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PREFACE

Holothuroids are distributed throughout the World Ocean, inhabiting various
types of bottom from the intertidal zone to abyssal depths. They are dominant
im abundance, biomass and ecological importance in numerous bottom commu-
mities. Holothuroids inhabiting the productive coastal marine zone deserve
special attention since their role in structuring the habitat is most significant
there.

Despite rather extensive information on the feeding of particular species
of holothuroids in particular areas, standard techniques for studying their
trophic importance in coastal ecosystems are still lacking. This may largely be
explained by the biological peculiarities of holothuroids, which often are not
amenable to conventional methods of investigation. Future progress in under-
standing the fundamental feeding characteristics of this important group of
animals will require overcoming these methodological challenges.

My aim in this book was to use new methodological approaches to compre-
hensively describe feeding by shallow-water holothurians, to quantitatively
estimate the impact of feeding on the environment, especially on the bottom
sediments, and to study latitudinal regularities in the modification of the
environment by feeding activity.

At all stages of work I aspired to follow the remarkable definition of a
famous Russian zoologist D.N.Kashkarov (1933): «The projection on the habi-
tat is the basic characteristic of ecological research».

Valery LEVIN
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Chapter 1. MATERIAL AND METHODS

1.1. STUDY AREAS AND PERIODS

The basic studies were made between 1971 and 1995 with the use of some
results of earlier observations (since 1967). The locations of the biological
stations are presented in Fig. 1.1.

Observations and field experiments on North Pacific holothurians were
performed in the Peter-the-Great Bay of the Sea of Japan. The laboratory
experiments were made at the Marine Experimental Stations of the Institute

<y Mat Ts,
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Nhatrang Bay
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Fig. 1.1, Location of research and collection areas.

Sites of stationary underwater observations and experiments are shown by squares, sites of personal observa-
tions and samplings by dark circles, and sampling of collection material by light circles. Insets A-C show areas

of most intensive research
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of Bioorganic Chemistry (Troitsa Inlet, 1967-1975), of the Pacific Institute of
Fisheries and Oceanography (Popov Island, 1975-1978) and of the Pacific
Oceanological Institute (Vityaz Inlet, 1978-1986).

Tropical holothurians were studied in the cruises of research vessel «Dmi-
triy Mendeleev» (1971, south-western part of the Pacific Ocean), of R/V «Izum-
rud» (1974, the Indian Ocean), the cruise by the Pacific Institute of Bioorganic
Chemistry to Cuba (1972-1978), the cruises by the Institute of Marine Biology
(Far East Branch of the Russian Academy of Sciences) to Vietnam (1985 and
1987-1988).

The following collection materials were analyzed: collections from expedi-
tions of the Institute of Marine Biology to the Sea of Japan, the Okhotsk and
Bering Seas (1976-1993) and to Vietnam (1980-1985), Pacific Institute of
Fisheries and Oceanography to the Sea of Japan (1970-1974), the Pacific In-
stitute of Bioorganic Chemistry to various Indo-Pacific areas (1978-1987)
and North Kuril Islands (1981-1982), collections of the Institute of Oceanol-
ogy of Cuba (1962-1972), and the Institute of Marine Research of the Republic
of Vietnam (1980-1985).

Samples of five species of holothurians from Bahamas and their gut con-
tents were made available through the courtesy of C.Mosher (Eleuthera, Baha-
mas). Samples of Parastichopus (=Stichopus) californicus from Friday Har-
bour Bay and their tissue extract for chemical analysis were kindly prepared
by S.Smiley (University of California, Los Angeles, USA).

1.2. STUDIED SPECIES

The publication represents the results of the author’s study of 90 species of
Holothurioidea (57 — Aspidochirotida, 21 — Dendrochirotida, 10 — Apodida,
2 — Molpadiida) (Table 1.1). All species’ identification was made by the
author. In this work I used the conventional holothurian system (Clark, 1922;
Heding, 1928; Deichmann, 1930; Panning, 1949; Heding & Panning, 1954;
Pawson, 1963; Rowe, 1969; Clark & Rowe, 1971) with some amendments and
revisions considered below.

Table 1.1. Holothurian species studied

Taxon Region Type of investigation

Order ASPIDOCHIROTIDA

Family Holothurjidae

Actinopyga agassizi (Selenka) IwWp D,C
echinites (Jaeger) WP,V D, IC,M
lecanora (Jaeger) WP,V D,IC,M
mauritiana (Quoy et Gaimard) IWP,V D,ICCM
miliaris (Quoy et Gaimard) WP D, IC,M
obesa (Selenka) IWP D, IC
plebeja (Selenka) IwWP D, IC,M
serratidens Pearson IWP D, ICCM

