehrenberg) P. T. Cleve, 1894, npeumyie-
CTBEHHO OeHTOCHBIe. HECKOIbKO U3 3aperrcTpUpOBaHHBIX B YKa3aHHOHN paboTe BUIOB ObLIM HAICHBI
Y HAMU TIPY U3YYEHUH NeCYaHoro JOHHOTo rpyHTta OyxThl HoBbiil [kurut ocrposa Pycckwuii. Kak u3-
BECTHO, [UIsl AUATOMEN XapaKTEPHO BBHICOKOE COJepKaHUe IIEHHBIX JUIUIOB, K MPUMEpPY AJTUHHOIIETIO-
YEYHBIX [MOJIMHEHACHIIIEHHBIX 1 MOHOHEHACHIIIIEHHBIX )KUPHBIX KUCJIOT, TOJISIPHBIX JIMITUAOB, TPUIIIULIE-
PHJIOB, CTEPOUJIOB U OKCHMJIMITUHOB [MautbiieB u ap., 2023; Yi et al., 2017]. 1o onpeaesnsieT BHICOKYIO
NIUIIEBYIO IEHHOCTh AUATOMOBBIX BOJIOPOCIIEH Ui MOPCKHX €Xell B CyOJMTOPaTbHOM OUOTOIIE MOPEH.
Huatomeu, HapsIy C IETPUTOM U OCTATKAMHU MaKpPOBOAOPOCIIEN U MOPCKUX TPaB, SIBJISIOTCS OCHOBHBI-
MU KOMIIOHEHTaMH OpraHudeckoro nutanus S. mirabilis u S. griseus [Telford et al., 1983]. Bo3moikHo,
HEOOXOIUMBbIe JIJISl TUTaHUSI MUHEPAJIbHBIE 9JIEMEHTHI MOPCKHE €K1 MOJTyYaloT U3 KPUCTAJUIOB IIMPKOHA
Y TUTAHOMAarHeTHTa, HAKATUTMBAOIIUXCS B UX TUBEPTUKYJIaxX. JJOHHBIA cyOCcTpar, B KOTOPOM OOUTAIOT
S. mirabilis u S. griseus, COCTOMT W3 pa3pylMIeHHBIX TPAHUTOWIHBIX (popmarmii Oepera, BKIIOYAIINAX
JAaHHBIE MUHEPAJIbL.

3akJro4yeHnne. Briepsrie ornpeiesieHbl MUHEPAJIbl B IMBEPTUKYJIAX 3apbIBAIOIINAXCSI MOPCKUX €XKel
Scaphechinus griseus u S. mirabilis, COBMeCTHO OOMTAIOIINX HA IECYaHOM CyOCTpaTe y I0)KHOTo rodepe-
Kbs1 ocTpoBa Pycckuii SInoHcKkoro Mopsi. YcTaHOBJIEHO, YTO 002 BUIa HAKATUIMBAIOT B AMBEPTUKYJIAX
UCKJIIOUUTENIbHO peIkue B CyOCTpaTe MOPCKOTO IHA MUHEPAJIbl — LUPKOHBI U TUTAHOMArHETUTHI, ITPU-
4yeM S. mirabilis B OCHOBHOM aKKyMYyJIUPYyeT LMPKOH. [IpenonoxurenbHo, OHUM U3 KOMIIOHEHTOB MH-
HepasbHOro nutanus 1 Echinodermata BBICTYNaloT KpUCTa/uIbl TEPPUTEHHOTO MTPOUCXOKIEHUS, Ha-
KaIlIMBAIOIMECS B AMBEPTUKYJIAX ITUX BUIOB exell. B oprannueckoM nurtanuu S. mirabilis v S. griseus
Ba)KHYIO POJIb UTPAIOT TMATOMOBBIE BOJOPOCIH. B MecTe oOnTaHust exeil BBISIBIEHO OTHOCHTEILHO BBICO-
koe oomve Bacillariophyta, 4To MOXeT OBITh pACCMOTPEHO KaK OIMH U3 (haKTOPOB UX MPUYPOUEHHOCTH
K JaHHOMY OuoToIy. Pe3ynbTaTel CCTe0BaHuUS BaXKHBI 17151 TOHUMAaHUsI 0COOEHHOCTEN TPO(PUIECKUX
MIPENIOYTEHUH ABYX POJICTBEHHBIX BUIOB MOPCKUX €KEU.
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ZIRCONS AND TITANOMAGNETITES
OF THE SEA URCHIN SCAPHECHINUS GRISEUS (MORTENSEN, 1927)
(ECHINODERMATA: ECHINOIDEA: SCUTELLOIDA)

Yu. Elkin!, S. Maksimov?, and A. Begun®

!G. B. Elyakov Pacific Institute of Bioorganic Chemistry FEB RAS, Vladivostok, Russian Federation
2Far East Geological Institute FEB RAS, Vladivostok, Russian Federation
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Sea urchins, representatives of the suborder Scutelloida, accumulate in diverticula mineral particles
of the sandy substrate. Juveniles of Scaphechinus mirabilis A. Agassiz, 1864 select and accumulate
crystals of only very rare minerals: zircon and ilmenite. In this work, minerals in diverticula of the re-
lated species, Scaphechinus griseus (Mortensen, 1927), were determined for the first time. This species,
the same as S. mirabilis, inhabits sandy substrate off the southern coast of the Russky Island (the Sea
of Japan). Their co-existence is determined by the common structure of feeding behavior, which in-
cludes feeding on diatoms and, possibly, inorganic compounds. The mineral composition in diverticula
was found to be the same for the two species of the genus Scaphechinus A. Agassiz, 1864. Our analysis
showed the priority of zircon selection by S. mirabilis compared to S. griseus. The content of mineral
oxides in bottom sediments at sampling sites was low. As revealed, the main organic food of the studied
sea urchins from the bottom marine substrate is diatoms, represented by 17 species from the classes
Coscinodiscophyceae (4 species), Fragilariophyceae (2), and Bacillariophyceae (11). Among them,
solitary marine benthic forms, Navicula dumontiae Baardseth et Taasen, 1973 (128~103 cells~cm'3),
prevailed, as well as planktonic forms settling from the pelagic zone, Asterionella formosa Hassall,
1850 (106-10° cells-cm™). The high abundance of diatoms (245-10° cells-cm™) in coastal bottom
sediments in sea urchin habitats may contribute to the successful development of these two endemic
species of echinoids in the Sea of Japan. These findings are important for expanding our understanding
of the trophic preferences of two related sea urchin species living beneath the surface of the sandy
seabed.

Keywords: diatoms, minerals, zircon, ferrotitanium, diverticulum, sea urchin
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I'pensanjckuii TioneHb Pagophilus groenlandicus (Erxleben, 1777), aBnsioimuiicss oqHAM U3 HarnOoO-
Jiee pacipOCTPAHEHHBIX BUIOB MOPCKUX MJIEKOMUTAIONIMX B CEBEPHBIX MOPSIX M UI'PAIOIINA BaKHYIO
pOJIb B 9KOCUCTEME APKTHYECKOTO PErHOHa, OCTAETCS HEIOCTATOYHO MCCIICIOBAHHBIM B acTieKTe Mo-
BEJICHYECKUX OCOOEHHOCTEH, B TOM YHCIIe B YCJIOBUSIX HEBONM. VI3yuyeHue Ce30HHBIX U3MEHEHUH aK-
TUBHOCTHU TIOJICHsI C TEJIbI0 MIOHUMAaHMsSI €ro TIOBEJEHUYECKUX PEeaKlMii Ha BHEIIHHE pPa3IpaKuTeTH
UMEeT CYIIeCTBeHHOEe 3HaYeHUe JJisl POTHO3UPOBAHUS aJaNTAIIMOHHBIX CTpaTeruil BUjia B U3MEHSI-
IOLIeHiCs cpejie O0MTaHus. DKCIepUMEHTaIbHbIe UCCIIeIOBaHK MOBE/IEHHS )KUBOTHBIX B YCJIOBHUSIX BO-
JIbEPHOTO COJIEPKaHMUsI PEIOCTABIAIT JaHHbIE, KOTOPbIE TPYIHO WJIM HEBO3MOKHO MOJTYUTh IIPH Ha-
OJIIOZICHUM B €CTECTBEHHBIX yCa0BHUsX. HacTosiast paboTta BhIMOJHEHA B aKBaKOMILIekce MypmaH-
CKOro MOpcKoro 6uonoruueckoro HHCTUTYTa PAH. OCHOBHBIM METOZIOM MCCJIEIOBAHUSI CTalla PEru-
CTpaI¥isi OT/IENIbHBIX MOBEACHUECKUX MpOsiBieHui. 151 OIlEeHKH aKTMBHOCTH TIOJIEHEe! BBIOpaHBI Ta-
Kvie (hOpMBI TIOBEIEHH S, KaK BCIUTBITHE, TIOTPYXEHUE U BBIXOJI Ha TIOMOCT. AHAJIN3 MOTyYEHHbIX JaH-
HBIX [TO3BOJIUJI BBISIBUTh 3aKOHOMEPHBIE PAa3JIMYMs B [TOBEJAEHUYECKUX MATTEPHAX IPEHJIAHICKOTO THoJIe-
Hs Ha TPOTsDKeHUH rofa. VceseaoBaHue MoKa3aio IOCTOBEPHbIE pa3indusl B TIOBEICHUECKON aKTHB-
HOCTH JKMBOTHOIO Mexy ce3oHamu. HanOosee 3HauMMble pa3indusi 0OHAPYKEHbI MEKIY BeCEHHe-
JIETHUM Y OCEHHEe-3UMHUM TeprojiaMU. B 4aCTHOCTH, YCTAHOBJICHO CHUKEHVE aKTHBHOCTH I'PEHJIAHI-
CKOTO TIOJIEHsI B OCCHHE-3UMHUII TIEPUOJI, COMPOBOXKIAIONIEECS YBEIMYSHUEM BpeMEHH MpeObIBaHUs
Ha MIOBEPXHOCTH BOJIbI B XOJIOJJHOE BPEMSI TOJIa.

KiroueBble ciaoBa: NOBCACHUC, OBUIaTCJIbHAsA AKTHUBHOCTD, I‘peHJIaH,[[CKPIfI TIOJICHD, BOHbCprIﬁ
KOMIUJICKC, YCJIOBHUA HEBOJIU

Cpenu mopckux Miekonuraonmx CepepHoit ATnantuku v [TonspHoro 6acceitHa OJHUM U3 CaMBbIX
MaCCOBBIX BUJIOB SIBJISIETCS TPEHJIAHJICKUI TIoNieHb Pagophilus groenlandicus (Erxleben, 1777) [Epoxu-
Ha, 2003; Mummn, 2001; Ceetoues, CBetouena, 2018; Lavigne, 2018]. B HacTosiiee BpeMsi ero 4ncieH-
HOCTb COCTaBJIsIeT OKoJIo 7,5 MitH ocobeit B CeBepo-3anaano Aiantuke [Hammill et al., 2014] v mpu-
MepHo 9-11 muH B ipeenax Beero apeana [CeeroueB, CeroueBa, 2018]. HecoMHeHHO, Takas 4yuciieH-
HOCTb BHJIa UMEET CYILIECTBEHHOE 3HAUEHHUE JIs1 MOPCKOM 3KocucTeMbl ApKTHUKU. [1o pa3HbIM OlieHKaM,
3a rox B BapeHrieBom Mope rpeHaHICKUe TIOJIEeHH ChedaloT 3,5—-5 MIH T JOOBIYH; 3TO, IO MHEHUIO
HEKOTOPBIX aBTOPOB, MOXKET OBITh COMOCTABUMO C IMOTPEOJICHUEM TUIIY TAKUMH XUIITHUKAMU, KaK aT-
naHTtryeckas tpecka Gadus morhua (Linnaeus, 1758) u mansiil nonocatuk Balaenoptera acutorostrata
Lacépede, 1804 [Bogstad et al., 2015; Lindstrgm et al., 2013; Nilssen et al., 1997, 2000; Nordgy et al.,
2008].
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Hocratouno noapoOHo st P. groenlandicus 0CBEeIEHBbI aCTIEKTHI CE30HHBIX MyTel Murpanuu [Haug
et al., 1994; Sergeant, 1973] u nutanus [Ceetoues, Cerouena, 2009; Kapel, 2000; Mértensson et al.,
1994; Svetocheva, Svetochev, 2015], npoananusuposansl Mopgodusnoaoruieckue napamerpsl [['pen-
nannackui tionienb, 2001; KaBuesnu, Munsiok, 2017; Kasuesuu u ap., 2020; Ceeroues, Cetouena,
2018; Nordgy et al., 1993]. IIpu 3TOM padOTHI, MOCBAIMEHHBIE OCOOEHHOCTSIM TOBEICHUS TPEHIaH/I-
CKHUX TIOJIEHEH, BCTPEUaloTCsl pelIKO: He BCE aCIeKThl KU3HEIEATETbHOCTH MOPCKUX MIIEKOIUTAIOINX
MOTYT OBITh HCCJIE/IOBAHbI B €CTECTBEHHOM Cpe/ie, a U3yueHHe MOBEAeHUs JPYTUX BUIOB TIOJIEHE! He BCce-
raa Ja€T BO3MOXKHOCTh 9KCTPANOIMPOBATh COOpPAHHBIE JaHHbIE HA aHAIU3UPYEMBbIN BuA. MHOro Bo-
IIPOCOB MO-IIPEKHEMY HEJb3s1 PELIMTh MPU UCCIEAOBAaHUU KHUBOTHBIX B €CTECTBEHHOM CpeJie, M03TO-
My MOPCKHE MJIEKOIUTAIOILME, CO/IepKalllecs] B HEBOJIE, — 3TO BCE €I11€ OCHOBHOM MCTOYHMK CBEJE-
HUI JUTSI HECKOJIBKUX 00JIacTel, BKJTIOYast 300TICHXOJIOTHI0, UIMMYHOJIOTHIO, OMOaKyCTHKY U (PU3HOJIO-
ruio [Corkeron, 2018]. OTMeTuM, 4TO coliepKaHUE MOPCKUX KMBOTHBIX COMPSI’KEHO C PSJIOM TPYJIHO-
CTeil, UMEHHO MI03TOMY HEKOTOPbIE BUIIbI COAEPKATCS B OUEHb OTPAHUYEHHOM KOJIMUECTBE B 300JI0TNYe-
CKHX KOJUIEKLIMAX IO BCEMY MHUPY, HO M OHU HE BCEra JOCTYIHBI /17151 MccllieloBaTesibekux Lenen [Haug
etal., 1994]. 1o oTHOCUTCSA U K TPEHJIAHACKUM TIOJIEHSIM: Ha Bcell Tepputopun Poccun, o cocTosiHUIO
Ha Havajo 2025 ., B YCJIOBUAX HEBOJM COJEPKUTCS TOJBKO OfHA 0co0b P. groenlandicus — B OKea-
Hapuyme Mypmancka. MccnenoBaHusi, ONUCHIBAIOIIME BJAMSHUE MOTOAbl U APYIUX aOMOTHYECKUX (hak-
TOPOB Ha JIACTOHOTHUX (B YCJIOBHUSX HEBOJIM), MPEUMYIIECTBEHHO CBSI3aHbl C U3yUEHHUEM JIE)KOUIITHOTO
MIOBEJECHUS TIOJIEHEN M MaJIo 3aTparuMBaloT NapaMeTphbl MX akKTUBHOCTH B Boje [Moulton et al., 2000],
XOTSI UMEHHO TUTaBaHUE SIBJISIETCS] OCHOBHOU (hOPMOM MOBEJEHUS TPEHJIAHACKUX TIOJICHEH.

Kak npaBuiio, 1uana3oH Ce30HHBIX KOJeOaHWId YCIOBUN Cpelbl CTAHOBUTCS HIMPE C MOBIIIEHUEM
HIMPOTHL. IMEHHO MO3TOMY rOJI0Basi PUTMHUYHOCTH OMOJIOTMYECKHX MPOLIECCOB, B TOM YHMCIIE MIOBEICHM S,
HanOoJee sIPKO BbIpakeHa y )KMBOTHBIX, OOMTAIOIIMX B YMEPEHHOW M apKTW4ecKor 30Hax [Gwinner,
1981]. JlacToHorue, HacemsoIHe 60Jiee BRICOKHME IMPOTH, UMEIOT YETKO OIpe/Ie/IEHHbIE TOJJOBBIE ITUK-
JIbI, ¥ TOYHOE CJIeJOBAaHWE BPEMEHH IMKJIa KpaiiHe BaKHO JIJISl X CYIIECTBOBaHHUsI (OCOOSHHO 3TO Ka-
caeTtcsl Naro(prIIbHbIX BUIOB, Ubsl )KU3Hb TECHO CBSI3aHA C CE30HHBIMU MPOLIECCAMU JIbJ00OPA30BAHMS).
Ce30HHbIE U3BMEHEHUS B TIOBEACHUM KUBOTHOTO MPOUCXOIAT BOKPYT KJIIOYEBBIX COOBITUN — pa3MHO-
KEHUS, IMHbKU M MUTpauyu (y HEKOTOPHIX BUAOB). MI3MeHeHrs B MOBEIEHUH B 9TO BpeMs 3a4acTyIo
ObLI OTNMCaHbI C TOYKH 3peHUs] ypOBHs akTUBHOCTU [Moulton, 1997].

[ToHumaHue OBeACHUsI HACTOSIINIMX TIOJICHEW U U3MEHEeHHUsI UX aKTUBHOCTH B TEYEHUE ToJja UMeeT
3HAYEeHHUE /151 IPOTHO3UPOBAHUS KAaK PEaKLMK TUX )KUBOTHBIX HAa BHEIIIHUE Pa3JpakUTeI, TaK U U3Me-
HEHUH B MOBE/IEHUH, BHI3BAHHBIX SHIOT€HHBIMU OMOJIOTMYECKUMH pUTMaMH. MHOTHe HaCTOSIIIIUE TIOJIe-
HU SIBJISIIOTCSI OY€Hb MOOWJIBHBIMU XUIIHUKAMU, COBEPIIAIOIIMMHE JUTUTEIbHBIE MUTPAIIAH, YTO JIeaeT
UCCIIeJOBaHUS UX MOBe/IeHUs ellg OoJiee akTyaIbHbIMU.

Llens 1aHHOI paOOTHl — BHISIBUTh M3MEHEHHSI IOBE/IEHUECKOM aKTUBHOCTU I'PEHJIAHICKOTO TIOJIEHS
B TEUEHME T0Jla B YCJIOBUSX OTKPHITOTO BOJBEPHOTO COJIEPKAHUS.

3agauu vcciei0OBaHuUS:

1) OLEHUTh KOJMYECTBEHHBIE MOKA3aTesJM aKTUBHBIX (DOpPM IMOBEINEHUsI T'PEHJIAH/ICKOTO TIOJEHS

B YCJIOBUSIX HEBOJIU;

2) MpoOBECTH CTATUCTUYECKUN aHAIU3 JIOCTOBEPHOCTU pa3fMuUil B KOJMYECTBEHHBIX IMOKa3aTessix

NOBEJCHUS TIOJIEHS B pa3IMYHbIE CE30HBI;

3) BBIABUTb W3MEHEHMS Pa3JIMUHBIX (POPM TNOBEAEHUSl T'PEHJIAHICKOIO TIOJIEHSI B 3aBUCHUMOCTU

OT BPEMEHHU Irojja Ha OCHOBE KOJMUECTBEHHBIX MOKa3aTesiel.

MATEPUAJI 1 METO/1bI

I'pennanackuii TioneHb (IbicyH) P. groenlandicus OTHOCUTCA K CEMEWCTBY HACTOSIIIUX TIOJIE-
Hell Phocidae Gray, 1821, orpsany xumHbix Carnivora Bowdich, 1821 [Munekonutalonme Poccuu,
2012, 2019; Committee on Taxonomy, 2026].
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B nccnenoBaHuy yuyacTBOBAJIM /IBa HEMOJIOBO3PEJIBIX CaMIla I'PEHJIAH/ICKOIO TIOJIEHS B BO3PAcTe OfI-
Horo roja. JKuBoTHbIE OTJIOBJIEHBI Ha Jibjax B ropiie benoro mops B anpesne 2010 r., nocne 3aBepiueHus
I0BEHUJIbHOU JIMHBKY (Bo3pacT 25-30 nHeit). TioaeHn oIn4anich IKCTepbepoM. Tak, camell 1o KJIMYKe
Marnenbkuii umen 6oJiee CBeTJIbIN Okpac Tena (puc. 1). Y camiia o kimdke bosbiioi OproiiiHas cTopoHa
M300MII0BANIA MSITHAMHM, B TO BpeMs Kak y MaJleHbKOTo Ha KUBOTE MATEH MPAKTHUECKH He ObLIO.

Puc. 1. Camiipl rpennanackoro TioeHss — bosbinoi (cneBa) u MajneHbkuid (cripaBa)
Fig. 1. Male harp seals: Bol’shoi (literally ‘Large’) on the left and Malen’kii (literally ‘Small’) on the right

[lepen HauaIOM SKCIIEPUMEHTA KMBOTHBIX OCMOTPEJIU Ha MPEAMET OTCYTCTBUSI XapAKTEPHBIX CUMII-
TOMOB 3a00JieBaHui (0TOOP TPOO KPOBH IS BHISBJICHUsI OOJIe3Hel He TPOBOIWIIN). Y TIOJIEHEH He BbI-
SIBJIEHO U3MEHEHUI COCTOSIHUSI KOKHBIX IOKPOBOB; Y HUX OTCYTCTBOBAJIM BbIJIEJICHUS U3 I71a3 K1 HOCOBOM
noJjioctu. Takke He 3aMeYeHO TaKUX TMOBEJIEHUYECKUX MPOSIBICHUM, KaK OTKa3 OT KOpMa, «3aBUCAHUE»
B BOJIE WJIM JUIUTEIbHOE HAX0X/IEHUE Ha IOMOCTE I0C/Ie KOPMJICHUSI.

TioneHel copepxaiy B OMOTeXHUYeCKOM akBakoMiuiekce MMBMU B ropoze TlonsipaoMm, pacrosio-
keHHoM BONM3M Mbica ToHst B Konbckom 3amuBe [Mopckue muekonutaiommue, 2010]. s conepxa-
HUS KUBOTHBIX KCIOJIb30BAaH BOJILEP MPSAMOYTOJIbHOU (hOPMBI, M3TOTOBJICHHBIA U3 MOJMITUIEHOBBIX
TpyO (puc. 2), ¢ JieepHBIMU OrpaXACHUSMH BHICOTOM 1,5 M 1o mepuMeTpy oTceka ajis cajuka. o Hayasa
HaOJTIOICHUI TIOJIEHU TaKkKe OOUTAJIM B 3TOM BOJIbepe Ha IIPOTSKEHUH TPUMEPHO Toj1a. 3a BECh MepHO/T
Hamel paboThl arpeCCUBHOE B3aUMO/ICHCTBIE MEK/Ty KUBOTHBIMU OBUIO HE3HAYMTEIIHHBIM.

CeTeBoll MeIIOK (CaJ0K) UIMHOW 8 M, NIMPUHON 4 M, TTyOMHOUM TOABOAHOM YacTH 3 M, BBICOTOM
HAJIBOJIHOM YacTh 1 M M TMamMeTpoM siuer S cM ObUT 3aKperlIéH Ha Jieepax. Ha jHe cagka Haxoauiach
paMKa U3 METALTMYECKUX MPYThEB TUaMeTpoM | CM, CBApEHHBIX MeXay cOO0H B (hopMe MPsIMOYTOJTb-
HUKa. Hammuue 310l KOHCTPYKIMK 00eCcreurBajio BEpPTUKAJIBHOE HATSIKEHWE W BHIDABHUBAHUE CETU
canka. [lns mpoBeseHus: paboT M OTJbIXa XKUBOTHBIX HA Cyle ObLT 000PYIOBaH IEPEBSHHBINA MOMOCT
C IEpeBSHHOM KaMTKOMN pazMepoM 1 x 1 M i ynoOcTBa I0CTyMa K )KUBOTHOMY.

Ha oHOM 13 yIJIoB cajika Obliia YCTaHOBJICHA JePEeBSIHHAS MayTa BHICOTOM 4 M; Ha Hell OblIa 3aKperl-
JieHa KaMepa BUIeOHAOIOeHUS C YIJIOM 0030pa, OXBATHIBAIOIIMM BCIO TUIOIIA b BOJIbepa. BombepHbIit
KOMILJIEKC MPY MOMOIIM KAHATOB COEJUHSIICS CO CTAIMOHAPHBIM MPUYATIOM, HA KOTOPOM HaXOJUJIOCh
nadopaTopHOe TIOMeIIeHHe ¢ 000PYIOBAHMEM TS 3aIHCH U300pakeHHs ¢ Kamep HabmoaeHus. Pacrmo-
JIOKeHHBIW Ha nipce ocBetutenb ¢ gammon JAPJI (250 Br) nmo3Bossn pukcupoBath MoBeACHNE KUBOT-
HBIX TaKXe U B HOUYHOE BpeMs. DTOT OCBETHTENh PadOTal KPYIIIOCYTOYHO Ha MPOTSKEHUU BCETO Tie-
priosia HaOMIOIEHWI 1 IO €T0 Havyasla; OH He PacCMaTPUBAJICS KaK pa3apaxaroluil (pakTop, MOCKOIbKY
€ro BO3JEUCTBHE ObLIO TIOCTOSTHHBIM.
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Puc. 2. Bonbep 111 conepkanusi rpeHIaHICKUX TIONEHEH, y4aCTBOBABIINX B HCCIIEAOBAHUU

Fig. 2. The aviary used to house the harp seals under the study

s peructpalyd MOBEAEHHWS WCHOJB30BAIM BHUIEO3ANMCHIBAIOILYIO alapaTypy, [O3BOJISIO-

nylo (UKCHpPOBAaTh BCE M3MEHEHWsS] aKTUBHOCTHM JKMBOTHOTO 3a TepUoj HAOMIO/eHWs U BHIOMPAThH
B JIaJIbHEHINIEM TOJIPKO MHTEpECYIOIMe HAc acreKThl (aHaJioroBas 4€pHO-Oesiasi KaMepa HapykKHOTO
Haomonenuss MBK-08, mumaap D 60 x 75 mm, 40 TBJI, 01 JIK-F2, oobektiie M12). [Tpr 06padoTke
BU/IEOMAaTepUaia MPUMEHEH METO/ PETUCTPAIlK OTIEIbHBIX MMOBEICHUECKUX MpOosBIeHu. Bo Bpems
HaOmoaeHus1 (PUKCUPOBAIM BCE CIydau MPOSIBICHUs] M3ydaeMblx JevictBuil [3aiiueB u ap., 2018;
ITonos, Mibuenko, 1990].

PeructpupoBanu cienynoiye noBeJeH4YecKre MposiBJIECHUS:

HaXOXJEHHE XWBOTHOTO B aKTHMBHOM COCTOSIHMM I10J, BOAOM (aKTMBHOE IUIaBaHWE TIIOJ BO-
Jou, AIIB) — XKHMBOTHOE COBEpIIAET MOCTYNATE/IbHbIE IBUKEHUS WM yIEPKUBAETCS HA MECTe
MIPY MOMOIIM JIBUKEHUS JIACT, TPU STOM HO3APU HAXOAATCS MOA BOAOK;

HaXOXJECHHE KUBOTHOIO B AKTUBHOM COCTOSIHAM HA MOBEPXHOCTH (AKTUBHOE IUIABAHKE HA MTOBEPX-
Hocth, AHIT) — XMBOTHOE cOBepIIaeT MOCTynaTe/bHbIE IBWKEHUS WM YIECPKUBAETCS HA MECTe
MIPY TIOMOIIY JABUKEHUS JIACT, IPU 3TOM HO3APU HAXOISTCS HaJ MOBEPXHOCTBIO BOJIBI;

orabix Ha mnomoctre, ynéxka (HII) — XMBOTHOE YaCTUYHO WM TMOJIHOCTBIO PACIOJIaraeTcs
Ha TIOMOCTe.

B tabGnuity 3anuceiBaiv Bpemsi HECKOJIbKUX JeUCTBUI TIOJICHEH — PErucTPUPOBATT MOMEHT BCILITBI-

THA, MOMCHT IOTI'PYKEHW A, MOMEHT BbIXO/Ja Ha IIOMOCT U yXOJa C IIOMOCTa B BOY, MOMCHT Ha4aJla OT-
AbIXa B BOJAC IIPX OCTAHOBKE IBWKCHHA JIACT, d TAKIKC MOMCHT Ha4alla IBMKCHH A IIOCJIC OTAbIXA B BOJC.

B kauecTBe KOJIMYECTBEHHBIX XapaKTECPUCTUK ,HBHFaTCJIbHOﬁ dKTUBHOCTU JKHUBOTHOI'O MCIIOJIb-

30BaJIA:

CPEAHION0 MPOJOJLKUTEIBHOCTD AITHOD MO, BOJIOH;

CPEIIHIOI MPOIOJIKUTEIbHOCTh HAXOKICHHS Ha TIOBEPXHOCTH;

YacTOTY BCIUTBITHH;

nomo (%) BpeMeHH, IPOBOAAMMOTrO TIOJIEHEM I10] BOJIOW M Ha TIOBEPXHOCTHU, OT 0OIIero OokeTa
BpPEMEHHU;

IPOLIEHTHOE OTHOIIEHUE HAX0XEHHUS Ha TIOMOCTE U OTJbIXa B BOJE OT OOLIEro 0o/keTa BpeMEHHU.
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[MTockonbKy 0coOM, yJacTBYIOIME B MCCIIEA0BAHUM, ObLIIM HETOJIOBO3PEIBIMUA, MBI MOXKEM YTBEp-
KIaTh, YTO MOJIOBOE MOBEJEHHE (CE30HHOE SIBJIEHME Uil OOJIBIIMHCTBA JIACTOHOTMX) HAOII0IaTh
Mbl He MOIIA. TakuM 0Opa3oM, MOKHO HPEAINOJIOXKUTh, YTO HauboJiee 3HAUYMMBIMU MOBEIEHUECKH-
MU PEaKIUsMH, KOTOPbIE CBSI3aHbl ¢ OUOJOTMYECKUMHU MPOLIECCAMH, NMEIOIIMMU CE30HHBIN XapakKTep,
JOJIKHBI OBITH JIMHbKA B BECEHHEE BpeMs M MUTpAIMs K MeCTaM HaryJja ¥ oOOpaTHO B JIETHE-OCEHHHI
nepuon [CeeroueB, CBetouena, 2018].

Bpems1, npeaiiecTByolee KOPMIEHHIO, ABJISIETCS HanboJiee sIPKO BbIPAKEHHBIM NE€PUOJOM aKTHB-
HOCTH TIOJIEHEN: )KUBOTHBIE IPEMMYILECTBEHHO IUIABAIOT B BOJE; Apyrue (popmbl MOBEIEHNS (UIPOBOE,
COH U IIp.) y HUX MPAKTHUYECKU OTCYTCTBYIOT [3aiiueB u ap., 2018]. ImeHHO nosToMy 111 OLIEHKH ce-
30HHBIX M3MEHEHUI JBUTATEIbHOW aKTUBHOCTH TIOJIEHEH HAMU OBUTH B3SIThl KOHKPETHbIE BpEMEHHEIe
orpe3kn — uHTEpBaBI ¢ 09:00 70 10:00. OHM ObUTM BHIOPAHBI M KaK MEPHO/IbI, B KOTOPHIE B BOJIbE-
pe He POBOAWIM XO3AWCTBEHHbIE PaOOThl. KopMileHne TioJieHel OCyILeCTBIISsIM €XeIHEBHO /1Ba pa3a
B IeHb — yTpoM (¢ 10:00 1o 11:00) u Beuepom (¢ 17:00 go 18:00). CoctaB KopMa 1 €ro KOJIM4ecTBO (4 Kr
B CYTKHM Ha OJIHO )KMBOTHO€) B T€UEHHUE Ir0Jja HE MEHSIIN.

Ha6moaenus Ob1M OpraHU30BaHbI TaK, YTOOBI [0 BOZMOKHOCTH OXBATUTh BCE CE30HBI, HO TP 3TOM
COKpaTUTh 00BbEM 00pabaTHIBAEMBIX JIAHHBIX 0 CTATUCTUYECKH MPUEMIIEMOTO. [IJs1 KaXI0ro U3 Mecs-
LIEB NIOJIy4YeHa BUAEO(pUKCALM aKTUBHOCTU TIOJIEHEN ITPOJOJIKUATEILHOCTBIO HE MEHEE YETBIPEX JHEMU.
Hckmouennem ctan mapt 2011 r., 1 cBeeHUs 3a 3TOT Mecsl]| NpeJCcTaBleHbl B JUarpaMmMax u Tao-
JIMIAX, HO HE UCIIOJb30BaHbl MPU CTaTUCTUYECKOW 00padoTke. I1o TeXHMUECKMM NMpUYMHAM HE yJa-
JIOCh TIOJTYYUTh AaHHbIE 32 CEHTSOPh, OKTAOPh U (peBpasib. Beero mosyueHsl BUgeOMaTepHasl MO Bpe-
MEHHBIM cpe3aM B 51 JeHb Ui KaXA0ro KMBOTHOTO. Ilpum 00pabOTKe JaHHBIX 3aperucTpUpOBAHBI
16 544 noseneHyeckux akta — 7874 mid TioneHa bonwioro u 8670 mwid tionedsa MajleHbKOro.

[Mosry4yeHHble pe3yIbTaThl (HaOM0aeMble TApaMeTPhl M ONMCATENIbHASL CTATUCTHKA) MTPE/ICTABIICHbI
B Tabm. 1.

Tect Hlanpo — Ywiika nokasai, 4To JaHHbIE HE OTHOCSITCSI K HOPMAJIbHO pacrpeie/IEHHON COo-
BOKYITHOCTH, [TO3TOMY [Is1 OLEHKM CTaTUCTUUECKOW 3HAYMMOCTU pa3Muuil MekKay MOKa3aTessMU I0-
BEJEHYECKOM aKTUBHOCTHU TIOJIEHEW B pa3HbIE CE30HBI MCHONB30BaHbl H-test Kpackema — Yosumca
(o151 oO1ero cpaBHEHMsI MEXIY YeThIpbMs ce30HaMu) 1 U-kputepuii ManHa — YutHM (17151 ronap-
HOT'O CpaBHeHUs). [Jis MX BBIYMCIIEHUI TPUMEHEHO NporpaMMHoe odecrieueHue Statistica 12 (ypoBeHb
3HauumMocTu p = 0,05). Pacuérsl npoBeieHbI Kak 151 CPaBHEHUS YETBIPEX IPYIIUPYIOLIMX IEPEMEHHBIX
(H-test), Tak 1 1y1s1 nonapHoro cpaBHenus (U-kputepuil) [Yarypsiny, ['pxudosckmii, 2014].

Ta6umma 1. Tlapamerpst noBenenus npyx TwosieHel (b — Bosbimoii; M — MasieHbkui) UTST KX A0r0o
MecsILIa UCCIIEAOBAHMS

Table 1. Behavior parameters of two harp seals (b, Bol’shoi; M, Malen’kii) by month

TMapaverp | OcoGb | 032011 | 042011 | 052011 | 06.2011 | 072011 | 082011 | 112011 | 122011 | 01.2012 | 03.2012
AxTtrBHOe IU1aBaHue nog Boaoi (AIIB)
Cpeanee (), ¢ b 23,2 26,1 422 474 55,4 28,9 314 55,6 21,4 24,7
pei ’ M 22,9 27,6 31,5 27,6 38,4 29,1 36,0 35,3 32,6 25,1
b 10 14 19 19 23 19 18 30 12 14
Menuana, ¢
M 14 19 19 22 25 17 19,5 19 16 16
b 9 2 7 8 11 11 7 14 7 7
Mopa, ¢
M 14 13 12 11 15 14 10 10 13 11
CV. % b 126 114 116 117 116 106 132 133 117 127
0
’ M 82 89 105 87 113 106 104 121 134 95
P b 80 66 83 84 84 80 51 84 58 58
M 89 53 89 91 90 82 83 66 72 41

IMpopomkeHue Ha creqyloei cTpaHuLe. ..
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HapaMeTp Oco0b | 03.2011 04.2011 05.2011 06.2011 07.2011 08.2011 11.2011 12.2011 01.2012 | 03.2012
Komnuecrso b 2,1 1,8 1,2 1,1 0,9 1,7 1,3 0,9 1,9 1,8
BCIUTBITHH
B MHHYTY M 2.3 1,9 1,7 2,0 1,4 1,8 1,4 1,3 1,3 1,8
KonuuecTtBo b 250 640 432 323 333 403 216 332 469 492
perucrpanuii M 281 487 610 599 507 410 322 402 376 339

AKTHBHOE TU1aBaHue Ha nosepxHoctu (AHIT)
Cpetiee (), ¢ b 5,7 7,4 7,6 8,8 9,0 6,6 14,5 10,4 11,8 8,9

ped ’ M 28 | 37 | 41 | 26 | 40 | 52 | 72 | 95 | 129 | 85

b 4 5 4 5 5 5 8 5 6 4
Menuana, ¢

M 2 3 2 2 2 3 6 8 9 7

b 1 2 1 2 4 1 1 1 1 1
Mopa, ¢

M 1 1 1 1 1 1 1 1 1 1
CV. % b 109 137 106 95 97 102 115 117 124 142

0
’ M 129 87 114 110 142 107 109 105 130 117

o b 19 17 14 15 13 18 22 16 29 20

M 11 7 11 9 9 14 17 17 28 13
Konnuectso b 241 582 395 313 320 389 207 329 426 477
perucTpanuii M 279 445 607 596 493 392 321 401 377 312

Otapix Ha omocte (HIT)
Cpeniee (%), ¢ b 59 46,6 14,2 12,9 57,4 17,9 154,8 - 29,5 168,5
ped ’ M 2317 | 20 | 70 | 11 | 274 | - - — 3210

b 1 17 3 1 3 2 27 - 13 22
%*

M - 40 - - 1 4 - 17 - 46
KomuectBo b 13 92 41 7 11 18 23 - 73 27
perucTpanui M 1 44 2 1 16 19 - 1 1 30

n, oHen B,M 2 7 6 5 6 4 4 6 5 6

IIpumeyanme: * — MPOIEHT OT OOIIETro OIKETa BpEMEHH.
Note: *, share in the total time budget.

PE3VJIbTATHI

Hons oOmeil NpoIoKUTEIbHOCTH amHOd IJI JIByX TIOJNEHEeH pas3iinvaeTcsl He3HAuYUTeSbHO
(Bonbioit — 73 %; Manenbkuit — 74 %). Ilokazatenr AHII umeer Oojiee BblpaskeHHbIE Pa3iiM-
yusi (bosbmonn — 18 %; Manenbkuii — 13 %), 4TO OTpakaeTcsi Ha BPEMEHU HaXOXAECHUs TIOJie-
Hell B HEaKTUBHOM COCTOSIHMM Ha cyine. Tak, Bosbiioi nposen Ha momocte 9 % oT o01ero BpeMeHw,
a Manenbkuii — 13 % (puc. 3).

B pacnpenenenun odieii mpoI0KUTETbHOCTH aKTUBHBIX (POPM MOBEJIEHHS W OTAbIXAa B Pa3jidy-
HbIE MECSIIBI TO/Ia Y JBYX JKUBOTHBIX TAK)KE MPOCMATPUBAIOTCS OMpPEIe/IEHHbIE pa3inyusl. Y TIONeHs
Bonpioro otasix Ha moMocTe 3aPMKCUPOBAH B JEBATH W3 JIECATH YKA3aHHBIX MEPUOJIOB, TIPU ITOM
HanOoJIee MPOIOJUKUTENBHBINA OT/IBIX 3aperiCTpUpOBaH B ampese u Hosiope 2011 r. u siHBape U Map-
te 2012 r. (tabn. 1, puc. 4). Tionenb ManeHbkUid OTIBIXAT HA TIOMOCTE peke, B MATH U3 JEeCSITH Ha-
OJm0/1aeMbIX TIEPUOJOB (Ampesib, MioJib, aBrycT u aekadpb 2011 r. u mapt 2012 r.), HO IpU 3TOM MpPO-
JOJDKUTENBHOCTh OTAbIXxa Obuta Oosbine (B ampene 2011 r. u mapre 2012 r. — 40 u 46 % cootrBeT-
cTBeHHO) (Tad. 1, puc. 5). O6mas npogomkutebHOCTh AHIT y TIoeHst BoJtbIoro Bhilie He TOJBKO
B CpEJIHEM JIJIsI BCETO Mepro/ia, HO M B KaX/IOM IMPOAHATM3UPOBAHHOM Mecslle. MckmodeHnue 3adpuKcu-
POBaHoO B AiekaOpe: Toraa y TiosieHs: MajieHbKOro 3HaUeHre MoKa3aTesisl PEBHIIIAIo TAKOBOE Y TIOJIEHS
Bonbioro Ha 1 % (tabn. 1, puc. 3-5).
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Bonpmoii ManesbKHil

mATIB
mAHTI
mHIT

Puc. 3. Jloss perucrpupyembix hopM MOBeJEHUS OT 001Iero O pkeTa BpeMeHu [uist [ByX TioneHewr (AHIT —
aKTHUBHOE TITaBaHWe Ha MoBepxHOCTH; AIIB — akTtuBHOE I1aBanue noja Boaoi; HIT — otapix Ha momocre,

JIEKKaA)

Fig. 3. The share of recorded behaviors in the total time budget for two seals (AHII, active swimming
on the surface; AIIB, active swimming underwater; HII, rest on a platform, haul out behavior)
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0%
Map.ll ampens Malli  HIOHB HIOTh AaBIYCT HOSIOPH Ae€KaOph sSTHBaph Map.12
mATIB = AHIT = HII

Puc. 4. OtHolieHre perucTpupyeMsix (POpM NOBe/ieHUs! TIoJIeHs: BosibIoro k o0ieMy OlIkKeTy BpeMeH!
IUTSL KX JJOTO MecsIa
Fig. 4. The ratio of recorded behaviors to the total monthly time budget for the harp seal Bol’shoi

100%
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map.ll ampenrp Mali  HIOHb HIONh aBIYCT HOSIOPH JIeKaOph SHBaph Map.12
m ATIB = AHIT = HIT

Puc. 5. OtHomIeHne perucTpupyemMsix (hopM HoBeIeHu I TIoJeHss MaJIeHbKOTO K 00111eMy O10/KeTy BpeMeHH
IJ151 KaKJI0TO Mecsia

Fig. 5. The ratio of recorded behaviors to the total monthly time budget for the harp seal Malen’kii

YacroTa BCIUTBITHI MTOKA3bIBAET, CKOJILKO pa3 3a eANHUILY BpeMeHH (1 MHH) ’KMBOTHOE BBIHBIPHYJIO
Ha NIOBEPXHOCTD; YUUTHIBAETCS B TOM YKCJIE U MOMEHT BBIX0/1a HA IOMOCT. B cpeiHeM yacToTa BCIUIBITUI
TIoJieHs1 bosbiioro cocraBuia 1,5 akta B MUHYTY, a TiolieHss Manienbkoro — 1,7 akta B MuHYTY. M3MeHe-
HUSI 4aCTOTHI BCIUIBITUM TIOJIEHEH B TEYEHHUE I'0/1a BO MHOT'OM COIOCTaBUMBI. Tak, ¢ MapTta o maii 2011 r.
y 000MX KMBOTHBIX OTMEYEHO CHIKEHHe Mokasartesiss — 10 1,2 u 1,7 akta B MuHyTy. B nione y Bosbio-
r'O CHUXKEHHE MPOJIoJIKaeTcs, a y MaleHbKOro MPOUCXOANUT PE3KUI BCILIECK, 10 2 BCIUIBITUNA B MUHYTY,
3a KOTOpBIM cienyeT cHuxeHue a0 1,4. [lanee BoisgBieHO noBsieHne — A0 1,7 u 1,8 akta B MuHY-
Ty B aBrycre y Bosbioro u MajieHpKoro cootBeTcTBeHHO. K iekaOpio 3aperucTpupoBaHO CHUKEHHE,

a 3areMm, K Mapty 2012 r., — nosbiiieHue (puc. 6).
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Puc. 6. YactoTa BCIIBITHI JBYX TIOJIEHEN B MUHYTY
Fig. 6. Ascent rate per minute for two harp seals

OT™eTrM, 4TO 00IIast MPOJOJDKUATETIFHOCTD alTHO? Y /IByX KMBOTHBIX Pa3jIMyaeTcsl He3HAUNTEb-
HO (B mpenenax 1 %), a cpelHsAsA MPOJOJDKUTENLHOCTh 3TOM (POPMBI MOBEIEHUSI pa3jinyaeTcs Cylle-
CTBeHHee. B cpenHeM TiosieHb Bosibioii MpoBOAMII MO/ BOJIOW OKOJIO 36 ¢ (IIpU MUHUMAJIbHOM 3HaYe-
HuM 21 ¢ B THBape ¥ MaKCHMaJIbHOM OKOJIO 55 ¢ B uiojie u aekadpe), a TioyieHb Manenbkuii — 31 ¢
(pu mmanazone anHo3 ot 23 o 38 c). Paznuna B cpeaneit npoposskureabHoctT AHIT y nByX TiosieHein
3HAUYMTeNIbHEE, YeM B CPeIHEN IPOIOIKUTEIbHOCTH altHOd. BoJIbIION B cpegHeM MPOBOAMI Ha MOBEPX-
HocTH 9 ¢, a Manenbkuii — 6 c. [Inanazonst 3nauenuit AHIT — 5,7-14.,5 ¢ y nepsoro u 2,6-12,9 ¢

y BToporo (tad:n. 1, puc. 7, 8).

Mmaptll ampens  Mail HIOHb HIOIb AaBIYCT HOSIOPH JeKaOphb sSHBapb MapTl2

m Boigpmoit ™ ManeHbKHI

Puc. 7. Cpeansis npoAgoKUTENbHOCTh alHO AJIs1 ABYX TIOJIEHE!
Fig. 7. The mean duration of apnea for two harp seals

llllliilll

maptll ampens  Mail

20

15

CeKyHIbI

HIOHb HIOTh aBIYCT HOSODPH JeKaOpp SHBapbh MaptTl2
mBompmoi ™ MajneHbKHIT

Puc. 8. CpeaHsisi mpoAoKUTEIFHOCTD TUIABAHU S Ha TTOBEPXHOCTH ISl IBYX TIOJICHEN
Fig. 8. The mean duration of swimming on the surface for two harp seals
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[TpoBeeHO CpaBHEHME PE3yJIbTaTOB OIIEHKU CTATUCTUIECKOM 3HAYMMOCTH ITOKa3aTesiel (p), Xapak-
TepU3YIOIIUX paccMaTpuBaeMble (hOpMbI TIOBEJICHUsI, ISl YETHIPEX CE30HOB — BECHBI, JIETa, OCECHU
1 3uMbI (Ta01. 2).

Tadmmua 2. Pe3ynbTaThl OLEHKM CTATUCTUUECKOW AOCTOBEPHOCTU PA3iMYMi (p) MeXIy MOKa3aTessiMU
pasHbix (opm moBeaeHus TioNeHed (B — Oosboil; M — MaJleHbKUil) ISl YeTHIPEX CE30HOB (OCEHb
Mpe/ICTaBIeHa OJHUM MecCsILieM — HOSIOpPEM)

Table 2. The results of assessing the statistical significance of differences (p) between indicators of various
behaviors of the harp seals (b, Bol’shoi; M, Malen’kii) for four seasons (autumn is represented by one month,
November)

Oo1ee
ITapametp Oco0b AJid BCEX Becna/nero | Becna/ocenb | Becna/zuma | Jleto/ocenb Jlero/3uma Ocenb/3uma
CE30HOB
AxTtnBHOe I1aBanue nop Boaoi (AIIB)

_ b 0,0762 0,0058 0,9704 0,5000 0,2937 0,2758 0,6477

Cpennee (x)
M 0,0540 0,0227 0,0415 0,1081 0,4533 0,6780 0,9480
o b 0,0127 0,0058 0,0495 0,8118 0,0032 0,1462 0,1704

(%
M 0,0009 0,0077 0,9115 0,2114 0,0143 0,0002 0,1333
Yacrora b 0,1923 0,4355 0,0268 0,9704 0,5518 0,3421 0,3241
BCILIBITHI M 0,1423 0,9233 0,3170 0,1038 0,1211 0,0379 0,4727
AkTrBHOE TU1aBaHue Ha noBepxHoctu (AHIT)

_ b 0,0007 0,1399 0,0106 0,0007 0,0245 0,0334 0,3961

Cpennee (x)
M 0,0004 0,6303 0,0288 0,0024 0,0032 0,0005 0,0584
o b 0,1721 0,2227 0,1946 0,2666 0,1770 0,0968 0,6477
M 0,0004 0,5421 0,0289 0,0012 0,0060 0,0009 0,3275

Haxoxaenue na momocrte (HIT)

_ b 0,1929 0,1399 0,5782 0,1316 0,1936 0,9173 0,1704

Cpennee (x)
M 0,1018 0,3690 0,1110 0,1266 0,1770 0,2993 0,6477
o b 0,0519 0,0200 0,5047 0,0956 0,1096 0,7555 0,2149

(9

M 0,0970 0,3521 0,1110 0,1266 0,1770 0,2758 0,6477

Ipumeuanue: * — MpoLeHT OT 001Iero O/KeTa BpeMeHu. [losykupHbiM iprdTom BhiaeseHbl 3HaueHus p < 0,05.
Note: *, share in the total time budget. Values of p < 0.05 are highlighted in bold.

Jl71s1 060MX KMBOTHBIX BBISIBJICHBI 3HAUMMBbIE PA3IMums B cpeHel npopokurensHoctu AIIB B Be-
CEHHWI Y JIETHUH MEepHoObl. Y BTOPOTrO TIOJEHS TaKKe YCTAaHOBJIEHBI JJOCTOBEPHbIE Pa3IMUUs MEKIY
BECHOM 1 0ceHbl0. CTATUCTHUECKY 3HAUMMBIX Pa3JIMUMiA MEXy BCEMU YEThIPbMsI CE30HaMU He OOHApY-
KEHO HU JUIsl OTHOTO U3 KMBOTHBIX. [osist ATIB ot o0rero 01o/1keTa BpeMEeH! pa3indaeTcst sl TAKUX
MePUOJIOB, KaK BECHA/JIETO U JIETO/OCEHb, y 000UX TIOJICHEH, TIPU 9TOM Y BOJIBIIIOro oTMeueHb! pa3anyus
MeXJy BECHOU M OCEHbBIO, a Y MaJeHbKOro — MEX/y JIETOM 1 3UMOU. JIoCTOBepHOCTh pa3inuuii B 00-
niem 3HaueHun AIIB cymiecTBeHHa 11 000MX KUBOTHBIX. [Toka3aTesb 4acTOTHI BCIUTBITHIA B OOJIBIITIH-
CTBE CJlyyaeB He MMeJl JOCTOBEPHBIX pa3iMuuil; UCKJIIOUEHUs] — BEeCHa/OceHb sl TioJieHs: bosbioro
U JieTo/3uMa 1719 ManieHbKkoro (Taoit. 2).

Kapruna xapakrepuctuk AHII Obuta apyroit. Tak, cpeqHsisi IPOJOKUTEBHOCTb MPeObIBAaHMS
Ha MOBEPXHOCTU OOOMX KMBOTHBIX HE MMeJa CTATHCTUYECKM 3HAYMMBIX Pa3JIMuUil MeXIy Mepuoja-
MU BeCHa/OCeHb W OCEHb/3UMa, TIpH ITOM Y TiojieHs: Bosbmoro nonss AHIT ot obmero 6o1keTa Bpe-
MEHHU HE MMeJIa JIOCTOBEPHBIX pa3jM4Mi JJIs BCEX YETHIPEX CE30HOB, a y TIOJIEHS MaJeHbKOro TaKUX
pa3nuumii He ObUIO TOJIBKO MEXKIY MEepUoJaMH BECHA/JIETO M OCEHb/3UMa, KaK M B CIIydae CO CpeHe
npopokutenbHocThio AHIT (Tadm. 2).
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JIBa mapamerpa HII — cpeaHsst MpOJO/KUTENBHOCTD U % OT OOINEro BPEMEHH — TPaKTH-
YeCKH He MMENIM JOCTOBEPHBIX pa3inuuid. VICK/IoYeHHe — pa3jinuusi B J10je 3Tod (hOpMbI MOBE-
JIeHus OT OOIIero OKeTa BpEMEHH MEkIy BECEHHUM U JIETHUM CE30HAMH Yy TIOJieHs BoJbiioro
(tabu. 2).

OBCY XJIEHUE

Bpemenno6# cpe3 1ist JaHHOUM padOThI BRIOpaH HE CIyYyaliHO: MMEHHO Tepesi YTPeHHUM KOPMJICHU-
€M Yy TIOJICHEW OTMEYAlT MaKCUMAaJIbHYIO CTETIEHb ABUraTeIbHOM aKTUBHOCTH [3aiiues, 201 1; Kapuenu
u 11p., 2007], uto 00yCIOBIEHO MOBHIIEHHOW MUILIEBOM MOTUBAIMEN (BCJIEACTBHE TPOAOIKUTETHHOTO
rOJIO/IAHUSI MEX/1y BEUEPHUM U YTPEHHUM KOpMJIEHUsIMHU). B ominume ot noBeneHus B Ipyrue nepu-
O[T, TIOBEJICHUE TIOJICHEW B 3TO BpeMsl NPEUMYIIECTBEHHO MPEJICTABIsAET COOOM IJIaBaHUE IO KPYTY,
YTO, B CBOIO OYepe/ib, BRIpakaeTcsi B OOJIbIIEH CrPyIITMPOBAHHOCTH JAHHBIX B 3TOT MEPHUO]T AKTUBHO-
CTH, 4eM B Apyrue. IMEHHO B CBSI3M C BbIIlIeyKa3aHHBIM OOINasi J0JIsi AKTUBHOCTH TIEPBOTO U BTOPOTO
KMBOTHBIX B IPEJCTABIEHHBIX JaHHbIX cocTaBisgeT 91 u 87 % (cm. puc. 3).

Bosbliie Bcero BpeMeHu 1o BOJOW 00a TIOJIeHs] TPOBOJVIIN BECHOH U JIETOM; UCKJTIOYeHUe — Tie-
puoaps! HbKY (anpens 2011 1. u mapt 2012 r.), KOra CynecTBeHHYIO YacTh OI0IKeTa BpeMeH! 3aHH-
Masa j1éxka Ha nomocrte. [Ipopomkurensnocts AHIT yBenmurBanach MIMEHHO B OCEHHE-3UMHUI NepU-
o (puc. 4, 5). X0oTs 10151 aKTUBHBIX (pOPM MOBEJICHKS B JIETHUE MECSIIbI BBIIIIE, YMEHBIIIEHUE YACTOTHI
BCIUTBITHI TOBOPUT O TOM, YTO KMBOTHbIE HAUMHAIOT BECTU ceOsl MEHee MOABUKHO. Y 000MX TIOJeHeH
3HAUEHUE MOKa3aTessi COKPAIIAETCsl ¢ MapTa MO UI0Jb, MOBBIIAETCS B aBI'yCTE U UIET HA CHUKEHUE
B OCEHHUI CE30H. AKTUBHOCTb JBYX KMBOTHBIX B 3MMHUI MepUO/]] HE OIMHAKOBA.

PaccmarpuBasi cpenue mokasartenu akTUBHOCTH kuBoTHOTO (ATIB m AHII), HeoOxomumo oTme-
TUTh: KaK M B ClIyyae C YacTOTOW BCIUIBITUM, 3HAUYEHUS ITUX MAapaMETPOB PE3KO BBIIENSIOTCS B aBry-
cre (puc. 7, 8), u mpexje Bcero 3To Kacaercst TiojieHst Bonbioro. C mapra o uwoip ATIB y o6oux
KHUBOTHBIX MMEET TEHACHLIMIO K YBEJIMUEHHUIO; B aBI'YCTE MPOUCXOAUT CHUXkeHue. [Ipu conocraBieHun
MOJTYYeHHBIX 3HAYCHUN C YaCTOTOM BCIUIBITUSI M C OOIIEH J0JIel TUIaBaHUsI TOyYaeTCss UHTepecHas
KapTUHA: TIPU COXPAHEHUH OOIIEH J0JIM aKTUBHOCTHU TIOJIEHHM CTAHOBSTCS 00Jiee SHEPTUUHbIMU, YaIie
HBIPSIOT, IPOBOJSAT O] BOJIOM MEHbIIIE BpEMEHU MEKAY BCIUIBITUSAMU. Pa3znuuus B cpeHel npoao-
JKUTEJIbHOCTU arHO? y KUBOTHBIX CBS3aHBI, MO-BUJUMOMY, C UX UHIUBHUIYATbHBIMU OCOOCHHOCTSIMM.
Tak, e€ kosnebaHus y TioJeHss MalleHbKOro KaxyTcsi MeHee CyIeCTBEHHbIMU, YeM Y BoJbIIoro, 4yTo BbI-
pakaercsi B TOM UMCJIe B 3HAUEHHUAX paHEEe PAaCCMOTPEHHOIO MOKa3aTessi CyMMapHOU MPOJOJLKUTENb-
Hoct AIIB ot Bcero Giopxera BpeMeHu. Bo3MOKHO, Takast KApTHHA SIBJISIETCS Pe3yJIbTATOM Pa3HUIIbI
B (PUBMYECKUX XapAKTEPUCTHKAX MCCIEeLyeMbIX KHUBOTHBIX: TIOJIEHb Boubiioil kpynHee MalileHbKOTo
[(43,5 £0,2) kr vs. (40 £ 0,2) kr].

Uro kacaetcs cpennen nponokuresbHocti AHIL, To 31€chk mpocnexuBaeTcs pa3rpaHu4eHue Mek-
1y BECEHHE-JIETHUM U OCEHHEe-3UMHUM MepuojaMu. Y OOOHMX KUBOTHBIX CPEIHsIS MPOJOIKUTENb-
Hocth AHII mouTy BOBOe BhHIIIE B OCEHHE-3UMHUM CE30H, YEM B BeCeHHe-JIETHUI. 3HaueHue MoKa3a-
TeJIs1 pacTET BIUIOTH JO AHBaps 2012 r. m CHMXKaeTcsa K MapTy, 4TO TOBOPUT O TOM, YTO YBEJIMYEHUE
cpedHel IPOIOJIKUTEIbHOCTU HAX0XKIEHUSI HA IOBEPXHOCTH BOJIbl — 3TO UMEHHO CE30HHOE MPOsIBIIe-
Hue. COnocTaByB NapaMeTpbl CPeJHEN TeMIepaTypbl BOJbI U BO3/1yXa 32 yKa3aHHbIE IEPUO/IbI, Mbl OOHA-
PYKWIH, YTO B HOsIOpe TeMreparypa BO3[yXa CTAHOBUTCS HUKe Temnepatypbl Bojibl. C yBennyeHueM
9TOr0 paspbiBa K SHBAPIO MOBBILIAETCA cpeaHssa nponosrkurenbHocTs AHIL a B mapre mpoucxoaur
obpatHblil mporiece (puc. 9). Takum 00pa3oM, HECMOTPSI Ha COTIOCTABUMbIC 3HAUCHUS TeMIIEPATyphI
BOJIbl MEX]ly BECEHHE-JIETHUM M OCEHHE-3UMHHUM MEepUOAAMH, Pa3IdyKs B CpelHEll MpOJOJLKUTENb-
HOCTU HAXOJIEHUs TIOJEHEW Ha MOBEPXHOCTU BOJIBI BbIpaXkeHbI cyllecTBeHHO. [Ipu cpaBHEeHUM cpen-
Heill npopokutenbHocTd AHIT ¢ 4acToTOol BCIUIBITHIF OTMEeueHa 00paTHasi 3aBUCUMOCTh MEXKIY STUMU
rapaMeTpamu.
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Puc. 9. Cpennsisi mpoAoKUTENFHOCTh TUIABAHWS Ha TOBEPXHOCTU JUIS JIBYX TIONEHEH M TpaduKu
TeMITepaTypbl BOJBI U BO3IyXa

Fig. 9. The mean duration of swimming on the surface for two harp seals with graphs of water and air
temperatures

HIT (néxxka) cunraercsi JOBOJIbHO BapuaTUBHOW (POPMOI MOBEIEHU 1, BO MHOTOM 3aBUCHILEN OT (pu-
3WYECKHX U (PU3HOJIOTUIECKUX OCOOEHHOCTEN KOHKPETHOM 0COOM, KOTOPBIE BBIPAXKAIOTCSI B TOM UHCIIE
B CWJIE peaKkLMM Ha U3MEHEHUs BHENIHeW cpepl [3anueB u 1ap., 2018; Kasuesuu u ap., 2007; Moulton
et al., 2000]. Mi3HauanpHO MBI pearoaraiy, yto 3ta ¢opma rnopeaeHus OyJeT BCTpeyaThCs IpermMy-
IIECTBEHHO BECHOM, KOT/Ia Y TPEHJIaHACKMX TIOJIEHEW TPOMCXOAUT JIMHbKA. [lo/TyyeHHble 1aHHbIE TOBO-
PAT O TOM, YTO HAIIM TMPEINONOKEHHS ObLTM BEPHBI JIMIIb OTYacTH. [efCTBUTEIbHO, BECHON Y 000MX
’KMBOTHBIX MPOCJIEKUBAIOTCS YETKO BbIPAKEHHBIE MPOAOJIKUTENIbHbIE TIEPHOABI JIEXKU. TeM He MeHee
OTMEYEHO, YTO B TEUYEHHE roja TIOJICH! TaKKe BBIXOIMIM Ha TIOMOCT, IPH 9TOM B HOsIOpe W siHBape
y Bosbiioro, a takxke B jekadpe y MajileHbKOTro noBeJjeHue ObLJI0 COTOCTABUMO C TAKOBBIM B BECEHHHE
Mecsipl. B ciydae ¢ MHIMBUIYaJIbHBIMU OCOOCHHOCTSIMU BBIPHCOBBIBAETCS CIIEAYIONIAs KapTUHA: TIO-
JieHb MasieHbKU peske B TeYEHHUE rofia BBIXOWII Ha IOMOCT (B IATH Mecsilax U3 JECSITH), HO TP 3TOM
Ha OoJiee TTPOJIOJKUTEITbHBIE TIEPUOABI BpeMeHU. Y TioNieHs Boubioro curyarmsi 0OpaTHast: BHIXOIBI
Ha TIOMOCT ObLIM ©0Jiee YacThIMU (B JEBATH MECSIaX U3 JIECATH), HO MEHEe MPOIOJKUTETbHBIMHU.

Jl1s1 cpaBHEHMsI TTOBEAGHH S KMBOTHBIX B Pa3IMYHbIE CE30HBI Mbl OOPATHIMCh K CTATUCTHUECKUM
kputepusaM. OHU MOKa3aJy, YTO JOCTOBEPHBIMU MOKHO Ha3BaTh pa3InyMs MEX/y BECEHHUM U JIETHUM
NepUOIaMHU TSI CPEIHEN MPOIOJDKUTEILHOCTH artHO3 1 1yist gos AIIB ot obiiero GoxkeTa BpeMeH:
17151 0bomx TioeHel. [lo-BuauMoMy, 3TO CBSI3aHO € TE€M, YTO B JIETHUI CE30H OOJIbIIE BCETO BPEMEHH
’KUBOTHBIE TIPOBO/IMJI B aKTUBHOM ILTABAHUH T10]] BOJIOW, & B BECEHHHI — Ha IMOMOCTE. ITO ke 00Y-
CJIOBWJIO pa3n4Msi MEXIY JIETOM U OCEHbIO JJI1 00OUX TIOJIEHEH M MEeXAy JIETOM U 3uMoil — 11 Ma-
neHpKoro. IIprunHoOil yBennyeHrs npoJo/DKUTEIbHOCTH HaXOKIEHHUS N0, BOJOM B JIETHEE BPEMS MO-
*keT ObITh U30eraHue rTurnepTepMIn, Beb caMbIM 3(P(DEKTUBHBIM CIIOCOOOM PETyIMPOBAHMSI BHIBEICHUSI
TeIUla y IPEeHJIaHJCKUX TIOJIEHEW MOXKHO Ha3BaTh IJIaBaHKE.

Pazmuus B cpefHeil MPOAOJIKUTENbHOCTH HaxoxaeHus TioneHed B AHII cymiecTBeHHb Mex-
Ay OOJBIIMHCTBOM Ce30HOB. COMOCTaBUMOCTb TAaKOTO TOBEJIEHUs XHUBOTHBIX JIETOM W BECHOW,
MO-BUMMOMY, OOYCJIOBJIEHA OTCYTCTBHEM 3HAUUTENBHBIX KOJIeOaHHIA 3TOro nokasatens. To xe camoe
MOHO CKa3aTh W PO OCEHHe-3UMHHI ce30H. BcerencTsre 6oiee paBHOMEPHOTO paclpe/iesieHus Tie-
PHOJOB HAXOXKAEHMS TIOJEHs Bosbloro Ha momMocre CTaTUCTUYECKUIN aHAIU3 HE MOKa3ajl JOCTOBEp-
HBIX pa3in4uil Mexay ceoHamu ajs goau AHIL, B To Bpems Kak y TiojieHss MaJjleHbKOro pasjinuus
JOCTOBEPHBI (KPOME CPABHMBAEMBIX I1ap BECHA/JIETO U OCEHBb/3UMA).
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CTaTUCTUYECKN 3HAYMMBIX PA3/IMYUU B MPOJOJIKUATEIILHOCTH HAXOXKAECHUS KUBOTHBIX HA MOMO-
CTe B 3aBHUCHMOCTH OT CE30HA BBISBJIEHO He ObLIO, YTO OOYCJIOBIEHO HEAOCTATOYHBIM KOJIMYECTBOM
peructpauuii 3Toit GopMbl OBEACHUS.

Takum 00pa3oM, MOKXHO TPEATOJIOKHUTh, YTO U3MEHEHHUS TTOBeIeHN I, cBsi3aHHbIe ¢ ATIB, Haxoxe-
HUEM KMBOTHOTO Ha TIOMOCTE M YaCTOTOU BCIUIBITHH, SBJISIOTCS Oo0Jiee WHIUBU/IYaTbHO-3aBUCUMBIMU
napameTrpamu, yem nokazarean AHIL.

BriBoabI:

1. AHanu3 NOJy4YeHHBIX Pe3yJIbTAaTOB MOKa3ajl JOCTOBEPHBIE pa3/InyMsl B NOBEIEHYECKON aKTUBHOCTH
y4YacTBOBABIIIMX B UCCJIEJOBAHUM JIBYX TIOJICHEH B pa3Hble CE30HBI. DTU U3MEHEHH I He ObUTN BbI3Ba-
HBl TAKMM 3K30T€HHBIM (haKTOPOM, KaK JAOCTYMHOCTb MUIIIM, TIOCKOJIbKY MUTaHUE KOHTPOJUPOBAI
YEJIOBEK.

2. TlokazaHo, 4T0 HanOOJee 3HAYMMBIMU Y OOOHMX KMBOTHBIX SIBJISIIOTCS Pa3JINYMs B TIOBEICHUN MEX-
Iy BECEHHE-JIETHUM U OCEHHe-3UMHUM MepuogamMu. OcoOEHHO 3TO aKTyaJbHO [Jisl aKTUBHOTO
IUIABAHUS Ha TTIOBEPXHOCTU.

3. VBenuveHue cpeHel MpoJOKUTEIbHOCTH aKTUBHOTO TUIABAHUS Ha TIOBEPXHOCTH U CHYDKEHHE Ya-
CTOTHI BCIUIBITUN B OCEHHE-3UMHUI MEePUO]] TOBOPUT O TOM, YTO B 3TO BPEeMs roja TIOJICHU 3aMeT-
HO MEHee aKTHBHBI, B Cpe/IHEM OOJibllie BpEMEHHU MPOBOAST Ha MOBEPXHOCTU M Peke BCILIBIBAIOT;
IIPY 3TOM CpeHAA NPOLOJIKUATEIILHOCTD AlTHO3 TOXKE CHUKAETCA.

4. B pmanpHEWIIUX MCCIEAOBAHUSIX CIEAyeT OOpaTUTh BHHUMAaHUE HA 3HAYUTESbHBIC Pa3IU4Ms B IO-
BEJIEHUU KMBOTHBIX MEXKJY BECEHHE-JIETHUM U OCEHHE-3UMHHUM InepuoaaMu. [Ipu oueHke Biaus-
HUS Ha TOBEJCHUE TIOJICHEW B HEBOJIe PA3IMYHBIX (haKTOPOB IK30T€HHOM MPUPOJIBI HEOOXOIMMO
10 BO3MOXHOCTH YUYUTHIBATH JAHHBIE O BBIABICHHBIX OTINYUAX.

Paboma evinonnena npu ¢punarcoeoii nooodepxcke Munooprayku PP 6 pamkax memvl 20CYO0apCmEeHHO-
20 3adanus «Tepuogpayna apkmuueckux mopeii: pu3uonoeus, 3xkon02us u 3monroeus» [Ne 2oc. peucmpayuu
124013000720-4 (30.01.2024), FMEE-2024-0015].

SKCIEPUMEHTSI C JKMBOTHBIMU ITPOBEAEHBI B COOTBETCTBUM ¢ PykoBozcTBOM HarmoHasHOro MHCTUTYTA 371pa-
BOOXpaHEHHMsI TI0 YXO/y ¥ HCIIOIb30BAHUIO JTaO0PATOPHBIX )KUBOTHBIX. MaTepuaibl ¢ UCTIONb30BaHUEM )KHUBOTHBIX
ono6penbl komuccuedt mo 6uostnke PIBYH «MypMaHCKUiE MOPCKOW OUONIOTMYeCKUi UHCTUTYT Poccuiickon
akagemMuu Hayk» (3akioueHue Ne 3 ot 15.02.2024).
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SEASONAL CHANGES IN THE ACTIVITY OF THE HARP SEAL
PAGOPHILUS GROENLANDICUS (ERXLEBEN, 1777) (CARNIVORA: PHOCIDAE)
IN AN AVIARY

A. Zaitsev, Yu. Litvinov, M. Pakhomov, A. Troshichev, and A. Yakovlev

Murmansk Marine Biological Institute of the Russian Academy of Sciences, Murmansk, Russian Federation
E-mail: yanmos@yandex.ru

The harp seal Pagophilus groenlandicus (Erxleben, 1777) is one of the most common marine mam-
mals in the northern seas and plays an important role in ecosystem of the Arctic region. At the same
time, this species remains insufficiently studied in terms of behavioral features, particularly in captiv-
ity. The analysis of seasonal changes in the harp seal activity aimed at understanding its behavioral
responses to external stimuli is essential for predicting the species adaptation strategies in a changing
habitat. Experimental surveys of animal behavior in an aviary provide data that is hard or impossible
to obtain under natural conditions. This work was carried out in the aquatic complex of the Mur-
mansk Marine Biological Institute of the Russian Academy of Sciences. The main research method
was the registration of individual behavioral manifestations. To assess the activity of the harp seals,
we selected three behaviors: surfacing, diving, and going to a platform. The analysis of the obtained
data allowed revealing consistent differences in the behavioral patterns of the harp seals through-
out the year. The study showed statistically reliable differences in the behavioral activity of the an-
imal between seasons. The most significant differences were recorded between the spring—summer
period and autumn-winter one. In particular, a drop in the harp seal activity in the autumn-winter
period was noted, accompanied by an increase in the time spent on the water surface during the cold
season.
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The appearance of thin threads attached to Skeletonema spp. cells is a relatively uncommon and poorly
understood phenomenon. Skeletonema costatum (Greyville) Cleve, 1873 forming silicified threads less
than 0.2 um in diameter and up to 50 in length has been studied for the first time in the Black
Sea. The effect of various concentrations of silicic acid (DSi) on fine morphology of cells was in-
vestigated, and an assumption about the ecological significance of this phenomenon was put for-
ward. As shown, the formation of highly silicified threads requires DSi concentration > 2 uM.
One of the ecological roles of threads may be the formation of a protective barrier decreas-
ing the grazing of S. costatum cells by tintinnids. Another possible ecological role of threads
is as follows: they may promote the formation of dying cell aggregates boosting the cell sink-
ing rate. This process is considered to be one of the components of the biological carbon pump
in marine ecosystems.

Keywords: silicic acid, ecological significance, morphology, Skeletonema costatum, threads

A centric diatom Skeletonema costatum (Greville) Cleve, 1873 is a cosmopolitan marine
species [Kooistra et al., 2008]. It often dominates the phytoplankton community [Ueno et al., 2023]
and can cause red tides [Li et al., 2009; Shen et al., 2012]. In the Black Sea, S. costatum is widespread
along the coast, especially in bays [Stelmakh et al., 2020; Yasakova et al., 2020]. It grows in mass
in March and April (up to 4 million cells-L™!) causing blooms, and disappears in late May [Proshkina-
Lavrenko, 1955].

S. costatum belongs to the order Thalassiosirales. Some representatives of this order, for ex-
ample Thalassiosira rotula Meunier [Tran et al., 2023] and Thalassiosira weissflogii (Grunow)
G. A. Fryxell & Hasle [current accepted name: Conticribra weissflogii (Grunow) Stachura-Suchoples
& D. M. Williams] [McLachlan et al., 1965; Verity, Villareal, 1986], have slime threads. The slime
threads (mucilage, fibrillar appendages) are flexible fibers or threads that extend from the base of a di-
atom cell and can be seen under a light microscope. These threads are composed of a unique substance:
p-chitin [Herth, Barthlott, 1979; McLachlan et al., 1965].

There is little data on threads for the genus Thalassiosira Cleve, 1873, and even less on threads
for Skeletonema Greville, 1865 [Aké Castillo et al., 1995; Castellvi, 1969; Yamada, Takano, 1987].
The first researcher to mention ‘polar fibers’ in S. costatum was J. Castellvi [1969]. Polar threads have
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a length of approximately 50 um and a diameter of 0.05 um. They are inserted exclusively into po-
lar zones of each cell, where the valves and intercellular spines of the silicate frustule can be found.
Polar threads are straight, and their number varies between six and eight.

Due to the difficulty in identifying the species, we cannot confidently classify the studied organisms
as S. costatum. Therefore, when we refer to ‘S. costatum, we mean a group of closely related species:
S. costatum sensu lato [Baytut et al., 2013; Kooistra et al., 2008].

For the Black Sea S. costatum, the formation of threads has not been previously reported. During
our research, we carried out an experiment involving natural phytoplankton. The use of nutrient-rich
medium resulted in the formation of polar threads in S. costatum. We also examined the effect of differ-
ent silicic acid concentrations on fine morphology and hypothesized the ecological significance of this
phenomenon.

Experiments. Water for the test was sampled in the northeastern Black Sea, in the Blue Bay
(Gelendzhik), on 4 October, 2022 (44°34’31”N, 37°58’45”E), from the sea surface (0.5-1.0 m).
The samples (total volume of 19 L) were filtered through two layers of nylon gauze (mesh size of 180 um)
to remove mesozooplankton. Nutrient analyses for phosphate, silicic acid, nitrate, nitrite, and ammonia
were carried out with a portable spectrophotometer Hach DR 1900 (Hach Lange, the USA) following
standard photocolorimetric methods [Methods of Seawater Analysis, 1999; Modern Methods of Ocean
Hydrochemical Investigations, 1992].

The initial concentration of dissolved silicic acid (hereinafter DSi) in the seawater used for the ex-
periment was 4.97 uM. We needed to reduce the DSi content to a value below 1 uM to begin the test.
Therefore, we added nitrate (N) and phosphate (P) to the seawater in a ratio of 23.3 : 1 and subjected
a 19-L plastic bottle to moderate irradiation in a laboratory setting. After 12 days, DSi concentration
dropped below 1 uM. On 14 October, the water was transferred from the initial bottle into 15 plastic
containers, 800 mL each; those were placed in orbital shakers PSU-20i (Biosan, Latvia) at a temperature
similar to that at the sampling station: (+20 * 1) °C. Irradiance was set at 65 wmol-m s (photosyn-
thetically active radiation) with a light : dark period of 16 h : 8 h. On 17 October, after three days
of acclimation, the experiment was started. At the beginning, KNO;3 (N) and Na,HPO, (P) were added
into all variants. The starting concentrations were 14 uM for N and 1 uM for P. The N : P ratio was close
to the Redfield ratio (16 : 1). After adding silicate, five variants were set with the following DSi content:
<1, 1.5, 2,3, and 5 uM. There were three replicates of each variant.

Phytoplankton cells were counted on the first and last days. Species were identified in a 0.05-mL
Nageotte counting chamber under a light microscope (Micromed, Russia) with a magnification of 200x.
Taxonomic identification was carried out using the guideline [Identifying Marine Phytoplankton, 1997].
Current names follow AlgaeBase [2026]. Species wet biomass (in mg-m™) was calculated from cell
abundances and cell volumes estimated using best-fit cell geometries [Hillebrand et al., 1999].

Micrographs of S. costatum were taken under a Micromed 3 Alpha microscope equipped with a dig-
ital camera Hayear Real 4K UHD 2K 1080P (China). Scanning electron microscopes Vega 3 (Tescan,
Czech Republic) and KYKY EM6X00 (KYKY Technology Co., Ltd., China) were used to examine
the morphological features of S. costatum. Sizes of threads (length and diameter) were measured based
on electron microscopy images processed in ImagelJ [Schneider et al., 2012].

Fine cell morphology. In scientific literature, there are photos of various Skeletonema species with
threads [Aké Castillo et al., 1995; Sarno et al., 2007]. Single threads have been identified in two Skele-
tonema species from the Sontecomapan Lagoon in the Gulf of Mexico [Aké Castillo et al., 1995]. These
delicate structures can be damaged by acid treatment, which can explain why only a single thread was
observed in each cell. Moreover, these structures are hard for electron microscopy to detect due to their
small diameter, low optical resolution, or aggressive effect of acids during treatment. In field samples
from the Black Sea, S. costatum cells with threads have not been observed (Fig. 1a). However, under our
experimental conditions, threads were formed (Fig. 1b).
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Fig. 1. Skeletonema costatum cell colony: a, in a field sample in April 2022 (photo by A. Fedorov); b,
in an experiment in October 2022. Threads are arrowed. Scale bars are 10 um

Puc. 1. Kononus xierok Skeletonema costatum: a — B Mecte otdopa mpod B ampeie 2022 T.
(poto A. PEmopoma); b — B sKcmepumente B OkTsaOpe 2022 r. HuTm mnokaszaHbl CTpeiKamu.
MacmrabHast muHelika — 10 MKM

S. costatum cells averaged 4-10 um in length and 3-8 um in diameter. S. costatum threads are excep-
tionally delicate, and in most micrographs, they are broken. Therefore, the entire length was measured
in a small number of images. The average length of a thread was (40.3 = 5.3) um (mean value * standard
deviation) (n = 7). In previous studies, threads were approximately 50 um long [Castellvi, 1969; Yamada,
Takano, 1987]. We measured the diameter of threads at various DSi concentrations. The values ranged
0.058 to 0.184 um (Fig. 2), and increased as the DSi content rose. The most significant boost occurred
at DSi of 2 uM and more. It is well known that dissolved silicate is essential for the growth of diatoms.
The range of growth-limiting DSi is wide (from ~0.5 to 94 uM), with a median of 2.2 uM [Martin-
Jézéquel et al., 2000]. According to our experiment, the DSi concentration limiting the growth of S. costa-
tum biomass was 0.98 uM (half-saturation constant). At the same time, twice as high DSi was required
to produce highly silicified threads. Therefore, we assume that the formation of clearly visible threads
can be expected only at a very high DSi content.

0.18

Fig. 2. Changes in the diameter of Skeletonema
costatum threads at different dissolved silicic 0.16
acid (DSi) content in an experiment. Box plots e
show minimum and maximum values, the first =

. S X . L 2 0.14
and third quartiles; the horizontal line inside 5
the rectangle shows the median ‘a"é
Puc. 2. M3menenuss puamerpa HuTe -_g 0.12 7 %I
Skeletonema costatum TIpU PpPa3HBIX KOHIIEH- =
TpPaLMAX PACTBOPEHHOM KPEMHHEBOHN KHCIIO- & 010
ol (DSi) B 3kcnepumente. Ha kopoGuaThbix E
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Ecological significance. The ecological role of S. costarum threads is not clear. However,
based on indirect data, it can be the following. During the experiment, we observed active
development of a tintinnid Eufintinnus Ilusus-undae (Entz, 1885) (see Supplements 1 and 2:
https://marine-biology.ru/mbj/article/view/517). The length of its lorica ranged 160 to 400 um,
and the oral diameter was 45 to 55 pm. This tintinnid can be found regularly throughout
the Black Sea. It dominates microzooplankton during summer and autumn [Gavrilova, Dovgal,
2019], that is, during the study period. In the experiment, its abundance ranged from 0.4 x 10°
to 5 x 10° ind.-L7",

One possible function of threads could be to form a protective barrier that prevents S. costatum cells
from grazing by tintinnids. This assumption is confirmed by the fact that the diameter of S. costatum
with threads exceeds the oral diameter of E. lusus-undae. Therefore, threads can at least prevent tintinnids
from ingesting these diatoms.

In our test, the direct assessment of the protective function of S. costatum threads was impossible
due to different abundance of this species: the value varied by more than an order of magnitude in ex-
perimental variants. Thus, it was (0.87 = 0.01) x 10° cells-L™!, when the DSi content was less than
2 uM, and (27.16 + 0.20) x 10° cells-L™! in variants with DSi > 2 uM. In nature, there is a positive
correlation between the abundance of S. costatum and large tintinnids [Biswas et al., 2012; Jyothibabu
et al., 2006; Sathish et al., 2024]. Such a relationship suggests that in our experiment, higher abun-
dance of tintinnids could be expected in variants with high abundance of S. costatum. However, there
were no significant differences between E. lusus-undae abundance in variants with the DSi concentra-
tion < 2 uM [(2.17 £ 0.6) x 10° ind.-L™'] and the DSi content > 2 uM [(1.67 £ 0.3) x 10° ind.-L71.
This fact confirms the assumption that tintinnids could not easily graze this diatom species
with threads.

Similarly, the growth rate of natural tintinnid populations in the Narragansett Bay significantly
lowered during a summer bloom of various Thalassiosira cells with thin threads [Verity, 1986; Ver-
ity, Villareal, 1986]. Cells of diatoms without these threads were more easily accessible for tintinnids
and supported their more intensive growth.

Another possible ecological role of threads is to enhance the ability to consume nutrients
from the medium and increase cell buoyancy. This suggestion is based on the fact that threads make
the surface of cells larger. In experiments involving Thalassiosira fluviatilis Hustedt, threads increased
the cell surface area by a factor of 2.8. Cells without threads were found to sink 1.7 times faster than
those with threads [Walsby, Xypolyta, 1977]. However, S. costatum threads were extremely thin and in-
creased the surface of cells by only 3%, which does not confirm the significance of this factor. The effect
of threads on cell buoyancy is quite expected. When diatom cells are lysed, they often aggregate into
large flocs, drastically boosting the cell sinking rate [Kigrboe et al., 1994]. Long threads can promote
faster aggregation rates, and this is essential for operating a biological carbon pump in marine ecosys-
tems. The formation of threads in S. costatum was observed in monocultures or in laboratory experiments
where concentrations of mineral elements were high. In nature, this phenomenon can occur under eu-
trophic conditions, as reported for the Mexican Gulf lagoon [Aké Castillo et al., 1995]. The appearance
of cell threads in Skeletonema species in nature is a relatively rare phenomenon, and its ecological role
is still poorly understood.