Bohadschia argus Jaeger WP,V D,IC,M
marmorata Jaeger IWP D,IC,M
paradoxa(Selenka) Iwp D IC,M
tenuissima (Semper) IWP D,IC,M
vitiensis (Semper) WP D, IC,M
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Table 1.1 — continued

r Taxon Region Type of investigation
Pearsonothuria graeffei (Semper) IWP,V D, IC,M
Labdidodemas rugosum (Ludwig) IWP D, IC,M

semperianum Selenka IWP D, IC
Holothuria (Acanthotrapeza ) coluber Semper IWP D, IC
pyxis Selenka IWP D,IC,M
H. (Cystipus) cubana Ludwig C D, IC
pseudofossor Deichmann C D, IC
H. (Halodeima ) atra Jaeger IWP,V D, IC,M, T, PM
edulis Lesson WP,V D, IC,M
floridana Pourtales C D, IC
grisea Selenka C,B D, IC
mexicana Ludwig C,B D, IC
pulla Selenka IWP D, IC
H. (Lessonothuria ) pardalis Selenka IWP,V D, IC,M
H. (Mertensiothuria) fuscocinerea Jaeger IWP D,IC,M
leucospilota Brandt IWP D,IC,M
A% T, PM
pervicax Selenka IWP,V D, IC,M
H. (Metriatyla ) martensi Semper WP,V D, IC
scabra Jaeger WP,V D, IC,M
H. (Microthele) nobilis (Selenka) WP,V D,IC,M
H. (Platyperona) difficilis Semper IWP D, IC,M
H. (Selenkothuria ) erinaceus Semper IWP D, IC,M
glaberrima Selenka C D, IC
moebii Ludwig IWP,V D, IC
H. (Semperothuria ) cinerascens (Brandt) WP,V D,IC,M
flavomaculata Semper IWP D,IC,M
surinamensis Ludwig C D, IC
H. (Stauropora ) discrepans Semper IWP D, IC
H. (Theelothuria) spinifera Theel IWP,V D, IC
H. (Thymiosycia) arenicola Semper IWP,V,C,B D, IC
gracilis Semper WP,V D, IC
killa Lesson WP,V D,IC,M
impatiens (Forskal) IWP, V,C D,IC,M
strigosa Selenka IwWp D, IC
Family Stichopodidae
Apostichopus japonicus (Selenka) FE D,MICLT,E,PM
Astichopus multifidus (Sluiter) C D, IC
Eostichopus regalis (Cuvier) C IC
Isostichopus badionotus (Selenka) C,B D, IC
Parastichopus californicus (Stimpson)* USA IC,M
Stichopus chloronotus Brandt IWP,V D,IC,M
horrens Selenka WP,V D, IC,M
variegatus Semper IWP, V D,ICCM
Thelenota ananas (Jaeger) IWP, V D,IC,M
anax H.L. Clark Iwp D, IC
Order DENDROCHIROTIDA
Family Cucumariidae
Allothyone longicauda (Oestergren) FE (]
Cucumaria japonica Semper FE D,IC,PM
Cucumaria(? ) vegae Théel FE D, IC
Eupentacta fraudatrix (Djakonov et Baranova) FE D, IC,M,PM
Ocnus glacialis (Ljungman) FE IC
surinamensis (Semper) C IC
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Table 1.1 — continued

L Taxon Region Type of investigation
Pentacta sp. IWP 1C
Pentamera calcigera (Stimpson) FE D, IC
Stolus cognatus (Lampert) C D, IC
Family Phyllophoridae
Actinocucumis typicus Ludwig v I1C
Afrocucumis africana (Semper) IWP, V D, IC
Cladolabes aciculus (Semper) WP, V D, IC
Duasmodactyla kurilensis Levin® FE IC
Mensamaria intercedens (Lampert) v IC
Neothyonidium magnum (Ludwig) v D,M,IC
Ohshimella ehrenbergi (Selenka) IWP D, IC
nhatrangensis Levin et Dao Tan Ho* v IC
Phyllophorus cebuensis (Semper) \'% IC
Family Psolidae
Psolus regalis Verrill FE IC
Psolus sp.® FE IC
Semperiella sp. v D,IC
Order APODIDA
Family Synaptidae
Euapta godeffroyi (Semper) IWP,V D, IC
lappa (J. Miller) C D, IC
Opheodesoma spectabilis Fisher IWP,V D, IC
grisea (Semper) WP,V D, IC
Synapta maculata (Chamisso et Eysenhardt) IWP D, IC
Synaptula macra (H.L. Clark) IWP,V D, IC
recta (Semper) v D, IC
(£
Family Chiridotidae
Chiridota rigida Semper \4 D, IC
Polycheira rufescens (Brandt) v D, IC
Scoliodotella lindbergi (Djakonov) FE D,IC,LE,PM
Order MOLPADIIDA
Paracaudina chilensis (J. Miller) v IC
ransonetii (Marenzeller) FE IC,E,PM