This research was carried out within the framework of the state research assignment No. FMWE-2024-0023.
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MOP®OJIOTHA KJIETOK IUATOMOBOM BOJIOPOCJIA
SKELETONEMA COSTATUM (GREVILLE) CLEVE, 1873
(BACILLARIOPHYTA: THALASSIOSIRALES)
¥ EE 9KOJIOTHYECKOE 3HAYEHHIE

A. B. JIucpanuyk, A. C. MukazJjisin

Nucturyt okeanonoruu umenu I1. I1. upmosa PAH, Mocksa, Poccuiickas ®eneparms
E-mail: lifanchuk.anna@mail.ru

[NosiBeHre TOHKMX HUTEH y KIETOK Skeletonema spp. sIBNs€TCS OTHOCHUTENBHO PEIKUM U Majlo-
n3y4eHHbIM (peHOMeHOM. BriepBrie B UépHOM Mope uccienoBaHa Skeletonema costatum (Greville)
Cleve, 1873, obpa3yiomas OKpeMHEHHbIE HUTH quameTpoM MeHee 0,2 MKM M AMHOR 10 50 MKM.
[Ipoananu3upoBaHO BIMSHME PA3IMYHBIX KOHLEHTpALUi KpeMHUeBol kuciaoTsl (DSi) Ha Mopdodo-
TUI0 KJIETOK, BBIIBUHYTO TPEIIOIOKEHE 00 SKOIOTMIECKOM 3HAYeHHH 3TOro siBjieHus. [loka3aHo,
YTO U1l 0Opa30BaHMs CHJIbHOOKPEMHEHHBIX HUTEH HeoOxoamma KoHueHTpauus DSi Bbime 2 MKM.
OIHMM U3 9KOJIOTMYECKUX 3HAYEHUH HUTEH MOXET ObITh CO3JaHHe 3aIlMTHOTO Oapbepa, KOTOPHIM
YMEHbIIAeT MoeAaHue KIETOK S. costatum TUHTUHHUAAMU. [[pyroe BeposiTHOE KOJIOTMYECcKOe 3Haue-
HHUE HUTEH 3aKJII0YaeTCsl B TOM, YTO OHM MOTYT CIIOCOOCTBOBATh OOPa30BAHUI0 OTMHUPAIOIIMX KJIETOY-
HBIX arperaToB, YTO Pe3KO YBEJIMYMBAET CKOPOCTh MOTPYKEHUS KJIETOK. DTOT MPOLECC ABJAETCS OJI-
HHM 13 KOMIIOHEHTOB PaOOThI OMOJIOTMYECKOTO YITIEPOAHOIO HACOCa B MOPCKUX IKOCHUCTEMAX.

KiiroueBble cjioBa: KpeMHHEBas KHUCJIOTa, SKOJOTMUYECKOe 3HaueHue, Mopdoinorus, Skeletonema
costatum, HATU
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CYTOYHAA TMHAMUNKA HAKOIIJIEHUA ITIOJINPEHOJIOB
B KJIETKAX FUCUS VESICULOSUS L. 1 ASCOPHYLLUM NODOSUM (L.) LE JOLIS
B ITEPUO /I TITIOJIAPHOTI'O THA HA IIOBEPEZKBE BAPEHIIEBA MOPA
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'Mypmanckuii Mopckoii Guooriueckmii HHCTUTYT Poccuiickoii akaieMuy Hayk,
Mypmanck, Poccuiickaa ®eaepanus
>MypMaHCKHMii apKTHUeCKMiA yHHBepcuTeT, MypmaHck, Poccniickas deneparus
E-mail: alaria@yandex.ru

Tocrynuna B pepakimo 24.10.2024;  nocne gopadotku 14.02.2025;
npuHsTa K myonukanuu 21.11.2025.

[Nomgenossl — rpyrmna BTOPUYHBIX METa0OIUTOB, KOTOPBIE 3aIUINAIOT OPraHu3M OT YJIbTpaduo-
JIETOBOTO M3JIyYeHUsl, YYACTBYIOT B METa0OIM3Me PACTEHHUSI, a TAKXKe 00JI/IAl0T TepareBTHUSCKUMU
cBoricTBamu. M3yueHne qUHAMUKU HAKOILIeHUs! oyimdeHosI0B B Oypbix Bogopocisax (Phaeophyceae:
Fucales) npencraBnser 3HaYMTEIbHBIN UHTEpPEC AJIs MOHMMAaHUS MEXaHW3MOB aJlalTallii 3TUX Op-
TaHU3MOB K U3MEHSIONIUMCS YCJIOBUSIM cpeibl. Llenb paGoThl — BBHISIBUTH CYTOUHBIE U3MEHEHHSI CO-
nepxanus nonvgeronoB B Fucus vesiculosus Linnaeus u Ascophyllum nodosum (Linnaeus) Le Jolis,
npor3pacramyx Ha nodepexbe bapeHiieBa Mops, MpoaHAIM3HPOBATh 3aBUCUMOCTh MX HAKOILIe-
HUSI OT OCBEIIEHHOCTH M TEMIIepaTyphl, a TaKkKe ONpele/ITh POJib SHAOTCHHBIX PUTMOB U BHEII-
HUX (pakTOpOB B peryiisaiuu meradoim3ma moiudeHONIOB B KieTkax. MccienoBaHue MpOBEIeHO
B miosie 2022 u 2023 rr. Ha noGepexbe bBapeHneBa Mops (Kak B €CTECTBEHHOM cpejle, TaKk U B Jia-
GoparopHbIX ycioBusiX). st aHanmM3a conepkaHus NMOMUGBEHONOB MPUMEHEH CHEKTPOPOTOMETPH-
yecknid Meto PonmmHa — Yokantey. [lokazana 3HaUMTENbHAS CyTOYHAS OMHAMHKA MOIHA(EHOIOB.
OCHOBHBIE U3MEHEHHUsI CO/IEPKaHUS BEIIECTB MPOUCXOIAT B €CTECTBEHHBIX YCIOBUSX — B JHEBHOE
BpeMs ¥ B TIEpHO]I OTIIMBA, MPY OCYIICHUH TaUIOMOB. Bo BpeMs MpuimBa, KOrja TayIoMbl HaXO/ISIT-
Cs B MOTPYKEHHOM COCTOSTHMM, KOHIEHTpals nosvdeHonoB He uaMensercs. ConepxaHue TMOJd-
(peHOJIOB 3aBHCUT OT COUETAHHOTO BO3JEHCTBUS YPOBHS OCBEIEHHOCTH, TEMIIEPATYPhl U YepeloBa-
HUS TIEPHOJIOB MOTPYXKEHUsI U OCYIIeHUs. B 1abopaTOpHBIX YCIOBHMSIX CYTOUHBIA PUTM M3MEHEHHMSI
KOHLIEHTPAIIMH MOJM(EHOJIOB HE COXPAHAETCS, YTO MOXET CBHICTENLCTBOBATh O CHMKEHHOW POJIH
SHJIOTEHHBIX PUTMOB M O TJIABEHCTBYIOIEH posii (paKTOPOB BHEITHEW Cpelbl B PEryJisillid CHHTE-
3a nosmdeHo10B. [loyyeHHble TaHHBIE PACIIUPSIOT 3HAHUSA O (PU3HOJIOrO-OMOXUMIUYECKIX OCOOEH-
HOCTSIX (DYKYCOBBIX BOJOPOCJICH apKTUYECKOW 30HBI, a TAKXKe O MEeXaHW3Max aJanTalid pPacTeHun
K MPOU3PACTAHUIO B MPUIIMBHO-OTIIMBHON 30HE MOpei. Pe3yibTaThl ucclie[oBaHKUsI MOKHO UCIIONB30-
BaTh MpU pa3pabOTKe TEXHOJIOTUH aKBaKyJIbTYphl BOAOPOCEH ISl MOJTYyUESHUS CHIPbSI C 3aJaHHBIMU
CBOWCTBaMH.

KuroueBbie ciaoBa: momudeHonsl, Fucales, Temmneparypa, OCBEMIEHHOCTb, MPUIUBHO-OTIMBHBIN
VKT, TIOJISIPHBINA JIeHb, BapeHrieBo Mope

Marine Biological Journal
2026, Tom 11, Ne 1, ¢. 57-69
https://marine-biology.ru/mbj/article/view/514

[MonmmdeHos b — BTOpUYHBIE METa0OIUTH Pa3HBIX TPy Bojgopociei [Mezghani et al., 2016], ko-

TOpPbIE BBIIOJHSIOT IUMPOKUI CHEKTP (PYHKIMIA B PAaCTUTEILHOM OpraHusme, oT (hOpMUPOBAHUS KJie-
TOYHBIX CTEHOK M 3aIllUTHl OT M30BITKA yibTpadmuonera [Arnold, Targett, 1998, 2000; Pavia, Toth,
2000; Schoenwaelder, 2002; Schoenwaelder, Clayton, 1999; Steinberg, 1988, 1995; Van Alstyne et al.,
1999] no ydacTus B mpoiieccax pereHepalyy NoBpekIEHHBIX yUaCTKOB Tajuioma [Peikuk, @ucak, 2018]
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1 B (hOPMHPOBAHMK MEXaHU3MOB 3allUTHI OT MoeAaHus ruapodruonTamu [Dubois, Tken, 2012]. Hanbo-
Jiee pacrpoCTPaHEHHOMW TPYIION MOIUGMEHOIOB y OYPBIX BOJOPOCTIEH SBISIOTCS (DIOPOTAHHUHBI, U 3a-
YacTyIO B JIUTeparype rno OypbIM BOAOPOCIISIM STU JIBa TEPMUHA UCTIONB3YIOTCSI KaK CMHOHUMBI [Arnold,
Targett, 1998; Jormalainen et al., 2003]. B kji1eTkax OHM HaxXOASITCS KaK B CBSI3aHHOM BUJE (BXOJSAT
B COCTaB KJIETOYHBIX CTEHOK), TaK U B pacTBOpUMOM. PacTBopumble nommgeHo b cogepxarcs B puzo-
JaX — CHeNUaIbHBIX CTPYKTYpaX, XapaKTepHBIX TOJBKO ISl OYPBIX BOJOPOCIIEH, KOTOPHIE B TAJLIIOME
JIOKQJIM3YIOTCS, KaK IIPABUJIO, B KOPOBOM M MPOMEKYTOUHOM CJI0sX KJIeTok [Schoenwaelder, 2002].

CoznepxaHue MoIU(EHOJOB B MOPCKMX BOJOPOCISAX OMNpeAeNsieTcsl BHYTPEHHUMHU U BHEIIHU-
mu akropamu [Reboleira et al., 2021]. K BHyTpeHHMM OTHOCAT IHpOLECCH XW3HEHHOIO LIMK-
na [Van Alstyne et al., 2001], B ToM uuciie penpoaykuuio Bojgopociieit [Ragan, Jensen, 1978]. Takxke
K BHYTPEHHUM (pakTOpaM MPUUUCISIOT JIOKAIM3AlMI0 yYacTKa M BO3pacT TKaHu/Tajuioma [Pedersen,
1984]. Hemano paboT MOCBAIIEHO aHATM3Y BJIMSHIS HA HAKOIUICHNE NOIM(EHOJIOB pa3/INuHbIX BHEII-
HUX (paKTOPOB, HAIIPUMEP U3YUYEHHUIO BO3/ieNCcTBUA cosléHocTH [Ragan, Glombitza, 1986], noctynHoctr
ouoreHHsIx ameMeHTOB [Peckol et al., 1996] u Beienanus purodaramu [Pavia et al., 1997].

J1s1 BogoOpociel yCTaHOBJIEHO HAJMYME CE30HHBIX M CYTOUHBIX KOJEOAHWH pa3invHbIX (PYHK-
LIMOHAIBHBIX IOKa3aTesel, K MpuMepy (PU3MOJIOTMUECKOM AaKTUBHOCTH, a TaKke coaep:kaHus ¢o-
TOCUHTETUYECKUX MMUTMEHTOB U MONM(EHONOB. DT M3MEHEHHs IMO3BOJISIOT MakpoguTaM YycCriel-
HO CYIIECTBOBAaTh B pa3HbIX YCJOBHSX Cpelbl M COXPaHATh KM3HECHocOOHOCTh. Ce30HHas OuHa-
MHKa HaKOIUIEHUs] MOJM(EHOJIOB 3aBUCUT KaK OT BUJIOBOH CNElM(PUUHOCTH, TaK U OT KJIMMaTUye-
CKHUX OCOOEHHOCTeH pervioHa mpowuspactanus [Peokuk, ®ucak, 2018; Tkau, O6nyuunckas, 2017;
Connan, 2004; Connan et al., 2006; Jennings, Steinberg, 1997]. CyTouHble pUTMBI HE MEHee Baxk-
HBI, OCOOEHHO IS BOJOPOCIIEH MPUIMBHO-OTJIMBHOW 30HBI (BCJEICTBHE HECTAOMJIBHOCTH (PaKTo-
POB Takoil cpenpl). biarogaps B3aMMOJENCTBUIO SHIOT€HHBIX PUTMOB U MEXaHM3MOB, OTBEYAIOIINX
3a (popMupoBaHUe OBICTPBIX PEAKLIMil OpraHM3Ma Ha U3MEHEHHU sl BHEIIHUX YCJIOBUM, MOIEPKUBAETCS
rOMEeOCTa3.

Ha ce3onHble pUTMBI y Makpo(UTOB BbISIBJIEHbl YETKO BbIpake€HHbIE (POTOMEPUOJUYECKUE PEaK-
[IUU, KOTOPbIE TIPOSIBIISIIOTCS B U3MEHEHUU (PU3MOIOTMYECKONW aKTUBHOCTU M B HAKOIUIEHUM TeX WUJIU
WHBIX BEIIECTB, YYACTBYIOIINX B TIOBHIIIEHUH YCTOMUMBOCTU (HATIPUMeEP, K X0J10/1y). CyTOUHBIE peaKkIiuu
IIPY 9TOM UCCJIEIOBaHBl MEHee JieTayibHO. PaHee Obula yCTaHOBJIGHA CYTOUHAs TMHAMHUKA MeTa0o de-
CKOU aKTUBHOCTU, aKTUBHOCTU (DEPMEHTOB aHTMOKCUIAHTHOM CUCTEMBbI, HAKOILJIEHUsI CBOOOTHBIX aMU-
HOKUCJIOT Y NMOJU(EHOJIOB, PUTMOB JIeJIeHus, cioporene3a u T. . [Connan et al., 2004; Klindukh et al.,
2023; Ryzhik, 2016]. OgHako ocTaé€Tcst OTKPBITHIM BOIPOC: IPUYMHA STUX U3MEHEHUN OIpelesisieTcs
SH/IOTEHHBIMU PUTMAMU WM PEeaKIMel Ha BapbUpPOBaHME CUJIBI BO3AeUCTBUs (haktopa? M3yueHue nu-
HaMHKU HAaKOILICHHsI TIOJTM()EHOJIOB B TEUSHHE OIHUX CYTOK M O0JIiee MO3BOJISET BBISIBUTH OCOOEHHOCTH
KOJIeOaHUs1 X KOHIIEHTPAIIMK U aCTIeKThl PETryJISILIUY TOTO TMpoliecca (B YaCTHOCTH, POJIb SHAOTEHHBIX
PUTMOB), 2 OTOOP MaKpO(UTOB U3 OAHOUN TOUKU CHIKAET BIMSIHUE JTOKATbHBIX YCJIOBUI MecTa MPou3-
pactanusi. Mbl ojiyyaemM BO3MOKHOCTb CPABHUTH CBOM PE3YJIbTATHI C JAHHBIMU aHAJIOTUYHBIX UCCIIEA0-
BaHUM, BHIITOJIHEHHBIX JJISI IPYTMX PETMOHOB, UYTO TIOMOTAET BBISIBUTh YHUBEPCAIBHBIN XapaKTep ITUX
n3MeHeHui. [loHnMaHne MexaHM3MOB, KOTOPBIE CIIOCOOCTBYIOT MPOU3PACTAHUI0O MOPCKHUX BOJIOPOCIIEN
B MPWIMBHO-OTIMBHOM 30HE, paclIMpseT MPEJICTaBICHUs 00 SBOJIOIMHU MOMYJISAIMA MOPCKUX MaKpo-
(puTOB B YACTHOCTH M OMOIIEHO30B B 11€JI0M B M3MEHSIONINXCS KIMMaTUUecKuX ycnoBusx [Abdala-Diaz
et al., 2006; Connan et al., 2004].

Lless paOGOTHI — BBISIBUTH CYTOUYHBIE W3MEHEHMS CO/EpKaHUs MOJM(EHOJOB B KieTKax Fucus
vesiculosus Linnaeus, 1753 u Ascophyllum nodosum (Linnaeus) Le Jolis, 1863 (Phaeophyceae: Fucales),
MPOM3paCTAIIMX Ha ToOepexbe bapeHrieBa Mopsi, MPoaHAIM3UPOBATh 3aBUCIMOCTb MX HAKOILJICHUSI
OT OCBEIIEHHOCTH U TeMIIEpaTyphbl, a TAKkKe OMPeaeIUTh POJb SHIOTEHHBIX PUTMOB U BHEITHUX (DaKTO-
POB B peryJisiiiui MeTadoImM3Ma MoauceHOIOB B OYphIX BOJAOPOCTISX.
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[MonyveHHble TaHHBIE PACHIMPAT MOHMMAHWE MPOLIECCOB PEryJIMpPOBaHKsA METadoM3Ma U ero 3a-
BUCHUMOCTH OT BHYTPEHHUX M BHEIIHUX (DAKTOPOB, a TaKke OYAyT COCOOCTBOBATH BBISBJICHHIO MeXa-
HU3MOB (POPMUPOBAHMS AJANTAIIMM BOJOPOCIEH K yCIOBUSM OOWTaHMS B MPUIMBHO-OTIMBHOMN 30HE.
[MockobKy mougeHoIB 001a1a10T AaHTUOKCHIAHTHOM, POTUBOBUPYCHOM M IPOTUBOBOCHATIUTEIBHON
AKTUBHOCTBIO U UCIIOJIL3YIOTCS B COCTaBE JICUeOHBIX U MPOPUIAKTHUECKUX CPEJICTB B MUIIIEBOU U hap-
MaKOJIOTHYECKOW TIPOMBIIIEHHOCTH, HEOOXOMMO MCCIIEIOBATh OCHOBHBIE aCTIeKThl HAKOTUICHUS STHUX
BEILECTB — CYTOUYHYIO AMHAMUKY, BJIUsIHUE (DAKTOPOB Cpefpbl U T. A. [borommipH u 1p., 2018; Aminina
et al., 2020]. Pe3ynbraTl MOTYT ObITH IPUMEHEHBI ISl TIOJYYEHHUsI ChIpbsl ¢ HauboJsiee IIEHHBIM CO-
CTaBOM IMyTEM KOPPEKTHPOBAHUS TIEpUOAa U BPEMEeHU N0OBIYM MaKpO(pUTOB, a TAKKe UCIIOJIL30BAHbI
Npy pa3padOTKe TEXHOJIOTUH BHIPALIIMBAHUS BOJAOPOCIIEH.

MATEPHAJI 1 METO/1bI

OT160p BoAOpOCIIEl OCYIIECTBIISUIN HA MypMaHCKOM rodepexbe bapeHiieBa Mops B pailoHe MOCENKa
Hansaue 3enenusl (68°97 ¢. mi., 33°08 B. 4.) B uroie 2022 u 2023 rr. Mccnenosaiu anuKaabHbIE 4aCTH
tasuoma F. vesiculosus n A. nodosum.

W nenTrdukanuio BUA0B IPOBOJWIN aBTOPHI CTATHH C UCIIOJIb30BAaHUEM I10JIEBOTO aTiaca [Pactenus
u Jmmainnuky, 2016].

B 1aGopaTopHbIX yCIOBHSIX OYMIIATH TAJUIOMBI OT SMTU(UTOB; OTPE3asIi AIMKAJIBHYIO YaCTh TAJUIOMA
IIMHOM He 6oJiee 1 cM. PHKcaIUo IPOBOAMIIN KUIKUM a30TOM B TeueHue 10 MuH nocie otdopa mpoo.

[lpn mnpoBeneHMM ucCreNOBaHWSI ObLIO TIOCTAaBIEHO YEThIpe BapWaHTa JKCIEPUMEHTa
IU1s1 U3MEPEHN 1 KOHLIEHTPALMY MOJM(pEeHON0B B KieTkax F. vesiculosus u A. nodosum.

Fucus vesiculosus. BapnanT 1: c6op Bogopocieil Ha JIMTOPaI MPOBOAWIN Kak/Ible 2 4 B T€YEHUE
24 4 (c 14 o 15 wutons 2022 r.). BapuanT 2: c6op Bogopocsei Ha JUTOPAIM OCYLIECTBIISIN Kax/Ible
2 4 B Teuenue 12 4 (6 utong 2023 r.). [uka orbopa: npuavB — omuB — npuive. Bapuant 3: coop
BOJIOPOCJIEH Ha JIMTOPAJIM MPOBOIIIN Kaxabie 2 4 B TeueHue 12 u (13 wmons 2023 r.). Hukn ordopa:
OTVIMB — IPWINUB — OTJIUB.

JL71s1 BBISIBJIEHHSI OCOOEHHOCTEH HAKOTUIEHH S TTOJI(EHOIIOB B CTAOMIIbHBIX YCTIOBUSX TIPEABAPUTEb-
HO aKKJIMMUPOBAHHBIE B TeYeHHE 3 CYT BOAOPOC/IM OTOM P IO cxeMe BapuaHToB 2 u 3. JlabopaTopHble
ycoBUsl ObUIM CIIETYIOUIMMU: TEPMOCTATUPOBAHHOE NIoMeleHue, oronepron 24 4 : 0 4 (CBeT : TeM-
HOTa), Temnepatypa Bojabl +10 °C, temneparypa Bo3zayxa +8 °C, ocBeIEHHOCTh ((POTOCUHTETUYECKU
akTuBHas paguanus) 1200 MMOJIb-M~2-¢” !, mocTostHHOE NEPEMENIMBAHME BOJbI. DTA YaCTh IKCIEPU-
MEHTa BbINOJHEHA C LEJIbI0 OINPEIeIUTh SHJOTCHHbIE PUTMBI PEryJIALMUA HAKOIUIEHUs MOJU(EHO0IIOB
Y BbISIBUTH BJIMSIHUE TEMIIEPATYPhl U YPOBHS OCBELIEHHOCTH Ha COJIEpKaHUe STUX BELIECTB.

Ascophyllum nodosum. Cxema BapuaHTa 4 aHaJorMyHa TakOBOM BapHvaHTa 2: cOOp BOJOpOCen
OCYIIECTBJISUIM Kaskaple 2 4 B TeyeHue 12 9 (12 mions 2023 r.). Luka or6opa: OTIMB — MPUIUB —
omuB. B a3TOM BapuanTe cpaBHeHHe ¢ MaKpo(UTaMu B JaOOPATOPUM HE TIPOBOIMIIH.

B momeHT ot6opa mpod (Kaxaple 2 9) U3MepsUTd yPOBEeHb OCBEHMIEHHOCTH C TOMOIIBI0 KBAHTO-
Boro paguomertpa/poromerpa LI-185 (LI-COR Biosciences, CIIIA). ®ukcupoBanu a3y NpuIvBHO-
OTIMBHOTO HUKJA (MO TabiaMIaM NpWiIMBa — OTIMBA, PACCYMTAHHBIM B OECIUIATHOW IpOrpam-
me WXTide32, https://www.wxtide32.com/download.html). Temneparypy cpeapl, B KOTOPOH HaXOOM-
JIUCh BOAOPOCIM (BO BpeMs MPWIMBA — TEMIIEPATYpY BOJbI; BO BpEMS OTJIMBA — TEMIIEPATYpy BO3-
ayxa), u3Mepsuid ¢ nomouiplo prytHoro tepmomerpa TJI-4 (Poccus) (TY 25-2021.003-88). Takxke
OTMEYaJI HAINIKe 00JTaYHOCTH.

Conepxanue 1oaugeHoJI0B ONpeIesisuii B KJIeTKaX alvKaJIbHOM YacTy TaJUIOMa MO CTaHJIaPTHOMY
metony Pomna — Yokanrey [Jormalainen et al., 2003; Koivikko et al., 2005].

[NpenBaputenbHO MPoOB M3MeENbYaId B (papdopoBOil CTYNKE C MCHOJb30BAHUEM KMAKOTO a30-
Ta. DKCTPaKIMIO MpoBoAWIM 3 paza 96%-HbiM 3TaHonoM. [1poOsl nentpudyruposamu npu 12000 g
B Teyenue 10 muH. CynepHaTaHThl OObEeIUHSIIH.
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Jns ipoBeenust peakiyu 1,0 MiT aIMKBOTHI 0Opasiia cMermuBay B ipooupke ¢ 1,0 mut 1H pearenra
®onuna — Yokanrey (PanReac AppliChem, Muausi). Cmech Beiep:KUBaIM 3 MUH, TIOCJIE Yero 00aB-
ssum 2,0 mut HaceleHHoro pactBopa Na,CO;. O0pasibl MHKyOMpOBaad B TEMHOTE IIPU KOMHATHOM
temnieparype 1 4 u nentpudyruposanu 8 muH (1600 g), 3aTeM U3MepsUIM NOMIOIEHUE CylIepHATaHTa
npu 730 uMm Ha cnektpodoromerpe [19-5400BU («Dkpocxum», Poccus).

Pacu€r mpowsBomwim 1O KAIMOPOBOYHOM KPHBOH, TOCTPOEHHONH TIO  (hJIOPOTTIONUHY
(1,3,5-trihydroxybenzene, Sigma, Saint Quentin Fallavier, ®panmus). OOimee coaepkaHue TOJH-
(peHos0B onpenesnsv Ha 1 T cyxor Macchl BOJOPOCIIEH.

W3mepeHust MpOBOAUIIN B TPEX OMOJIOTMYECKUX U AaHATUTUYECKUX MTOBTOPHOCTSIX.

Jl1s1 onpeneneHus coAepKaHus CyXoro BelllecTBa B Mpodax BOJOPOCIeN anMKalbHblE YacTH CJIOe-
BUI1IA [10CJIE Y/1aJIEHUS C IOBEPXHOCTH KalleJIbHOM Bjlaru B3pemrBaiy Ha Becax BJIT-310 («['ocmerp»,
Poccust) (tounocts 0,001 r), BeicymuBamu B cymmibHoM mikady C-80-01 CITY (Poccus) B TeueHue
24 4 1o nocrosiHHOro Beca npu +105 °C u noBTopHO B3BelMBaIU. OTHOCUTEIBHOE COJIEPKAHUE CYXOTO
BEILIECTBA OMNpeesIsIi KaK COOTHOLIEHHE CYyXOW Macchl 00pasia K ChIPOil.

Jl1s1 BBIsIBIEHMsT (DaKTOPOB BHEIIIHEH Cpejibl, CIOCOOHBIX OKa3aTh BO3JEHCTBHE HA COJlepKaHue MOo-
JM(EHOJIOB, POBOAUIM OJHO(AKTOPHBIN aucniepcuoHHblil aHamm3 (ANOVA). Tlo pesyabraTam auc-
NIEPCUOHHOIO aHaJIM3a MEkAy (pakTopaMu M coAepKaHUEM MOIU(EHOIOB ONpeesIA HAJTMUUE KOp-
PEJISIIIMOHHON CBSI3U C UCHOJIb30BAaHUEM KoppessiuoHHoro koagduimenta Crimpmena (p < 0,05).
Craructryeckyo 0o0paboTKy maHHbIX npooawm B MS Office Excel 2010 u NCSS 11 Statistical
Software (NCSS, LLC, https://statsoftstatistica.ru/).

PE3VJIbTATbBI

B BapuanTe 1 onpezaensiiu cyTouHylo AMHAMUKY nojudeHonoB F. vesiculosus. MeTteoposoruue-
CKHMe ycioBus ObUmi crenyionmMu. HaOmoneHus: mpoBOAMIM B MEPUOA MOJSPHOTO JHS; OCBEIIEH-
HOCTb M3MeHsach B npejenax 20—1600 mmons-m—2-¢~!, [IpenMyIiecTBEHHO Torofa OblIa COTHEYHOM
1 sicHoM; B niepuo m3mepenus ¢ 13:00 go 15:00 HacTynmia nepeMeHHast 00J1a4HOCTb.

TemniepaTypa Bo3lyxa B THEBHOE BpeMsl U3MEHsLIAChH B ripeesiax +15...4+27,8 °C, B HOUHbIE YaCchl —
+10...+12 °C. Temnepatypa nosepxHoctHoro ciost Boasl (10-15 cm) B TedyeHue CyTok cocTaBiisiia
+10...+11 °C.

Con€HocTh BOIBI B IEPUO], IPUJIMBA, KOTJA PACTEHUSI HAXOJWINCh B IIOTPYKEHHOM COCTOSTHUU, —
35 %o.

AHanmu3 cojepxkaHus NOAUQEHOIOB B TeueHue 24 4 BbISIBUJ HAJIUYME OJHOBEPIIMHHOW KPUBOW,
K Kotopoit npuxoautcs Ha 17:00. Konnentparws noaudeHoI0B CHUKAETCsS B HOYHbIC Yachl U TIPaK-
TUYECKU HE U3MEHSIEeTCs Ha MPOTSKEeHUHU 3TOr0 BpeMeHH CyToK (puc. 1).

B Bapumantax 2-4 mnpoBoAWIM H3MEpeHHe KOHIEHTpaluu MonaudgeHoNoB y F. vesiculosus
u A. nodosum B TeueHue 12 4 B pa3Hble MEPHOAbl MPWIUBHO-OTIMBHOTO IMKIA (MPUIMB — OT-
JIMB — NPWIMB U OTIMB — NPWIMB — OTIMB). B cityuae ¢ F. vesiculosus napanjenbHO aHaIU3UPO-
BAJIM PACTEHMsI, MPEeIBAPUTEILHO IOMEIIEHHBIE B JJAOOPATOPHIO /IS BHISIBIIEHHS SHIOTEHHBIX PUTMOB
B [IOCTOSIHHBIX YCJIOBUSIX.

MeTteoposioruueckue yciioBus B BapuaHTax 2 u 3 (F. vesiculosus) imenan HeKoTopble pa3ianuus. Tak,
OCBEIEHHOCTD 6 MIoJIs (BapuaHT 2) U3MeHsIach B rpejenax ot 60 g0 500 mvons-M~2-c~!. Temnepaty-
pa cpelpl, B KOTOpOW HaXOJUIMCh BOAOPOCIH, cocTaBisiia +8,2...49,0 °C. [lorona Opl1a nacMypHOIi;
BO BTOPOW MOJIOBHHE JIHS MEPUOANYECKU ObUT MOPOCh U TyMaH. YcioBus 13 uions (BapuaHT 3) oKa-
3auch Hanbosnee BapuabenbHeIMU. OCBEIEHHOCTh cocTasa ot 100 1o 1800 mmons-m~2-¢~!. Tem-
nepaTypa Takke U3MeHsIach JOBOJbHO CUIbHO — OT +17,1 °C nuém 1o +9,8 °C B BeuepHee Bpemsl.
Ha nporsixeHnn Bcero JHs HaOJ0Aaach epeMeHHasi 00JIauHOCTh. YCIIOBUSI BO BpeMsi 0TOOpa Mmpod
A. nodosum ObLIH CHEOYIONIMMU: SICHAs, COJTHEYHAsI moroa, ocseméHnocts 300—1700 MMOJIb-M~2-c~ !,
Temrieparypa B quanasone +13,1...422.5 °C.
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Copepsxarse MomideHONOE, MI/T CYX Beca
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Puc. 1. Bmenenne koHneHTparyn noividenonoB (1) B kixetkax Fucus vesiculosus v ypOBHSI OCBEIIEH-
HoctH (2) B TeueHue 24-4acoBoro HaOmoneHus. [IpsMOYroisHUKOM BHIIEJIeH MepUo]| MPUKBa, KOTAa
BOJIOPOCII HAXOJIATCS B BOJIE

Fig. 1. Dynamics of polyphenol accumulation (1) in Fucus vesiculosus cells and illuminance (2) within 24 h
of observation. The rectangle marks the high tide period when the alga is submerged

AHamm3 KojeOaHusl copepkaHus TOMM(EHONIOB B paMKaxX IEPBOrO MOJYCYTOYHOTO SKCIepH-
MEHTa (BapuaHT 2) MOKa3aJl YBEJIMYEHHE 3HAUEHUs] NpPHU Mepexolie B BO3AYIIHYIO cpeay (MUK
B 11:00). B nanpHeriemM BHISIBICHO ABYKPaTHOE CHUKEHUE KOHIIEHTpaluu MetabosutoB — ¢ 16,59
mo 7,71 mrr~! cyxoro Beca B mepuwos ocymeHus. MX cojep:KaHHMe IIpH BTOPOM IOTpYKEHHH
CPaBHUBAETCA CO 3HAYEHUSMM, OTMEYEHHBIMU 15 niepBoy Touku (9:00) (puc. 2A).
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Puc. 2. VI3MeHeHNe KOHIEHTpaly NoiugeHOOB B KJIETKax BOAOPOCed B TeueHue 12-yacoBoro Haomo-
nenusi: A — Fucus vesiculosus (Bapuanrt 2, 06.07.2023); B — F. vesiculosus (Bapuant 3, 13.07.2023); C —
Ascophyllum nodosum (Bapuant 4, 12.07.2023). 1 — KoHIeHTpaIws MoauceHOJOB Y BOAOPOCIEH B ecTe-
CTBEHHBIX YCJIOBUSIX; 2 — KOHIIEHTpAIMs MOJU(EHONIOB Y BOJOPOCHIEH B TAOOPATOPHBIX YCIIOBHSX; 3 —
M3MEHEeHHe YPOBHS OCBEIIEHHOCTH. [IpAMOYTOIbHUKOM BhIZIEIEH TIEpHO/ MPIJIMBA, KOT/Ia BOJOPOCIH HaXO0-
ISITCS B BOJIE

Fig. 2. Dynamics of polyphenol accumulation in algal cells within 12 h of observation: A, Fucus vesiculo-
sus (variant 2, 06.07.2023); B, F. vesiculosus (variant 3, 13.07.2023); C, Ascophyllum nodosum (variant 4,
12.07.2023). 1, polyphenol accumulation in the algae under natural conditions; 2, polyphenol accumulation
in the algae in a laboratory; 3, dynamics of illuminance. The rectangle marks the high tide period when
the alga is submerged
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Bo BTOpOM 10JTyCYyTOUHOM 9KCTIEpUMEHTE (BApUaHT 3, OTVIMB — MPUJIUB — OTJIMB) (puc. 2B) B nepu-
0J1 OT/IMBA BBISIBJIEH OJMH MUK KOHUEHTpauuu nosardgeHoso (15:00); 310 noBeleHre mporu301uIo no-
CJle 3HAUMTEIbHOTO YBeInueHus ocBeiéHHOCTH. K MoMeHnTy Hactymenus npuiva (17:00) otmedeHo
YMeHbIIEHHe cofiepkaHus nomdeHosos a0 11,68 mr-r~! cyxoii Macchl.

Jlns1 cpaBHEHHS POAHAIM3UPOBAHBI OCOOCHHOCTH HAKOTUICHHS MOJIM(EHOJIOB y POACTBEHHOTO BU-
na A. nodosum, OOUTAIOIIETO B TOW ke 30He JmTopanu (BapuaHT 4) (puc. 2C). [Ins Hero 3a mepuos
HaOJTIOICHUH BbIJIEJIEH OJIMH MUK KOHIIEHTPAIUU METa00IUTOB, KOTOPBIH MPUXOIUTCS Ha JIHEBHOE Bpe-
M3 ¥ niepuof] ocyiienus. K MomMeHTy npuinBa 3a(pMKCUPOBAHO CHIKEHUE COZIEPKaHUS MOJIM(EHOIIOB
10 11,90 mr-r~! cyxoii macchl (puc. 2C). ITpr HaxokIEHAM BOAOPOCIIEH B HOrPyKEHHOM COCTOSHMH KOH-
HEHTpaIMs METa0OIUTOB MPAKTUIECKU He M3MeHsUIach HU Y F. vesiculosus, Hn'y A. nodosum; 3HaYeHUs
Haxoauuch B auanazone 10,00—-12,00 mr-r~! CyXOW MacCHhI.

B 1aGopatopHbIX yCIOBHSIX coiepkaHKe MOUGEHOIOB B KJIETKaX ObUIO IOCTOSIHHBIM B TEUSHHE BCe-
ro nepuosa Habmopaenuit (puc. 2A, B). CpeHsis KOHIIEHTpaIs y BOAOPOCe, HaXOIAIUXCS B BOJIE,
cocrapisuia 11,23 mrr! CyXOl Macchl (MUHMMaJIbHOE 3HaYeHne — 9,93 M CyXOW MacChl; MaKCH-
ManbHOe — 13,34).

AHaym3 mokaszai, 4to B OOJIbIIel CTEeTIeHH ColepKaHue MOJM(MEHOJIOB OnpeesseTcsl BIUSHUEM
TakuX (paKTOpPOB, KaK TemrepaTypa M OCBEIEHHOCTh. Tak, MAaKCUMyM MX HAKOIUICHUS] TTPUXOIUTCS
Ha TIePUO/] CAaMbIX BBICOKMX 3HAYEHUI TEMIepaTypbl U OCBEIIEHHOCTH 3a JiIeHb. B CyTOUHOM 3Kcriepu-
MeHTe ¢ F. vesiculosus BbIsIBIIEHbI CUJIbHBIE Koppessiuu (p > 0,025) B TeueHue JHSA U HOUYM 111 000UX
(axTopos (Tadm. 1).

Tadmmma 1. KoppemsunoHHBIN aHANIN3 3aBUCUMOCTEH MeXy Pa3IMYHbIMU (DAaKTOpaMy CpPebl U coaepiKa-
HUeM (beHOJBHBIX coenuHeHuid B Fucus vesiculosus u Ascophyllum nodosum nio metomy Criupmana

Table 1. Spearman’s correlation analysis of relationships between various environmental factors
and the content of phenolic compounds in Fucus vesiculosus and Ascophyllum nodosum
dakrop
Vcnosusa Temmnepatypa .. [TpnnMBHO-OTIIMBHBINA
cpem OcBenEHHOCTh i
F. vesiculosus (24 4, BapuaHr 1) 0,7%* 0,66** -0,42
F. vesiculosus (12 4, BapuaHrt 2) -0,51 0,72* -0,42
F. vesiculosus (12 4, Bapuanr 3) 0,1 0,1 -0,41
A. nodosum (12 4, BapuaHT 4) 0,75% 0,41 -0,2

IMpumeuanue: * — p > 0,05; ** — p > 0,025 (cTaTUCTUYECKW 3HAYNMbIC BEJTMUNHBI).
Note: *, p > 0.05; **, p > 0.025 (statistically significant values).

Anamu3 12-4acoBbIX M3MEPEHUH MMOKa3al HaJluuue B BapuaHTe 2 cpeiHell oOpaTHOW CBSI3U CO-
AepkaHus NOJU(EHOJIOB C TEMIIEPATYpPOW U BBICOKOM — C OCBELIEHHOCTBbIO. B BapuanTe 3 naHHas
KOPpPEJISLIMOHHAS CBSA3b HE BbISIBJICHA.

B03MOXHON MPUYMHON MOJyYeHUs] TAKMX PE3yJIbTAaTOB MOTYT OBITh Pa3Hble TMOTOAHBIE YCJIOBUSI.
IIpy cyTOYHOM M3MEPEHUM 3aPETUCTPUPOBAHO NOCJIEA0BATEIBHOE MOBHIIEHNE KaK TEMIIEPATYPBl, TaK
1 ocBeIEHHOCTHU. [ToroHele yciioBus B BapraHTe 2 XapaKTepU30BaIUCh IPAKTUUECKH CTAOMIILHOM TEM-
NepaTypou cpensl, U Ha F. vesiculosus TPEMMYILIECTBEHHO BO3AEUCTBOBAJIO U3MEHEHUE YPOBHS OCBE-
meéHHocTr. OOpaTHast CUTyalusl BbisIBIIeHA sl A. nodosum: OCBEIIEHHOCTh U3MEHSIACh B MEHbIIIEH
CTerneHH, YeM Temriepatypa. OTCyTCTBHE KOPPEJISIY PH U3MEPEHUSX B BApUAaHTE 3 MOXKET ObITh 00b-
SICHEHO HAJIMYKMEM B Tepro]] 0Toopa mpod NepeMeHHON 00JIAYHOCTY Ha TIPOTSDKEHUM JHS, U3-32 Yero
OBLIO CIIOKHEE YJIOBUTH CBS3b MEXK/1y TMHAMUKON OMMU(EHOJIOB U (haKTopamu cpejibl. Bo3MoxHO, KOH-
LIEHTpaLYs NOJIA(PEHOJIOB 3aBUCENA OT KOMILIEKCA (PaKTOPOB (OT UX COUYETAHUSA U CUJIbI BO3JECUCTBUSA
Ka)XJI0ro U3 HUX).
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OBCYKIEHUE

[TpoBenEHHOE B €CTECTBEHHBIX YCJIOBHSX UCCIISOBAHUE BHISIBUIIO 3HAUMTEILHBIE CYTOUHBIE KOJTeOa-
HUS coJiepKaHus MOMU(EHONOB y IByX BUAOB Oypbix Bopopocieit — F. vesiculosus u A. nodosum —
B MIEpUO/] MOJIIPHOTO THS Ha nodepexbe bapeHiieBa Mopsi.

Jnst 060MX BUAOB in sifu MOKa3aHO, YTO OCHOBHBIE U3MEHEHUsI KOHIIEHTpAIUU Moau(eHOIOB Mpo-
UCXOJAT B JHEBHBIE Yachl B Nepuoj omiMBa. B mepuon npuivBa, HE3aBUCUMO OT BPEMEHM €ro Ha-
CTYIUIEHUS], COAEpKaHUe MOIMU(EHOIOB NepKUTCS HAa OJHOM YPOBHE, a IpH Iepexojie BOAOpOCiei
Y3 BO3/YIIHOM CpeJibl B BOAHYIO UX KOHUEHTpALMs CHUKAETCS.

Hnsa F. vesiculosus oOHapyXeHO, UYTO in Vitro cojepXaHue TOTU(EHOJOB B TEUCHHE CYTOK
MPaKTUYECKU HE U3MEHSETCS.

Perynsuus ¢usuonornyeckux U OMOXMMHUYECKUX MPOILIECCOB B MaKpO(pUTaX OCYIIECTBISETCS
3a CYET HAJIMYMS PA3HbIX TUIOB SHIOTEHHBIX PUTMOB W/WJIM MO/ BO3JEHCTBUEM (DAKTOPOB CPEJIBI.

DHJIOTEHHbIE PUTMBbI 3aMyCKAOTCS BHYTPEHHUMM (PAKTOpaMM M KOPPEKTUPYIOTCS NpPU U3MEHe-
HUM yCJIOBUM OOMTaHUsI, KOTJa OCHOBHBIMM OMOXMMHMYECKUMH PEryJIsiTOPAaMH BBICTYNAIOT aKTUBHbIC
dopMbl KHCTOpOga. DTH COBMECTHBIE IMPOIECCH 00ecneurBalnT (OPMUpPOBAHUE 3AIIMTHBIX pPeak-
nui opranm3ma [Karapetyan, Dong, 2018]. OTMeTuM, 4TO OJHU MPOIIECCH B OpraHuU3Me, K IpuMe-
Py U3MEHEHUE AKTMBHOCTH (PEPMEHTOB, a TaKkKe HEJIEHME U POCT KJIETOK, PEryJMpyroTcs SHAOIEH-
HO, a Jpyrue (pyHKIMM 3aBUCAT NMPEUMYILIECTBEHHO OT M3MEHEHMsS YPOBHS BO3JEHCTBUS (PaKTOPOB
cpeapl.

Kak mokasano gaHHOe ucclieJoBaHUe, CUHTE3 MOJU(EHOJIOB B OOJbIIEN CTENEHU OIpeaessieTcs
BJIMSTHUEM M3MEHEHUs (PaKTOPOB Cpe/ibl, YeM BO3/EHUCTBUEM SHAOTEHHBIX PUTMOB: IPU HAXOKAECHUU
B CTaOWJIbHBIX YCJIOBUAX (TIOCTOSIHHASI TEMIIEpPAaTypa W YPOBEHb OCBEINEHHUsI, OTCYTCTBUE OCYIICHHUS)
coJiepkaHue MOJU(EHOIOB TPAKTUYECKH HE MEHSETCSL.

OnHO3HAYHOrO BIIMAHUA (PAKTOPOB CPEJIbl BHISIBUTH HE Y1AJI0Ch: B OJHUX BAPUAHTaX OHO BBIPAKEHO
4Y€TKO, a B JPYrux mojoOHasi 3aBUCUMOCTh He oOHapyxkeHa (cM. Tabin. 1). Ilpeamonaraem, 4to Ha co-
JepxkaHue nougeHoOJOB BIUSET coueTaHUe KOMIUIEKCa (DaKTOPOB BHEIIHEN Cpe/ibl — TeMIIEPATyPhl,
OCBEUIEHHOCTH U (pa3bl MPUIMBHO-OTIIMBHOIO LIMKJIA.

Bo3MOXHO, OMH W3 KJIIOYEBBIX ACMEKTOB, ONPEAENAIIIMX JUHAMUKY IOJU(MEHOJIOB B KIET-
Kax, — 3TO 4YepelOoBaHUE OCYIIEHHS C HaXOXIEHUEM MaKpo(pUTOB B BOAHOW cpene. BaxHocTb
MMEHHO 3TOro (pakTopa B €CTECTBEHHBIX YCJIOBUSAX MOATBEPKIAETCS BBISBIECHUEM CYTOYHBIX M3Me-
HEHUI KOHIICHTpAIMU TMOJM(EHOIOB: UX NUHAMHMKA B OOJBIIEH CTEEHW COBMAAAET C TPHJIMBHO-
OTIMBHBIMHU TIpOIleCCAMU, YeM C u3MeHeHueM otornepuona. JlabopaTopHbele HCCIeIOBaHUS TaK-
ke TOKa3ald, YTO MpPHU OTCYTCTBUM OCYIIEHHS W3MEHEHMS COIEpKaHUs MOIM(EHOJIOB B KIETKax
MUHUMAJIbHBI.

Panee oTrmeueHO, YTO KOHULEHTpauus noaudeHoyoB B F. vesiculosus npu JUIMTEIbHOM Haxoxk[ie-
HUM pacTeHWH B Boje Oe3 mepuoja ocylieHus cHkaercss [Makarov et al., 2013]. Takxke mokaszaHo,
YTO Y Makpo(UTOB, BpEMsI OT BPEMEHM IMOJBEPrailMXcs OCYIIEHUIO, YPOBEHb MOJU(EHONIOB BBILIIE,
YeM Yy TeX, KOTOpbIe IIOCTOSIHHO NorpyzeHs! B Boay [Pavia, Brock, 2000].

B TeueHue cyTok (haKTOpbl MEHSIIOTCS] IMHAMUYHO, TIOSTOMY IJIs BOAOPOCel oKHA ObITh cpop-
MHUPOBaHA «CUTHAJIbHASI TPYIIA BEUIECTB», KOTOPAs KaK pa3 U 3alyCKaeT adanTalMOHHbIE MEPeCcTPOou-
KM, 4TOOBI TPOLIECCHl OCHOBHOTO MeTaboim3Ma (CHHTe3 Oelika, JejleHre KJIETOK U T. [I.) HaXOAWIUChH
Ha ypOBHE, HEOOXOIMMOM [IsI OTIPEIeIEHHOTO MePUO/Ia.

[TomigeHobl BHIOMHSIOT MHOKECTBO (PYHKIIMNA, B TOM YKCJI€ AHTMOKCHIAHTHBIE, U, BEPOSTHO,
YYacCTBYIOT B 3aITyCKe MPOLIECCOB MEPECTPOMKY OpraHu3Ma Py U3MEHEHUH YCIIOBUI OOUTAHUS.

CyTtouHas JuHaMMKa MOJIM(EHOJI0B CBOMCTBEHHA pa3HbIM BUAaM MakpoputoB. Ha Heckobkux BU-
Jax BOJIOPOCJIEN, MPOU3PACTABIIMX Ha PA3JIMYHOM BBICOTE MPUIMBHO-OTIIMBHOM 30HBI I0KHBIX PErvo-
HOoB [Abdala-Diaz et al., 2006; Connan et al., 2007], B yacTHocT: Ha A. nodosum, OBIIO MOKA3aHO,
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YTO KOHLIEHTpAIMs MoJ1(pEHOJIOB MEHSIETCS B TeUeHHe CyTOK. B THeBHOe BpeMsi U B IEpUO OCYLIEHUsI
UX COfIepkKaHue ObLIO BBIIIIE, OTHAKO YETKO BRIPAKEHHOTO MHMKA, KaK B HAIlIeM UCCIIEIOBAHUH, BBISIBJICHO
He OBbLIO.

Paznuuusa B nosydyeHHbIX Hamu U ¢ppaHiy3ckumu Kojuteramu [Connan et al., 2007] pe3ynbraTax
MO3KHO OOBSICHUTh HECKOJIbKMMU MPUYUHAMHI — T€M, UTO ISl aHAIM3a ObLT OTOOPaHBI pa3HbIE yUacCT-
KU CJIOEBMIIA (areKc vs. CPeAHssl YacTh TAJUIOMA), HAOMIOJEHUEM B Pa3Hble CE30HBI (MIONb VS. MapT)
Y OTVIMYAIOUTUMUCS COYETaHUSIMU (DAaKTOPOB CpeJibl (TEMITEPATYPbl, OCBEIIEHHOCTH U T. [1.).

Kak nponeMoHcTprpoBaiu paHee MpoBeIEHHbIE UCCIIEAOBAHMUS, aTUKAIbHAS U CPE/IHSISL YacTy TaJl-
JIOMa OTJIMYAIOTCS 1O (PU3MOJIOTHUYECKON 3pesIoCTH M OBICTPOTE peakiMd Ha M3MeHeHHs (haKTOpOB
cpenpl. B HarleM aHayM3e MCTOJIb30BaHbI AIMKAIbHBIE YaCTH, IIOCKOJIBKY 3TH (pU3HOJIOrnIeckn Oojiee
MOJIO/IbIE YYACTKU TaJlJIoMa 0oJiee UyTKO pearupyloT Ha CyTOuHble M3MeHeHUsl (pakTopoB cpejbl. Ha-
KOIUIeHHEe MOIU(EHONIOB B OCHOBHOM MPOUCXOJIUT B TeX 30HAX TAJIOMa, KOTOPble NMEIOT MEHbIIYIO
MIPOYHOCTH (B YACTHOCTH, B alleKCax) U MOT'YT Yallle MO/IBepraThCsi MOBPEXKJAIOIIEMY BO3AEUCTBUIO TPa-
BOSIIHBIX KUBOTHBIX [Mannino et al., 2014]. ITomudeHoap! OyIyT BHIIOIHATH 3AIMUTHYI0 (PYHKIIUIO
Y MCNOJIb30BaThCS KJIETKAMM JIJIsI BOCCTAHOBJICHU S TTOBPEKAEHHBIX Y4acTKOB [Poikuk, Pucak, 2018].

Ha npumepe m3mepeHust MeTabOIMIeCKON aKTUBHOCTH paHee MOKa3aHo, YTO XapaKTep CyTOYHBIX
M3MeHeHul orpeensercs ce3oHoM [Ryzhik, 2016]. 3aBucumocTs CyTOUHON JUHAMUKY MOIM(EHOJIOB
OT Ce30Ha TaKXke BhIsIBJIeHA B padote 1o u3ydeHuwo Ericaria selaginoides (Linnaeus) Molinari & Guiry
[B myOmukarmu syn. Cystoseira tamariscifolia (Hudson) Papenfuss] [Abdala-Diaz et al., 2006]. Tam ot-
MEYEHO, YTO OOJIbINME KOJIEOAHUS TIOKa3aTeNleil CBOMCTBEHHBI IS JIETHUX MECSIEB. AHAIN3 COOTHO-
IIEHHs] CyTOYHOM JUHAMMKH KOHLIeHTpauuu nojmgenonos y Fucales Bapenuesa Mops Obut poBeaéH
TOJILKO B JIETHUW MEPHUOJ], TAK KaK UMEHHO OH XapaKTepU3yeTCs MaKCUMaJIbHOU (DU3MOJOrMYecKOn
AKTUBHOCTBIO OYPbIX BOJOPOCIIEN.

OTmeTnM, OIHAKO, YTO aHAJIU3 FOJAOBOM JMHAMUKM KOHILIEHTpPAIIMU MOJU(EHOJIOB B BOAOPOCIAX
MYPMaHCKOTO TOOepeKbsI MOKa3asl OOJIBIIYI0 3aBUCHMOCTh OT CE30HA. DTO MOKHO CBSI3aTh C AaHTUOKCH-
JAHTHOW aKTUBHOCTHIO MOIM(peHO0B [Phikuk, Pucak, 2018] u ¢ BIMsHUEM HA CUHTE3 MOJIUGEHOJIOB
(pakTOpOB TeMIiepaTyphbl U OCBEIIEHHOCTH.

Conepxanue nonudeHonoB y F. vesiculosus bapeHiieBa Mopsi U3MEHsIETCSl Ha MPOTSHKEHUU Toja.
Tak, MUHUMYM 3a(PUKCUPOBAH B 3UMHUI U JIETHUN TIEPUOIbI, 8 MAKCUMYM — B BECEHHHI U OCEHHUI
CE30HBI.

B BeceHHMii meproa HaA MYPMaHCKOM TOOEpekbe PErUCTPUPYIOT BBHICOKUI YPOBEHb OCBEILECHMS
u Y®-uznydeHus, ObICTpOe yBeJIMUYEHUE JJUHBI CBETOBOTO JHS TMOCJIE OKOHUYAHMS TMOJSPHOW HOYH,
a Tak’Ke TMOBBIIIEHNE TeMIIepaTypbl. Bosblie 103kl OCBEIIEHMSI MOTYT BbI3bIBATh OKCUJATUBHBIN CTPECC,
OJTHAKO YBEJIMYECHHE CofepkaHue MOJU(pEHOJOB CIIOCOOHO MOIIePKUBATh BHICOKYI0 MHTCHCUBHOCTD
AQHTUMOKCHUIAHTHBIX MPOLIECCOB B KjeTKkax Bogopocien [Connan et al., 2006, 2007; Goémez, Huovinen,
2010]. B neTHuit ce30H KOHLEHTpALMsl pACTBOPUMBIX MOIMU(MEHOIOB CHUKAETCS, YTO MOXKET ObITh 00Y-
CJIOBJICHO 3aMeJIJIEeHUEM POCTOBBIX MPOIIECCOB U MEpEeKIIoUeHrEeM MeTaboIM3Ma C pocTa Ha HAKOILIe-
HUE 3aMacHbIX MUTATEIbHBIX BeleCTB. BpICKa3aHO MpeanonokeHue, YTo noyiudeHos bl UCIOb3YIOTCS
KaK aJIbTepHATUBHBIC MCTOYHUKH a30Ta: OOHAPYKEHbI KOPPEJSIUU MEXAy cojaepkanueM N B cpene
7 KOJIMYECTBOM TaHHHWHOB B KJleTKax [Ilvessalo, Tuomi, 1989; Pavia, Toth, 2000]. B oceHHre MecsIip!
KOHIIEHTpAI¥s MoIrM(EeHOTIOB BHOBb YBeJIMUMBaeTCsl. BeposTHO, 3TOT mpoliecc cBsi3aH ¢ HAKOILIEHUEM
3aMacHbIX BELIECTB B MEPUO/ IOJTOTOBKM PAaCTEHUH K MOIsIpHOM HOUM. OCEHBI0 TPOUCXOIUT 3aKJIaJAKa
OpraHoB pa3MHoxeHus F. vesiculosus, 1 HAKOMMBILIKECS 32 STOT CE30H MOIM(EHOJIBI MOTYT UCIIOJIB30-
BaThCs JIJIsI CTPOUTENIBCTBA KJIETOUHBIX CTEHOK. KpoMe Toro, 0CeHbI0 MEHSIIOTCS IOTO/IHBIE YCJIOBHS, Ya-
CTHIMU CTAHOBSITCS IITOPMBI, MOBPEXKJAIOIIME U OOPBIBAIOIINE PACTEHHS TUTOPATbHOU 30HbL. C HACTYII-
JIEHWEeM 3UMbI 00111asi (PU3MOJIOruYecKash aKTUBHOCTh PACTEHUN CHUKAETCS. YMEHbIAETCS U KOHIIEH-
Tpalusl paCTBOPUMBIX MOJU(EHOJIOB, KOTOPBIE, MO-BUIAUMOMY, PACXOAYIOTCS KaK 3alacHble BEIecTBa
Ha MOCTPOEHUE KJIETOUHBIX CTEHOK U MOJIePKaHUE UX 11eJIOCTHOCTH.
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s A. nodosum BapeHnieBa MOps MaKCUMYM KOJIMYeCTBa MoJMGeHOJI0B OTMeueH B OKTs0pe [ Tkay,
Obnyunnckas, 2017]. Ins F. vesiculosus Bantuiickoro Mopsi HOKa3aHO CHUKEHUE UX COJIEPKaHUs B Be-
CEHHUU U JIETHUI NIEPUOJIBI U yBEJIUYEHHUE B 3UMHUI ce30H [Ronnberg, Ruokolahti, 1986]. B Bogopoc-
nsix CeBepHOTO MOpsI MaKCMMYM HAaKOIUIEHUs! BbisiBJieH B uiojie [Parys et al., 2009]. 1jis1 HECKOJIBKUX
BUJIOB CAPraccoBbIX BOJOpOCel SIMOHCKOro Mopsi 3a(pMKCUPOBAHO MOBBILLIEHUE COAEPKaHUs noyrde-
HOJIOB B JIETHUU TIEpUO[l, CHIKEHME 3MMOM M HakoruieHue K ampesio [Kamiya et al., 2010]. ITpuun-
HBI TOJOOHBIX PA3JIMUUil MOTYT OBITh CBSI3aHBI KaK C OCOOCHHOCTSIMU JKM3HEHHOTO IUKJIa PACTEHHH,
TaK Y C BJIMSIHUEM KOMILUIEKCa a0MOTHYECKUX (DAaKTOPOB, XapaKTEPHBIX [JIs1 MECT OOUTAHHUSI BOJOPOCIIEH.

B nesiom B npoaHaaM3upoBaHHBIX paboTax BbISBJIEHA 3aBUCUMOCTb OT (hOTONEPHOIA WK Yepeio-
BaHMsI OCYILEHUs C MOrpyxkeHneM Jmbo ot odoux nmapamerpos [Connan et al., 2007]. OgHako B oc-
HOBHOM 3Ta KOppeJslus UMesa BUAOCTIEIM(UYHBINA XapaKTep U OINpelesisyiack TOPU30HTOM JIUTOpa-
JIM, Ha KOTOPOM MPOMU3PACTaIM BOJOPOCIIHU, a Takke BIMsHUEM (pakTopoB in situ. [Ans E. selaginoides
(syn. C. tamariscifolia) B TeTHAI CE30H YCTAaHOBJIEHA OTPULIATENIbHAS KOPPEJIALUS CYTOUHOU TUHAMUKH
1ougeHoJI0B ¥ ypoBH# ocBelEHHOCTH [Abdala-Diaz et al., 2006].

Kak ormeueHo Bblilie, OIM(EHOIIb BRIIOIHSAIOT pa3HooOpa3Hele pyHkuuH. [TokazaHo ux y4yactue
B MpolLIeccax pa3BUTUS pacTeHUl, (POTOCUHTE3A U JbIXaHM s, a Takxke B 3aiure oT Y P-uznydenus u pu-
TOIATOT€HOB, BO3JEHCTBUSI HU3KOM M BBHICOKOW TEMIIEPATYpPhbl, BOAHOTO Ae(HUIIUTA, MOBBIIIIEHHON CO-
Ja€HoctH U T. 1. [Abdala-Diaz et al., 2006]. IIpennonaraercs, 4to y BEpXHEIUTOPAJIbHBIX PAaCTEHUMN
[Pelvetia canaliculata (Linnaeus) Decaisne et Thuret u A. nodosum] 6narogapsi HaKOIUIEHHIO ToJHde-
HOJIOB B JIHEBHOE BpeMsi oOeclieurBaeTcs 3allluTa KJIeTOK OT M30bITKa ocBemeéHHOCTH [Abdala-Diaz
et al., 2006]. ITogo6HOE MOXHO HabmoxaTh u'y F. vesiculosus BapenuieBa Mopsi.

Hakorienue nonmgeHosoB B THEBHOE BPeMsI MOXKHO PAacCMaTpUBaTh Kak OJIMH U3 MEXaHU3MOB
ajlanTaiyy BOAOPOCIeH U 3alUThl OT OKUCIUTEbHBIX IPOLIECCOB, TaK KaK MOJU(EHOIbl OTHOCATCS
K KOMITOHEHTaM aHTHOKCHJAHTHOW CHUCTeMBI. B TakoM cilydyae HaKOIUIEHHE MPOJYKTOB OKHUCIICHUs OY-
AET KaK 3aIlyCKaTh CUHTE3 WM YCHJIMBATh padoTy (pepMEHTOB aHTMOKCUAAHTHOM CUCTEMBI, TAK M AKTH-
BUpPOBaTh €€ HepepMEHTHbIE KOMIIOHEHTHI. B psine paboT mpenmnonaraercs, YTo U3MEHEHUE KOHIICH-
TpaluuM NONKU(EHONIOB POUCXOAUT HE 3a CUYET UX CHUHTe3a de novo, a 3a CYET aKTUBALUMM (PepMeH-
Ta (peHoscyIbdaTa3sl ¥ NepeBoja MoJU(EHONIOB U3 KJIETOYHOM CTEHKM B PACTBOPUMOE COCTOSIHHME
B nutoriasmy [Abdala-Diaz et al., 2006].

DyJIMTOPAJIbHBIE U TIPUIMBHBIE BOIOPOCIHU [Fucus spiralis Linnaeus, F. vesiculosus n A. nodosum],
pacTyIiie B yCIOBUAX BHICOKOW CYTOYHOM OCBEIEHHOCTH, XaPAKTEPU3OBATIUCH OOJIBIIMM COJIEPIKAHH-
eM MoJIu(eHOJIOB, YeM BOAOPOCIN HU3KOW MPUIMBHON WM CyOJUTOPANbHOUN 30HBI [Fucus serratus
Linnaeus, Bifurcaria bifurcata R. Ross, Himanthalia elongata (Linnaeus) S. F. Gray u Laminaria
digitata (Hudson) J. V. Lamouroux] [Abdala-Diaz et al., 2006; Connan, 2004; Pavia, Brock, 2000].
OTU JaHHBIE COIVIACYIOTCSl C pe3yJbTaTaMU HAIIEro MCCIeJOBAaHUS U B II€JIOM MO3BOJISIIOT MPEAIo-
JIOKUTh, UTO CYTOUYHBIE KOJIeOaHus (DeHOJbHBIX COeIMHEHUN B TKaHsIX F. vesiculosus u A. nodosum
PETYJIUPYIOTCS OCBEILEHHOCTBIO U TEMIIEPATYPOH in Sifu.

B pamkax 310o#l paGOThl MBI TPOBOIWIM M3MEPEHUS MOIM(EHOJIOB B TIEPUOJ TIOJIIPHOTO JHS, KO-
rJa B T€YEHUE CYTOK IMOCTOSIHHO ecTh OocBellieHHe. OIHAKO €ro ypoBeHb B HOUHBIE Yachl CHUKAET-
Csl; OCBEIIEHHOCTDb JIHEM U HOYBI0 MOXKET pa3inyarhCsl B JECATKU pa3. Mbl mpearonaraem, 4to B Oc-
HOBHOM HAaKOIUIEHHE MOJM(MEHONIOB U YMEHbIIIEHUE MX KOHIIEHTPAILMU OIpelelisieTcsi CoueTaHueM
TakuX (PakTOpOB, KaK OCBELIEHHOCTb, TEMIIEpaTypa W NEPUOJ OCYLIEHUs WM NorpyxkeHus. [unHa-
MHKa COJIEpKaHUsI MOJIM(PEHOIOB OyIET 3aBUCETh OT TOrO (pakTopa, KOTOPHIA B OOJIbIIEN CTEINEHH
NofIBepKeH M3MeHeHUsIM. [Ipr 10CTaTOYHO CTaOUIIbHOM TeMIlepaType Cpelbl, Kak B HAIlleM HCCIIE/I0-
BaHMU (IIPAKTHUYECKH TOCTOsSIHHAsI Temneparypa +8...+9 °C Ha MpOTSKeHUW Teproja HaOIoAeHWH
B €CTECTBEHHBIX YCJIOBHUSX) (TIEPBBII MOTYCYTOUHBIN SKCIIEPUMEHT), U MPH OOJIBIINX KOJIEOAHUSX OCBE-
IIEHHOCTH KJII0YEBOE 3HAUEHHE MMEJIO KOJMYEeCTBO cBeTa. [Ipu cylecTBeHHbIX KoJieOaHUAX 00OMX
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¢aktopoB (kak, Harpumep, 13.07.2023) ux BO3AEUCTBHE OKA3bIBAETCS COBMECTHBIM; BbIICJIUTh CUITY
BJIMSTHUS KQXKJIOTO U3 HUX JOCTATOYHO CJIOXKHO, YTO U MPOSIBUJIOCH B OTCYTCTBUU Koppesiiuu. Kpome
TOT0, HAM He yJIaJI0Ch YCTAHOBUTDb HAJTMUME CYTOUHBIX SHAOTEHHBIX PUTMOB: MPU HAXOXKIEHUN BOAOPOC-
Jiell B IOCTOSIHHBIX YCJIOBUSIX KOHUEHTPAIUs MOJIM(EHOIOB MPAKTUYECKU HE U3MEHSIIACh. DTO MO3BOJIS-
€T TIPeIOJI0KUTh, YTO B OCHOBHOM PETyJISIus COIePKaHUs MOIU(EHOIOB MPOUCXOJUT 3a CUET coue-
TaHWS ¥ U3MEHEHUsI CUJIbI BO3ACUCTBUS (hPaKTOPOB Cpeibl — TeMIiepaTyphl, OCBEIIEHHOCTH U TIepro/a
OCYIIEHUS WK MOTPYKEHUSI.
BriBoabI:

1. Conepxanue monudeHONOB B KJeTKax Oypwix Bomopocheit Fucus vesiculosus v Ascophyllum
nodosum BapeHnieBa MOpsSI IMeeT 3HAYMTEIbHYI0 CYTOUHYIO TUHAMUKY, KOTOpast B OOJIbIIEH cTerie-
HU 3aBUCHUT OT JIEHCTBYIOIIMX (DAKTOPOB CPeJibl, YeM OT HAJTMUMS SHIOTEHHBIX CYTOYHBIX PUTMOB.

2. B nerHui nepuon (NOJSAPHBIA [I€Hb) CYTOYHAsl [MHAMUKA KOHLEHTPAaUuW MOJIM(EHOIOB
XapaKTepu3yeTcsl OJHUM YETKO BHIPA)KEHHBIM MUKOM B IHEBHbBIE YACHI.

3. OcHoBHbIE (hAKTOPBI, BIUAIOIINE Ha COAEPKaHKUE MOJIU(EHOJIOB, — 3TO OCBEIIEHHOCTD, TEMIIEpATY-
pa 1 yepeioBaHue OCYIIeHU s C OrpyKeHreM. B nepro norpyxkeHust KOHLIEHTpalusi oargeHoJIOB
CHIDKAETCS.

Paboma evinoanena ¢ pamxax zocyoapcmeenrozo 3adanust «Monumopure OoHHbIX cooduecmes mopeli Poc-

CULICKOTI ApKmuKu.: sKon02usi, OUopasHooopasue, OUeHKd PUCKO8 U PAUUOHANbHOE UCNOAL30BAHUE 2UOPODUOHINOGY
(Ne z2oc. pezucmpayuu 125013001157-6, 30.01.2025).
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DAILY DYNAMICS OF POLYPHENOL ACCUMULATION
IN CELLS OF FUCUS VESICULOSUS L.
AND ASCOPHYLLUM NODOSUM (L.) LE JOLIS
DURING THE POLAR DAY ON THE BARENTS SEA COAST

I. Ryzhik!2, E. Kazakova!, and M. Klindukh!

'Murmansk Marine Biological Institute of the Russian Academy of Sciences, Murmansk, Russian Federation
2Murmansk Arctic University, Murmansk, Russian Federation
E-mail: alaria@yandex.ru

Polyphenols are a group of secondary metabolites that protect the organism from ultraviolet radiation,
participate in plant metabolism, and also have therapeutic properties. Studying the dynamics of polyphe-
nol accumulation in brown algae (Phaeophyceae: Fucales) is of considerable interest for understand-
ing the mechanisms of their adaptation to changing environment. The aim of the work is to reveal
daily changes in polyphenol content in cells of Fucus vesiculosus Linnaeus and Ascophyllum nodosum
(Linnaeus) Le Jolis inhabiting the Barents Sea coast, to analyze the dependence of their accumula-
tion on light and temperature, and to determine the role of endogenous rhythms and external factors
in the regulation of polyphenol metabolism in cells. The study was carried out in July 2022 and 2023
on the Barents Sea coast (both in the natural environment and in a laboratory). The Folin—Ciocalteu
spectrophotometric method was used to analyze polyphenol content. The significant daily dynamics
of polyphenols was shown. The key changes in their content occur in the natural environment: during
the daytime and during low tide, when thalli dry out. During high tide, when thalli are submerged,
the concentration of polyphenols does not change. Polyphenol content depends on a combination
of light level, temperature, and cycles of drying and rewettering. In a laboratory, the daily rhythm
of changes in polyphenol concentration is not preserved, which may indicate a reduced role of en-
dogenous rhythms and the predominant role of environmental factors in the regulation of polyphenol
synthesis. The data obtained expand information on Fucales physiological and biochemical features
in the Arctic zone, as well as on mechanisms of algal adaptation to the tidal zone of seas. The results
can be used in the development of algae aquaculture technology to obtain raw materials with desired
properties.

Keywords: polyphenols, Fucales, temperature, light conditions, tidal cycle, polar day, Barents Sea
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OF SOFT-WALLED MONOTHALAMOUS FORAMINIFERA AND GROMIIDS
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As a group of marine Protozoa, foraminifera play an important role in marine ecosystems. The data
about hard-shelled foraminiferans from the Spratly Islands was reported in results of geological sur-
veys. So far, there is no information on soft-walled foraminifera, for the Spratly Islands and the South
China Sea (in Vietnamese, Bién Dong) in particular. This study aims to provide the first data on soft-
walled foraminiferans and gromiids of the Truong Sa Archipelago. We also analyzed taxonomical
diversity of the meiobenthic communities in bottom sediments and periphyton in aquatic habitats
of the archipelago. Sampling was carried out during an expedition to the Spratly Islands in April 2022
at eight stations within a depth range of 620 m. Representatives of 20 high-level taxa (phylum, class,
and order) were revealed in the composition of the meiobenthic communities of periphyton and bottom
sediments in the study area. Among the protozoan hydrobionts, Ciliophora Doflein, 1901, Foraminifera
d’Orbigny, 1826 (hard-shelled and soft-walled), and Gromiidea Cavalier-Smith, 2003 were recorded.
In this work, particular attention is paid to Protozoa previously unknown for waters of the Vietnamese
region: Foraminifera (monothalamous, soft-walled) and Cercozoa (Gromiidea). The former were found
at two stations in periphyton; the latter were noted at seven stations in periphyton and at two stations
in coral sand. We identified three species of soft-walled foraminifera, and two of those were tenta-
tively assigned to the genera Bowseria Sinniger et al., 2008 and Bathyallogromia Gooday et al., 2004.
Gromiids were represented by nine morphotypes; each morphotype is briefly described in the paper.

Keywords: Gromia, monothalamids, South China Sea, Truong Sa Archipelago, soft-walled
foraminifera, meiobenthos

The Spratly Islands (Truong Sa Archipelago, Vietnam) have high biodiversity and are of great eco-
logical importance [Latypov, 2012; Tkachenko et al., 2020]. For numerous marine species, coral reefs
and atolls off the archipelago serve as ‘marine oases’ forming habitats for reproduction and migration.
The marine area off the Spratly Islands is a critical fishing ground for Vietnam, providing the catch
of many commercially valuable species [Nguyen et al., 2020]. Despite the ecological, economic, and po-
litical significance of the Spratly Islands, the studies on their marine biodiversity are still limited. In ad-
dition, increasing anthropogenic load on islands and surrounding ecosystems could result in extinction
of marine species before they are even discovered. Therefore, it is crucial to carry out more research
on marine bioresources of the Spratly Islands and assess their role globally.

Corals, fish, and molluscs are the most studied groups of marine hydrobionts off the Spratly Islands.
Based on several surveys, Yu. Latypov [2012] listed for this water area 261 species belonging to 71 gen-
era of the order Scleractinia Bourne, 1900. Recently, K. Tkachenko et al. [2020] revealed transforma-
tions of coral communities of the archipelago: changes toward the dominance of thermally-resistant
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and stress-tolerant coral species. V. Nguyen [2005] identified 332 species of reef fish representing
131 genera of 44 families for four islands of the archipelago. Later, 331 reef fish species belonging
to 38 families were recorded during JOMSRE III and JOMSRE IV expeditions [Stockwell, Nguyen,
2008]. V. Tran et al. [2023] reported 9 reef fish species from the Spratly Islands, which were noted
in the Vietnam Sea for the first time. Representatives of Mollusca, Crustacea, Annelida, and Echinoder-
mata (other groups important for reef ecosystems) were also registered: 443, 128, 93, and 75 species,
respectively, were found [Do, Le, 2008]. Interestingly, new Mollusca species are constantly being
discovered and described [Sirenko, 2024; Sirenko, Nguyen, 2021, 2022].

Foraminifera, a group of marine Protozoa, play an important role in marine ecosystems. Also, they
are used for the assessment of the ecological health of coral reefs [A’ziz et al., 2021]. The informa-
tion about foraminiferans from the Spratly Islands can be found in results of geological surveys. N. Ngoc
and N. Ct [2002] listed 80 Foraminifera species belonging to 40 genera for Barque Canada Reef (Thuyen
Chai Island). In other work, N. Ngoc [2018] identified 69 species of 42 genera of Holocene foraminifer-
ans for Pearson Reef (Phan Vinh Island). However, there is still no material on soft-walled foraminifera,
in particular for the Spratly Islands and the South China Sea (in Vietnamese, Bién Dong). This study
aims to provide the first data on soft-walled foraminifera and gromiids off the archipelago.

MATERIAL AND METHODS

Sampling was carried out during an expedition to the Spratly Islands in April 2022. Periphy-
ton was sampled at eight stations (TS1-TS8), while benthos was sampled at seven stations (except
for TS5) (Fig. 1, Table 1). Periphytonic samples included dead corals and macroalgae, while the benthic
ones were coral sediments. They were sampled at depths of 6-20 m by scuba diving. Periphyton fauna
was studied on complex types of substrates (Table 1). At all the stations, bottom sediments inhabited
by benthic fauna were white coral sand.

North Danger Reef
(Song Tu Tay)

South China Sea
2 (Bién Dong)

Spratly island
(Truong Sa Lon) - Sin Cowe island:amams,
i (Sinh‘Ton) .

r ),, o/ 4
it & 4
,'v"

Alison Reef
(Toc Tan)

Fig. 1. Map of sampling stations TS1-TS8 marked with flags
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Table 1. Stations of soft-walled foraminifera sampling on the Spratly Islands (Truong Sa Archipelago,
Vietnam). Substrate type: R, rock; RB, rubble; SD, sand; HC, hard coral; SC, soft coral; SP, sponge;

MA, macroalgae. Parameters: T, temperature, °C; EC, conductivity, mS-cm™!; TDS, total dissolved
solids, g-L™!; S, salinity, %o

Tadémmma 1.  Cranuum otdopa nmpod MArkopakoBUHHBIX hopaMunmndep Ha octpoBax Crpamiu (apxure-
nar Ysionr Illa, Beetnam). Tun cyOcrpaTa: R — ckana; RB — miebens; SD — necok; HC — TBEpabii KO-
paiut; SC — msrkuit kopaut, SP — ryoka; MA — makpoBogopociu. [Tapamerpsr: T — temmnepatypa, °C;
EC — 371eKTporpoBOIHOCTb, MC-cm™!; TDS — 001ee Ko4ecTBo PacTBOPEHHBIX TBEPABIX BEILIECTB, b

S — conénocts, %o

Physical parameters
Station Location Coordinates | Depth, m Substrate type of surface water

T | EC | TDS | S
TSI Niggﬁg?ﬁ;;;ef 1111443126;‘564NE 14 R+RB+SD | +29.6 | 48.28 | 26.06 | 31.15
TS2 N‘zrstgnzﬁ‘fe;a;eef 111144321?894NE 7 R+RB+SD | 4294 | 48.16 | 26.00 | 31.10
TS3 Si"(gl‘l’g‘}ﬂi‘nd 191513121231\1]5 7 HC+SC+R+SD | +29.1 | 48.18 | 2596 | 31
TS4 Si‘t SCH‘I;V eT(I)ii‘nd 191?0%'; ,00‘ 616NE 10 HCR%SfSBR o 4296 | 4961 | 26.69 | 32.1
S5 ligzce?gg Séﬁf)lt 11?30543?8201\115 20 HC+SC+R | +29.5 | 49.02 | 26.46 | 31.69
TS6 A(giocnéiﬁf 1813839;41;11\]]5 6 SC+R+RB+SD | +32.5 | 489 | 26.53 | 32.02
57 A(gic;nleie;f 181"38029';90-;”3% 20 iCB N :CD * 1;; +29.9 | 4931 | 26.62 | 31.9
TS8 ({Q’flrfﬁgsliliﬁ) ffffgll%g;lfg 7 R+RB+SD+MA | +31.4 | 48385 | 26.15 | 31.36

The samples were fixed with Lugol’s iodine, and later processed and analyzed in IBSS laboratory (Se-
vastopol). The samples were washed through two sieves: the upper one with a mesh size of 1 mm,
and the lower one with a mesh size of 63 um.

Detailed microscopic analysis of soft-walled foraminifera and gromiids was performed under
MSP-2 (Russia), Olympus CX41 (Philippines), Nikon (Japan), and Mikmed-6 (Russia) microscopes
(magnification of 400x) equipped with photo cameras connected to a computer.

RESULTS

During our studies of the meiobenthic communities of the northwestern Russian shelf of the Sea
of Japan [Sergeeva, Anikeeva, 2023], we revealed protozoans, namely soft-walled foraminifera
and gromiids. However, they had not been previously known for this region. Therefore, they were not
considered as an integral part of the benthic communities, and their role in benthic ecosystems was not
estimated. We suggest that it is important to draw the attention of researchers to taxonomic diver-
sity of the benthic fauna and the distribution of these protozoans in the course of further studies
of the meiobenthic communities in the waters of Vietnam (the Spratly Islands, Truong Sa Archipelago).

In the study area, the meiobenthic communities of periphyton and bottom sediments include repre-
sentatives of 20 high-level taxa (phylum, class, and order). Among Protozoa hydrobionts, we recorded
species of Ciliophora Doflein, 1901, Foraminifera d’Orbigny, 1826 (hard-shelled and soft-walled),
and Cercozoa Cavalier-Smith, 1998 (Gromiidea). The other hydrobionts belonged to the multicellular
fauna, and two representatives were not identified to a high level. The data on the occurrence of diftferent
taxa in biotopes of periphyton and bottom sediments (white coral sand) is provided in Table 2.
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Table 2. Taxonomic composition of meiobenthos in biotopes of periphyton (Pe) and bottom
sediments (Bo) in the study water area of the Truong Sa Archipelago (Pe/Bo)

Tad6amua 2. TakcoHOoMHMYecKHMid cocTaB MedoOeHToca B Ouortomax mnepudutoHa (Pe) M JOHHBIX
omioxenuit (Bo) B uccnemoBanHoi akBaTopuu apxwureiara Ysionr Ila (Pe /Bo)

Station number
Taxon TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8
Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo | Pe/Bo

Ciliophora Doflein, 1901 -/ + -/ + -/ + -/ + -/ - -/ - -/ + -/ +
Foraminifera d’Orbigny, 1826:

hard-shelled +/+ +/+ +/+ +/+ + /- +/+ +/+ +/+

soft-walled -/- +/- -/- -/ - -/ - -/ - + /- -/-
Gromiidea Cavalier-Smith, 2003 +/+ +/+ +/- + /- + /- -/ - + /- +/ -
Nematoda Rudolphi, 1808 +/+ +/+ +/+ +/+ +/ - +/+ +/+ +/+
Polychaeta Grube, 1850 +/+ +/+ +/+ +/+ +/- -/+ +/+ +/+
Turbellaria Ehrenberg, 1831 -/- +/- -/ - -/- -/- -/ - -/ - -/ -

Mollusca
Gastropoda Cuvier, 1795 -/ + -/ + +/+ -/ + -/ - +/- +/- +/-
Bivalvia Linnaeus, 1758 -/ + -/ + -/ + -/ - -/ - -/ - -/ - -/ +
Polyplacophora Gray, 1821 -/- -/ - -/- -/ - -/ - -/ - -/ - +/-

Arthropoda
Harpacticoida Sars G. O., 1903 +/+ +/+ -/ + +/+ +/- +/+ +/+ +/+
Amphipoda Latreille, 1816 -/ - -/ - -/ + -/- -/ - +/- +/- +/+
Tanaidacea Dana, 1849 -/ = -/ = -/ = -/ - -/- +/- -/ - -/-
Isopoda Latreille, 1816 -/ - -/ - -/ - -/ - -/ - -/ + +/- +/-
Ostracoda Latreille, 1802 +/+ -/ + -/ - -/ + -/ - +/+ +/- +/+
Pantopoda Gersticker, 1863 -/ - -/ + -/ - -/ - -/ - -/ - -/ - -/ -
Nauplia (Decapoda) Latreille, 1802 | —/- -/ + -/ + -/ - -/- -/- -/- -/-
Chironomidae -/ = -/ = +/- -/ - -/ - -/- -/- -/-
Arachnida Cuvier, 1812 +/+ +/+ +/ - -/ + +/- +/+ +/+ +/+
Chaetognatha -/- -/- -/- -/- -/- -/ - -/+ +/+
Echinodermata Klein, 1778 -/ = -/ + -/ + -/ + -/ - -/ + +/+ -/ +
Unknown 1 -/- -/ + +/- -/ - -/ - -/ + -/ - -/ -
Unknown 2 -/ = -/ = -/+ -/ - -/ - -/- -/- -/-

In this paper, we focus on the groups of Protozoa: soft-walled foraminifera and gromiids,
new for aquatic habitats within the archipelago. We identified three representatives of soft-walled
foraminifera and nine species of gromiids inhabiting periphyton and coral sand. Morphometrically,
gromiids did not exceed 400 um, while soft-walled foraminifera ranged 600—1,150 um. The spots of their
occurrence are indicated in Table 2. Brief description of each representative of the studied groups is given
below. The abbreviation used below, SCS, stands for the South China Sea. The designation used below,
coefficient C, stands for length/width ratio.

Bowseria-like sp. SCS. The test is elongated, large (1,150 x 190 um), with single simple aper-
ture (Fig. 2B). The test wall is thin and transparent. The cytoplasm is dark, homogeneous, fine-
grained (Fig. 2A). Coeflicient C is about 6. The main morphological traits (the shape and size of the test,
single terminal aperture, and the thin and transparent wall) allow assigning this specimen to the genus
Bowseria [Sinniger et al., 2008] on this stage of our research. Distribution: Vietnam, sta. TS2, periphyton.

Bathyallogromia sp. SCS. This species is morphologically similar to Bathyallogromia sp. 2 found
by us in the Black Sea at depths of 120 and 130 m [Sergeeva et al., 2010, see pl. 1, Fig. J]. The test
is large (610 x 480 um), more or less spherical (Fig. 2C), with a simple aperture (80 um in diameter)
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that does not project beyond the general outline of the test (Fig. 2D). The cytoplasm occupies the entire
test and contains various small inclusions. A ‘peduncular sheath’ (this common term indicates the internal
channel from the aperture to the inside of the cytoplasm) is clearly developed. A nucleus is not clearly
visible. Coefficient C is about 1.27. Distribution: Vietnam, sta. TS7, periphyton.

Allogromiid sp. 1SCS. The test is large (900 x 700 um), rounded, with wide simple aperture (Fig. 2E).
The test wall is thin and transparent. The cytoplasm is dark, homogeneous (Fig. 2F). Coefficient C
is about 1.3. Distribution: Vietnam, sta. TS2, periphyton.