Key to references: FE = Far Eastern seas of Russia; V = Vietnam; IWP = Indo-West Pacific (Vietnam
excluded); USA = West shore of USA; C = Cuba; B = Bahamas. D = study of distribution, observation of
animal behavior in natural condition; E = experimental study of feeding; I = study of feeding intensity; IC
= analysis of the intestines content; M = study of morphological structures (except of information required
for taxonomic investigation); PM = study of the effect of animal activity on physical-mechanical properties
of bottom sediments; T = analysis of the trajectory of foraging movements

2 Only collection materials were used

Order Aspidochirotida. It is presently common to subdivide shallow-water
Aspidochirotida into two families, namely Holothuriidae and Stichopodidae.
The following genera are most commonly distinguished within the first family:
Actinopyga Bronn, 1860; Bohadschia Jaeger, 1833; Labidodemas Selenka, 1867
and Holothuria L., 1867. Results of the study on a very common Indo-West
Pacific holothurian Bohadschia graeffei indicated the need of reconsidering
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the taxonomic status of this species and placing it into a special genus Pear-
sonothuria (Levin et al., 1984; see also Cherbonnier, 1988). Eight genera are
specified in the family Stichopodidae: Stichopus Brandt, 1835; Thelenota Brandt,
1835; Astichopus Clark, 1922; Parastichopus Clark, 1922; Neostichopus Deich-
mann, 1958; Eostichopus Deichmann, 1958; Isostichopus Deichmann, 1958;
Apostichopus Liao, 1980.

Identification of the taxonomic status of a very common and commercially
important species — the Japanese sea cucumber Stichopus japoricus has been
one of the obscure questions in the family taxonomy. Liao (1980) included this
species into the newly established genus Apostichopus. However, he provided
only a comparison between S. japonicus and the type species of genera S. chlo-
ronotus without considering the status of other «problematic» representatives
of the family, primarily Parastichopus californicus and P. parvimensis that
inhabit the Pacific coast of the USA. Deichmann (1937) had attributed those
species to the genus Parastichopus established by H.Clark in 1922 for
S. tremulus (north Atlantic) and S. nigripunctatus (Japan).

A very pronounced morphological and chemical similarity between S. japonicus
and P. californicus (Levin et al., 1985, 1986; Kalinin et al., 1994) and their wide
difference from the type species explain the need of separating these species
from the genus Stichopus. Therefore, despite the limited data used by Liao in
establishing the genus Apostichopus, I consider it valid to treat Stichopus japoni-
cus (and, probably, P. californicus) within the genus Apostichopus.

Order Dendrochirotida. New species have been erected within this order,
namely Duasmodactyla kurilensis (Levin, 1984) and Ohshimella nhatrangen-
8is (Levin & Dao Tan Ho, 1988).

Order Apodida. Scoliodota lindbergi Djakonov, 1958 and Scoliodotella us-
chidae Oguro, 1961 are the same species (Levin, 1982b). I agree with Oguro
that differences in arrangement of body wall spicules and tentacle rods shape
are of considerable importance, and the species described by Djakonov (1958)
should be attributed to the genus Scoliodotella Oguro.

1.3. BASIC METHODS

A qualitative execution of an ecological study is practicable only under direct
contact of the researcher with the object analyzed. Therefore most in situ
observations and experiments were made by the author with the use of SCU-
BA. Diving operations were commonly done to 40-m depth, in special cases (in
Cuba and in the Peter-the-Great Bay) to 70 m. Since 1967 to 1972 SCUBA
diving operations were made throughout the year. Subsequently SCUBA div-
ing were made chiefly between May and September, and winter SCUBA div-
ing only occasionally. Besides SCUBA diving, in 1968-1972 a stationary sub-
merged observation chamber of my design was installed at 5 m depth in
Troitsa Inlet (Lebedev, 1969).

Holothurian distribution patterns were analyzed from diving observations.
In separate cases a quantitative assessment was made in terms of catch per
unit effort and with the use of a multisectional frame (Levin, 1970; Levin &
Shenderov, 1975).

Analysis of the distribution of tropical holothurians was performed from
the results of quantitative estimate made in 1971-1974 (Levin, 1979a) as well
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as with data from Deichmann (1958, 1963). The author followed the Indo-
West Pacific subdivision into the 16 zones of Clark & Rowe (1971). Data on
the distribution of two species were supplemented by my own observations
(Levin, 1979a).

Special procedures for analyzing the composition of food particles, the
feeding behaviour of holothurians, the role in properties changes of surface
sediment, etc. are presented in the relevant chapters of the publication.



Chapter 2. BASIC FEEDING PECULIARITIES OF SHALLOW-WATER
HOLOTHURIANS

The coastal shelf zone is inhabited by representatives of five orders of Ho-
lothurioidea: Aspidochirotida (families Holothuriidae and Stichopodidae), Den-
drochirotida, Apodida, Molpadiida and Dactylochirotida. (Ecological informa-
tion on representatives of the latter group is practically non-existent.) The over-
all number of species of shallow-water holothurians is difficult to ascertain.
It evidently is near 400, of which about 300 inhabit the tropics (Féral &
Cherbonnier, 1986). ‘

Although studies have been devoted to feeding of shallow-water holothuri-
ans (see the reviews by Hyman, 1955; Anderson, 1966; Massin, 1982a, b; Lawrence,
1987), some aspects are so far insufficiently understood. The ecological and
morphological features of holothurians most important for understanding their
functional role in coastal bottom communities are analyzed below.

2.1. ECOLOGICAL CLASSIFICATION

The ecological diversity of organisms can by classified in different ways. As
a general ecological characteristic in the Russian literature, the concept of
elife-form» has developed and been widely used (see Gebruk, 1992 with regard
to echinoderms). Life form (after Gebruk, 1992) is «...a biological type of an
organism expressed in certain life-style and a type of feeding».

The formation of a hierarchic ecological classification (receiving wide ap-
plication due to its visual clearness) is confronted with objective problems.
While identifying the life forms, classification is made with respect to several
identification bases. It is essentially impracticable to develop a system that is
equally effective on all levels. Therefore all the known hierarchic ecological
classifications, including those most carefully reasoned, are vulnerable from
the standpoint of close compliance with formal rules of classification.

Ecological classification radically differs from taxonomic classification.
Taxonomy has a uniform criterion for classification at all taxonomic levels
(viz. phylogenesis) while ecology does not. Therefore the rank (level) of taxa
specified according to various ecological characters may be extremely vari-
able. Nevertheless most ecological classifications, including the one presented
below, consider a taxon (group of taxa) as a unit of taxonomic division. This
classification type may only be the least objectionable.

The proposed classification uses the tentacle form as the basic criterion since
this structure is responsible for basic feeding features of the forms analyzed.
Feeding features in turn are closely connected with basic morphological char-
acteristics of the animals. The second important criterion is the mode of life,
basically the mode of utilization of shelter. Consideration was also given to
external morphological features, shape of skeletal elements, conditions of habi-
tat, diurnal activity, composition of gut contents, and distribution.



16 Bagic feeding peculiarities of shallow-water holothurians

The extent of morphological and ecological variability is highly distin-
guishable within particular orders of holothurians: thus, Molpadiida repre-
sents a definitely more uniform group than Aspidochirotida, Dendrochirotida
and Apodida. The level of understanding of various taxa also differs: mor-
pho-ecological features of Aspidochirotida have been studied rather compre-
hensively (Levin, 1981, 1987b) whereas the ecology of Dactylochirotida is poorly
known. This is the reason that the taxonomic rank of the classified items may
vary between species and order.

Key and basic characteristics of living forms
of shallow-water holothurians

A. Holothurians with leaf-shaped (peltate or peltato-digitate) tentacles
Order Aspidochirotida
Size ranging from small to very large (10 cm—2 m long). Body stout or
elongate to vermiform, cylindrical or with flattened ventral sole. Podia vari-
ously arranged. Inhabit the bottom surface or utilize various shelters. Feed-
ing mode is by grazing sediment particles, or sometimes by collecting organ-
ic particles suspended in the near-bottom water layer.

Al. Tentacles peltate

Body form showing a wide range. Spicules of body wall consisting of
tables, buttons, pseudobuttons, rosettes, C- and S-like bodies. Habitat ranging
between intertidal zone and 50-100 m depths. Feed on the bottom surface and
within the sediment. Food particles are basically coral and mineral sand, skel-
etal remnants of various animals and calcareous algae.

Al.1. Forms with fugitive habits

Size ranging from moderate to large or even massive (10—80 cm long, 16 cm
wide). Body cylindrical or with ventral sole. Inhabit the surface of substrate,
usually not concealed under rocks and fragments and not buried. Feed on the
bottom surface.

A1l.1.1, Inhabits the surface of non-organic and biogenic substrates
The genera Apostichopus; Astichopus; Eostichopus; Isostichopus; Sti-
chopus (many species); Thelenota; Actinopyga (many species); Bo-
hadschia (some species); subgenera of the genus Holothuria: Halo-
deima, Holothuria (many species), Mertensiothuria (many species),
Microthele, Theelothuria (some species), Roweothuria

Al1.1.2. Inhabited the surface of living corals and sponges
Pearsonothuria graeffei
Size moderate (up to 30 cm long). Body strongly elongate. Ventral podia
arranged in three regular rows. Tentacles very massive. Utilizes very small
food particles. Occurs in habitat with intensive development of living corals;
often occurring in large numbers on surface of living corals.