F

Fig. 2. Soft-walled foraminifera from the study area in the South China Sea. Bowseria-like sp. SCS:
A, general view; B, aperture. Bathyallogromia sp. SCS: C, general view; D, aperture. Allogromiid sp. 1SCS:
E, general view; F, aperture. Scale bars are 100 um (A, C, F), 50 um (B, D), and 200 um (E)

Puc. 2. MsrkopakoBuHHble (opamuHupepsl 13 uccneayemoro paitona FOxHo-Kutaiickoro mops.
Bowseria-like sp. SCS: A — o6mwuii Bug;, B — aneprypa. Bathyallogromia sp. SCS: C — oOuimii BUj;
D — ameprypa. Allogromiid sp. 1SCS: E — o6mmii Bun; F — aneprypa. MacmirabHas JiHe#Ka
100 mxwMm (A, C, F), 50 mxm (B, D) 1 200 mxm (E)

Gromia sp. 1SCS. This specimen has average-sized (370 x 275 um), oval test (Fig. 3A) with
the thin wall (Fig. 3B) and heterogeneous brownish cytoplasm. Oral capsule is not visible. Coefficient C
is about 1.3. Distribution: Vietnam, sta. TS8, periphyton.

Gromia sp. 2SCS. Almost spherical cell (200 x 190 pum) is filled with homogeneous dark cyto-
plasm (Fig. 3C). The test wall is thin and transparent (Fig. 3D). Oral capsule is not visible. Coeflicient C
is 1.05. Distribution: Vietnam, sta. TS8, periphyton.
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Fig. 3. Gromiids from the study area in the South China Sea. Gromia sp. 1SCS: A, general view; B, test
wall. Gromia sp. 2SCS: C, general view; D, test wall. Gromia sp. 3SCS: E, general view; F, oral capsule.
Gromia sp. 4SCS: G, general view. Gromia sp. SSCS: H, general view; I, oral capsule. Gromia sp. 7SCS:
J, general view. Gromia sp. 6SCS: K, general view; L, oral capsule; M, protoplasm content. Scale bars
are 50 um (A, C, E, G, H, J, K) and 20 um (F, I)

Puc. 3. I'pomun u3 uccienyemoro paiiona lOxxuo-Kutaiickoro mopsi. Gromia sp. 1SCS: A — obmuii Buz;
B — crenka pakoBunbl. Gromia sp. 2SCS: C — o6wmwmii Bunt; D — crenka pakoBunbl. Gromia sp. 3SCS: E —
o6mwuii Bug;, F — potoBas kancyna. Gromia sp. 4SCS: G — obumii Bua. Gromia sp. 5SCS: H — o0mmmit
Buj; | — porosas kancyna. Gromia sp. 7SCS: J — o6umwmii Bua. Gromia sp. 6SCS: K — o6mwuit ug; L —
poToBast Karicyiia; M — conepxxumoe mpoTtoruiasmel. Macirabnas auHeiika — 50 mkm (A, C, E, G, H, J,
K) u 20 mxw™m (F, I)

Gromia sp. 3SCS. The rectangular-oval test is 280 x 230 um in size (Fig. 3E). Oral capsule looks like
a convex transparent structure and has a diameter of 30 um (Fig. 3F). The cytoplasm is dark and dense.
Coeflicient C is 1.2. Distribution: Vietnam, sta. TS1, periphyton.

Gromia sp. 4SCS. This specimen is similar with Gromia sp. 1SCS (see Fig. 3A) in the shape
of the test. Oral capsule is also not visible. However, Gromia sp. 4SCS (Fig. 3G) is smaller (210 x 180 um)
and has a light brown, almost orange cytoplasm. Coefficient C is about 1.1. Distribution: Vietnam,
sta. TS1, periphyton.

Gromia sp. 5SCS. The test is spherical (180 x 180 um) (Fig. 3H), with heterogeneous brown cyto-
plasm and small but clearly visible oral capsule (Fig. 3I) in the form of a short cap (23 pm in diameter).
Coefficient C is equal to 1. Distribution: Vietnam, sta. TS1, periphyton.
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Gromia sp. 6SCS. The test is almost spherical (210 x 190 um). The cytoplasm is heteroge-
neous (Fig. 3K), with many little rounded inclusions (Fig. 3M). The test wall is thin, in one spot forming
a small protrusion like an oral capsule (Fig. 3L). Coefficient C is about 1.1. Distribution: Vietnam,
sta. TS1, periphyton.

Gromia sp. 7SCS. This species resembles Gromia sp. 2SCS (see Fig. 3C) in spherical form of the test
and the absence of obvious oral capsule (Fig. 3J). However, Gromia sp. 7SCS 1is larger (310 x 290 um)
than the second species. Also, it has a lighter and less dense cytoplasm. Coefficient C is about 1.06.
Distribution: Vietnam, sta. TS1, periphyton; sta. TS5, periphyton; and sta. TS2, bottom sediments.

Gromia sp. 8SCS. The test is spherical (Fig. 4A) and not large (280 x 240 um). The oral cap-
sule (34 um in diameter) is slightly flattened and nipple-like in shape (Fig. 4B). The cytoplasm is dense
and dark. Coefficient C is about 1.16. Distribution: Vietnam, sta. TS1, periphyton.

Gromia sp. 9SCS. The test is rounded, slightly elongated (260 x 210 um). The cytoplasm is hetero-
geneous, taupe (Fig. 4C). The oral capsule is a small protrusion of the thin test wall with a diameter
of 36 um (Fig. 4D). Coefficient C is about 1.2. Distribution: Vietnam, sta. TS1, periphyton.

Fig. 4. Gromiids from the study area
in the South China Sea (the contin-
uation). Gromia sp. 8SCS: A, gen-
eral view; B, oral capsule. Gro-
mia sp. 9SCS: C, general view; D, oral
capsule. Scale bars are 50 um (A, C)
and 20 um (B, D)

Puc. 4. T'pomuu u3 uccieqoBaHHO-
ro paiioHa B lOxHo-Kuraiickom Mo-
pe (mponpomxenue). Gromia sp. 8SCS:
A — o06muit Bug; B — porosas kari-
cyna. Gromia sp. 9SCS: C — o01uii
Bug; D — poroBas kamcyna. Mac-
mTabHasa nuHerika — 50 MM (A, C)
u 20 mxmM (B, D)

DISCUSSION

Soft-walled foraminifera and gromiids, an important component of marine meiobenthos, are almost
unknown for the South China Sea, including the Spratly Islands (Truong Sa Archipelago, Vietnam). Thus,
all soft-walled foraminifera and gromiids considered in the present study are the first records for this
marine region.

These protozoans are involved in the organic matter cycle of bottom ecosystems [Sergeeva, Anikeeva,
2018, 2023], and inhabit various depths and biotopes of the South China Sea and adjacent water areas.
They definitely require further detailed study. The list of monothalamous foraminifera and gromiids
presented in this paper should be regarded as preliminary, as it will undoubtedly be supplemented during
further research.
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Conclusions. Despite the environmental importance of the Spratly Islands (Truong Sa Archipelago,
Vietnam), the biodiversity of this marine region is poorly studied. Many groups of marine hydrobionts,
such as soft-walled foraminifera and gromiids, remain unknown from this area. This survey provides
the first data on soft-walled foraminifera and gromiids of the Spratly Islands. There, three representatives
of soft-walled Foraminifera and nine Gromia species are recorded for the first time. None of them could
be classified down to the species level which indicates the high specificity of their morphological traits.
Therefore, further studies should be conducted to determine whether they represent new species for this
marine region.

This work was carried out within the framework of IBSS state research assignment “Biodiversity as the ba-
sis for the sustainable functioning of marine ecosystems, criteria and scientific principles for its conserva-
tion” (No. 124022400148-4). This study was partly supported by the Joint Viemam—Russia Tropical Science
and Technology Research Center (grant No. KCB-TS03).

REFERENCES

. A’ziz A. N. A., Minhat F. 1., Pan H. J., Shaari H.,

district, Khanh Hoa province. Vietnam Journal
of Marine Science and Technology, 2020, vol. 20,

Marine Biological Journal 2026 Vol. 11 No. 1

no. 4B, pp. 419-431. (in Vietnamese).

Saelan W. N. W., Azmi N., Manaf O. A. R. A., 7. Ngoc N., Cit N. H. Foraminiferal fauna and their
Ismail M. N. Reef foraminifera as bioindicators role in sedimentary formation in the Thuyen Chai
of coral reef health in southern South China coral reef, Truong Sa archipelago, Vietnam. Viet-
Sea. Scientific Reports, 2021, vol. 11, iss. 1, nam Journal of Earth Sciences, 2002, vol. 24, no. 4,
art. 8890 (13 p.). https://doi.org/10.1038/s41598- pp. 306-310. (in Vietnamese).

021-88404-3 8. Sergeeva N. G., Anikeeva O. V. First inves-

. Do C. T, Le T. T. [Benthic animals in some tigations of benthic soft-walled foraminifera
main islands of Truong Sa archipelago]. Sea and gromiids (Protozoa) in the northwest-
Magazine Vietnam, 2008, vol. 10, pp. 11-19. ern Sea of Japan. Russian Journal of Marine
(in Vietnamese). Biology, 2023, vol. 49, iss. 6, pp. 435-452.

. Latypov Yu. Ya. Spratly archipelago as a po- https://doi.org/10.1134/s106307402306007x
tential reserve for recovery of Dbiodiversity 9. Sergeeva N. G., Anikeeva O. V. Soft-shelled
in coastal and island reefs of Vietnam. Ma- Foraminifera of the Black Sea and the Sea of Azov
rine Science, 2012, vol. 2, no. 4, pp. 34-38. / A. O. Kovalevsky Institute of Marine Biologi-
https://doi.org/10.5923/j.ms.20120204.02 cal Research. Simferopol : ARIAL, 2018, 156 p.

. Ngoc N. Holocene foraminiferal fauna at the re- https://doi.org/10.21072/978-5-907118-84-3
gion of Phan Vinh Island, Truong Sa archipelago  10. Sergeeva N. G., Anikeeva O. V., Gooday A. J.
and some related problems. Vietham Jour- Soft-shelled, = monothalamous  foraminifera
nal of Marine Science and Technology, 2018, from the oxic/anoxic interface (NW Black
vol. 18, no. 1, pp. 39-51. (in Vietnamese). Sea). Micropaleontology, 2010, vol. 56, no. 34,
https://doi.org/10.15625/1859-3097/18/1/12579 pp- 393-407.

. Nguyen V. Q. Species composition and ecological ~ 11. Sinniger F., Lecroq B., Majewski W., Pawlowski J.
distribution characteristics of coral reef fish com- Bowseria arctowskii gen. et sp. nov., new monotha-
munities in the islands Da Tay, Toc Tan, Sinh Ton, lamous foraminiferan from the Southern Ocean.
and Da Nam, Truong Sa archipelago. Viemam Polish Polar Research, 2008, vol. 29, no. 1,
Fisheries Journal, 2005, vol. 11, pp. 21-24. pp. 5-15.

(in Vietnamese). 12. Sirenko B. Molluscs of the genus

. Nguyen V. Q., Dinh V. N,, Tran D. L., Leptoplax (Mollusca: Polyplacophora)
Vu M. H,, Dao M. D., Nguyen V. C., Tran V. P., from Spratly Islands, South China Sea.
Nguyen T. H. L. Establishing a model of sustain- Ruthenica, 2024, vol. 34, no. 1, pp. 7-14.
able mariculture development for Thuyen Chai https://doi.org/10.35885/ruthenica.2024.34(1).2
Reef (Barque Canada Reef), Truong Sa islands  13. Sirenko B. 1., Nguyen T.-T. One more new species

of the genus Acanthochitona (Mollusca: Polypla-
cophora) from the Spratly Islands. Zoosystematica


https://doi.org/10.1038/s41598-021-88404-3
https://doi.org/10.1038/s41598-021-88404-3
https://doi.org/10.5923/j.ms.20120204.02
https://doi.org/10.15625/1859-3097/18/1/12579
https://doi.org/10.1134/s106307402306007x
https://doi.org/10.21072/978-5-907118-84-3
https://doi.org/10.35885/ruthenica.2024.34(1).2

78

N. Sergeeva, O. Anikeeva, and H. Q. Tran

14.

15.

2CoBMeCTHBbII POCCHIICKO-BbETHAMCKHU TPOITMYECKUN HAYIHO-UCCIIEIOBATEIbCKUN M TEXHOJIOTMUECKUH TIEHTP,

Rossica, 2022, vol. 31, no. 2, pp. 169-175.
https://doi.org/10.31610/zsr/2022.31.2.169
Sirenko B. I., Nguyen T.-T. Species of the genus

Sea, 26-29 March 2008, Ha Long City, Vietnam
/ A. C. Alcala (Ed.). [Ha Long City, Vietnam],
2008, pp. 251-267. (in Vietnamese).

Acanthochitona ~ (Mollusca: ~ Polyplacophora) 16. Tkachenko K. S., Hoang D. T., Nguyen H. D.
from the Spratly Islands, South China Sea. Zoosys- Ecological status of coral reefs in the Spratly Is-
tematica Rossica, 2021, vol. 30, no. 1, pp. 78-93. lands, South China Sea (East Sea), and its relation
https://doi.org/10.31610/zsr/2021.30.1.78 to thermal anomalies. Estuarine, Coastal and Shelf
Stockwell B., Nguyen V. L. The stock of coral Science, 2020, vol. 238, art. 106722 (14 p.).
reef fish in the northern Truong Sa archipelago: https://doi.org/10.1016/j.ecss.2020.106722
Summary of survey results of JOMSRE III 17. Tran V.D., Vu Q. T., Hoang T. T. D. New records
and JOMSRE IV expeditions. In: Proceedings of nine fish species from the East Vietnam Sea.
of the Conference on the Results of the Philip- Aquaculture, Aquarium, Conservation & Legisla-
pines—Vietnam Joint Oceanographic and Marine tion — International Journal of the Bioflux Society,
Scientific Research Expedition in the South China 2023, vol. 16, iss. 6, pp. 3296-3315.
ITEPBBIE HAXO /KN

MAT'KOPAKOBUHHbBIX MOHOTAJIAMYCHBIX ®OPAMUHU®PEP U I'POMUN /]

B MEMOBEHTOCHBIX COOBIIECTBAX IOKHO-KUTAMICKOI'O MOPS

H.T. Cepreena! |, O. B. Auukeenal, X. K. Yan?

'®I'BYH PUII «HCTUTYT GHOJIOrMH I0KHBIX Mopeii umMenn A. O. Kopanesckoro PAH»,
Cesactononb, Poccuiickas ®epepanus

Xanoi, BbeTHam
E-mail: alegria@ibss-ras.ru

dopamunuepsl Kak rpynna MOPCKMX MPOCTEHIIMX UTPAIOT BaKHYIO POJb B MOPCKHX SKOCHCTEMAX.
Nudopmanus o popamunndepax ¢ TBEpION pakoBUHOM ¢ 0cTpoBOB CIIpaT/iv NpecTaBlieHa B pe3yJib-
TaTax reoJIOTMYecKHX uccieioBanuil. CBeleHns 0 MATKOPAaKOBUHHBIX (popaMuHK(pEpax, B YaCTHOCTH
Ha ocrpoBax Cripatim u B FOkH0-Kuraiickom mMope (Bién Dong no-BbeTHAMCKM), IO CUX TIOP OTCYT-
cTBYIOT. Llesnbio HacTosIero ucciaenoBaHust ObLIO NMPEAOCTABUTh NEPBBIE JAHHBIE O MATKOPAKOBUH-
HbIX (hopaMuHmdepax u rpomunaax Ha apxunesnare Ysionr [la (FOxno-Kuraiickoe Mope, BreTHam),
a TaKXXe OLIEHUTh TAKCOHOMHUECKOE Pa3HOOOpasue cooOIecTB MEHOOEHTOCA B IOHHBIX OTJIOKEHHUSX
U nepudUTOHE B BOAHBIX MECTOOOMTaHMSAX apxwurienara. OOpasibl cOOpaHbl BO BpeMsl SKCTIEIULIUH
Ha ocTpoBa Cripatiu B arpese 2022 T. Ha BOCBMU CTaHIIUSIX B IMana3oHe rryoud 6-20 m. B cocrase
cOoO0IIeCTB MeroOeHToca MepruUTOHA U JOHHBIX OCA/IKOB B HCCIIElyeMOM paiioHe OTMEYEHbI IIPeJICTa-
Butesn 20 TAKCOHOB BBICOKOTO paHra (Turl, Kjacc ¥ orpsa). Cpeau npocTeimx 3aperucTpupoBaHbl
Ciliophora Doflein, 1901, Foraminifera d’Orbigny, 1826 (TBEpao- n MaArkopakoBuHHbIE) 1 Gromiidea
Cavalier-Smith, 2003. Ocoboe BHUMaHUe y/ieIeHO IPOCTEUIINM, paHee HEM3BECTHBIM JIs1 BOJI BbET-
HaMcKoro peruona, — Foraminifera (omHokamepHble, MsarkopakoBuHHble) U Cercozoa (Gromiidea).
[lepBrle OTMEYEHBI Ha ABYX CTAaHLMAX B MEPUPUTOHE; BTOPBIE 3apETUCTPUPOBAHBI HA CEMH CTaHIIU-
X B MepuHUTOHE U Ha [IBYX CTAHIMAX B KOPAJUIOBOM IlecKe. BBIABIEHO TpH BHUAA MATKOPAKOBHH-
HBIX (popamMuHmpeEp; ABa U3 HUX NIPEABAPUTENIHHO OTHECEHBI K pofgaM Bowseria Sinniger et al., 2008
u Bathyallogromia Gooday et al., 2004. I'pomuu 1nipesictaBieHsl AeBsATbI0 Mopdotunamu. [IpuseneHo
KpaTKOe ONMCAaHUEe KaKIOTro NpeJCTaBUTEIsI U3YYEHHBIX TPYIIIL.

KiroueBbie caoBa: Gromia, moHoTtanamunsl, HOxHo-Kuraiickoe mope, apxunenar Ysionr Ila,
MSTKOPaKOBUHHBIE (hopaMUHU(EPHI, MEHOOEHTOC
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Epiphytism is a natural phenomenon widespread in coastal ecosystems of the World Ocean. Epiphytes
are plants (algae) that grow on other plants (algae), do not compete with other organisms for substrate,
and receive primarily physical support from their host. However, epiphytes are also known to have neg-
ative effects on host algae: they can reduce their productivity, cause morphological anomalies, reduce
the structural strength of algal layers, and facilitate the detachment of a host thallus from the substrate
during storms. This study examines the species composition and life forms of epiphytic algae in sev-
eral biogeographic regions of the World Ocean, analyzes the floristic differences revealed in these
regions, and determines their causes. Macroalgae were sampled in the upper, middle, and lower in-
tertidal zones, as well as in the upper subtidal zone, on coral reefs in the South China and East
China seas. Samples were collected from three randomly selected quadrats (1 m? in area) and be-
yond. Each sample was examined for the presence of epiphytes. In total, over 1,000 thalli contain-
ing epiphytes were sampled and analyzed. For the period from 1995 to 2019, the species richness,
composition and distribution of epiphytic algae assemblages in ecosystems of coral reefs and hard
substratum reefs in the South China Sea (Central and Southern Vietnam, Hainan Island) and East
China Sea (islands of the Ryukyu and Amakusa archipelagos) were studied for the first time. More
than 700 species and taxonomic forms of marine plants were registered and identified in these four
regions; out of those, about 33% were found in epiphytic life form. The highest number of seaweed
species was noted for coral reefs of Hainan Island (526); the lowest number of species was recorded
for coastal aquatic ecosystems of the Amakusa Archipelago islands (320). The relative number of epi-
phytic species of algae to total number of seaweed species was the highest on the Amakusa islands.
Among all the registered species of epiphytic algae, about 40% were found in obligate form, and more
than 50% were facultative epiphytes. The study areas differed in the species composition of epiphytes;
only 30% of species were common. The most area-specific epiphytes were recorded on the Amakusa
Archipelago islands. The causes and conditions of the widespread development of epiphytism among
seaweeds in various biogeographic regions of the World Ocean are discussed. The supplement
to the article contains descriptions of the morphology and anatomy of thalli of 40 widespread species
of epiphytes. The descriptions are provided with color photographs and elements of morphological
and anatomical structures.

Keywords: marine algae, epiphytes, coral reefs, species composition
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While seaweed communities are formed, some algal species settle on thalli of other species. This
natural phenomenon, called epiphytism, is widespread in coastal ecosystems of the World Ocean. Epi-
phytism is part of a broader ecological phenomenon, epibiosis. The latter is one of complex types
of interaction between organisms found in nature, when an organism grows on another, usually with-
out parasitizing it [Wahl, 1989]. In epibiosis, the ecological relationship between the ‘basiphyte’ (= host)
and the ‘epibiont’ (= species growing on the host) can be highly variable under the effect of environ-
mental factors: light, temperature, and direct physical or chemical exposure [Thornber et al., 2016].
Epiphytes are plants that grow on other plants, bypassing competition with other organisms for substrate
and receiving mostly physical support from their host [Potin, 2012].

Epiphytism in marine coastal ecosystems has been investigated since the late 19th century [Boye,
1986]. The main directions in the study of this natural phenomenon in the 20th century were the tax-
onomic identification of epiphytic algae and their inventory in some areas of the World Ocean, in-
cluding the South China and East China seas (e. g., [Abbott, Hollenberg, 1976; Pham, 1969; Segawa,
Kamura, 1960; Tseng, 1983]). In the early 21st century, the key aspect of research was the analy-
sis of epiphytism in the industrial cultivation of algae (e. g., [Chirapart et al., 2022; Sahu et al.,
2020]), as well as in relation to global climate changes [Albert et al., 2020]. Less attention was
paid to floristic investigations of the diversity and species composition of epiphytes in algal com-
munities in different regions of the World Ocean [Belous et al., 2021; Potin, 2012; Tsutsui et al.,
2005].

The negative effect of epiphytes on the production of basiphytes is known. The settlement
of epi- and endophytes often causes morphological anomalies in the host algae, which can lead to the de-
struction of basiphyte tissues [Correa, McLachlan, 1992, 1994; Sanchez et al., 1996], decline in the struc-
tural strength of layers, and detachment of thalli from the substrate during storms [Lein et al., 1991].
Epiphytes, when they are massively settled on thalli of macroalgae and leaves of seagrasses, shade the lat-
ter ones and significantly reduce their production [Friedlander, 1992], but at the same time, protect them
from drying out in the intertidal zone of the shelf.

Epiphytic biofilms on leaves of seagrasses and thalli of macrophytes affect biogeochemical pro-
cesses and chemical conditions directly in the habitat of the plant community (phyllosphere). Thus,
at night, hypoxia (oxygen-free conditions) can occur at the interface between a thallus (leaf) and epi-
phytes, which noticeably reduces the rate of respiration of the basiphyte and also leads to the harmful
formation of nitric oxide through denitrification. In the light, the formation of an epiphytic biofilm of-
ten results in reduction in photosynthetic activity due to epiphyte-induced shading caused by epiphytes
in combination with accumulation of O, and a decrease in CO, concentration in the microenvironment
[Brodersen, Kiihl, 2022].

The studies of epiphytic algae (along with seaweeds of other life forms) in the South China
and East China seas were carried out primarily by Chinese, Vietnamese, and Japanese researchers
within the 1930s—1980s (e. g., [Pham, 1969; Segawa, Kamura, 1960; Tseng, 1983]) and were limited
to determining the taxonomic status of epiphytic algae.

From the 1980s to the 2010s, we conducted an inventory study of the benthic marine flora
off the coast and islands of Southern and Central Vietnam, Hainan Island (China), and islands
of the Ryukyu and Amakusa archipelagos (Fig. 1A-H).

In these regions, we carried out an inventory of the current marine benthic algal flora; also, we an-
alyzed species, as well as life form diversity and taxonomic composition of individual algal commu-
nities. The effect of environmental factors, such as climatic conditions, seasonality, and water eu-
trophication, on species diversity of marine algae was studied as well. The results of these surveys
are partially published [Titlyanov, Titlyanova, 2012; Titlyanov et al., 2014, 2017, 2018, 2019a, b; Ti-
tlyanova et al., 2014].
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One of the aims of this work is to investigate species and life form diversity of seaweeds capable
of growing epiphytically in certain areas of the tropical biogeographic region of the South China Sea
and in the warm temperate region of the East China Sea. Another aim is to analyze the floristic dif-
ferences revealed in the study areas and try to find out the reasons for these differences. Additionally,
we considered it useful to provide photographs and descriptions of epiphytic algae that are common
in the study areas.

3 Mui Ba Lang

East China Sea
4 Hon Den Is.

5 Nha Trang Bay

6 My Hoa Bay
7 Son Hai Bay

8 Mui Ca Na

ol 9 Vung Tau Bay

N
A

5 Wouth China Sea @ 10 Con Dao Is.11
11 An Thoi Isls.
12 Phu Quoc Is. 160 km

South China Sea

4 Yalong Wan
3 Dadong Hai
Xiaodong Hai

South China Sea

Fig. 1. Sites of algal sampling off the mainland coast and islands in the South China and East China
seas. A, schematic map of the South China and East China seas; sampling sites are marked with red as-
terisks. B, sampling sites off the coast and islands in Central and Southern Vietnam. C, sampling sites off
the coast of Hainan. D, schematic map of islands of the Ryukyu Archipelago and sampling sites: 1, Oki-
nawa Island; 2, Sesoko Island; 3, Ieshima Island; 4, Akajima Island; 5, Miyako Island; 6, Ishigaki Island;
7, Iriomote Island; 8, Yonaguni Island. E, sampling sites in Okinawa Prefecture: 1, Cape Hedo; 2, leshima
Island; 3, Sesoko Island; 4, Oura Bay; 5, Cape Henoko; 6, Maeda coast; 7, 8, Arasaki Beach; 9, Ohdo coast.
F, sampling sites off the coast of Iriomote Island: 1, Hoshidate coast; 2, Kanoka coast. G, sampling sites
off the coast of Miyako Island: 1, 2, Karimata coast; 3, Cape Higashi-Hennazaki. H, sampling sites off
the coast of Yonaguni Island: 1-3, Sonai locality; 4, Higawa Bay; 5, Tojima coast. I, Shimoshima Island
and Tsujishima Island (Amakusa Archipelago), sampling sites along Tomioka Peninsula: Magarizaki coast
(sites 1, 2); Akaiwa coast (sites 3, 4); Shikizaki Bay (site 5); Shiraiwazaki Bay (sites 6-8); Reihoku coast
(site 9); Tomioka Harbor (sites 10-13); Tsujishima Island (sites 14, 15)

Puc. 1. Mecrd or6opa npod BogOpOCieil Ha MaTepUKOBOM MpuOpexbe u ocTpoBax KxHo-Kuraiickoro
u Boctouno-Kurarickoro Mopeii. A — cxemarudeckas kapra KOxxuo-Kuraiickoro m Bocrouno-Kuraiickoro
Mopeii; MecTd oTOopa MpoOd OTMEYeHB KpacHHIMHU 3BE30UYKaMu. B — mecTd otdopa npod B nmpubdpexbe
u Ha octpoBax LlenrpanpHoro u IOxHOoro BeerHama. C — mectd otbopa nmpob B MpuOpekbe 0cTpoBa Xaii-
HaHb. D — cxeMaTnueckasi KapTa OCTPOBOB apxwurienara Prokio ¢ Toukamu or6opa npo6: 1 — ocrpoB Oku-
HaBa; 2 — octpoB Cecoko; 3 — octpoB Usmsnma; 4 — ocTpoB Akagzuma; S — ocTpoB Musko; 6 — ocTpoB
Ucwuraku; 7 — octpoB Uprnomors; 8 — octpos MoHarynn. E — mectéd ot6opa npo6 B npedexrype OkuHa-
Ba: 1 — mpIc X310; 2 — octpoB Uacuma; 3 — octpor Cecoko; 4 — 3aymuB Oypa; 5 — MbIc X39HOKO; 6 —
npubpexse Masga; 7, 8 — misik Apacaku; 9 — npudpexbe Ono. F — mectd otdopa npod Ha nprdpesxbe
octpoa Mpromota: 1 — npubpesxbe Xocunare; 2 — npudpexbe KaHoka. G — Mectd or6opa rnpod Ha rpu-
Opesxbe octpoBa Musiko: 1, 2 — npudpexbe Kapumara; 3 — mbic Xuracu Xennacaku. H — mectd orbopa

11pod Ha npuopeskbe ocTpoBa Vonarynn: 1-3 — mecrHocts CoHan; 4 — GyxTta Xurapa; 5 — npuopexbe
Tomsuma. I — octpoB Cumocuma u octpoB Llymsucuma (apxumnenar Amakca), Mmectd otéopa pod BIOJb
noyoctpoBa Tomuoka: npubpexbe Marapuzaku (yuactku 1, 2); mpuOpexbe AkauBa (y4acTku 3, 4); 3a-
B Crkuzaky (ydactok 5); 3amB CupanBanzaku (yuacTku 6—8); mpudpexbe Peiixoky (yuactok 9); raBaHb
Tomuoka (yuactku 10-13); octpo Llymsucuma (yuactku 14, 15)
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MATERIAL AND METHODS

In the study areas, more than 300 benthic algal collections were made from 1981 to 2019. Approx-
imately 70% of the collections were formed by the methods described below, and this is the material
analyzed in the article.

The study of the marine flora along the coastal zone and off islands of Central and Southern Viet-
nam (Fig. 1A, B), using the methods described below, was conducted by us in 2002-2009 off the fol-
lowing sites: Hon Den Island (January 2002); Ly Son Island (March 2002); Son Hai Bay (March 2006);
Cape Ca Na (April 2006); My Hoa Bay (May 2006); Nha Trang Bay (March and April 2006-2010);
vicinity of Da Nang (April 2007); Vung Tau Bay (April 2008); Con Dao Islands (April 2008);
Mui Ba Lang (March 2009); An Thoi Islands (March 2009); and Phu Quoc Island (March 2009).

Algal samplings along the coast of Hainan Island (Fig. 1A, C) were carried out in 2008-2019
and covered Luhuitou Peninsula (February 2012; March and May 2009; November and December 2010,
2012, and 2015; and April 2009, 2012, and 2014); Xiaodong Hai Bay (October 2008; March and April
2016, 2017, and 2019; and November and December 2016 and 2018); Dadong Hai Bay (October 2008
and April 2016); Yalong Wan Bay (March 2012); vicinity of Wenchang City (March 2012); Xian Hai Bay
(April 2012); vicinity of Meixia town (April 2012); and Ying Ge Hai Bay (April 2014).

Algae were sampled in 1995-2019 along coasts of the Ryukyu Archipelago islands (Fig. 1A,
D-H): on coral reefs of the western coast of Akajima Island and in two localities of Ishigaki Is-
land (August 1995); leshima Island (December 2006); along the coast of Okinawa Island (Novem-
ber and December 2006); Arasaki Beach, Okinawa (March 2013 and February 2014); Sesoko Island
(May-September 1995; October—-December 1997; January—March 1998; October—December 2002;
January—September 2003; July 2004; February—May 2005; November—December 2006; October 2007,
and February 2014 and 2019); Yonaguni Island (March 2013); Miyako Island (March 2013);
and Iriomote Island (February 2017).

Shimoshima Island and Tsujishima Island (Fig. 1A, I) of the Amakusa Archipelago were cov-
ered by algal sampling within 2012-2017 (November and December 2012; April and August 2013;
January 2014; October and November 2015; and November 2017).

Field works in Central and Southern Vietnam were carried out jointly with the staff of two Viet-
namese institutes: Institute of Oceanography and Institute of Technology Research and Application
of the Vietnamese Academy of Science and Technology (Nha Trang City).

On the southern islands of Japan, we used the services of three marine biological stations.
The Amakusa Marine Biological Laboratory (Kyushu University) is located on Shimoshima Island
(Amakusa Archipelago); the Tropical Biosphere Research Center (University of the Ryukyus) is situ-
ated on Sesoko Island, Okinawa; and the Iriomote Station of the Tropical Biosphere Research Center
(University of the Ryukyus) is located on Iriomote Island.

On Hainan Island, the main base for field and laboratory works was the Tropical Marine Biological
Research Station of the South China Sea Institute of Oceanology of the Chinese Academy of Sciences,
located in the Sanya Bay. Professor Huang Hui and Professor Li Xiubao took part in all our works
and co-authored scientific articles and books (see “References” section).

Macroalgae were sampled in the upper, middle, lower intertidal, and upper subtidal zones (by snorke-
ling, and sometimes by scuba diving) on coral reefs of Central and Southern Vietnam, Hainan Island,
islands of the Ryukyu Archipelago, and in ecosystems of rocky substrata around islands of Amakusa
Archipelago.

In each tidal zone, within 100—300 m? (depending on area of tidal zones), communities of algal turf,
crust algae, and large upright growing algae were visually estimated. In the communities of algal turf
and crust algae, samples were taken from three randomly selected quadrats, each measuring 100 cm?
in area. In communities of upright growing algae, samples were also taken from three randomly selected
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quadrats, 1 m? each. Seaweeds were sampled separately from areas outside the selected quadrats as well.
Mostly, algae were taken out of water along with substrate (small stones, fragments of corals, and shells)
and manually (carefully) cleaned of debris in a laboratory.

Each collected fresh sample was checked for the presence of epiphytes. Epiphytic thalli were re-
moved with tweezers from the basiphyte and taxonomically analyzed. For the survey of the epiphytic
flora, only adult, healthy thalli of epiphytic algae attached to living basiphytes were selected. In total,
more than 1,000 thalli with epiphytes were sampled and analyzed. Epiphytic species found on thalli
of macrophytes 1-10 times were designated as single occurrences; 11-19 times, as rare; and more than
20 times, as common.

Freshly collected material was identified using monographic publications, data from floristic studies,
and systematic articles listed by T. Titlyanova and coauthors [2014]. The systematics and nomenclature
followed AlgaeBase [2026]. The material was identified under stationery and field optical microscopes
immediately or within 2-3 days after sampling (the material was stored in a refrigerator). After identifi-
cation, algal samples were herbarized or preserved in fixative solutions (7% formaldehyde in seawater).
Herbarium material was deposited at the Zhirmunsky National Scientific Center of Marine Biology,
Far Eastern Branch of the Russian Academy of Sciences (Vladivostok, Russia).

RESULTS

Among all the species we found, reds (species of the phylum Rhodophyta) accounted for 57%; greens
(species of the phylum Chlorophyta), for 28%; and browns (species of the phylum Heterokontophyta),
for 15%. Importantly, the taxonomic composition of epiphytic algae (Fig. 2) was different: red seaweeds
significantly prevailed (70-85%), while green and brown ones were less common (10-20 and 5-10%,
respectively).

The most common species of epiphytic red algae in all four study areas were those belonging
to the orders Stylonematales, Erythropeltales, Acrochaetiales, Colaconematales, Corallinales, and Ce-
ramiales. Out of brown algae, the most common species were those from the orders Ectocarpales
and Sphacelariales. The most common seaweeds among the greens were epiphytes from the order Ul-
vales (Table 1). Most of epiphytic algae from the families covered by our collection had a fine filamentous
form. Micrographs and descriptions of the most common species of epiphytes in the study areas are given
in Supplement 1 (see https://marine-biology.ru/mbj/article/view/519).
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Fig. 2. Distribution of epiphytic algae in the study areas of the South China and East China seas. Ep, algae
found only as epiphytes (obligate epiphytes); Ep*, algae found as epiphytes, as well as on hard substrata
(facultative epiphytes); Ep + Ep*, the total number of species of obligate and facultative epiphytic algae

Puc. 2. Pacnpoctpanenue SmuUTHBIX BOJOPOCIEH B HCCIEAOBaHHBIX paiioHax FOxHO-Kutatickoro
u Bocrouno-Kuraiickoro mopeit. Ep — Bonopociu, Becrpevaroiyecst TOJIbKO B Buje snuduTtoB (0durar-
Hble anuduth); Ep* — Bomopociu, BCTpeyaroliyecs B Bue MUGUTOB, a TakKe Ha TBEPIBIX cyOcTparax
(¢paxynbratuBnsie amuduTh); Ep + Ep* — o0I1iee uricio BUoB OOJMIaTHBIX U (DAKYIbTATUBHBIX SMTU(PUTOB
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Among all the epiphytes we registered, about 40% of the species were in obligate form (Fig. 2,
Table 1): they grew only as epiphytes on thalli of one or more species of basiphytes. Red seaweeds belong-
ing to the orders Acrochaetiales (family Acrochaetiaceae), Colaconematales (family Colaconemataceae),
and Ceramiales (family Callithamniaceae), as well as green algae from the orders Chaetophorales (fam-
ily Chaetophoraceae), Ulotrichales (family Ulotrichaceae), and Ulvales (family Ulvellaceae), were found

as epiphytes only.