Al.2. Forms with fossorial habits

Size small to moderate (10-20 em long), sometimes large (60 cm), in one
species very large (up to 2 m long). Body commonly cylindrical, sometimes
flattened or with creeping sole. Constantly or regularly utilize various shelters.
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Al.2.1. Partly concealed
Body cylindrical or vermiform. Conceals part of its body under coral blocks,
colonial animals or in substrate fissures. Has only a weakly mobile mode of
life.
Al.2.1.1. Concealed under stones, blocks, other animals
Subgenus of the genus Holothuria: Acanthotrapeza, H. (Mertensio-
thuria) leucospilota
In H. (Acanthotrapeza ) tentacles large-sized; in H. leucospilota, average-
sized. Body size moderate to large (10—60 cm). Often conceals posterior por-
tion of body under coral fragments and blocks, large sponges, etc., but may
inhabit exposed areas. H. (Acanthotrapeza ) basically utilizes small food par-
ticles. H. leucospilota possesses a very wide food grain size range (of all the
species of Aspidochirotida studied, it is most capable of utilizing the coarsest
particles).

Al1.2.1.2. Concealed into crevices

Holothuria (Thymiosycia) thomasi

Size very large (up to 2 m long). Body rather vermiform. Anchored in
crevices in coral reefs; uses free anterior body part for food collection.

Al1.2.2. Completely hidden.

Body mostly cylindrical, sometimes flattish or with a creeping sole. High-
ly variable in the extent of mobility. Constantly or regularly utilize various
shelters: concealed under fragments of corals, buried, cover themselves with

sand.
Al1.2.2.1. Diel eryptic behaviour

Al.2.2.1.1. Buried in soft sediment
Bohadschia bivittata, B. tenuissima, B. vitiensis; subgenus of the
genus Holothuria: Metriatyla
Size large (up to 50 cm long). Body stout, rather cylindrical, sometimes
with flattish ventral side. Regularly burrows into sediment. Feeds commonly
at bottom surface and just below the sediment surface during the initial
period of burrowing and prior to emerging on the surface.

Al1.2.2.1.2. Concealed under coral fragments, blocks, etc.
Actinopyga agassizi; subgenera of the genus Holothuria: Platyper-
ona, Holothuria (some species); Stichopus horrens; S. chloronotus
Size small to large (5-45 cm long). Body with ventral sole. Active at night
(A. agassizi, H. difficilis, S. horrens ) or in daytime (S. chloronotus ).

Al1.2.2.2. Constantly hidden
Size small to moderate (10—30 cm long). Body commonly elongated or ver-
miform, sometimes flattened.

Al1.2.2.2.1. Buried in soft sediment
Subgenera of the genus Holothuria: M Theelothuria (some
species); H. (Thymiosycia) arenicola; H. (Mertensiothuria) per-
vicax
Dig variously shaped holes in upper layer of sediment, basically under
stones and coral blocks.

2 B. C. Jlepun
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Al.2.2.2.2. Concealed under stones, fragments, living organisms
Labidodemas; subgenera of the Holothuria: Thymiosycia (rnany spe-
cies), Lessonothuria, Irenothuria, Stauropora, Vaneyothuria;
H. (Cystipus) rigida; H. (Mertensiothuria) fuscocinerea

Inhabit cavities under stones, coral blocks, living massive coral colonies,
large sponges, topmost layer of soft substrates.

A2. Tentacles pseudoarborescent, or peltodendritic

Size moderate to large (15—60 cm long). Body commonly elongate, rather
vermiform. Spicules of body wall consisting of flattened spiny rods and rods
combined with tables. Commonly inhabit areas exposed to wave action. Feed
by collecting deposited and suspended particles. A large proportion of food
particles consists of terrigenous material, fragments of marine and terrestrial
plants.

A2.1. Inhabited hard bottoms
Subgenus of the genus Holothuria: Selenkothuria
Size moderate (up to 20 cm long). Spicules consisting of perforated rods or
plates, sometimes in combination with very reduced tables. Typical habitats
are coralline walls and blocks of surf-zone. Anchored in crevices and hollows
of substrate. Capable of tolerating desiccation low tide.

A2.2. Inhabited mixed and soft sediment
Subgenus of the genus Holothuria: Semperothuria
Size moderate to large (up to 60 cm long). Spicules consisting of rods in
combination with tables, usually with disk reduced. Live under coral frag-
ments and blocks as well as under living coral colonies (H. surinamensis).
Capable of burrowing into sand, leaving the anterior part of the body with the
mouth extended above the substrate.

B. Holothurians with bush or tree-shaped (dendritic) tentacles
Order Dendrochirotida
Size from small to moderate (2—-20 cm long), rarely large (up to 50 cm long).
Body form highly variable. Live on the bottom surface and in the sediments.
Poorly mobile or sedentary animals. Mostly feeding on organic particles sus-
pended in the near-bottom water layer.

B1. Use the exposed mode of life

Body stout, sometimes spindle-form, rounded in section or with a well-
developed ventral sole. Body surface bare or covered dorsally by tile-like cal-
careous scales. Almost immobile. May rest loosely on bottom surface or an-
chored to stones, valves of dead or living molluscs.

B1.1. Body without ventral sole
Families Cucumariidae (some species), Phyllophoridae (some species)

B1.2. Body with well developed ventral creeping sole

B1.2.1. Body covered dorsally by scales
Family Psolidae
Size moderate (up to 20 cm long). Body wide, flattened, sometimes elongat-
ed, cylindrical. Mouth and anus on dorsal side. Scales commonly large-sized,
sometimes minute. Podia arranged on sole in three rows.
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B1.2.2. Body bearing no scales
Genera Pentacta, Loisettea :

Size small to moderate (5-10 cm long). In appearance, resemble stichopo-
dids. Body quadrangular in section, bearing large cone-shaped processes. Mouth
and anus arranged almost terminally. Body wall closely studded by spicules
making an integument that is dense and rough.

B2. Use the fossorial mode of life

Size small to moderate (2-20 cm long). Body comparatively flat, almost
straight or more or less U-shaped. Posterior end rounded or stretched into
sharpened tail. Utilize various type shelters.

B2.1. Concealed under stones, coral fragments, other animals
Families Cucumariidae (some species), Phyllophoridae (some species)
Size small to moderate (2~20 cm long). Body straight or somewhat curved.
Podia arranged radially or scattered across the whole body.

B2.2. Burrowed in soft sediment
B2.2.1. U-shaped burrow

B2.2.1.1. Body somewhat curved on dorsal side
Families Cucumariidae (some species), Phyllophoridae (some species)
Size small to moderate (2-10 cm long). Body elongate, posterior end rounded
or extended into tail. Inhabit the upper layer of sediment.

B2.2.1.2. Body approximately U-shaped
Families Heterothyonidae, Placothuriidae, genera Neothyonidium,

Neopentadactyla
Size small to large (5-40 cm long). Anterior part of body may differ con-

spicuously from the rest of the body in coloration and arrangement of podia.
Inhabit deeper layers of sediments. Only tentacles or the whole of the anterior
part of body are exposed from burrow.

B2.2.2. Hole at angle to the surface
Leptopentacta elongata
Arranged in hole with the anterior part downward. Collect particles from
deeper layer of substrate. No information available whether this feeding
mode is obligatory for this species or results from local conditions.

C. Holothurians with pinnate tentacles
Order Apodida (partly)

Size small to extremely large (56 cm — 2.5 m long). Body cylindrical, con-
spicuously elongate or vermiform, rounded from posterior end. No podia.
Inhabit the surface of solid substrates, living colonies of corals, or utilize
various shelters. Feed on the surface or in deeper layers of sediments.

Cl. Predominantly exposed

C1.1. Inhabit surfaces of non-organic or biogenic substrates
Genera Synapta, Euapta, Opheodesoma (some species)
Size moderate to extremely large (up to 2.5 m long).

C1.2. Commonly inhabit sponges and macrophytes

Genus Synaptula (some species)
Size small (up to 10 cm long).
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C2. Hidden
Size small to moderate (common up to 10 cm long)

C2.1. Concealed under stones, coral fragments
Family Synaptidae (some species)
C2.2. Dig U-shaped burrows
Genus_Leptosynapta
D. Holothurians with palmatiform and digitate tentacles

Orders Apodida (in part), Dactylochirotida, Molpadiida
Size from very small to moderate (1-15 cm long). Body shape widely vari-
able. No podia (besides Dactylochirotida). Mode of life completely cryptic.
Feed on the surface or within the sediment.

D1. Concealed under stones, coral blocks and fragments

Family Chiridotidae (some species)
Size small (up to 10 cm long). Body cylindrical elongate to vermiform.

D2. Burrows into soft sediment

D2.1. Burrows horizontally
Genera Chiridota (in part), Polycheira (in part), Scoliodotella
Size small (up to 10 cm long). Body heavily elongate or vermiform, cylin-
drical. Burrows commonly with no access to surface, feeding and defecation
occur within the sediment.

D2.2. Buried at a high angle to surface or vertically

D2.2.1. Mouth oriented downward
Order Molpadiida
Size small to moderate (5—-15 c¢cm long). Body spindle-shaped or rounded,
posterior end extending into long pointed tail. Feed from deeper layers of
sediments.

D2.2.2. Mouth oriented above the bottom surface
Order Dactylochirotida
Size small (up to 10 cm long). Body retort-shaped. Mouth and anus mostly
converging. Tentacles exposed onto bottom surface. Feeding mode unknown.

2.2. STRUCTURE OF FOOD-CATCHING ORGANS

Capturing of food particles by holothurians results from the coordinated
actions of the aquapharyngeal complex. The basic functional elements are the
circumoral tentacles. Other structures (calcareous pharyngeal ring, radial
and longitudinal vessels of the ambulacral system, tentacle ampullae if present,
Polian vesicles, etc.) ensure the operation of the tentacles.