Table 1. Seaweeds growing epiphytically in some areas of the South China and East China seas

Ta6suma 1. Bopgopociu, pacrymue anupuTHO B HeKOoTOpbix padioHax KOxHo-Kuraiickoro u BoctouHo-

Kuraiickoro mopeit

Species, variety, and taxonomic form

Ryukyu
islands

Hainan
Island

Southern
Vietnam

Amakusa
islands

Class Stylonematophyceae
Order Stylonematales
Family Stylonemataceae

Phylum RHODOPHYTA

Bangiopsis dumontioides (P. Crouan & H. Crouan) V. Krishnamurthy

Ep

Ep

Chroodactylon ornatum (C. Agardh) Basson

Ep

Ep

Ep

Stylonema alsidii (Zanardini) K. M. Drew &

Ep*

Ep

Ep

Ep*

Class Compsopogonophyceae
Order Erythropeltales
Family Erythrotrichiaceae

Erythrocladia irregularis Rosenvinge

Ep

Ep

Ep

Ep

Erythrotrichia carnea (Dillwyn) J. Agardh &

Ep*

Ep

Ep

Ep*

Erythrotrichia parietalis T. Tanaka

Ep*

Porphyrostromium japonicum (Tokida) Kikuchi

Ep

Sahlingia subintegra (Rosenvinge) Kornmann

Ep*

Ep

Ep

Ep

Class Bangiophyceae
Order Bangiales
Family Bangiaceae

Bangia gloiopeltidicola Tanaka

Ep

Pyropia ishigecola (A. Miura) N. Kikuchi & M. Miyata

Ep

Pyropia suborbiculata (Kjellman) J. E. Sutherland, H. G. Choi,
M. S. Hwang & W. A. Nelson

Ep*

Class Florideophyceae
Order Acrochaetiales
Family Acrochaetiaceae

Acrochaetium catenulatum M. A. Howe %

Ep

Ep

Ep

Ep

Acrochaetium chaetomorphae (Tanaka & P. H. H6) Heerebout

Ep

Ep

Ep

Acrochaetium crassipes (Bgrgesen) Bgrgesen

Ep

Ep

Acrochaetium gracile var. vietnamense P. H. HO

Ep

Acrochaetium microscopicum (Négeli ex Kiitzing) Négeli

Ep

Ep

Ep

Ep

Acrochaetium moniliforme (Rosenvinge) Bgrgessen

Ep

Acrochaetium sancti-thomae Bgrgesen

Ep

Acrochaetium secundatum (Lyngbye) Nageli

Ep

Ep

Ep

Acrochaetium subseriatum Bgrgesen %

Ep

Ep

Ep

Ep

Order Colaconematales
Family Colaconemataceae

Colaconema bonnemaisoniae Batters

Ep

Continued on the next page...
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Species, variety, and taxonomic form Ryukyu Hainan S(?uthern A'makusa
’ ’ islands Island | Vietnam | islands

Colaconema daviesii (Dillwyn) Stegenga Ep Ep Ep Ep
Colaconema gracile (Bgrgesen) Ateweberhan & Prud’homme Ep Ep Ep Ep
Colaconema hypneae (Bgrgesen) A. A. Santos & C. W. N. Moura % Ep Ep Ep Ep
Colaconema robustum (Bgrgesen) Huisman & Woelkerling Ep Ep Ep Ep
Order Corallinales
Family Corallinaceae
Jania capillacea Harvey Ep* Ep*
Jania pedunculata var. adhaerens (J. V. Lamouroux) A. S. Harvey,
Woe]kle’:rling & Reviers ( : ’ Ep* Ep* Ep* Ep*
Jania pumila J. V. Lamouroux Ep Ep* Ep Ep*
Jania ungulata f. brevior (Yendo) Yendo Ep* Ep* Ep* Ep*
Pneophyllum confervicola (Kiitzing) Y. M. Chamberlain Ep
Pneophyllum fragile Kiitzing Ep* Ep Ep Ep
Family Hydrolithaceae
Hydrolithon boergesenii (Foslie) Foslie Ep* Ep
Hydrolithon boreale (Foslie) Y. M. Chamberlain % Ep* Ep Ep Ep
Hydrolithon farinosum (J. V. Lamouroux) Penrose & Y. M. Chamberlain & Ep Ep Ep Ep
Family Porolithaceae
Metagoniolithon stelliferum (Lamarck) Ducker Ep* Ep*
Order Bonnemaisoniales
Family Bonnemaisoniaceae
Asparagopsis taxiformis (Delile) Trevisan Ep* Ep* Ep* Ep*
Bonnemaisonia hamifera Hariot Ep Ep
Order Ceramiales
Family Callithamniaceae
Aglaothamnion callophyllidicola (Yamada) Boo, I. K. Lee, Rueness & Yoshida Ep
Aglaothamnion cordatum (Bgrgesen) Feldmann-Mazoyer & Ep Ep Ep Ep
Crouania attenuata (C. Agardh) J. Agardh & Ep Ep Ep Ep
Crouania minutissima Yamada Ep
Gymnothamnion elegans (Schousboe ex C. Agardh) J. Agardh Ep Ep
Spyridia filamentosa (Wulfen) Harvey Ep* Ep* Ep*
Family Ceramiaceae
Antithamnion antillanum Bgrgesen Ep Ep Ep Ep
Antithamnionella basispora (Tokida & Inaba) Cormaci & Furnari Ep
Antithamnionella breviramosa (E. Y. Dawson) Wollaston Ep Ep Ep
Antithamnionella elegans (Berthold) J. H. Price & D. M. John Ep
Antithamnionella longicellulata Perestenko Ep
Antithamnionella spirographidis (Schiftner) E. M. Wollaston Ep Ep
Centroceras clavulatum (C. Agardh) Montagne Ep* Ep* Ep* Ep*
Centroceras gasparrinii (Meneghini) Kiitzing Ep Ep*
Centroceras japonicum Itono Ep*
Centroceras minutum Yamada Ep Ep*
Ceramium aduncum Nakamura Ep Ep* Ep Ep
Ceramium amamiense 1tono Ep
Ceramium boydenii E. S. Gepp Ep
Ceramium borneense Weber Bosse Ep Ep* Ep Ep
Ceramium camouii E. Y. Dawson Ep*
Ceramium cimbricum H. E. Petersen Ep* Ep Ep Ep

Continued on the next page...
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Species, variety, and taxonomic form Ryukyu Hainan S(?uthern Amakusa
’ ’ islands | Island | Vietnam | islands

Ceramium cimbricum f. flaccidum (H. E. Petersen) G. Furnari & Serio Ep Ep
Ceramium cingulatum Weber Bosse Ep Ep Ep
Ceramium clarionense Setchell & N. L. Gardner Ep
Ceramium hamatispinum E. Y. Dawson Ep
Ceramium macilentum J. Agardh Ep Ep* Ep* Ep
Ceramium marshallense E. Y. Dawson Ep Ep* Ep*
Ceramium procumbens Setchell & N. L. Gardner % Ep Ep* Ep* Ep
Ceramium serpens Setchell & N. L. Gardner Ep Ep
Corallophila howei (Weber-van Bosse) R. E. Norris Ep*
Corallophila huysmansii (Weber-van Bosse) R. E. Norris Ep Ep* Ep*
Corallophila kleiwegii Weber Bosse Ep* Ep* Ep*
Gayliella fimbriata (Setchell & N. L. Gardner) T. O. Cho & S. M. Boo Ep Ep Ep*
Gayliella flaccida (Harvey ex Kiitzing) T. O. Cho & L. J. Mclvor Ep Ep Ep
Gayliella mazoyerae T. O. Cho, Fredericq & Hommersand % Ep* Ep* Ep* Ep*
Gayliella taylorii (E. Y. Dawson) T. O. Cho & S. M. Boo Ep* Ep*
Gayliella transversalis (Collins & Harvey) T. O. Cho & Fredericq Ep*
Pseudoceramium paniculatum (Okamura) Barros-Barreto & Maggs Ep
Pseudoceramium tenerrimum (G. Martens) Barros-Barreto & Maggs Ep* Ep*
Stirkia codii (H. Richards) Barros-Barreto & Maggs Ep Ep
Stirkia vagans (P. C. Silva) Barros-Barreto & Maggs Ep Ep Ep* Ep
Yoneshiguea compta (Bgrgesen) Barros-Barreto, Maggs & M. A. Jaramillo Ep
Family Delesseriaceae
Acrosorium polyneurum Okamura Ep
Acrosorium yendoi Yamada Ep
Caloglossa leprieurii (Montagne) G. Martens Ep
Cryptopleura ramosa (Hudson) L. Newton Ep
Dasya anastomosans (Weber Bosse) M. J. Wynne Ep*
Dasya pedicellata (C. Agardh) C. Agardh Ep*
Dasysiphonia japonica (Yendo) H.-S. Kim Ep
Dasysiphonia sessilis (Yamada) M. M. Cassidy, C. W. Schneider Ep*
& G. W. Saunders P
Heterosiphonia crispella (C. Agardh) M. J. Wynne Ep Ep Ep* Ep
Heterosiphonia pulchra (Okamura) Falkenberg Ep Ep
Hypoglossum attenuatum N. L. Gardner Ep Ep
Hypoglossum caloglossoides M. J. Wynne & Kraft Ep
Hypoglossum simulans M. J. Wynne, 1. R. Price & D. L. Ballantine Ep
Nitophyllum adhaerens M. J. Wynne Ep Ep*
Taenioma perpusillum (J. Agardh) J. Agardh Ep Ep* Ep* Ep*
Family Rhodomelaceae
Acanthophora spicifera (M. Vahl) Bgrgesen Ep Ep*
Bostrychia tenella (J. V. Lamouroux) J. Agardh Ep*
Bryocladia cervicornis (Kiitzing) F. Schmitz Ep*
Chondria dasyphylla (Woodward) C. Agardh Ep
Chondria minutula Weber Bosse Ep* Ep Ep
Chondria pygmaea Garbary & Vandermeulen Ep
Chondria repens Bgrgesen Ep Ep* Ep*
Chondrophycus cartilagineus (Yamada) Garbary & J. T. Harper Ep
Herposiphonia insidiosa (Greville ex J. Agardh) Falkenberg Ep Ep*
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Herposiphonia parca Setchell Ep Ep Ep
Herposiphonia secunda (C. Agardh) Ambronn & Ep* Ep Ep Ep
Herposiphonia subdisticha Okamura Ep Ep
Herposiphonia tenella (C. Agardh) Ambronn Ep Ep* Ep Ep*
Herposiphonia vietnamica Pham-Hoang H6 Ep
Laurencia pinnata Yamada Ep*
Laurencia silvae J. F. Zhang & B. M. Xia Ep
Leveillea jungermannioides (Hering & G. Martens) Harvey Ep Ep* Ep Ep
Lophosiphonia cristata Falkenberg Ep Ep
Melanothamnus ferulaceus (Suhr ex J. Agardh) Diaz-Tapia & Maggs Ep Ep* Ep* Ep*
Melanothamnus harlandii (Harvey) Diaz-Tapia & Maggs Ep
Melanothamnus japonicus (Harvey) Diaz-Tapia & Maggs Ep* Ep*
Melanothamnus pseudovillum (Hollenberg) Diaz-Tapia & Maggs Ep Ep
Melanothamnus savatieri (Hariot) Diaz-Tapia & Maggs Ep Ep Ep
Melanothamnus sphaerocarpus (Bgrgesen) Diaz-Tapia & Maggs Ep Ep
Melanothamnus tongatensis (Harvey ex Kiitzing) Diaz-Tapia & Maggs Ep Ep*
Melanothamnus yendoi (T. Segi) Diaz-Tapia & Maggs Ep
Falisada perforata (Bory) K. W. Nam Ep*
Polysiphonia exilis Harvey Ep
Polysiphonia nhatrangense Pham-Hoang H6 Ep
Polysiphonia scopulorum Harvey Ep*
Polysiphonia subtilissima Montagne Ep* Ep* Ep
Polysiphonia villum J. Agardh & Ep Ep* Ep* Ep*
Symphyocladia marchantioides (Harvey) Falkenberg Ep*
Symphyocladia pumila (Yendo) S. Uwai & M. Masuda Ep*
Tolypiocladia condensata (Weber Bosse) P. C. Silva Ep
Tolypiocladia glomerulata (C. Agardh) F. Schmitz Ep* Ep* Ep*
Vertebrata lanosa (Linnaeus) T. A. Christensen Ep
Vertebrata reptabunda (Suhr) Diaz-Tapia & Maggs Ep
Wilsonosiphonia howei (Hollenberg) D. Bustamante, Won & T. O. Cho Ep Ep
Family Wrangeliaceae
Anotrichium tenue (C. Agardh) Nageli Ep Ep* Ep
Gordoniella yonakuniensis (Yamada & T. Tanaka) Itono Ep
Griffithsia japonica Okamura Ep Ep*
Griffithsia metcalfii C. K. Tseng Ep* Ep* Ep Ep
Griffithsia rhizophora Grunow ex Weber Bosse Ep Ep
Griffithsia subcylindrica Okamura Ep Ep
Tiffaniella saccorhiza (Setchell & N. L. Gardner) Doty & Mefiez Ep Ep
Wrangelia argus (Montagne) Montagne Ep* Ep* Ep*
Order Gelidiales
Family Gelidiaceae
Gelidium crinale var. perpusillum Piccone & Grunow Ep
Gelidium divaricatum G. Martens Ep*
Gelidium pusillum (Stackhouse) Le Jolis Ep* Ep* Ep*
Family Gelidiellaceae
Gelidiella acerosa (Forsskél) Feldmann & Hamel Ep*
Gelidiella lubrica (Kiitzing) Feldmann & Hamel Ep*
Millerella pannosa (Feldmann) G. H. Boo & L. Le Gall Ep*

Continued on the next page...
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Ryukyu
islands

Hainan
Island

Southern
Vietnam

Amakusa
islands

Parviphycus adnatus (E. Y. Dawson) B. Santelices

Ep*

Family Pterocladiaceae

Pterocladiella capillacea (S. G. Gmelin) Santelices & Hommersand Ep

Order Gigartinales
Family Caulacanthaceae

Caulacanthus okamurae Yamada

Ep*

Caulacanthus ustulatus (Turner) Kiitzing

Family Cystocloniaceae

Hypnea cervicornis J. Agardh

Hypnea charoides J. V. Lamouroux

Ep*

Hypnea esperi Bory

Ep

Hypnea musciformis var. esperi J. Agardh

Hypnea nidulans Setchell

Hypnea pannosa J. Agardh

Ep*

Hypnea spinella (C. Agardh) Kiitzing Ep

Ep*

Ep*

Hypnea valentiae (Turner) Montagne

Ep*

Family Dumontiaceae

Dudresnaya japonica Okamura

Ep*

Family Gigartinaceae

Chondracanthus intermedius (Suringar) Hommersand ‘

Family Kallymeniaceae

Kallymenia perforata J. Agardh

Order Peyssonneliales
Family Peyssonneliaceae

Peyssonnelia rubra (Greville) J. Agardh ‘

Order Plocamiales
Family Plocamiaceae

Plocamium ovicorne Okamura

Ep*

Plocamium recurvatum Okamura

Ep

Plocamium telfairiae Harvey

Ep*

Order Rhodymeniales
Family Champiaceae

Champia expansa Yendo

Ep

Champia japonica Okamura

Ep

Ep

Champia parvula (C. Agardh) Harvey Ep

Ep*

Champia vieillardii Kiitzing

Ep

Ep*

Coelothrix irregularis (Harvey) Bgrgesen

Ep

Family Lomentariaceae

Ceratodictyon intricatum (C. Agardh) R. E. Norris

Ep

Lomentaria corallicola Bgrgesen

Ep

Ep*

Ep*

Lomentaria pinnata Segawa

Ep*

Family Rhodymeniaceae

Botryocladia kuckuckii (Weber Bosse) Yamada & T. Tanaka Ep

Class Phaeophyceae
Order Ectocarpales
Family Acinetosporaceae

Phylum HETEROKONTOPHYTA

Feldmannia indica (Sonder) Womersley & A. Bailey Ep

Continued on the next page...
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Feldmannia irregularis (Kiitzing) G. Hamel & Ep* Ep* Ep Ep*
Feldmannia mitchelliae (Harvey) H.-S. Kim Ep* Ep* Ep*
Hincksia conifera (Bgrgesen) 1. A. Abbott Ep
Pylaiella littoralis (Linnaeus) Kjellman Ep* Ep
Family Ectocarpaceae
Ectocarpus siliculosus (Dillwyn) Lyngbye Ep Ep
Family Chordariaceae
Chilionema ocellatum (Kiitzing) Kornmann Ep* Ep Ep
Kuetzingiella elachistaeformis (Heydrich) M. Balakrishnan & Kinkar Ep* Ep Ep
Leathesia marina (Lyngbye) Decaisne Ep*
Myrionema strangulans Greville Ep Ep
Family Scytosiphonaceae
Colpomenia peregrina Sauvageau Ep
Colpomenia sinuosa (Mertens ex Roth) Derbes & Solier Ep*
Dactylosiphon bullosus (D. A. Saunders) Santiafiez, K. M. Lee, Ep*
S. M. Boo & Kogame
Hydroclathrus clathratus (C. Agardh) M. A. Howe Ep* Ep*
Myelophycus simplex (Harvey) Papenfuss Ep*
Rosenvingea nhatrangensis E. Y. Dawson Ep*

Order Sphacelariales
Family Sphacelariaceae

Sphacelaria carolinensis Trono Ep

Sphacelaria novae-hollandiae Sonder % Ep Ep* Ep* Ep*

Sphacelaria rigidula Kiitzing & Ep* Ep* Ep* Ep*

Sphacelaria solitaria (Pringsheim) Kylin Ep

Sphacelaria tribuloides Meneghini Ep Ep Ep*

Sphacelaria yamadae Segawa Ep Ep

Order Dictyotales

Family Dictyotaceae

Dictyota friabilis Setchell Ep* Ep*

Lobophora variegata (J. V. Lamouroux) Womersley ex E. C. Oliveira Ep* Ep*

Zonaria flabellata (Okamura) Papenfuss Ep*
Phylum CHLOROPHYTA

Class Chlorophyceae

Order Chaetophorales

Family Uronemataceae

Uronema marinum Womersley Ep Ep Ep

Class Ulvophyceae

Order Ulotrichales

Family Ulotrichaceae

Ulothrix flacca (Dillwyn) Thuret Ep

Ulothrix implexa (Kiitzing) Kiitzing Ep Ep

Ulothrix subflaccida Wille Ep

Order Ulvales

Family Ulvellaceae

Ulvella lens P. L. Crouan & H. M. Crouan % Ep Ep Ep Ep

Ulvella repens (Pringsheim) R. Nielsen, C. J. O’Kelly & B. Wysor Ep

Ulvella scutata (Reinke) R. Nielsen, C. J. O’Kelly & B. Wysor Ep Ep Ep

Continued on the next page...
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Ulvella viridis (Reinke) R. Nielsen, C. J. O’Kelly & B. Wysor Ep Ep Ep Ep
Family Ulvaceae
Ulva clathrata (Roth) C. Agardh Ep* Ep Ep
Ulva compressa Linnaeus Ep* Ep*
Ulva flexuosa Wulfen Ep* Ep* Ep*
Ulva intestinalis Linnaeus Ep*
Ulva prolifera O. F. Miiller Ep*
Order Cladophorales
Family Anadyomenaceae
Anadyomene wrightii Harvey ex J. E. Gray Ep*
Microdictyon japonicum Setchell Ep*
Family Boodleaceae
Boodlea coacta (Dickie) G. Murray & De Toni Ep*
Boodlea composita (Harvey) F. Brand Ep* Ep*
Cladophoropsis fasciculata (Kjellman) Wille Ep* Ep
Cladophoropsis membranacea (Bang ex C. Agardh) Bgrgesen Ep Ep
Phyllodictyon anastomosans (Harvey) Kraft & M. J. Wynne Ep* Ep*
Family Cladophoraceae
Chaetomorpha aerea (Dillwyn) Kiitzing Ep*
Chaetomorpha javanica Kiitzing Ep*
Chaetomorpha ligustica (Kiitzing) Kiitzing Ep* Ep*
Chaetomorpha linum (O. F. Miiller) Kiitzing Ep*
Chaetomorpha minima F. S. Collins & Hervey Ep* Ep
Cladophora albida (Nees) Kiitzing Ep*
Cladophora coelothrix Kiitzing Ep*
Cladophora flexuosa (O. F. Miiller) Kiitzing Ep* Ep*
Cladophora gracilis Kiitzing Ep* Ep*
Cladophora laetevirens (Dillwyn) Kiitzing Ep Ep* Ep*
Cladophora patentiramea (Montagne) Kiitzing Ep
Cladophora perpusilla Skottsberg & Levring Ep* Ep*
Cladophora sibogae Reinbold Ep
Cladophora socialis Kiitzing Ep*
Cladophora vagabunda (Linnaeus) Hoek Ep* Ep* Ep*
Lychaete herpestica (Montagne) M. J. Wynne Ep* Ep*
Rhizoclonium implexum (Dillwyn) Kiitzing Ep* Ep Ep*
Rhizoclonium riparium (Roth) Harvey Ep Ep Ep*
Order Bryopsidales
Family Bryopsidaceae
Bryopsis australis Sonder Ep
Bryopsis pennata J. V. Lamouroux Ep*
Family Siphonocladaceae
Siphonocladus rigidus M. A. Howe Ep Ep* Ep*
Family Derbesiaceae
Derbesia attenuata E. Y. Dawson Ep*
Derbesia marina (Lyngbye) Solier Ep
Family Caulerpaceae
Caulerpa ambigua Okamura Ep* Ep
Caulerpa vickersiae Bgrgesen Ep*
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Ryukyu | Hainan | Southern| Amakusa

ies, vari nd taxonomic form . . .
Species, variety, and taxonomic fo islands Island | Vietnam | islands

Family Halimedaceae

Penicillus sibogae Gepp ‘ Ep* ‘
Note: Ep, algae found only as epiphytes; Ep*, algae found as epiphytes, as well as living on hard substrata; %, the most
common species of epiphytic algae (more than 20 finds in each study area).

IIpnmeuanue: Ep — Bogopocau, pacrynme Toibko snudutHO; Ep* — Bomopocmy, pacryimiye Kak SIA(HUTHI,
a Takxe obWTalolIMe Ha TBEPIBIX cyOcTparax; # — Hanbosee pacnpocTpaHEHHbIE BUJIbI SMU(UTHBIX BOJOPOCIIEH
(bonee 20 HAXO/IOK B KaX/IOM paiioHe UCCIIEJOBAHMUS).

Half of all the species we noted were common for the South China and East China seas (Table 1).
We also compared the species composition of epiphytic algae sampled from different areas of the South
China and East China seas: Hainan Island and Southern Vietnam; islands of the Ryukyu and Amakusa
archipelagos; Amakusa islands and Southern Vietnam; and Ryukyu islands and Southern Viet-
nam (Fig. 3). We revealed the highest number of common species when comparing samples from Hainan
Island and from Central and Southern Vietnam (South China Sea): 82 species, or 43% of the total num-
ber of species in the both collections. The lowest species similarity was established between samples
from Vietnam (South China Sea) and the Amakusa islands (East China Sea): 59 species, or 32%
in the both collections. The highest relative abundance of region-specific epiphytic algae (those found
only in one certain region) was registered for the islands of the Amakusa Archipelago (Fig. 3): 69%
of species when comparing algal collections from the islands of the Amakusa and Ryukyu archipela-
gos, and 56% of species when comparing algal collections from the Amakusa islands and the coast
of Southern and Central Vietnam.

DISCUSSION

Species richness and taxonomic composition of the epiphytic algal flora in the study areas
of the South China and East China seas. During our work, over 700 species and taxonomic forms
of marine seaweeds were found and identified in four regions of the South China and East China seas;
out of those, more than 30% were recorded in epiphytic life form. In algal collections from Central
and Southern Vietnam, epiphytic algae accounted for 28%; from Hainan Island, 30%; from the islands
of the Ryukyu Archipelago, 22%; and from the islands of the Amakusa Archipelago, 42%. Earlier,
in the 1950s—1960s, Pham Hoang Ho registered 440 species of seaweeds in Southern Vietnam, of which
18% were found in epiphytic form [Pham, 1969]. In the book Common Seaweeds of China [Tseng,
1983], 454 species were described, and out of those, 12% were epiphytes. Comparison of our data with
the material of Pham Hoang Ho and C. Tseng gives reason to assume that the recent benthic algal flora
of the South China Sea is 1.5 times richer in epiphytic algae than the flora in the middle of the 20th cen-
tury. However, in our opinion, the discrepancy in richness of epiphytic algae sampled by us and preserved
in the earlier collections of other researchers can be explained chiefly by different methods of sampling
and processing the material and also by the difference in surveyed habitats. We collected fine filamen-
tous and unicellular epiphytes from fresh material, used stereoscopic microscope, and immediately be-
gan identification of samples. Our Vietnamese and Chinese colleagues mostly processed dry herbarium
specimens, which did not facilitate the complete collection of epiphytic algae.

The highest number of seaweed species was registered on coral reefs of Hainan Island; the lowest,
in the coastal aquatic ecosystems of the Amakusa Archipelago. At the same time, the relative number
of epiphytic algal species to the total number of seaweed species was the highest on the Amakusa islands.
The lowest species similarity was revealed between samples from Vietnam and the Amakusa Archipelago.
The collection of seaweeds from the Amakusa islands differed from other ones in having noticeably
higher relative number of region-specific epiphytic species.
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Fig. 3. Comparison of the species composition of collections of epiphytic algae from different areas
of the South China and East China seas: A, Hainan Island and Southern Vietnam; B, islands of the Ryukyu
and Amakusa archipelagos; C, Amakusa islands and Southern Vietnam; D, Ryukyu islands and Southern
Vietnam

Puc. 3. CpaBHeHHe BHUIOBOTO COCTaBa KOJUIEKIMA SMM(HUTOB M3 pa3HbIX paiioHoB HOxHO-Kwuraiickoro
u Bocrouno-Kuraiickoro mopeil: A — octpop XaiiHanb U FOxHb1l BeeTHam; B — ocTpoBd apxunenaros
Prokio u Amakca; C — octpoBd Amakca u FOxHsiil BeetHam; D — octpoBd Piokio u OxHbIi1 BeeTHam

We are inclined to assume that the difference we registered in the relative content of epiphytic algae
in the flora of these two regions of the South China and East China seas is mediated by the climatic
conditions within their habitats. We showed earlier that recent benthic floras off the coast and islands
of Vietnam, Hainan Island, and the Ryukyu islands belong to those of the tropical biogeographic region,
while the flora of the Amakusa islands is related to that of the warm temperate region [Titlyanov et al.,
2019b]. Apparently, the development of epiphytism in the tropical biogeographic region is less intense
than in the warm temperate region, presumably due to the effect of high temperatures on epiphytic
algae throughout the dry season: it causes algae drying, and also death or inhibition of their growth
in the intertidal zone [Titlyanov et al., 2014, 2019a].

Among all marine algal species we found in the study areas, about half were red algae. At the same
time, in the samples of epiphytic algae, reds could account for more than 80%. Similar data were ob-
tained earlier by Pham Hoang Ho. In the marine algal collection from the coast and islands of South-
ern Vietnam, red seaweeds also prevailed among epiphytes [Pham, 1969]. Reds dominated among epi-
phytes in cold waters of the Russian Far East seas as well [Zhigadlova, 2011]. According to the latest
data by O. Belous and T. Titlyanova [2021], 57 species of epi- and endophytes were found on thalli
of the brown alga Punctaria plantaginea (Roth) Greville in Peter the Great Bay, Sea of Japan; this
accounted for 18% of the total number of algal species recorded in this location [Skriptsova, 2019].
Among fouling algae on P. plantaginea, fine filamentous and microscopic forms of red and brown species
predominated.
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About 40% of all the epiphytes we revealed were in obligate form, i. e., these species grew only
as epiphytes. Red algae representing the orders Acrochaetiales (family Acrochaetiaceae), Colacone-
matales (family Colaconemataceae), and Ceramiales (family Callithamniaceae), as well as green sea-
weeds from the orders Chaetophorales (family Chaetophoraceae), Ulotrichales (family Ulotrichaceae),
and Ulvales (family Ulvellaceae), were found only as epiphytes.

Basiphytic algae. Chemical, morphological, and anatomical factors either contributing
to the attachment and growth of epiphytes or preventing it. It is well known that the intensity of epi-
phytic colonization of macrophytes depends on internal factors: morphological, anatomical, and chemi-
cal properties of thalli of basiphytes and also on such habitat conditions, as grazing pressure, resistance
to desiccation, and wave action [Jasim et al., 2022; Levin, Mathieson, 1991; Potin, 2012; Weinberger,
Friedlander, 2008; Zhigadlova, 2011]. As shown, tropical red algal species are more active in terms
of chemical defenses against fouling than other taxa. The antifouling effect of green algae is insignifi-
cant [Jasim et al., 2022]. Old or damaged thalli are often more susceptible to colonization by epiphytes,
since their built-in chemical defenses are weakened [Levin, Mathieson, 1991; Potin, 2012].

For example, the fouling of the red alga Palmaria Stackhouse, 1802 was more active than the foul-
ing of other species in the cold waters of the Kamchatka Peninsula due to peculiarities of Palmaria
anatomy: a large number of cavities in its cortical layer that appear after the release of mature
tetraspores and are easily accessible for settlement and fixation of epi- and endophytes. Also, it results
from the fact that epibionts use biologically active substances released by a basiphyte during maturation
[Zhigadlova, 2011].

Another example of the distribution of epiphytes being determined by the morphological and anatom-
ical features of the host is reported by E. Martinez and J. Correa [1993]; the researchers combined field
and laboratory works and showed that green epiphytic algae Sporocladopsis sp. were limited to the sori
of their kelp hosts, Lessonia nigrescens Bory and L. trabeculata Villouta & Santelices (Heterokontophyta),
and did not penetrate into neighboring vegetative tissues of basiphytes.

The brown seaweed Ascophyllum nodosum (Linnaeus) Le Jolis forms extensive thickets in rocky tidal
habitats protected from waves on the Northwestern Atlantic. This fucoid alga is the host for an obligate
epiphyte, the red alga Vertebrata lanosa (Linnaeus) T. A. Christensen, and two facultative epiphytes,
the browns Elachista fucicola (Velley) Areschoug and Pylaiella littoralis (Linnaeus) Kjellman. V. lanosa
can occur throughout most of the length of the host leaves, but largely predominates in the middle leaf
segments. Having usually a smooth surface due to their young age, distal segments bound two epiphytic
brown algae. By creating small wounds that mimic scratches, the researchers stimulated the spread of epi-
phytes over the entire surface of the host leaves. It was demonstrated that V. lanosa can colonize damaged
distal leaf segments during the growth and reproduction season (summer and autumn). The authors sug-
gest that the absence of surface irregularities on distal segments of the host fronds, specifically small
bounds, is the main factor explaining the absence of V. lanosa there [Longtin, Scrosati, 2009].

In total, during our works in the study areas, epiphytes were found on thalli of 40% of the species
sampled. The highest number of cases of epiphytes settlement was observed on complex thalli of al-
gae from the families Galaxauraceae, Corallinaceae, Rhodomelaceae, Cystocloniaceae, Rhodymeni-
aceae (Rhodophyta), Scytosiphonaceae, Dictyotaceae, and Sargassaceae (Heterokontophyta). Epiphytes
were not found on red seaweeds of filamentous and fine filamentous forms from the orders Stylone-
matales, Erythropeltales, Bangiales, Acrochaetiales, Colaconematales, and Ceramiales (family Delesse-
riaceae), as well as on green algae representing the orders Ulvales (family Ulvellaceae), Bryopsidales
(family Udoteaceae), and Dasycladales (family Dasycladaceae).

The positive effect of reducing the concentration of pollutants on the intensity of epiphytism af-
ter the closing of fish farms in the Sanya Bay (Hainan Island) was revealed by us before [Li et al.,
2016, 2021]. The content of nutrients in the seawater opposite the outlet decreased by more than an order
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of magnitude and became almost equal to the mean value for the Sanya Bay. Six months after the re-
moval of the fish farm, the population density of the dominant species of green and brown epilithic algae
and their biomass significantly dropped, while the number of species of epiphytic algae increased. In this
case, we associate the reason for a rise in the number of epiphytic algae with an increase in diversity
and shift in the taxonomic composition of basiphytic algae.

When studying seasonal changes in the benthic flora of tropical regions, a boost in the diversity of epi-
phytic algae was observed in summer and autumn [Titlyanov et al., 2014, 2019a]. An increase seemed
to be governed by the formation in this late growing season of areas suitable for settlement of epiphytes
on old basiphytic thalli: the ones with various types of damage, with mature or sporulated reproduc-
tive organs, with diseased or dead areas, and with other changes in morphology and anatomy [Levin,
Mathieson, 1991; Potin, 2012].

Conclusions. Based on years of research involving inventory of the benthic marine flora of four
regions of the South China and East China seas, the state and development of epiphytism in tropical
and warm-temperate biogeographic regions were analyzed. In the study areas, epiphytic algae accounted
for about half of the total number of seaweed species recorded. A greater development of epiphytism
was revealed in the warm-temperate biogeographic regions (East China Sea, islands of the Amakusa
Archipelago). Among epiphytic species, red algae predominated. Two groups of species were distin-
guished: obligate epiphytes and facultative ones. The former settled only on living (and healthy) thalli
of algae, and the latter also attached to other types of substrata. Among obligate epiphytes, red al-
gae in fine filamentous and filamentous forms prevailed. As shown, the study areas differed not only
in the number of epiphytic algal species found, but also in the species composition. Only 30% of epi-
phytic species of all taxonomic groups were common to the study areas. Most of the region-specific
epiphytes were registered on the Amakusa islands (warm-water temperate biogeographic region).

Not all the species of marine seaweeds encountered were colonized by epiphytes: those were most
often noted on thalli of red and brown algae which have a complex structure of thalli.

The species diversity of the epiphytic flora increased with a decline in the concentration of pollu-
tants in parallel with a rise in the total number of species of benthic algae. An increase in the diversity
of epiphytic algae was observed in summer and autumn, which is probably associated with the climac-
teric period of succession of the algal community: a weakening of the chemical defenses of basiphytes
against settlers and appearance of convenient surfaces for settling.

This work was carried out within the framework of NSCMB FEB RAS state research assignment “Dynamics
of marine ecosystems, adaptation of organisms and communities to environmental factors” (No. 12402 1900009-6).
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SnuduTH3M — NpUPOJHOE SIBJIEHUE, IIMPOKO PACIPOCTPAaHEHHOE B MPUOPEKHBIX IKOCHUCTeMax Mu-
POBOTro OKeaHa. SnuduThl — 3T0 pacTeHus (BOAOPOCIH), PacTylIue Ha APYTUX pacTeHUsIX (BOAOPOC-
JISIX ), HE KOHKYPUPYIOLIXE C IPyTMMH OPraHU3MaMH 3a CyOCTpaT U MOJTyvalolye B OCHOBHOM (pu3nye-
CKYIO TIOJJIEPKKY OT X03s5iMHa. B TO e BpeMs M3BeCTHO HeraTMBHOE BJMSIHUE SMHU(MUTOB: OHU MOTYT
CHMaTh POJYKTUBHOCTbD, BBI3BIBATh MOP(OJOrNYEeCKre aHOMAJIMK, YMEHBIIIATh CTPYKTYPHYIO ITPOY-
HOCTb CJIOEB U CIIOCOOCTBOBAThH OTPBIBY TA/UIOMa X035MHA OT CyOCTpaTa BO BpeMs TopMoB. Padorta
IIOCBSILIEHA U3YyUEHHUIO0 BUJOBOIO COCTaBa U KU3HEHHBIX ()OPM BOJIOPOCIIEH-3MU(pUTOB B HEKOTOPBIX
6uoreorpaduieckux paifonax MUpOBOro okeaHa, a TaKKe aHaJM3y (DIOPUCTHUECKUX PA3IMIUi, BbI-
SIBJICHHBIX B 9THX PallOHaX, U YCTAHOBJIEHWIO IPUUYMH MX BO3HUKHOBEHHUs. MaKpoBOJOPOCIU OBUIH
coOpaHbl B BEpXHEW, CpeiHel M HIDKHEH JIMTOpaIM U B BEPXHEH CyOIMTOpaiv Ha KOPaJUIOBBIX PH-
¢ax B IOxnO0-Kuraiickom u Bocrouno-Kuraiickom mopsix. O0pasiipl oTOMpa U3 TPEX CIy4aiiHO
BHIOPAHHBIX KBaJpaToB (IUiomaas 1 M?) U ¢ Y4acTKOB 3a UX mpeenamu. Kaxmbiii o6paser mpope-
psinu Ha Hasmuue snuduToB. Beero codpano u npoananmusuposano 6osee 1000 tayutomoB ¢ snudwu-
Tamu. BunoBoe 6oraTcTBo, COCTaB M pacipocTpaHeHre MUPUTHBIX BOJOPOCIEH B SKOCUCTEMaX KO-
pasutoBbix pugoB B I0xHO-Kutaiickom mope (LlentpanbHbiii u KOxHbI BeeTHam, ocTpoB XaitHaHb)
u Boctouno-Kuraiickom Mope (ocTpoBd apxunenaroB Piokio 1 Amaxkca) 3a nepuog ¢ 1995 mo 2019 1.
M3YUYeHO BIepBble. B 9THX 4eThIpéx pernoHax oOHapyx)eHo u uaeHTudunmpoano 6oiee 700 BumoB
Y TAKCOHOMMYECKHUX (POPM MOPCKMX PaCTEHUA, U3 KOTOPBIX OKOJIO 33 % sinsorcs anuduramu. Hau-
OoJiblilee KOJIMUECTBO BUIOB BOAOPOCIEH cOOpaHO Ha KOpaIoBbIX pudax octpoBa XaitHaHb (526);
HavMeHblllee KOJMYECTBO BUAOB OOHAPYKEHO B MPUOPEKHBIX BOJHBIX S9KOCHCTEMAX OCTPOBOB apXH-
neyara Amakca (320). KosmmuecTBo 31upUTOB OTHOCUTENBLHO OOIIEro YKCIia BUIOB BOJIOPOCIIEH ObLIO
MaKCHMaJbHBIM Ha ocTpoBax Amakca. Cpean 3aperrucTpUpOBaHHBIX BUJIOB MU(MUTHBIX BOAOPOCIEN
okoJ10 40 % BcTpevanuch B odnuratHou popme, a 6ojiee S0 % ObLn (HaKyIbTaTUBHBIMU SMHA(DUTAMU.
PaiioHbI UCCNIENOBAHUI Pa3INYATICh TI0 BUJOBOMY COCTaBY MHU(MUTOB, U TOIBKO 30 % BUIOB ObLTH
obummu. Hanbonee cnermduynsle 415 paiioHa 3nrUTHBIE BUOBI OTMEUYEHB! HA OCTPOBAX apXHIle-
nara Amakca. B craTbe 00CyXAaI0TCsl IPUUMHBL ¥ YCJIOBHS LIMPOKOTO Pa3BUTHS SNMpUTH3MA Cpeau
BOJOPOCIIEi B pa3nyiHbIX Ouoreorpaduyeckix paifonax MupoBoro okeana. [IpuoxeHue K myOiuka-
LM COZIEPAKUT ONMUCAHUSA MOP(OJIOTUH U aHATOMUH TAJUIOMOB 40 IIMPOKO pacrpoCTpaHEHHBIX BUIOB
smmuToB. ONUCcaHNs COMPOBOXKAAIOTCS IBETHHIMU (hOoTOrpadusMH C JeTATSIMA MOP(OTOTHIECKUX
1 aHATOMHYECKUX CTPYKTYP.

KuiroueBrble c1oBa: MOpCKHE BOJIOPOCIH, STIH(UTHI, KOPAJUIOBBIE pr(BI, BUAOBOK COCTAB
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PAKTOPBI,

BJIMAIOIINE HA KOHIHIEHTPAIIMIO C-PUKOIIMAHUHA B KJIETKAX
LIMNOSPIRA PLATENSIS (GOMONT) K. R. S. SANTOS & HENTSCHKE
(SPIRULINA)

IIPU PASJINYHBIX CPOKAX XPAHEHHUA B OBE3BOKEHHOM COCTOAHUUN

©2026r. MNM. A.Xapuyk, H. M. Beperosas, O. A. PrLibKkoBa
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Mocrynuna B pepakimio 02.07.2024;  nocne gopadotku 01.08.2025;
npuHATa K myosmkamym 21.11.2025.

Limnospira platensis (Gomont) K. R. S. Santos & Hentschke, 1973 (Spirulina) od6nagaet BBICOKOH -
IIEBOM LIEHHOCTBIO: B € cocTaB BXxoguT 10 70 % Oeska, a Takke KapOTUHOMbI, BUTAMUHBI IPyNITH B,
BuTaMuH E 1 ipyrue nuraTesibHble BellleCTBa M MUHepasibl. ONTUMaIbHOE XpaHeHUe [UaHOOaKTepUi
JOCTHTAeTCsl BRICYIIMBAHUEM, M B TAKOM BHJIe OMOMAacca JIOJIToe BpeMs He TepsieT CBOMX TOJIe3HBIX
cBoiicTB. KpoMe TOro, KJIETKH COX paHSIOT KHU3HECTIOCOOHOCTD, TIEPEXO0/Is B COCTOSTHHE aHTHAPOOU03a,
YTO SIBJISIETCS KpaiiHe BaKHBIM ISl COXpaHEHHs OMOpa3HOOOpa3usl IMAHOMPOKAPUOT U MUKPOBOJIO-
pocrneii B xpanuiumiiax. Cpeay OMOXUMHUYECKMX KOMITIOHEHTOB L. platensis 0cOOBIN UHTEPEC BHI3BIBACT
rmurmeHT C-pukonmanut (C-@ir), KOTOpbIi 001a1aeT aHTUOKCUIAHTHBIMU, UMMYHOMO/1Y TUPYIOIIU-
MU ¥ OHKOIIPOTEKTOPHBIMH CBOMCTBAMH U BXOJIUT B COCTaB (DOTOCUHTE3UPYIONIUX MATMEHTHBIX KOM-
IUIEKCOB maHoOakTepuid. Llesibio qaHHOR padoThl ObLIO ornpeneauTh coaepkanue C-¢ir B oOpasiax
L. platensis, cOXpaHsieMbIX B COCTOSIHUM aHTHApoOno3a oT 1 1o 19 net, ¥ BBISBUTH OCHOBHBIE (haK-
TOPBI, BIUSIONIME Ha CHYKEHUE KOHIIEHTpAMY MUrMenTa. Mcnop30BaHbl cTaniapTHbIE (OHOXHMUYe-
CKUI ¥ ONTUYECKUI) METO/IbI UCCTIeJOBaHUsI OuoMacchl L. platensis, a Tak:ke MUKPOCKOITHYECKUH —
IUTsL KOHTPOJIS COMYTCTBYIOMIEeN MUKpodiopsl. MakcumaibHoe kordecTBo C-Il MOTy4eHO Py TeM-
nepatype +30 °C (5,6 u 3,4 % nys 2-ro u 12-ro roga XpaHeHHsI COOTBETCTBEHHO). [leruaparanust
npu GoJsiee BHICOKHX TeMmmepatypax, +50 u +60 °C, npuBoanIa K CHKEHHUIO COAEpKaHUs NUTMEH-
ta (1,9 1 0,54 % nmns 2-ro u 12-1o roa XpaHEeHUsI COOTBETCTBEHHO). YETKOW 3aBUCIMOCTH MEXKITY
ypoBHeM KoHlleHTpanm# C-(I U OCTATOYHOW BIaXHOCTbIO He OOHAPYkKEHO, OJHAKO B 23 % obOpas-
1IOB TP BHICOKMX 3HAYECHUSIX TEMIIePATyphl IETUIPATAIINH BhIsSIBIEHA TIOBBIIIICHHAS] OCTATOYHAS BIIAX-
HocTh (12-16 %). XpaneHue B TeueHue 19 JjieT, B OTIMUME OT XpaHEHUs B TeUeHHe 2 JIeT, Xapak-
TEPU30BAJIOCh TOMUHUPOBAHUEM Pa3PYyIICHHBIX TPUXOMOB U MAaCCOBBIM Pa3BUTHEM COMYTCTBYIOLIUX
Gaktepuii. OOHApYXeHO cHIkeHUe KoHLeHTpauu C-hIl ¥ yMeHbllIeHHe BapuaOesIbHOCTH ITOKa3aTe st
[IPY YBEJIMYEHUH CPOKOB XpaHeHus1 00pa3uoB. [1o-BuauMomy, ITMTEIbHOCTh XpaHEHH S, HAPSILY C TEM-
MepaTypor ¥ OCTaTOYHOM BIAKHOCTHIO, OKA3bIBAJIA BIIFISTHHE HA KOHIIEHTpANWIo MUTMeHTa. BeposTHo,
copepxkanue C-I] MOKET pacCMaTpUBaThCA KaK MHAUKATOP KU3HECIIOCOOHOCTH KIIETOK L. platensis.
[pu mepeBone MMaHOOAKTEPUN B COCTOSIHME aHTHIPOOMO3a ONTUMAJIBHBI JIETHUIPATALIUS TIPH TEeM-
neparype +30 °C u xpaHeHue oOpa3LoB MPU OCTATOYHOW BiakHOCTH 9-11 % (cpok — He Oonee
2 5iet). Pe3ysbTaTel MOTYT OBITh TIOJIE3HBI JJ151 COXPaHEeHUsT OMOpa3HOOOPa3Hs U MOJTyYeHUsT OMOMACCHI,
6orartoii C-i1, B aHTUAPOOUO3HBIX KOJIIEKIIUSX BOJAOPOCIIEHN U [IMaHOOAKTEPHIA.

KiroueBnble ciioBa: LII/IaH06aKTepI/II/I, aHI‘I/I,IlpO6I/IO3, MUKPOBOAOPOCIIU, AerUipaTalivd, OCTaTOYHAaA
BJIA)KHOCTD, TEMIIEPATYPA, CPOKH XPAHECHU A

98


https://marine-biology.ru/mbj/article/view/515
https://ibss-ras.ru/
https://ibss-ras.ru/
mailto:seaferm@yandex.ru

DakTOphl, BIUSIONIME Ha KOHIIeHTpauuio C-(puKoLIMaHNHA B KJIETKax Limnospira platensis. .. 99

Cpenu doTtoTpooB, OKa3bIBAOIIMX aJaNTOTeHHOE BO3/ICHCTBHE HA OPraHM3M, 3aCTyKeHHOE BHU-
MaHHe TpuBleKaeT nuaHodaktepusi Limnospira platensis (Gomont) K. R. S. Santos & Hentschke
(Spirulina), o6naaomas UCKIIOUMTETbHOUN NHIeBo leHHOCThIO [Kenuk u ap., 2010; Soni et al., 2017,
Spirulina platensis, 1996]. Hapsiny ¢ 6enxoM B BeicoKo KoHIIeHTparwu (10 70 %), oHa COAEPKUT T0-
YTHU TIOJHBIN CHEKTP KapOTMHOUJOB, 3HAYMTEJIbHOE KOJMYECTBO BUTAMHHOB rpynnbl B, Butamun E,
9CCEHIIMAIbHYI0 TaMMa-JIMHOJIEBYIO KUCJIOTY U TIeJIBIA psii MUKpo3sieMeHTOB [Jlock, 2013; IleTpsikos,
2015; Becker, 1993; Choopani et al., 2016; Spirulina platensis, 1996]. Cpeny 6MOXMMUYECKUX KOMITO-
HEHTOB L. platensis 0coOblil UHTEpeC BbI3bIBAET BCIIOMOTraTeIbHbIN MUrMeHT C-(pukolmanuH (nanee —
C-u), KOTOpBI MpeacTaBiiseT cOO0N MUrMEHTHO-O0TKOBBIN KOMIUIEKC (PUKOOMIUITPOTENHOB, TOTIIO-
HIAOIIMX CBET, HAapsAay ¢ aiogukonranuHoM 1 ¢pukosputpuHoMm [Chaouachi et al., 2024; Liu et al.,
2016; Stadnichuk et al., 2015]. C-¢ir yacTo paccMaTprBaOT KaK MHIAUKATOP COXPAHHOCTHU KJIETOK, TTO-
CKOJIbKY €r0 KOHILIEHTPAIH MOKET KOCBEHHO YKa3bIBaTh HA COCTOSIHME (DOTOCUHTETUYECKOTO armnapaTa
nuanobaktepuit [Mroz et al., 2024; Spirulina platensis, 1996]. I3BectHO, uTo C-b11 00/1a/1a€T AHTHOK-
CU/IAHTHBIMU, UMMYHOMOAYJIUPYIOIIUMU U OHKOIIPOTEKTOPHbIMU cBoMcTBamH [Jlock, 2013; Ilerpsikos,
2015; Choopani et al., 2016], mosTomy nipu XpaHeHUH OuoMacchi L. platensis BO3HUKaeT HEOOXOJUMOCTb
COOJIOJICHHSI YCIIOBUM, 00eCIIeUrBaIONINX MaKCUMaJIbHYI0 COXPAHHOCTh MUTMEHTa. Jleruaparanus —
CaMbIi PacIpOCTPAHEHHBIA CIIOCOO XpaHEeHWs IMaHOOAKTEePHH, TP KOTOPOM OHMoMacca IMaHOIPOKa-
PHOT J0JIroe BpeMsl He TepsieT CBOMX MOJIE3HbIX CBOMCTB. Kpome Toro, 00e3B0KMBaHUE MO3BOJISET Te-
peBecTH KJIeTKu L. platensis B cCOCTOSTHME aHTHAPOOUO03a, YTO HEOOXOOUMO ISl COXPAHEHHS KYJIbTYP
MUKpoopranu3moB. M3yuenue conepxanusi C-pii B BBICYIIEHHBIX KJeTKax L. platensis B 3aBUCUMO-
CTH OT JIIUTEIbHOCTU XPAaHEHUS SIBJISIETCS BECbMa aKTyaJIbHBIM, a IPUBEIEHHBIE B JIMTEpAType TaHHbIE
KpaiiHe (pparMeHTapHbI.