The structure of the aquapharyngeal complex is essentially similar in all
holothurians, but its details can be quite variable. The size of the complex is
also variable. In most groups it is relatively small while in some dendrochi-
rotids it may amount to one third of the body coelom, and the length exceed
half that of the body. The overall size of the complex is directly related to size
of tentacles. No such correlation may be traced in the development of skele-
ton structures. In the Phyllophoridae a powerful tubular calcareous ring is
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often developed. In Cucumariidae this ring is only slightly developed and has
the same size as the tentacles. .

The interrelation between the development of aquapharyngeal complex and
the body anatomy and life pattern may be easily demonstrated by phyllophorids.
In some species of this family the anterior body portion cannot be withdrawn
into the body. Therefore it is only by convention that it may be termed an
eintroverts. For instance, in Neothyonidium magnum the anterior part of the
body is separated by a thin constriction from the posterior, and podia coloration
and structure are so different from those of the posterior part of the body that
the animal looks as if it were composed of two individuals of different species.

Tentacles of holothurians may be classed into four clearly distinguishable
types, each characteristic of a particular taxonomic group (Hyman, 1955; Paw-
son, 1966; Féral & Massin, 1982; Massin, 1982a; Roberts, 1982). All Dendro-
chirotida possess arborescent tentacles; a majority of Aspidochirotida have
peltate tentacles (tentacle structure in these two groups is a classifying char-
acteristic of order). Molpadiida and some Apodida (family Chiridotidae and
some genera of the family Synaptidae) possess digitate tentacles. The remain-
ing apodids have pinnate tentacles. With a unique structural layout, the tenta-
cle shape is subject to major interspecific variability. Accurate estimation of
such variability presents a problem due to the great extensibility of tentacles.

Within the order Dendrochirotida one may trace a tendency of complica-
tion in tentacle branching in Psolidae, compared to Cucumariidae and Phyllo-
phoridae. Especially variable is shape of the «palm» and the appendages of the
digitate tentacles (among the latter, palmatiform and simple tentacles occur).
This variation is greatest in apodids and molpadiids. The shape of pinnate
tentacles is somewhat more constant.

The tentacles of Aspidochirotida require special attention. In most represen-
tatives of this order, branching proceeds at a right angle to the stem, forming a
well-developed shield (Fig. 2.1). The shield framework is formed by four primary
branches. They are dichotomically subdivided several times, forming subbranch-
es of the 2nd, 3rd, and sometimes the 4th order (Cameron & Fankboner, 1984).

In the two subgenera of the genus Holothuria: Semperothuria and Selen-
kothuria, the tentacles are very different from the above. According to Deich-
mann (1958), they are bushy with elongated branches and resemble the tenta-
cles of dendrochirotids (see Fig. 2.1). The branching character of the species
analyzed is similar: two relatively convergent branches depart the main stem
from the internal (facing the mouth) side. Subsequently the main stem pro-
duces two more branches which, in turn, subdivide into minor offshoots.

Development of tentacles are variable according to the particular species.
It is commonly assumed that it is greatest in H. (Semperothuria) cinerascens
(Rowe & Doty, 1977; Sloan, 1979; Roberts & Bryce, 1982). However my analy-
gis proved this is not exactly true. Really, the tentacles of H. cinerascens
possess the most powerful and multiple branches forming a well-developed
crown. However, the branches are relatively short, and the first pair of branch-
es is so divergent as to form together with the stem a well-defined shield
(especially conspicuous in semi-extended tentacles). Therefore, despite exten-
sive branching, the tentacles of H. cinerascens are rather close to typical peltate
ones. The similarity becomes more evident by the conspicuous physical rough-
ness of the tentacles, particularly of the terminal branches, that is never ob-
gerved in dendrochirotids.
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Fig. 2.1. Appearance of some types of ten-
tacles in holothurians.

A: peltate (Apostichopus jeponicus); B: den-
dritic (Eupentacta fraudatrix); C: peltoden-
dritic (Holothuria cinerascens)

In other species of these subgenera that have been studied, the tentacle
branching is not so well developed, but spacing of the branches is larger. The
terminal branches are relatively long, very thin, and flexible. Therefore the
tentacles of these species much more resemble tentacles of dendrochirotids
than those in H. cinerascens.

Nevertheless, it seems improper to classify the tentacles of Semperothuria
and Selenkothuria as dendritic as has been done (Lawrence & Kafri, 1979;
Sloan, 1979). These structures possess a constant, species-specific shape. All
branching is dichotomous. The first branches are arranged strictly symmet-
rically unlike the tentacles of dendrochirotids (see Fig. 2.1). The term «inter-
mediate», introduced by Roberts (1982) also seems inadequate. I believe that
term peltodendritic (Massin, 1982a), or pseudodendritic, is more appropriate.