Llenbio HacTosIIeH padOTHI OBLIO OIpeaeuTh coaepxanue C-puKoIaHiHa B oOpa3uax Limnospira
platensis, cOXpaHsIeMBIX B COCTOSIHUU aHTHApoOr03a oT 1 rofa 1o 19 jet, v BHISIBUTH OCHOBHBIE (DAKTOPHI,
BJIMSIIOIIME HA CHUKEHUE KOHLIEHTPALIMU TUTMEHTA.

MATEPHAJI 1 METO/IbI

PacturesbHblil MaTepua. OObEKTOM M3yUeHHsI CIYKUJIA AJTbTOJOTHUECKH YUCTasl, HEAKCeHUY-
Has KyJbtypa L. platensis (ntamm IBBS-31) U3 KoJuiekimy aHruapOOMO3HBIX KYJIBTYp OTAEa OHo-
texHosioruu U putopecypcoB GULL UHBIOM. L. platensis nepeBoauan B COCTOSIHUE aHTUIPOOMO3a
B pas3Hble rofibl UccaeqoBaHui. MaKkcuMaibHasl AUTENbHOCTh XpaHeHus coctarisuia 21 rog. O6pas-
1Bl TIOJTyYEHBI KaK B JJAOOPATOPHBIX, TAK U B IPOMBIIIICHHBIX YCIOBUSIX KyJbTUBUPOBaHUS. B KauecTBe
MUTATEIbHOM Cpejibl UCTIONb30BaHa cpeaa 3appyka [Faucher et al., 1979]. Bcero npoananm3npoBaHo
34 ipoOBl 00€3BOKEHHBIX KYJIbTYp L. platensis.

VcaoBust KyIbTHBHPOBAHHSA B JJa00PaTOPUH B KYJIHTHBATOPAX MOJIYNPOMBIIIJIEHHOTO TH-
na. [{luano6akTepuu BhIpAIIMBAIN B HAKOMUTEILHOM PEKUME MIPU MOCTOSTHHOM KPYTJIOCYTOYHOM OCBe-
IIEHUM [MHTEHCUBHOCTb CBETAa Ha MOBEPXHOCTU pacTBopa cocrasisia 15 kJIk (mokcmerp FO-116,
Poccus)]. [Insa ynaneHuss n30bITKa KUCTIOPO/AA U3 Cpebl U IJIsi PABHOMEPHOTO MPOTPeBa BCEro CJIOs
MUTATEeJIbHOTO PacTBOpa OCYLIECTBIISUIM aBTOMATUYECKOE MepeMelInBaHue (KOMIIPECcop MOPIIHEBOM
Hailea ACO 308, Kuraii). TemnepaTypa cpeibl Kojebanach B auanaszone +25...429 °C. [lo noctuxe-
HUM CTAlIMOHAPHOW CTaJIuu pocTa L. platensis TpPUXOMBI OTAEISUIA OT MUTATEILHON Cpeibl TOCPEICTBOM
(punpTparyu yepe3 menbHuuHbIA Ta3 100—105 19 u npoMeIBaiu ABaX bl BYMs 00bEMaMU TUCTUILIH-
poBaHHOM BOjibl. BuoMaccy HAaHOCHITY Ha MOJIMSTWIEHOBYIO IJIEHKY TOHKUM CJIOEM, TTOMEIAIA B TEPMO-
crat (TC-80M-2, Poccust) 1 00e3BOKUBAIM TP TemrieparypHbIx pexnmax +30, +50 u +60 °C. Bpems
AETUIpaTaliy COCTaBIIsUIO OT 6 10 20 4 B 3aBUCUMOCTH OT TEMIIEPATYpbl 00E3BOKUBAHUS M KOJIMYE-
cTBa OuomMacchl. KpurepreM BbIChIXaHH S CITYKUJIO 3aKpyUrMBaHUe KPaéB OMOMAacChl BHYTPb M CBOOOIHOE
OTCOEAMHEHHE TUIACTA [TMAaHOOAKTePHUIl OT MOJMATUIEHOBOU MOIOKKH.
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VceaoBuss xpanenusi oopasuoB. [locie cymku oOpasibl pacKiIafblBaid B TOJUITHICHOBbIC
rpUMInepsbl (3UIJIOK-TIAKeThl), a 3aTeM — B IUIACTUKOBbIE OOKCHI; Jajiee MX MOMEIAId B XPaHUJIM-
IIe aHTUIPOOMO3HBIX KyIbTyp (Temmeparypa +18...420 °C). Cpok XpaHeHus1 0Opa3loB COCTABIISII
or 1 go 19 ner.

buoxnmuyeckne ucciae0BaHUsA U onpeesieHue 0CTATOYHON BJaakHOCTH. C-I| SKCTparu-
poBamu u3 0,01-0,05 r cyxoii Gmomaccel IMaHOOAKTepUil TUCTUITMPOBAHHOW BOJIOW (2 MJT); TIpoIie-
Aypy MOBTOPSUIM JI0 MOJIyYeHHUsI NMPO3payHoro skcrpakra. Coaep:xkaHue MUTMEHTA OINpelesisiu CIieK-
TpooToMeTprdeckuM MeTooM Ha mpudope CP-2000 (JIOMO, Poccust) n paccuuThiBaiu 1mo Gop-
MyJie, puBeIEHHON B paborax [Boponun u ap., 2001; I'eoprus, Hexopomes, 2017]. ITokazaTenu
conepxanusi C-bii BhIpakeHbl B MPOIIEHTaX B Mepecyére Ha cyxylo Maccy. OcratouHas BIQXHOCTb
olpefie/ieHa CTAaHJAPTHBIM METO/IOM [JOBEAEHUS [0 IOCTOSIHHOM Macchl [Metoasl ¢usmosoro-
OMOXUMHYECKOro nucciaegoanus, 1975].

PeakTuBanusi mocJje cOCTOSSHHSI aHTUAPoOMO3a UM NMOATOTOBKaA cycneH3um Limnospira
platensis nusi HMccje0OBaHHSA € NOMONIIBI0 CKAHMPYIOIIEro 3JeKTPOHHOr0 MHKPOCKOIA.
Bce mpumeHsiembie pacTBOpH Inepes paboTod (pUIbTpoBaiM Yepe3 MeMOpaHHble (DUIBTPBHI C JIUa-
merpoMm mop 0,2 mxm (Sartorius, I'epmanus); HCIONB30BaIM CTEPWIbHYIO mocyny. K HaBecke
L. platensis (0,01-0,05 r) noGapnsamu 3 M pa30aBJeHHON JTUCTHJUIMPOBAHHON BOJOH cpelpl 3appy-
Ka (B cootHoweHuu 1 : 2) [Ilatent 2541452, 2015] u ocraBnsiau Ha 1 4 Ipy KOMHATHOM TeMIepary-
pe IUIsl peakTUBALMU [IMAaHOOAKTEpHid. AJIMKBOTY CyCIIeH3UM KJIeTOK L. platensis (1-2 mi) ¢pukcupo-
Ban 60 MUH TJIyTapOBBIM AJIbETUAOM JI0 KOHEYHOW KOHIIEHTpauuu 2,5 % W ocakJaiy Ha MoJIMKap-
OoHaTHBIN UIbTp ¢ guamerpoM Hop 0,2 MKkM (ITpon3BoaACTBO OObeIMHEHHOTO MHCTUTYTA SICPHBIX
uccnenosanuii, Poccus). [lanee mpoBoauIM Jeruapatanuio oOpasloB B CEpUU pa3BeIeHHI 3TaHOJa
ot 20 go 100 % [Bratbak, 1993]. Ins cymku oOpa3suoB B Kputuuyeckoir Touke (1,5-2,5 1) npume-
Hsu yerporictBo Leica EM CPD300 (I'epmanust). s nansutenus (Au/Pd, 0,5-1,0 muH) ucroib-
3oBaym npudop Leica EM ACE200. ITpocmotp u MukpodoTorpacdupoBanue 00pas3rioB OCYIIECTBIISIH
C MOMOIIBI0 CKaHUPYIOITIEero ieKTpoHHoro mukpockona Hitachi SU3500 (Anonus) npu yBeamueHun
ot 4000x go 6000x.

PE3VIJIbTATHBI 1 ObCYKJIEHNE

Buusinue Temmeparypbl Ha KoHueHTpanuio C-cdukxonuannHa B oOpasuax Limnospira
platensis. 115 yTouHeHUs1 BIMSAHUSA Takoro pakTopa, Kak Temmeparypa, Ha conepxanue C-¢u npo-
AQHAJIM3MPOBAHO €0 U3MEHEHHUE NMpU pa3inuHblx pexumax (+30, 450 u +60 °C). [Ina uccnenoBanus
ObLIM BHIOpaHBI 00pa3Libl M3 OIHOM 3aKJIaJKH, XpaHUBIIUecs 2 roga u 12 jer.

s KyJabTypbl, IpeOblBalolell B COCTOSIHUM aHTMIpoOuo3a 2 roja, MakCUMallbHble 3HAYEeHUs
C-du (5,6 % cyxoit macchl) BhIsSIBJICHBI ITpu TemriepaType o0e3BoxkuBanus +30 °C. [Ipu noswieHnn
Temmepatypsl 10 +50 1 +60 °C, BeposTHO, MPOUCXOAMIIO IEPBUIHOE pa3pylIeHHe TPUXOMOB IIMAHOOAK-
TepUi, MOCKOJIbKY MBI 3apEerCTPUPOBAIN TOCTOBEPHOE CHIKeHME (HemapHbii t-tecT, p < 0,05) satoro
nokazares B 2,3-2,9 paza (no 2,4 u 1,9 % cootBeTcTBeHHO). B KybTYype, mpeObIBalolieil B COCTOSTHUM
aHrugpodunosa 12 ser, conepxanue C-¢iui B 06e3BoxeHHoi npu +30 °C mpobe coctasisio 3,4 % cyxoi
Macchl; ipu aeruaparanuu rnpu +50 °C nokazatens cHuxkazics B 1,3 paza (no 2,6 %), npu +60 °C —
B 6,8 pa3za (0,5 %) orHocuTenbHO TIPoOHI, BicyieHHON mpu +30 °C. Takum oOpa3om, B mpodax,
COXpaHsieMbIX B TeueHue 2 U 12 siet, HaOmonamm TeHaeHuuo cokpamenus C-Il mpu yBeInYeHNN
TeMITepaTypbl 00e3BoXuBaHusA (puc. la, 0).

s oOpasioB, xpaHsammxcs gonbiie (17, 19 u 21 romg), odHapykeHbl 60Jiee HU3KKE W JOCTOBEp-
HO HE oTMyaminuecs (HemnapHeid 7-tect, p > 0,05) cpeanue nokazatenu coaepxanus C-pu — 1,86
u 1,97 % nna temneparyp +30 u +50 °C coorsercrBeHHo. IIpu +60 °C koamuecTBo (pUKOLMAHMHA
cHUXaJIoch B 3,8 pasa; B cpeaHeM 3HaueHue coctaBuiio 0,54 %.
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Puc. 1. 3aBucumoctd KoHUeHTpamu C-(prKoLMaHNHA U OCTATOYHOM BJIAXKHOCTH OT TeMIlepaTyphl 06e3-
BOXUBAHUsL 00paslioB Limnospira platensis Tipu pa3IMuHBIX CPOKaX XpaHeHus: a — 2 roaa; 6 — 12 ner.
ITyHKTHpOM IOKa3aHa JUHUS TPEHIA

Fig. 1. Dependence of C-phycocyanin concentration and residual moisture on the dehydration temperature
of Limnospira platensis samples at different storage periods: a, 2 years; 6, 12 years. The dotted line shows
the trend

PaHee ObIJIO yKa3aHO, YTO C IeJIbI0 0OeCTIeYeHH s KU3HECTIOCOOHOCTH ITMAaHOOAKTEpUH (TIOCIIE COCTO-
SIHUSI aHTUIPOOM03a) U ONITUMAJILHOTO COXpaHEeHUsI OMOXMMUYIECKUX KOMIIOHEHTOB HEOOXOIUMO TIPO-
BOAMTH JEruapaTaluio B reMrneparypHom auamnaszone +30...+60 °C [[latent 2541452, 2015; Xapuyk,
2018]. OmHako A MakcuMalbHOUM coxpaHHOocTU C-Il, KaK 0Ka3anoch, HauOoJjee MpueMIeMbIM Obl-
70 o6e3BoxkuBanue npu +30 °C, nmpuuém s 0Opa3loB, XpaHAMIUXCS Kak 2 roga (4T0 COOTBETCTBY-
€T CpOKaM XpaHEeHUsI TPOMBIITUIEHHBIX TIpenapatoB L. platensis), Tak u 12 net. I3BecTHO, 4TO Temrie-
parypa neruaparaiyn +30 °C cooTBeTcTBYeT (hU3MOJOTHUSCKOMY ONTUMYMY POCTa ITMAHOOAKTEePHA.
Hanpumep, npu Takom pexumMe 00e3BOKMBaHMS He ObUIO OOHAPY:KEHO MU3MEHEHHWI B COCTaBe JIUMH-
J0B, TOrJa Kak mpu aeruapatanuu npu +60 u +70 °C HaOmonanu yBelIndeHue coaepKaHusl HeHAChI-
IIEHHBIX JKUPHBIX KHUCIIOT, YTO CHOCOOCTBOBAJIO TOBBIIIEHUI0 YCTOWYMBOCTH MEMOpaH W, BEPOSITHO,
SIBJISIOCh OTBETOM Ha HEraTMBHOE TeMIlepaTypHoe Bo3zencTue [Xapuyk, Kombiros, 2005]. Cornac-
Ho [Edumos, 2007; Liu et al., 2016; Spirulina platensis, 1996], npu yBearueHrH TeMIiepaTypbl 10 3Ha-
yeHuii 6osee +50...460 °C konnentparus C-¢i cHuxanack, a npu +70 °C MUrMeHT paspyliaics,
MO-BUIMMOMY U3-3a TIPOIIECCOB IECTPYKIIMU, HAUMHAIOMIUXCS B OEIKOBO YacTu (PMKOOMIATTPOTENHOB.
ITO comacyercsi C HAIMMU JIAaHHBIMHU.

Takum 06pa3oM, HaMH MOATBEPKIEHO, UTO TeMIlepaTypa 00e3BOKUBaHUS SIBJISIACH BAXKHBIM (paK-
TOPOM, BIMAIOIIMM Ha coaepxanue C-¢u B kietkax L. platensis. OntumanbHon a1 coxpanenus C-¢u
ObL1a TeMneparypa aeruapataiyu +30 °C; 06e3BoXUBaHUE MTPH 00JIee BHICOKMX 3HAUEHUSIX TIPUBOAMIIO,
BEpOSITHO, K TEPMHYECKOU JECTPYKITMH MUTMEHTA BO BPEMs CYIIIKH.

BansiHue ocraTouHoll BJa)kHOCTH Ha cogep:kanue C-cduxonmumanmHa B oOpa3max
Limnospira platensis. Boiitie ykazaHo: ipu Temreparype ooe3Boxkuanus +60 °C i 2-ro u 12-ro rona
HCCIIeJOBaHUI OOHAPYKeHbI MaKCUMaJTbHbIe BEJTMUMHBI OCTATOYHOM BiaxkHOCTH (nanee — OBn) (15,2
19,7 % coOTBETCTBEHHO) U MUHUMaITbHOE coeprkanue C-¢ir (cm. puc. 1). [1yist 6oree MTeIbHO XpaHsi-
myxcs o6pasuos OB npu 3Toi TeMiiepaType Takske Obl1a BbICOKOH (9,16 %). 3a Bech epro.1 UcCIe10-
BaHuii 3HaueHue OB u3meHsiock B npeaenax 6,9—15,4 %. Yérkoit 3aBucumoctu OB coxpaHseMbix
KYJIbTYp OT TEMIIEPATyphl JIETUIPATAIIUN HE YCTAHOBJIEHO, HO JUIsl BCETO MACCHBA JAHHBIX BBISBIIEHO:
HanOOoJIee YacTo TMOBBIIEHHYIO BIaKHOCTD (12—15,2 %) otmMeuanu B oOpasiiax, KOTOpbie ObUTH 00e3B0-
JKEHBI TIPU BBICOKUX TeMreparypax (23 % ot obmieit BBIOOpKH) (puc. 2). MHTepecHO, YTO MOHMXEHHYIO

BJIaXHOCTD (6,6—8,54 %) peructpupoBayiu B 47,4 % o0pa3LoB NP UX JUIMTEIbHOM XpaHeHuu (Oosee
12 ner).
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Puc. 2. Tlokazatenu ocTaTOYHON BJIAXKHOCTU B 00pasuax Limnospira platensis ipu pa3HOU TeMIiepaType
JernapaTanyu

Fig. 2. Parameters of residual moisture in Limnospira platensis samples at different dehydration temperature

Bo Bpems eruapaTaluy CHavasa yaajisercss CBOOO/HAs BOAA, IIPU STOM KOHLIEHTpALUsl BHYTPHU-
KJIETOUYHBIX KOMIIOHEHTOB BO3pacTaeT B 2—-5 pa3. [lo3aHee npoucxoauTr yaajaeHue CBA3aHHOU (CTpyK-
TYpHOM) BOJBI, KOoTOpas u onpezaenser OBn. CBsa3aHHasi BOJa MEPEXOAUT B reeo0pa3Hoe COCTOSHHE
¥ 3alMIIAET KJIETOUHbIE CTPYKTYPbI, I03TOMY HOJIHOTO pa3pylueHus (porocuHteTnyeckux cucreM [ u Il
HE MIPOMCXOIUT, a ciefoBaresbHo, C-du coxpansercs [bekkep u np., 1981; Liu et al., 2016].

Panee Obin onpenesnens npenesst OBt 1y XpaHeHusi HEKOTOPHIX IMAHOOAKTEPUN M MUKPOBOJIO-
pocyeil B COCTOSIHUM aHTUAPOON03a, TIPH KOTOPBIX MOAAEPKUBAIICH X (PU3HMOTIOrO-OMOXUMITYECKUE
cBoiictBa. Hampumep, A ycnemHoi peakTHBAalMM M BO3BPALIEHUS B KM3HECHIOCOOHOE COCTOSI-
Hue Synechococcus elongatus (Négeli) Niageli, 1849 nHeoOxoauma octaTouHas BiaxHOCTh 8—11 %;
st Phaeodactylum tricornutum Bohlin, 1897 — 12—-14 %; nns L. platensis — 9—11 % [Xapuyk, 2008a].
[Tpu ypoBre OB HIke WM BBIIIE ONTUMATLHOTO KJIETKU TEPSIIOT KU3HECTIOCOOHOCTh U HE TIEPEXOASIT
B cocTostHUe aHaOuo3a [Bekkep u nip., 1990; Liu et al., 2016].

W3BecTHO, YTO OTHOCUTEJbHAS BJIAKHOCTh BO3AyXa 3aBUCUT OT TeMIIEpaTyphl, IPUYEM YEM BbI-
IIe TeMreparypa, TeM OOJbIlle BOJSHOTO Mapa MOXKET BMECTUTh BO3IYX U, CJIEIOBATENBHO, OOJIbIIe
Biaru yaepxarb [Tpoukas u ap., 2014]. BeposTHO, 3Ta 3aBUCHMOCTb JIEKUT B OCHOBE Ipoliecca
yBenudenuss OB npu BeICOKO# TemriepaType 00e3BokuBaHus. Kpome toro, npu ¢acoBke oOpa3LoB
10CJIe BBICOKOTEMIIEpaTypHOil 0OpabOTKM BO3MOXKHO OoJiee MHTEHCHBHOE OOpa30BaHME KOHAEHCaTa
B €MKoCTsX ais xpaHeHus. s L. platensis OBn > 12 % sBnseTcss KpUTUYECKON /J11 BbIKMBAHUS
KJIETOK B BBICYLLIEHHOM COCTOSIHUM M IIPUBOJUT K paspylleHuio TpuxoMoB [Xapuyk, 2008b]. Hampu-
mep, ripu Bbicokorl OBn, 20-24 %, M. E. Bekkepom c¢ coaBropamu [1981] Obula oOHapyxkeHa TI'H-
0eJb APOXKIKEBBIX KJIETOK. [10-BUAMMOMY, BBICOKME 3HAUEHU I TEMIIEPATYPhl ACTUAPATALIMY U TIOBBILLIECH-
Hast OB 06pa3110B KOMIIEKCHO HEraTUBHO BIIMSLIA HAa COCTOsSIHUE KJIeTOK. IIpoucxoanio paspylieHue
TPUXOMOB M BBICBOOOXKJECHHE M3 HUX METaOOJMTOB, YTO YBEJIMUMBAJIO Iy OPraHUYECKUX BEILECTB,
BBI3BIBAIOIIMX AKTUBHOE pa3BUTHE COIMyTCTBYIomEeNd Mukpodopsl [Tapxosa, 2005; Mogale, 2016;
Vardaka et al., 2016].

HccnenoBanme peakTHBUPOBAHHBIX 00pa3LioB Nocie 2 v 19 et XxpaHeHus 1oKa3ajo: B IEPBOM CITy-
Yae B CyCIIeH3MH HAOII0Ja I OTHOCUTEILHO COXPaHHbIE TPUXOMBI M HEOOJIBINIOE KOJTMIECTBO OAKTEepH-
QJIBHBIX KJIETOK (pHC. 3a), a IPU JUIMTEIbHOM XpaHEHUH PETMCTPUPOBAIA JOMUHMPOBaHUE 1€(DOPMHUPO-
BaHHBIX U pa3pylLIEHHbIX TPUXOMOB M MaccoBoe pa3BuTUe Oaktepuil (puc. 30, ). B HacTosem uccie-
JOBaHUU MbI HE BBIIOJIHSIIM KOJIMYECTBEHHYIO OLIEHKY OaKTepHaJIbHBIX ACCOLMAIIAI, OJJHAKO OTMETHUIIH,
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YTO BU3YaJIbHO YKMCJIEHHOCTh OaKTepHid B 00pa3iax mocjie 19 et XxpaHeHus HAMHOTO BBIIIIE, OCOOCHHO
Ha hparMeHTax pa3pyIIeHHbIX TPUXOMOB. BakTepualibHble KIETKU OOHAPYKEHbI Ha TOBEPXHOCTH CIIM3e-
BOTO uexJia iuanoOakTepuil (puc. 3a, r, K, OeJible CIUIONIHbIE CTPEJIKU), Ha TOBEPXHOCTH Pa3pyILIEHHBIX
TPUXOMOB (puC. 311, €, YEPHBIE MyHKTUPHbIE CTPEJIKH), B CJIU3EBOM uexJie lmaHoOakTepuil (puc. 3k,
YEpHBIE CIUIONTHBIC CTPEJIKK), B KYJIbTYPAJIBHOU Cpejie BHE KJIETOK L. platensis (puc. 3a—B, Oesible yHK-
TUPHBIE CTpesIKK). [JJOMHMHUpOBaHNE B CYCIIEH3UN JUTUTEIBbHO XPaHSAIIUXCS 00pa3iioB HEOOPAaTHUMO I10-
BPEkIEHHBIX M MEPTBBIX KJIETOK (65,8 1 34,2 %) ¢ Hu3kum copepxkanvieM C-¢ii (1,4 %) ObUI0 IOKa3aHO
panee [Kharchuk et al., 2022].

Puc. 3. Tpuxomsl Limnospira platensis B peak THBUPOBAHHBIX 0Opa3iax nocie 2 u 19 jier XxpaHeHus B COCTO-
SIHUM aHTHIpoOH03a (IO IAHHBIM CKAaHMPYIOIEH SJIEKTPOHHONW MHUKPOCKOIIHM): @ — TPUXOMBI L. platensis
Y acCOIMUPOBaHHbIE OaKTEepUU Iocie 2 JieT XpaHeHusl; 6 — nedopMupoBaHHbIE TPUXOMBI L. platensis u ac-
COIMMPOBaHHBIE OaKTepuu rocie 19 ner xpaHeHus; B — OaKTepuH, COMMyTCTBYIOIME L. platensis, B KynbTy-
PaJIbHOM cycrieH3uu 00pasIioB rociie 19 et xpaHeHus ; T — OaKTepuasibHbIE KJIETKU Ha IIOBEPXHOCTH CIIU3e-
BOTO UexJia IIMaHOOAKTEPHIA; ] — pa3pylIeHHbIe TPUXOMBI L. platensis B 0O6pasuax nocie 19 et xpaHeHust;
€ — 6aKTCpI/Ia.HLHbIe KJIETKU Ha pa3spyII€HHBIX TPpUXOMax; XK — 6aKTCpI/Ia.HI)HbIe KJIETKU Ha MOBEPXHOCTU
Y B CIU3EBOM YexJie [TMaHo0aKTepuid. MaciTabHble JIMHEHKH — 5 MKM

Fig. 3. Limnospira platensis trichomes in reactivated samples after 2 and 19 years of storage under an-
hydrobiosis condition (according to scanning electron microscopy data): a, L. platensis trichomes and as-
sociated bacteria after 2 years of storage; 6, deformed L. platensis trichomes and associated bacteria after
19 years of storage; B, L. platensis—associated bacteria in a culture suspension of samples after 19 years
of storage; r, bacterial cells on the surface of the Cyanobacteria mucilaginous sheath; a, destroyed L. platen-
sis trichomes in a culture suspension of samples after 19 years of storage; e, bacterial cells on destroyed
trichomes; %k, bacterial cells on the surface and in the Cyanobacteria mucilaginous sheath. Scale bars are 5 ym

Munamuka coaep:kanus C-cpukonnanuHa B odopasuax Limnospira platensis npu pa3Jjimnd-
HbIX CPpOKax xpaHeHmusl. s Bcex 00pa3LoB, MMEIONIMXCs y Hac B pacniopsbkenun (1 u 2 roxa, 12
u 19 ner — Hacrosee ucciengosanue; 4 roga u 17 ner — ommcansl panee [Kharchuk et al., 2022]),
0OHapyXeHO CHIKeHUe KoHIleHTpauu C-@II 1o Mepe YBeJIMYeHHsI CPOKOB MX XpaHeHus. Makcumalib-
Hoe coaepkanue C-¢pu B 00e3BOXKEHHBIX KieTKax L. platensis 3adpukcupoBaHo uepe3 1 roa xpaHe-
Huss — B cpegHem (5,88 + 0,68) %. Mexnay 1 u 2, a Takxke 1 u 4 rogaMu XpaHeHUsl BBISIBJIEHO HO-
CTOBEpHOE CHIKEHMe ToKazartes (HemapHblil t-tect, p < 0,05) — 10 (2,64 £ 0,3) % u (2 £ 0,4) %
COOTBeTCTBeHHO. B mepuoa mocie 12 ner HaOmomamm najibHelIee yMeHbleHue copepxkanus C-gir
B 1,1-2 pa3a (110 cpaBHEHHUIO C TAKOBBIM B MPEAbIAYIINIA TIEPHOJT MCCIICIOBAHUI), OJJHAKO OHO OBLIO
HEJIOCTOBEPHBIM (HenapHbii 7-TecT, p > 0,05). MuHUMa/IbHbIE BEJIMYMHBI 3apPETUCTPUPOBAHBI 110CJIE
19 ner xpanenusi — (0,8 £ 0,02) % (puc. 4).
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Puc. 4. Copepxanue C-rkouraHuHa B 00e3BOKEHHBIX pobax Limnospira platensis ipy pa3iuuHbIX Cpo-
Kax XpaHeHus (yCpeaHEeHbl JaHHbIe, MOJTyYeHHble py Temneparypax aeruapatanuu +30...+60 °C u ocra-
TOYHOW BiaxHOCTU 6,6—15,2 %). IlynkTUpOM TNoKa3aHa auHUS TpeHna. Jdanneie 3a 4-it u 17-i romsr —
u3 [Kharchuk et al., 2022]

Fig. 4. C-phycocyanin content in dehydrated Limnospira platensis samples at different storage periods (av-
eraged data obtained at dehydration temperatures of +30...+60 °C and residual moisture of 6.6—-15.2%).
The dotted line shows the trend. Data for years 4 and 17 is from [Kharchuk et al., 2022]

WHTEpecHO OTMETHTh, YTO BapraOeIbHOCTh TMOKA3aTelNisl CHUKACTCS MPU yBEJTMYEHUH CPOKa Xpa-
HeHus: 00pa3noB. BeposTHO, u3-3a BMsiHUS 3TOro hakTtopa, HapsAxy ¢ temreparypour u OB, mpo-
UCXO/IUT yMeHbIlleHne KoHreHTparuu C-@ii, a caMo colepkaHue MUTMEHTa MOXKET pacCMaTpHBAaTh-
Cs1 KaK MHJMKATOP KU3HECNOCOOHOCTH KIIeTOK L. platensis. TlonydeHHble HAMU JaHHBIE YKa3bIBAIOT
Ha TO, YTO YCJIOBHS IETUIPATALIMY U JATbHEHINETO XpaHEHH I IIMaHOOAKTePHIA, TPATUIIMOHHO MTPUHSITHIC
IJIs1 IPOMBIIIJICHHOT'O TMOJTYY€HU A 6I/IOMaCCbI, OT/INYAIOTCA OT yCJIOBPIfI, OINTUMAJIbHBIX IJI1 COXPAHCHUA
KJIETOK L. platensis B COCTOSIHUM aHTUIPOOMO3a C LIEJIbI0 BO3MOXHOW PEaKTUBALIMH KU3HECTIOCOOHBIX
KJICTOK C BBICOKMM cojiepkanneM C-pukormanuHa. Pe3ybraThl MOTYT OBITH TPUMEHEHBI TTPU 1T0I00pe
YCJIOBHH JUIsI COXPAHEHHUsI KYJIbTYP MHUKPOBOIOPOCIIEH U IIMaHOMTPOKAPUOT B COCTOSIHUM aHTHAPOOHO3a.

3akJawuenne. MakcumanbHble 3HaYeHUs conepxanus C-pukormannaa (C-dir) B aHruapooros-
HBIX KJIeTKax Limnospira platensis obHapyxeHbl ipu Temiieparype aeruapatamuu +30 °C— 5,6 u 3,4 %
s 2 v 12 et XxpaHeHus: COOTBETCTBEHHO. [Ipy yBennvyeHnH Temneparypbl 00e3BoXUBaHUs 10 +50
u +60 °C, BeposITHO, MPOUCXOJUIO MEPBUYHOE Pa3pyllIeHHE TPUXOMOB I[IMAHOOAKTEPHIA; KOHIIEHTpa-
1S TIMTMEHTA CHUKAJIAch JJIsi 0OOMX CPOKOB McciienoBaHust — 10 1,9 % st 2-ro roga XpaHeHust
n 10 0,54 % g 12-ro rona.

JnanazoH BeIMYMH OCTATOYHOM BJIa)KHOCTH OBUT IMPE U3BECTHOTO onTuMyMa s L. platensis: 3Ha-
YeHus U3MeHsuch ot 6,9 1o 15,4 %. 3aBUCMMOCTH OCTATOUYHOW BJIaXXHOCTU COXPAHSIEMbIX KYJIBTYD
OT TeMIepaTypsl JeruapaTaly He YCTAaHOBJIEHO, HO HanboJlee 4acTo 0Opa3Lpbl C NOBBIILIEHHON BJIaXk-
HocThIo (12-15,2 %) dpukcrpoBaiy Npy BEICOKUX TeMreparypax 00e3BoxkuBaHus (23 % oT oO1Iel Bbl-
6opkn). [ToHnxkeHHyI0 Bl1ax)HOCTD (6,6—8,54 %) peructpupoBayiu B 47,4 % 0Opas31oB MpU UTUTETbHOM
xpaHeHuu (6osee 12 yet). [1pu mokaszaresisix OCTAaTOYHOM BJIAXKHOCTH BHIIIE U HYKE ONTUMAITBHBIX, Be-
POSITHO, TIPOMCXOIMIIA HEOOpATUMBIE MPOIIECCH B KJIETKAaX IMAHOOAKTEPUI M BTOPUIHOE pa3pyllIeHIe
TPUXOMOB, a coAepkaHue C-(ll CHUXAJIOCh 10 MUHUMAJIBHOTO YpOBHS. IIpy 1yIMTeIbHOM XpaHeHuH
00pa3LoB HAOJIOAAIN AKTUBHOE Pa3BUTHE MUKPOQIIOPH M IOMUHUPOBAHUE Pa3pYIIEHHBIX TPUXOMOB
B CYCIICH3UU PEaKTUBUPOBAHHBIX LIMAHOOAKTEPHUI.
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IJ1st Bcero maccuBa JIaHHbBIX, BHE 3aBUCUMOCTH OT TEMIIEPATYpPhbl JIErHapaTallii U OT OCTAaTOYHOU
BJIQ)KHOCTH, OTMEUYEHA TEHAECHLMs YMEHbIIeHUs] KoHUeHTpauuu C-u npy yBEJIMYEHUU CPOKa XpaHe-
HUs oOpasuoB. B nuanazone ot 2 10 4 u oT 4 10 12 neT CHUKEHHe HOCUJIO JOCTOBEPHBIA Xapak-
Tep (HemapHsiii t-TecT, p < 0,05), a qasiee oHO OBLJIO HEOCTOBEPHBIM (HeNapHbIi 7-TecT, p > 0,05). Bepo-
SITHO, JUTUTEJIbHBIN CPOK XpaHEHUs P00, HAPSITy C TEMIIEpATypPOl JeTUApaTalii U OCTATOUHON BJIaX-
HOCTBIO, criocoOcTBOBa Jierpagaru C-¢ir u ero nosHoMy paspymenuto. Conepxanue C-ip Moxer
paccMaTpuBaThCs KaK MHAMKATOP KU3HECTIOCOOHOCTH KJIeTOK L. platensis.

TpaAWIIMOHHO TIPUHSTHIE YCJIOBUS JJIsl MPOMBIIUICHHOTO TMOJyYeHus] OMOMAacChl TMaHOOAKTEpUi
IUIS TIOCJIEAYIOLIETO €€ UCIIONIb30BaHus Mpu npousBoicTse BAJIOB, 1eKapCTBEHHBIX IpeEnaparos, M-
IIeBBIX JOOABOK M APYIMX OMOTEXHOJOTUYECKUX MPOAYKTOB OTJIMUYAIOTCS OT YCIOBHA, HEOOXOAUMBIX
TSI TIepeBOJIa MUK POBOAOPOCIICH U IIMAHOTIPOKAPUOT B COCTOSTHHE aHTUAPOONO3a C IEJTbI0 BO3MOXHOM
JaJIbHEHINeN peaKTUBAlIMKU JKU3HECITOCOOHBIX KJIETOK ¢ BHICOKOH KoHIeHTparen C-gir. [Tpu nepeBoae
[IMaHOOAKTEPUI B COCTOSIHUE aHTUIPOOH032 ONTUMAIILHBIMHU SIBJISIIOTCS CIIEAYIONIME TapaMeTphl: IeTU/-
partauus npu temnepatype +30 °C u xpaHeHre 00pa3LoB PH OCTATOUYHOH BiaxHOCTH 9—11 % (cpok —
He Oosiee nByX JieT). [lomydeHHble pe3yabTaThl MOTYT OBITh MOJIE3HBI ISl COXPAHEHUS AJIbTOKYJIBTYP
B KOJUICKLIUSIX.

Paboma evinoanena ¢ pamxax zocydapcmeennozo 3adanusi PUL] HubBIOM no memam «Komnaexcroe
UCCACO08AHUE  MEXAHUBMOE  (PYHKUUOHUPOBAHUSL MOPCKUX OUOMEXHONOZUMECKUX KOMNAEKCO8 C UENbl0 NO-
AYHeHus. OUON0ZUMECKU AKIMUBHBIX 6elecms U3 2udpoouonmoe» (Ne zoc. pezucmpauuu 124022400152-1)
u «Komnaexcnoe uccnredosanue skonoeumeckux U - PuUON020-OUOXUMUMECKUX — OCOOEHHOCMEN — MUKPO-
BOOOPOCﬂEIZ PA3AUUHBbIX  MAKCOHOMUYECKUX 2pynn  npu abanmab;uu K MEHAOUWUMCA  YCAOBUAM Cpeabl»
(Ne zoc. pezucmpayuu 124021300070-2).

BaaromapHocTb. ABTOpH NpHU3HATENBHBl HAYaJIbHUKY Jaboparopuu Mukpockormu UL MHBIOM
B. H. JlumaeBy 3a nomoriip pu padoTe Ha CKAHUPYIOIIEM 3JIEKTPOHHOM MUK POCKOIIE.
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FACTORS AFFECTING C-PHYCOCYANIN CONCENTRATION IN CELLS
OF LIMNOSPIRA PLATENSIS (GOMONT) K. R. S. SANTOS & HENTSCHKE
(SPIRULINA)

AT DIFFERENT STORAGE PERIODS IN DEHYDRATED STATE

I. Kharchuk, N. Beregovaya, and O. Rylkova

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: seaferm@yandex.ru

Limnospira platensis (Gomont) K. R. S. Santos & Hentschke, 1973 (Spirulina) has a high nutritional
value: it contains up to 70% of protein, as well as carotenoids, B vitamins, vitamin E, and other
nutrients and minerals. Optimal storage of cyanobacteria is achieved by drying, and in this form,
the biomass preserves its useful properties for a long time. Moreover, cells remain viable when en-
tering the state of anhydrobiosis, and this is crucial for preserving the biodiversity of cyanoprokary-
otes and microalgae in storages. Among the biochemical components of L. platensis, the pigment
C-phycocyanin (C-PC) is of particular interest: it has antioxidant, immunomodulatory, and cancer-
preventing properties, and it is a component of photosynthetic pigment complexes of cyanobacteria.
The aim of this work was to determine C-PC content in L. platensis samples preserved in the state
of anhydrobiosis within 1-19 years and to reveal the key factors affecting the decrease in its concen-
tration. To analyze L. platensis biomass, standard methods (biochemical and optical ones) were used,
and also microscopic technique was applied to control associated microflora. The maximum amount
of C-PC was obtained at a temperature of +30 °C (5.6 and 3.4% for the 2™ and 12" years of storage, re-
spectively). Dehydration at higher temperatures, +50 and +60 °C, led to a drop in pigment content (1.9
and 0.54% for the 2" and 12 years of storage, respectively). No clear correlation between the level
of C-PC concentration and residual moisture was revealed; however, in 23% of samples at high dehydra-
tion temperatures, increased residual moisture was recorded (12—16%). Storage for 19 years, in contrast
to storage for 2 years, was characterized by the dominance of destroyed trichomes and the abundant
development of associated bacteria. A decrease in C-PC concentration in the samples and a decline
in variability of the indicator with increasing storage period were noted. Apparently, storage period,
along with temperature and residual moisture, affected the drop in the pigment concentration. Prob-
ably, C-PC content can be considered as an indicator of L. platensis cell viability. When transferring
cyanobacteria to the state of anhydrobiosis, it is most reasonable to carry out dehydration at a tempera-
ture of +30 °C and store samples at a residual moisture of 9—11% (for no more than 2 years). The results
may be useful for preserving biodiversity and obtaining C-PC-rich biomass in anhydrobiotic collections
of algae and cyanobacteria.

Keywords: cyanobacteria, anhydrobiosis, microalgae, dehydration, residual moisture, temperature,
storage period
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®I'BYH PULL «MHCcTHTYT 6MoTorny 10:KHBIX Mopert nmeHn A. O. KoBanesckoro PAH»,
CesacrormnoJs, Poccuiickas ®enepauus
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Mocrynuna B pepaximo 11.07.2024;  nocne gopadotku 29.12.2024;
npuHsTa K myonukanwum 21.11.2025.

[MpuBeneHa MeTOIMKa KOJIMIECTBEHHOTO OTIpeIe/IeH!s CYMMAapHOTO Ho/ia B THAPOOMOHTAX, 3aKJT0va-
Iol1asicsl B MuHepanu3auu 6roMaccsl B ipucytctBurt KOH 1 okMcIeHNn HeOpraHuIecKux coeTnHe-
HUi1 fof1a GPOMOM JI0 HOIATOB C yaJeHHeM H3IMIIKOB O6poMa (popmuaTom. MogaTel B KMCIIOH cpefe
BOCCTaHABJIMBAIOT WOIUIOM JI0 SJIEMEHTaPHOTO HO/Ia, KOTOPBIN SKCTParupyloT XJI0pohOpMOM U OTpe-
JEJISIOT N0 MOMIOLIEHUIO CBeTa B Auana3zoHe 502—-510 HM; HUKHSIS MPaHULIA ONPEeIsIEMOro CoAepxKa-
Hust — 1070 r. [In4 yBemmueHns 4yBCTBUTENLHOCTH B XJI0POOpMHYI0 (ppakLmio A06aBsioT 10%-Hblit
CIUPTOBOU pacTBOp Hoanaa kausl. [locie oOpa3oBaHus TPUHOAN/A KATHSI ONPEAESISIIOT WO/ TI0 TIOTJIO-
IIEHWIO CBeTa B oOsactul 225 win 325 HM; HXKHSIS TPaHUIIA ONIPEIEISIeMOrO CO/IEpKaHUSI — 10 r.

KiroueBnblie cioBa: MOPCKUE OPraHnU3MBbl, fIO)lOpFaHH‘-IeCKPIe COCAMHECHU A

DcceHIMAIbHBIE JIEMEHTHl UTPAIOT BELYIIYI0 POJb B MOPCKHMX SKOCHCTEMaX. AHAIU3 MyTel Me-
TaboJIM3Ma, OTpe/ie/icHre KOJIMIECTBEHHOTO CO/IEPKAHUSI 3TUX JIEMEHTOB B THIPOOMOHTAX U MHOTHE
Apyrue MpUKJIaHble aCMeKThl 3aCTyKUBAIOT MPUCTATILHOTO BHUMaHUs uccienoBaTesnein. Ocodoe MecTo
KaK B TEOPETUUECKOM, TaK U B TPAKTUYECKOM IUIaHe 3aHUMaeT ioj. HecMoTps Ha ero BasKHOCTh B pallu-
OHE, B TOM YHCJIEe JUIS YeJIoOBeKa, M3yYeHUI0 MeTa0oIM3Ma Ho/ia Y MOPCKUX THAPOOUOHTOB TIOCBSIIIEHO
OrpaHUYeHHOE YUCIIo myOauKarmid. OTYacTH 3TO CBSA3AHO C TEM, YTO MHOTHE METO/IbI €T0 ONpeAesIeHu s
SIBJISTIOTCSL JIOCTATOYHO TPYAOEMKUMH U JIOPOTOCTOSIIMMHE JIMOO XapaKTepU3YyIOTCs HU3KOW UYBCTBH-
TeJLHOCTBI0. MeTo/] BHIOMPAIOT C YUYETOM €ro aHAJTUTUYECKUX BO3MOXKHOCTEH U JIOCTYITHOCTH TEXHU-
YEeCKHUX CPEJICTB M3MEpPEHHs, a TaKKe KOHIIEHTpAIuy Hoaa B 00beKTe ucciaenoBanus. B mabopaTopHoii
MPaKTUKE UCTIOJb3YIOT Cleylone METobl aHanu3a: poromerpudeckue [bpsiHckas, Jleckosa, 2006;
I'OCT 26185-84, 2004; JlabopaTopHsiii pakTukyM, 1991; Mazop, 1986; [lounnok, 1976; P 4.1.1672-
03, 2004], Turpumerpuueckue [bpsHckas, Jleckosa, 2006; TOCT 25832-89, 1996; TOCT 31505-2012,
2013; Epmonenko u ap., 2010; Mazop, 1986; MYK 4.1.1106-02, 2002; P 4.1.1672-03, 2004], kuHe-
tudyeckue [bosuna, Pysunckuii, 2003; TOCT 28458-90, 2006; Epmosienko u ap., 2010; ®apxytau-
HOB U 1ip., 2013], xpomartorpaduyeckue [bo3una, Pysunckuii, 2003; Mishra et al., 2000; Nitschke,
Stengel, 2015; Yeh et al., 2014], pannoxumudeckue [bosuna, Pyeunckuii, 2003], snekrpoxumuye-
ckue ['OCT 31505-2012,2013; I'OCT 31660-2012, 2013; MYK 4.1.1481-03, 2003 ], MeTOIbI aTOMHO-
SMUCCUOHHOU criekTpoMeTpuu [Milinovic et al., 2021] u macc-cniektpomerpudeckue [[[OCT EN 15111-
2015, 2017; Mello et al., 2013].
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I_ICJ'II) HUCCIICNOBAHUA — pa3pa60TaTb TEOPETUICCKYIO OCHOBY I CO3JdHUA IIPOCTOIO CHCKTpO(bO-
TOMETPHUYECCKOI0 METO4a ONIPEACIICHUSA MacCcoBOU A0JI1 CYMMApPHOT'o fIOJlEI B Oriomacce FI/IJ:[pO6I/IOHTOB.

PE3VIJIbTATHI 1 OBCYKJIEHNE

B 6uomacce MOpPCKHX OpraHM3MOB MOl B OCHOBHOM IpeJICTaBJIeH B opraHnyeckoi (popme. Ilpu npo-
60moaroToBKe (Mpy MUHEPAIU3aIMK OMOMACCHI) IPOUCXOAUT OKHCIIEHHE OPraHMYEeCKUX U HEOpraHuyve-
CKHUX COEIMHEeHUH o/1a, B pe3yJibTaTe Yero BO3MOXKHBI IOTEPH io1a U3-3a cyOnMmanuu ero napos. Yro-
Obl IPEIOTBPATUTh ST TIOTEPU, MUHEPATU3AIMIO OMOMACCHI OCYILECTBIISIIOT B PUCYTCTBUU IIENOYH:

31, + 6KOH — KIO; + 5KI+ 3H,0 .

MuHepammzanio  HeoOxoaumMo ocymiecTBisath B rnpucyrctBun  KOH mnpu  temmeparype
+500...4+550 °C, nockoyibKy HOJAT Kajus pa3jaraercs ¢ BolaesieHueM kuciaopopa rpu +560...4+650 °C,
a 'y fiojlaTa HaTpus TEMIIEpaTypa pasioxeHus ropasno Huxe +500 °C.

Oobpa3zoBaBivecs: COeIMHEHNs HOIU/Ia B XOjIe MUHEPAIU3AlU OKHCIISIOT OPOMOM B IIIEJIOYHOM
cpeae B Mogatel (1057):

I +3Br, +60H — 10, +3H,0+6Br .
Hanpuwmep, B npucyrcreun KOH:
KI + 3 Br, + 6 KOH — KIO; + 3H,0 + 6 KBr .

W3nuimek 3JieMeHTapHOro OpoMa yAajIsioT ¢ TNoMompilo ¢dopMuaTa Tocie 0Opa30BaHHUS €ro
B IIEJIOYHOM cpefe:
HCOOH + KOH — H,0 + KCOOH ;

KCOOH + Br, — H,CO; + 2KBr .

3areM MOJIKUCIISIOT CEPHOM KUCIIOTOM.
HopaThl B KUCIION cpejie BOCCTAaHABJIMBAIOT HOJUIOM JI0 SJIEMEHTAPHOTO HO/a:

10,” +51 +6H" — 31, + 3H,0.
Hanpumep, iionuom Kaiusl B IPUCYTCTBUM MypPaBbUHOM KUCJIOTHIL:
KIO; + 5KI + 6 HCOOH —— 31, + 3H,0 + 6 KCOOH .

Vlo/1 KOHIIEHTPHPYIOT U3 BOAHOTO PAcTBOPA SKCTPAKIMEH ¢ OMOIIBI0 XJIopodopMa ¥ onpeseris-
I0T [0 MOIVIOIIEHUIO cBeTa B Auamna3oHe AMH BosH 502-510 uMm. HuxkHsAA rpaHuna onpeaensieMoro
copepxkanus — 107 r. JIna yBeqmueHus 4yBCTBUTENLHOCTH B XJI0PO(GOPMHYI0 (PPaKIHMIO JOOABISIOT
10%-Hb1i cCIMPTOBOM pacTBOP HOAMIA KaJIUs, B pe3yJIbTaTe Yyero 00pa3yeTcst TPUMOUT KaJIHS:

Von onpenensioT B ynbTpaduONETOBOH OONACTH NPU JUTMHE BOJHBL 225 wmi 325 HMm. Takum
00pa3oM YyBCTBUTEILHOCTh MOXET ObITh yBesmdeHa B 20 pa3. HukHss rpaHMIia onpeesisieMoro
COZIepKaHUA — 107 r.

[TpeniosxkeHHBIN TPOCTON METOJ MPUTOJIeH JJisi PYTUHHBIX W3MEPEeHUi, OH He TpeOyeT MHOro
BpPEMEHH, a TaKKe TOPOTOCTOSIIINX PEAKTUBOB M 000PYIOBAHUS.

Paboma evinonnena 6 pamkax zocyoapcmeennozo 3adanusi PUL] UnBIOM no meme «Komnaexchoe uc-
CNe008aHUEe MEXAHUIMOE (PYHKUUOHUPOBAHUS. MOPCKUX OUOMEXHON0ZUMECKUX KOMNAEKCO8 C UEAbI) NOAYUEHUS
OUoN0ZUMEeCKU AKIMUBHBIX Geuyecm U3 2uopoouonmos» (Ne zoc. pezucmpavuu 124022400152-1).
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QUANTITATIVE DETERMINATION
OF THE MASS FRACTION OF TOTAL IODINE IN MARINE HYDROBIONTS
BY THE SPECTROPHOTOMETRIC METHOD

R. Gevorgiz, E. Zinovieva, S. Zheleznova, and | N. Bobko

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: r.gevorgiz@ibss-ras.ru

The technique of quantitative analysis of total iodine is given: the mineralization of biomass in the pres-
ence of KOH followed by bromine oxidation of inorganic iodine compounds to iodates with removing
the excess bromine with formate. Iodates in acidic medium are reduced with iodide to elemental io-
dine, which is extracted with chloroform and detected by light absorption in the range of 502—-510 nm.
The lower detection limit is 107® g. To boost sensitivity, a 10% alcohol solution of potassium iodide
is added to the chloroform fraction. After potassium triiodide is formed, iodine is detected by light
absorption in the range of 225 or 325 nm. The lower detection limit is 107 g.
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B YépHOoM MOpe 0OMTaeT JMIIb HECKOJIbKO BUIOB UIVIOKOKHUX, YTO CBA3AHO C NOHWKEHHOM COJIEHO-
CTBIO €ro BOA. 3a BeCh IEPHO/], UCCIIeJOBaHMI ObUIO OOHAPYKEHO CEMb BUAOB I'OJIOTYPUI, U3 KOTOPBIX
MCTUHHBIMHM OOUTATENISIMU MOKHO CUMTATD I15Th; OCTAJIbHBIE 3aPErMCTPHUPOBAHBI TOJILKO B IpHOOCGOp-
cKoM paiione. Y 6eperoB Kpsima aBa Busa ronotypuii — Leptosynapta inhaerens (O. F. Miiller, 1776)
u Stereoderma kirchsbergii (Heller, 1868) — oTHOCUTEJILHO YacTO BCTpevaiu B 3000eHToce. JJaHHbIX
0 pa3MHOXEeHHH royioTypuil B YEpHOM MOpe HET, a X JIMYMHOK PEAKO U B OCHOBHOM €JVMHUYHO Ha-
XOIUIH B TaHKTOHe B Havasie XX B. [Tocye 1935 r. TMYMHKY TOJIOTYpHI B TUIAHKTOHE Y TIOOEPEKbsI
Kpbima oTmMeueHsl He Obut. B X01€ TpoBeaeHNsI peryJIspHbIX KPYJIOTOAUYIHBIX COOPOB MEPOIJIAHKTO-
Ha B CeBacrononbckon Oyxte B aBrycre 2023 r. B moBepxHocTHOM ciioe (0—10 M) BriepBbIe 3a MmocieI-
Hue 20 et 6buUIM 0OHAPYKEHB! IMYMHKY TOJIOTYpUl — aypuKysipuu. TemmepaTypa Boabl HA MOMEHT
ot6opa 1pod cocrapnsiia +25,3 °C, conénocts — 17,7 %o. [INOTHOCTH TUIMHOK — 2 9K3.-M > BOJI-
Holi Macchl. Pasmeps! muunHoK: giiuHa — 750—-800 mxM, mmpuHa — 400—425 mxm. [Ipeanonaraercs,
4TO OOHAPYKEHHbIE aypPHUKYJISIPUM OTHOCSTCS K BUAy S. kirchsbergii. OH OTHOCHTEIEHO MHOTOUHCIIEH
B OeHtoce YEpHOro Mopsi v 00bIYHO BeTpevaeTcst Ha rryoune 30—125 M. PeakocTs HaXOIOK JTMUMHOK
B TIOBEPXHOCTHBIX CJIOSIX BOJIBI, BEPOSITHO, OOYCJIOBJIEHA TE€M, UTO TOJIOTYpHs S. kirchsbergii ooutaer
B OMOTONAX C IMOCTOSTHHOW HU3KOHM TEMIIEPaTypOoy BOIbl U BCE CTAIUM €€ Pa3sBUTUS MPOXOIAT HUKE
I'PaHULIB TEPMOKJIMHA.

KuroueBrble ciioBa: Makpo3000eHTOC, TOJIOTYpus, Stereoderma kirchsbergii, negarndeckue TMUUHKH,
Ay pUKYJIAPUS

B YépHoMm Mope W3BECTHO Ce€Mb BUIOB TOJIOTYPUW, U3 KOTOPHIX UCTUHHBIMU OOWUTATEISAMU
MOKHO CUMTATh MATh; OCTAJbHBIE 3apETMCTPUPOBAHBI TOJNBKO B MpudOochopckom paiioHe [Bapano-
Ba, CagenbeBa, 1972; Mapunos, 1990; Oztoprak et al.,, 2014]. U3 stux naru BunoB Oestergrenia
thomsonii (Herapath, 1865) Obi1 oOHapyXeH JIMIIb OJHAXAbI B ByrasckoMm JmMaHe, a BaJTMJHOCTb
Synapta hispida Heller, 1868 1, COOTBETCTBEHHO, YKa3aHUS HA €ro HaX0JKU B YEpHOM MOpE BBI3bIBAIOT
comHeHus [bapanosa, CaBesbeBa, 1972; Bohn, 2004]. K. A. Bunorpanos [1967] cuuran, uto onpenene-
Hue S. hispida 6110 OIMOOYHBIM, HA CaMOM JeJie 3To Obutu Leptosynapta inhaerens (O. F. Miiller, 1776).
B cepenune XX B. B ceBepo-3anagHoil yact YEPHOTO MOpsI Y COBETCKUX OeperoB ObLT 3aperucTpH-
pOBaH OJWH BUJ TOJNIOTYpui, L. inhaerens, a y OeperoB Pymbianm — emé u Oestergrenia digitata
(Montagu, 1815) [buonorus, 1967]. B nanbHeiieM B ceBepo-3anagHon yactu YEpHOro Mops, Kpome
L. inhaerens, KOTOpOro 0OHapykUBAJIK AOBOJBHO YACTO, EAMHUYHO OTMEYAIN rOJIOTypuio Stereoderma
kirchsbergii (Heller, 1868) [CawmbimieB, 3omnotapés, 2018]. ¥V OeperoB Kpbima TOnbKO /1Ba BUAA
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roJIOTypuii — L. inhaerens u S. kirchsbergii — OTHOCUTEJILHO YaCTO BCTpevasv B 3000eHToCe. [Ipr aTOM
L. inhaerens peructpupoBaiu Ha riayoune 18—100 wm, a S. kirchsbergii — na ryoune 50-125 m [Kucene-
Ba, 1981; PeBkoB, 2003; PeBkoB u ap., 2015; Camsbiiies, 3om0tapés, 2018]. EnuHYHbIE 9K3EMILISAPbI
O. digitata 6puM 0OHapyxeHb! Juiib B 1904-1910 rr. B omHo# u3 0yxt CeBactonons [3epHos, 1913],
1 nHpopMarms 00 OOUTAHUM STOTO BUJA HA KPBIMCKOM IIeJb(e TpeOyeT MoATBEePKACHHUS.

JIMYMHKY TONOTYpUld, aypuKyJIspUd, B MEpBOM mosioBuHe XX B. peIKO U B OCHOBHOM €IMHUYHO
ObLTM OTMEYEHHl B TUIAHKTOHE B paiioHax ropona Cesactomonis u npudpexbsa Kapanara [[anagxues,
1948; Nonromnoinbcbka, 1940; 3epuos, 1904, 1913] u aumib oaun pa3 — B Kapkunutckom 3anuse [[a-
namxues, 1948]. C 1902 mo 1912 r. B npudpexbe y ropoaa CeBacTonos aypuKyIsipul BCTPEYaIuCh
JIETOM, B [IEPUO]] MAaKCUMAJILHOTO IIporpesa Boabl [3epHoB, 1913]. B 1929-1933 rr. B paitone Kapanar-
CKOM OMOCTaHIIMK C MIOHS 110 CEHTAOPh HAXOAWINA €TMHUYHBIE K3EMILISAPhI Ay PUKYIISIPUI, TPEUMYIIe-
cTBeHHO B cioe Boabl 10—15 m [[donronosnscbka, 1940]. [Tocne 1935 r. TMYMHKY rONOTYpHid B IJIAHK-
TOHe y nodepexbst KppiMa oTMeueHsl He ObUTH. [JaHHBIX O Pa3MHOKEHHHU royioTypuil B YépHOoM Mope
HET, 3a UCKJIOYEHUEM CBEJIEHUI O TOM, YTO I10JIOBbIE MPOJYKTHl B TOHAAAX ABYX BUIOB (L. inhaerens
u S. kirchsbergii), ooutaomux y 6eperos KpbiMa, Haxoaumm B nioHe — utoJie [3epHoB, 1913; Kucernena,
1981].

B aBrycre 2023 r. B IJIaHKTOHHBIX NMpo0Oax, coOpaHHbX B cnoe 10—0 M Ha BHemHeM peiige Ce-
BacToroJjibckor OyxThl (44°37°13”N, 33°30'07”E), Hamu ObUT OOHAPYXEHBI IBE JTMUMHKHA TOJIOTY-
pun (puc. 1A). Pazmeps! mmunaok — 750-800 mxm mmna 1 400—425 MM mmpuHa. Temmnepartypa
BOJIBI BO BpeMs1 0TOOpa mpod cocrapisiia +25,3 °C, conénoctb — 17,7 %o. Matepuan coOpaH ceTbio
Hxenn (pazmep s4en raza 135 mkMm, quamerp Kogbla 36 cM). PoTtorpadum TMUMHOK U B3POCIIBIX TO-
JIOTYpUIA BBIIIOJIHEHBI B KMBOM BHJE (porokamepoit Sony Cyber-shot 16.2. Matepuan 3adpukcupoBas
B 4%-HOM pacTBope (hOopMaIvHa.

CrnemyeTr OTMETUTh, YTO ITO NepBasi HAXOJKA JMYMHOK rojioTypuit 3a 20-ietHui (¢ 2004 r.) nepuon
PETrYJISIPHBIX KPYITIOTOJUYHBIX COOPOB MEPOIUIAHKTOHA Ha BHeIlIHeM peiiie CeBacTonoabCKON OYyXTHI.
ITo yctHOMy coobrienmio YO. A. 3aropoaneii (PULL MTHBIOM), B 300MIaHKTOHHBIX POOaX, COOPaHHBIX
eto Ha menbde Kppiva B iepron ¢ 2010 mo 2022 r., aypuKyJisspry ObLIA OTMEUEHBI JIUIIb OWH pa3 —
B ®eonocuiickom 3amuBe (uioHb 2016 r.; 45°0'48”N, 35°38’06”E). OHu ObUti 0OHApPYXKEHBI B CJIOE

18-0 ™ Ha cTaHIMHK ¢ ITyOMHOM 22 M B KOJIMYECTBE 2 IK3.-M .

Puc. 1. Tonorypun, oOHapyKeHHble B NMPUOpEKHBIX Bogax KpbiMa: A — nuuuMHKa aypukyspust (¢o-
to E. B. Jlucumkoit); B, C — B3pocnbie ocobu Stereoderma kirchsbergii (¢poto A. A. HapgonpHoro).
Macmra6Has mkaiga — 100 mxm (A) u 5 mm (B)

Fig. 1. Holothuroids found in the coastal waters of the Crimea: A, auricularia (photo by E. Lisitskaya);
B, C, Stereoderma kirchsbergii (photo by A. Nadolny). Scale bars are 100 um (A) and 5 mm (B)
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[TpuHuMasi BO BHUMaHHUE MU30AUYHOCTb HAXOA0K AyPUKYJISIPUI B IJITAHKTOHE U X MaJIOUUCIIEH-
HOCTb, MOXHO OBUIO OBl TIPEAIOJIOKHUTh, YTO TOJIOTYPUN — PEIKUI KOMIIOHEHT 3000€HTOCa Ha IIeITh-
(e KprbimMckoro nonyoctpoBa. OpHako 310 He Tak. [lo HalmmM JaHHBIM, HA YepPHOMOPCKOM Iefibde,
B ToM umcie y OeperoB FOro-3anagHoro Kpesima, B Makpo3000€HTOCE JI0BOJILHO YacTO BCTPEUAIOTCS
IBa BUjIA rojoTypuii — L. inhaerens v S. kirchsbergii. L. inhaerens — OOBIYHBIA BUJI B TTPUOPEKHBIX
ouorornax FOro-3amnagHoro Kpeimva Ha rimyouse 0,5-30 M Kak y OTKPBITOro oOepeskbs, Tak U B OyXTax.
Ero BcTpeuaeMocTb Ha OTeNbHBIX yyacTKax gocruraia 10-25 %, a ynciaennocts — 200 9K3.-M 2 [Bo-
TaueBa u Ap., 2022]. Panee M. A. l'anagxues [1948] npennonarai, 4ro JUUMHKU TOJOTYPU, OTME-
YeHHbIEe B IUIaHKTOHE YEpHOro Mopsi, oTHocATcs K pony Leptosynapta Verrill, 1867. Oanako uccie-
JOBaHWsI OMOJIOTHY Pa3MHOXEHUs TooTypuu L. inhaerens y nooepexbsi BenmmkoOpuTaHuy NOKa3any,
YTO 3TOMY BHLY IpHCyIe npsiMoe pasputre [ Thomson, 1862]. Takum 0Opa3om, HAXOAKY aypUKYJISIPHI
B IUIaHKTOHe Y OeperoB KpeiMa He MOryT OTHOCUTBCS K BUay L. inhaerens, B3pociasi (popma KOTOpPO-
r0 — JOBOJIbHO OOBIYHBI ¥ MHOTOYKCJIEHHBIN BU]I B 3000€HTOCE 3TOr0O paitoHa. OcTaércsi mpearnosio-
KUTh, YTO OOHAPYKEHHBIE B IUIAHKTOHE JIMYMHKU TOJOTYPUN OTHOCSTCS K JIPYyroMy BUAY, & UMEHHO
K S. kirchsbergii (puc. 1B, C).

BonenmucTBo npeacraBureneit cemeinictea Cucumariidae Ludwig, 1894, k koropoMy oTHOCHTCS
S. kirchsbergii, UMEIOT TMUMHOYHYIO CTAJIUIO PA3BUTHSI, HO HEKOTOPBIM aPKTHUUECKUM (popMaM MpucyIie
npsimoe pasputue [Kohtsuka et al., 2021]. S. kirchsbergii pactipoctpanén B Mopsix Cpein3eMHOMOPCKO-
ro GacceiiHa ¥ y amIaHTHYeCKOro modepexbss Mapokko [Bohn, 2004]. Ceenenmii 0 criocodax ero pas-
MHO>KEHHUSI HET, 3a UCKTI0UeHNeM UH(OpMAIIUH, YTO B UIOHE — UIOJIE COOTHOIIIEHUE MOJIOB B YePHOMOD-
CKol nomyJisiiuu 061710 1 @ 1, a B roHaax camok ¢ yHoi tena 16—18 mm conepsxkanocs 1130 saur pa3zme-
pom 0,175 mm [Kucenesa, 1981]. Hamu mooBo3pesibie caMKH C sTiAllaMu OTMEUEHBI B cOopax y mobdepe-
®bst Kpbima 23.06.2022 ¢ riryounst 64 M. DTOT B[, JOBOJILHO IIMPOKO PaCIIPOCTpaHEHHBIA B YEpHOM
Mope, BcTpeuaetcst Ha TiryouHe ot 30 1o 125 M, rie 1axe MOXeT 00pa30BbIBaTh 3HAUYMTEIbHBIE CKOTLIIE-
Hus [BapanoBa, CaBenbeBa, 1972; Kucenesa, 1981]. Yare Bcero S. kirchsbergii oOHapyKMBaIOT B OUOIIE-
HO3aX, I7le TOMUHUPYIOT ABYCTBOpPYAThIE MOJUTIOCKM — Muaus Mytilus galloprovincialis Lamarck, 1819
(unoBas opma) u B ocodenHoctH azeonmna Modiolula phaseolina (R. A. Philippi, 1844) [3epHoB,
1913; Kucenesa, 1981]. Hamu Ha menbge Kpeiva S. kirchsbergii otMedeH perMyiecCTBEHHO B OHO-
1eHo3e hazeoMHL Ha TyOuHe 6oee 70 M; ero MakCMMasbHas TJIOTHOCTh — 72 9K3.-M 2, ChIpas
macca — 7,53 r-M~2 [PeBkoB u ap., 2015]. B npudpexne Cesactonons (33°24’8”N, 44°32/45”E)
S. kirchsbergii 3aperucTpupoBaH Ha riiyouHe 62 M Takxke B OMOIeHO3€e (Pa3eoHbI; ero MIOTHOCTD J10-
cruraia 48 9K3.-M~2, chipast macca — 2,59 r-M~2. VIMEHHO B [Marna3oHe rryounsl ot 40-50 no 125 m
B UEpHOM MOpe CYIIECTBYIOT YCTOWUUBBIE TIocesieHust M. phaseolina n omHOUMEHHBIN OnorieHo3 [Ku-
ceneBa, 1981; Mutumuasl YepHoro mops, 1990]. CnenoBatenbHo, B YEpHOM MOpe pacmnpenesieHue
10 ITyOMHE B3POCJIBIX TOJIOTYpHid S. kirchsbergii BeCbMa CXOIHO C TaKOBBbIM M. phaseolina. VI3BecTHO,
41O (hpa3eorHa UMeeT MeJIarnvyecKylo CTaAui0 Pa3BUTHSI, OJHAKO €€ MJIAHKTOHHBIX JINYMHOK HE OTMe-
YaJii B CJIOSIX BOJBI BbIle TepMOKIMHA (35-50 M), XOTs B3pOCIBIX 0COOEH ITOro BUAA U3PE/IKA peru-
CTPUPOBAIM M Ha MeHbIel ryoune [Mutmmuasl Yépaoro mopsi, 1990]. YuuTbiBasi rpaHulibl BEpTH-
KaJIbHOTO pactipocTpanenus S. kirchsbergii (30—125 m), MOKHO MPEAIIONIOKUTH, YTO BCE CTAIUU PA3BU-
THSI, aHAJIOTUYHO CTAMSIM Pa3BUTHS JIBYCTBOPYATOrO MOJUTIOCKA M. phaseolina, anantupoBaHbl K 00H-
TAHUIO TIPU TIOCTOSTHHO HU3KOH TeMIepatype Bojibl, KOTOpylo B YEpHOM MOpe OOBIYHO PErucTpUpyIoT
Ha TyOuHe Oosiee 35 M. M3BecTHO Takxke, YTO B MEPUOJ CHIIBHBIX CTOHHBIX BETPOB HEKOTOPOE KO-
JIMYECTBO JIMUMHOK OCHTOCHBIX KUBOTHBIX M3 MPHUIOHHOTO CJIOS WU CJIOSI HUKE TEPMOKJIMHA MOXET
OBITh BBIHECEHO K Oepery, Ha mMaiyio riyouny [Mutumuasl Y€pHoro mops, 1990]. Ecim, B cootBert-
CTBUM C HalllUM TIPEIONIOKEHNEM, OOHApyKUBaeMble B IUIAHKTOHE y OeperoB KpbeiMa aypuKyiisiprn
JENCTBUTEIILHO OTHOCATCS K S. kirchsbergii, TO peIKOCTh KX HAXOJIOK MOKHO OOBSICHUTh BEPTUKAILHBIM
pacripefesieHleM JaHHOTO BUIA, 3 UMEHHO €ro MPUypOUYEHHOCThIO K OMOTOMaM C MOCTOSIHHO HU3KOU
TEMIIEPATypOy BOJbI.
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Paboma evinonnena 6 pamkax zocyoapcmeentiozo 3adanus PUL] UnbIOM no memam «Komnaekchoe uccre-
0o8aHue MexaHuamo8 PYHKYUOHUPOBAHUST MOPCKUX OUOMEXHON0UMECKUX KOMNAEKCO8 C Ueabl0 NonyueHus ouo-
NO2UMECKU aKMUBHBIX euyecme u3 2uopoouonmoe» (Ne zoc. pezucmpayuu 124022400152-1) u «buopazrooodpa-
3ue KaKk OCHO8A YCmouuugo20 PYHKUUOHUPOBAHUSI MOPCKUX IKOCUCTEM, KPUMEPUU U HAYYHbIE NPUHUUNDL €20
coxparerusi» (Ne zoc. peezucmpavuu 124022400148-4).

BaaromapHocTb. ABTOpH BhlpakaioT OnarogapHocts FO. A. 3aropoaneid u H. K. PeBkoBy 3a HayuHble
koHcypranuu u C. B. IlypoBy — 3a niomoriis B 0T60pe mpod.
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ABOUT THE FINDING OF PELAGIC LARVAE OF HOLOTHUROIDS
(ECHINODERMATA: HOLOTHUROIDEA)
OFF THE SOUTHWESTERN COAST OF THE CRIMEA (THE BLACK SEA)

E. Lisitskaya and N. Boltachova

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: e.lisitskaya@gmail.com

Due to the low salinity of the Black Sea water, only a few species of echinoderms inhabit it.
During the entire research period, seven species of sea cucumbers were found. Out of those,
five can be considered true inhabitants; the rest were recorded only in the Bosporus outlet area.
Two species of holothuroids, Leptosynapta inhaerens (O. F. Miiller, 1776) and Stereoderma kirchsbergii
(Heller, 1868), were relatively frequently encountered in zoobenthos off the coast of the Crimea. There
is no data on the reproduction of sea cucumbers in the Black Sea. In the early 20th century, their lar-
vae were rarely and mostly singly noted in plankton. After 1935, holothuroid larvae were not observed
in plankton off the coast of the Crimea. During regular year-round meroplankton sampling in the Se-
vastopol Bay, holothuroid larvae, auriculariae, were found in the surface layer (0O—10 m) in August 2023,
for the first time within the past 20 years. Water temperature at the time of sampling was +25.3 °C,
and salinity was 17.7%o. Larval density was 2 ind.-m™ of water mass. Dimensions of auriculariae were
as follows: length, 750-800 um, and width, 400-425 pm. It is suggested that registered auriculariae be-
long to the species S. kirchsbergii. It is relatively abundant in the Black Sea benthos and occurs at depths
of 30-125 m. The rarity of auricularia findings is probably due to the fact as follows: a holothuroid
S. kirchsbergii inhabits biotopes with constant low water temperature, and all stages of its development
are adapted to occur in water layers below the thermocline.

Keywords: macrozoobenthos, holothuroid, Stereoderma kirchsbergii, pelagic larvae, auricularia
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XPOHUKA H HHDPOPMALIUA

ITAMATHU CEPTEA UBAHOBUYA MACJIEHHUKOBA
(25.08.1963 - 17.11.2025)

)

MbI — niepBbie, KTO paboTaeT ¢ MajlbkaMy KaMYaTCKOTO
Y MOXHATOPYKOTo Kpaoa.
C. U. Macaennukos

17 nosi6pst 2025 r. BO Bpemsi paGoueil OE3AKH B ToO-
pon fAnraii (Kuraiickas Hapognas Pecriy6mmka) Ha 63-M ro-
1y *KU3HA CKOPOIIOCTIKHO CKOHUYAJICS KaHIUAT OMOJIOTHYe-
ckux Hayk Cepreit IBaHoBMY MacieHHMKOB — CTapIIii Ha-
YUHBII COTPYAHUK J1a0OPATOPUM AMHAMUKHM MOPCKUX 9KOCHU-
CTeM 1 pyKoBoAuTe b LIeHTpa akBaKyJIbTypbl U IPUOPEKHBIX
o6uopecypcos HHLIMB JIBO PAH.

On pomwics 25 asrycra 1963 r. B bapnayne. B 1986 r.
OKOHYMJI OMOJIOrO-NOYBEHHBIN (hakynpTeT JlaabHEeBOCTOU-
HOTO TOCY/IapPCTBEHHOIO YHMBEPCHUTETA MO CIEUATbHOCTH
«buonorus». C 1991 r. nayunas gesrensHocth Ceprest VBa-
HOBMYa ObUta cBs3aHa ¢ MHCTUTYTOM OMONOruu Mopsi, Kotopeii ¢ 2016 r. HocuT Ha3Banue Harm-
OHAJILHOTO HAy4YHOTO IIeHTpa Mopckor Owonormn umenn A. B. JKupmynckoro JIBO PAH: 3mech
OH TPOLIEN MyTh OT aCHHMpaHTa O CTapIIero Hay4YHOTO COTPYAHHKA JIAOOPATOPHM JUHAMUKU MOP-
ckux skocucteM. B 1999 r. oH coznan u BosriaBuil LieHTp akBaKyJIbTYpbl U MPUOPEKHBIX OMOPECYpPCOB
HHIIMB JIBO PAH. B 2007 r. noiy4ui 3BaHKe JIOIIEHTA MO CIIEIUATbHOCTU «THAPOOUOIOTUSI».

Hayunble nHTEpech y4€HOro ObM C(OKYCHPOBAHbI HAa BBISBJIEHHMM 3aKOHOMEPHOCTEN (DYyHKIIMO-
HUPOBAHMS COOOIIECTB 0OpACTaHUS HAa YCTAHOBKAX MApHKYJBTYpHl U CBSI3AaHHBIX C 3TUM 3(P(PEKTOB.
C. U. MacneHHHKOB — aBTOP MHOTOYMCJIEHHBIX pa0OT B 00JIACTH, UMEIOIIEH OrpOMHOE Hay4yHOE
Y NPAaKTHUYECKOE 3HAYEHHUE, a TaKke psja MaTeHTOB Ha M300peTeHus [UIs KYJIbTUBUPOBAHUS T'MIpPO-
OroHTOB. OOI1Iee KOJIMYECTBO €ro Hay4yHbelX MyOiukanuii — 212; B ux uucie 50 crareil B KypHaax,
MHIEKCUPYEMBIX B MeXIyHapoaHbix 6azax Web of Science u Scopus.

I[Tox ero pyKoBOACTBOM ITPOBE/IEHBI YCTIEIIHBIE SKCTIEPUMEHTHI 110 BHIPAIIIMBAHUIO MOJUTIOCKOB U Kpa-
OOB Ha yCTAaHOBKAaX MapHKYJIbTYPhl B OTKPBITON akBatopun 3anuBa [lerpa Benukoro fnmoHckoro mopsi.
Kpabosbiii [Tana — Tak HedopManibHO M HErIaCHO KOppecHOHJeHTh MHorouncieHHsx CMU [lamb-
Hero Bocroka u Poccun HaspiBanim Ceprest ViBaHOBHMYA 3a J1I000Bb K MOPCKUM OOMTATENsIM U 3a Pa3-
PabOTKy TEXHOJIOTHH BBIpAIMBAHUsI MOJIOAU Kpaba. OH BHEC HEOLIEHUMBI BKJIAJ B pa3BUTUE TOTO
HarpaBJICHUS.

B Lentpe akBakyibTypbl C. 1. MacieHHMKOBBIM U €T0 COTPYIHUKAMH pa3paOd0TaHbl TEXHOJIOTUU
BBIpAIMBAaHNS PA3JIMYHBIX BHUIOB MUKPOBOJOPOCIEH M pakoOOpa3HbIX, B YaCTHOCTH TEXHOJIOTHUS TI0-
JIy4eHHs] B MPOMBILIUIEHHBIX MacliTabax *HU3HECTOMKOW MoJiogu KpaboB Paralithodes camtschaticus,
Eriocheir japonica v E. sinensis, IOJIb3yIOUMXCs1 OOJBIIMM CIIPOCOM HA MUPOBOM PBIHKE MPOAYKTOB K-
Tanusl. HectabuibHOE MpUPOAHOE BOCIIPOM3BOCTBO STHX BUIOB TPEeOYET MPOBEICHUsT MEPOIPUSTHIA
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M0 WCKYCCTBEHHOMY pa3BejieHuio. Ha ocHoBe 0Oa3oBoii
TEXHOJIOTUH, pa3padoTaHHON B lleHTpe akBaKyIbTYpBbI,
BO3MOKHO TIOJTHOCTBIO BOCCTAHOBHUTH  IPOMBICTIOBBIE
3amacel MpUOpPEXHbIX KpaOoB M KpaOOWUAOB B TEppH-
TOPUAIBHBIX BOJAAX M B 0OCOOOW KOHOMHYECKOH 30HE
IaJTbHEBOCTOUHBIX Mopeir P®. [[nsa ampoOaruy HOBBIX
TEXHOJIOTU HAa MOPCKOW OHOJIOTMYECKOW CTaHIMU
«3amag» HHIMB [IBO PAH Obul co3gan Hay4HO-
9KCIEPUMEHTAJIbHBIM  yYaCTOK MAapUKYJbTYpbl IO BBI-
panMBaHUi0  OECrO3BOHOYHBIX M MUKPOBOJIOPOCIIEH.
Pa3zpaboTaHel  ONBITHO-TIPOMBIIUIEHHBIE  PETJIAMEHTHI
coJiepKaHMs U MacCOBOT'O BbIPALIMBAHUS )KUBbIX KOPMOB, COJEPKAHUS MATOUHOIO CTajja, CTUMYJISILIUU
MOJIOBOTO TOBEJCHHUSI MPOU3BOAUTENEH, MMOMYyYeHUs JIMYMHOK U BBIPAIIMBAHUS IO CTAJUM OCEJaHUS.
BzanMopeiicTBue MHOCTpPAaHHBIX MApTHEPOB M3 BEAYLIMX MOPCKHX OHOJIOTUYECKUX WHCTUTYTOB
u yHuBepcuteToB npoBuHiuil [lanpayn u JIssonnn (KHP) ¢ LlentpoM akBakyabTypbl MPOJOIKAETCS
yxke Oosee 20 yieT.

[Mpodeccop danbHEBOCTOUHOTO (heepaibHOTO YHUBEPCUTETA, OIMH U3 HanboJjiee N3BECTHBIX MOp-
ckux 6uonoroB JlanbHero Boctoka, Cepreii MIBaHOBUY ObUT OTKPBITBIM YETOBEKOM U 100pOKeNaTe b-
HBIM COOECeTHUKOM, aKTMBHO Y4YaCTBOBJI B OOIIECTBEHHBIX AMCKYCCUSIX M Hay4HbIX hopymax. Oco-
OEHHO SIPKUM OBLIO ero COTpyAHMYecTBO cO LIIKOJION 9KOIOrMYecKO KYPHAIUCTUKY «KuBast Tanra».
B 2024 r. oH oTKpbIBaJ Jekiuen nepsbiii Mopckoit ¢ectuBaib Ha octpose [lonoBa, a rof crrycrs npo-
BEJ IS )KYPHAJIMCTOB SKCKYPCHUIO T10 JIMTOPAIM U MpecTaBMl MPoeKT «MopcKkue ypoku ajisl Aereit
u B3pocibix: 8 “B” pekomenayer». Ero aBropel BcnomuHaoT C. M. MacieHHUKOBa Kak «Iylly MPOeK-
Ta» U KaK 4YeJIOBeKa, KOTOPBIA yMeJl UHTePECHO U JIOCTYITHO OOBSCHATH CIIOKHBIE MPOLIECCHl MOPCKOM
9KOCUCTEMBI.

Cepreii MIBaHOBMY 0051211 JapOM HAXOAWTH OOIIMI SI3BIK C JIIOJbMU CAMBIX Pa3HBIX BO3PACTOB
u npocpeccuid, ObUT OT3BIBUMBBIM APYTOM U TEHEPATOPOM sipKuX unei. Tpymomoodue n GorateiInmi mo-
JIEBOH OTIBIT COYETAIUCH C YMEHUEM MPABUIILHO IMOCTABUTH 33]Ja4M U HAUTHU YT UX PelleHusl. DHeprus,
BEJIMKO/YIIIUE, 1ap YBIEKATEIbHO U3J1araTh OpUTMHAIbHBIE HAyYHbIe UJIeN — O1arojiapsi BceM 3TUM Ka-
YecTBaM OH MOJIy4rI1 IMPOKYI0 U3BecTHOCTh B Poccuu. Ero 3aciayru nepesa rocyjapcTBOM OTMEUEHBI
rpaMoramMu u npemMusiMi. B genb TopxectseHHoro 3acenanus [Ipesunanyma IBO PAH, nocBsameERHOTO
55-nerrio HHIIMB JIBO PAH (13 Hos16pst 2025 1.), OH moTy4m1 6J1arogapHocTh oT ryoepHaropa [pu-
MOPCKOTO Kpasi 32 MHOTOJIETHIOIO JIOOPOCOBECTHYIO paboTy, BHICOKKE MPO(ECCUOHATBHBIE JOCTHUXECHUS
Y JIMYHBIA BKJIA] B pa3BUTHE HAYKU.

N3zBectre o koHunHe C. V. MacieHHUKOBA BBI3BAJIO ITyOOKYI0 CKOpOb y BCeX, KTO C HUM ObLT 3Ha-
koM 1 padotai. Yxoxa Cepres iBaHoBUYa — O0JIbIIIast yTpaTa 1Jisk HAYYHOTo coodiecTBa BnaguBoctoka
u [Tpumopsbs.

Kosmnektus LleHTpa akBakyibTypsl U npuopexssix oropecypcos HHIIMB JIBO PAH HaBcerna
coxpaHuT cBeTIyio namsTh o C. M. MaclieHHUKOBE U TPOJIOJIKUT HAYaThle UM Jefa.

. 6. 1. A. FO. 36s2unyes, yuenuku, Konnezu, Opy3osi

IN MEMORIAM: SERGEY MASLENNIKOV
(25.08.1963 — 17.11.2025)

On November 17, 2025, the Primorye scientific community suffered an irreparable loss: PhD
Sergei Maslennikov passed away. He headed the Center for Aquaculture and Coastal Bioresources
at NSCMB FEB RAS, authored more than 200 publications, and co-developed a technology
for industrial-scale production of viable juvenile crabs.
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