The number, size and arrangement of holothurian tentacles is different for
various groups. Thus, in aspidochirotids the relative weight of these struc-
tures may differ two-fold (Levin, 1980). The most conspicuous tentacles are
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in Pearsonothuria graeffei, their weight up to 3.1 % of the body weight. The
tentacle walls contain calcareous spicules whose shape is commonly distin-
guished from that of spicules in the body wall. The amount of the tentacle
spicules shows great interspecific variability.

The quantitative development of the tentacles in aspidochirotids is inde-
pendent of the feeding features, being only a function of the general develop-
ment level of skeleton elements in particular species (Levin, 1980).

The fine structure of tentacles has been studied in several species of Aspi-
dochirotida, Dendrochirotida and Apodida (Fankboner, 1978, 1981; Roberts,
1979, 1982; Bouland et al., 1982; Hammond, 1982b; Smith, 1988; Cameron &
Fankboner, 1984; McKenzie, 1985; Foster & Hodson, 1996). The surface of the
digitate tentacle is usually smooth. In pinnate tentacles the internal surface of
branches and central axis are covered by swellings (nodules). The branches of
peltate tentacles also terminate in nodules.

Dendritic tentacles have special formations, buds, that are distinguished
from nodules by having numerous papillae (McKenzie, 1985). Papillae have
also been reported on nodules of the peltodendritic tentacles of H. cinerascens
(Roberts, Bryce, 1982).

The fine structure of the tentacle surface is related to some degree to the
taxonomic group of the holothurian. However, McKenzie (1985) suggests that
the surface structure of the tentacles depends to a great extent on the loss and
regeneration of the cuticle.

Demonstrating species specificity of the fine structure the tentacles is
more problematic. Analysis of tentacles morphology in 11 species of north-
European dendrochirotids by McKenzie (1985) identified structural differ-
ences in unexpected cases and failed to identify those differences where they
were expected.

Group-specific distinctions occur in the extent of development of ambulac-
ral cavities in tentacles. Ambulacral ducts are mostly branched in peltate
tentacles and enter directly in nodules. In dendritic, pinnate and digitate ten-
tacles, ambulacral ducts are present only in the main branches (Roberts, 1982).

2.3. TROPHIC-ECOLOGICAL FEATURES

Mode of life. All shallow-water holothurians are bottom-dwelling animals,
and only a few species are capable of incidental swimming (Costello, 1946;
Glynn, 1965; Miller & Pawson, 1990). The basic substrate on (in) which they
inhabit is bottom sediment as well as surface of hard bottoms. Some aspidoch-
irotids, apodids and dendrochirotids occur on the surface of sedentary colonial
organisms (madreporic and soft corals, sponges) (Hyman, 1955; Sloan, 1982;
Féral & Cherbonnier, 1986; pers. observations). A number of species (basical-
ly Synaptidae) are closely connected with algae and seaweeds, inhabiting both
the bottom and the plants.

Sometimes holothurians colonize mobile animals. Thus, the expedition of
Pacific Institute of Bioorganic Chemistry found a large numbers of the Psolus
fabricii on valves of commercial Chlamys rosealbus near Onekotan Island,
Kuril Islands. (V.I.Kalinin, personal communication). Evidently, symbiosis of
holothurians is optional, although in some cases (associations of synaptids
and sponges) these ties are conspicuously close. Parasitic species are unknown
among Holothurioidea.
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Aspidochirotida, Dendrochirotida and Apodida have obligatory exposed, obli-
gatory concealed, burrowing forms, and also optional shelter users. Molpadi-
ida and Dactylochirotida have only the burying mode of life.

Though all holothurian species (probably with the exception of Dactylochi-
rotida) are capable of moving, some remain immobile for a long time, even
throughout their entire life. Holothurian orders can be distinguished by the
number of species of various levels of mobility. Most mobile are Aspidochi-
rotida and Apodida (Sloan, 1979; Hammond, 1982a), though almost sedentary
representatives are found among them. Least mobile are Dendrochirotida,
Dactylochirotida and Molpadiida. Many holothurian species have diel rhythm.
Some holothurians are nocturnal; others, diurnal (Yamanouti, 1939, 1956;
Hammond, 1982a; Féral & Cherbonnier, 1986; Ong Che, 1990; Uthicke, 1994;
pers. observations).

Along with forms with specific mode of life are more labile species. Thus,
some aspidochirotids commonly hide under stones and blocks, in some areas
become typical infaunal (Mosher, 1980). The tropical-subtropical holothurian
Neothyonidium magnum typically buries into loose sand (Féral & Cherbonni-
er, 1986). However, in the Nhatrang Bay this species inhabits sand-filled
holes between large boulders and blocks.

Individual Eupentacta fraudatrix, most common in the Peter-the-Great
Bay, are often found in silted bases of bunches of mussels. In some stone heaps
of thick masses are found under well-washed stones with no trace of siltation.

Feeding sources. Holothurians predominantly feed on organic remnants
associated with microorganisms (detritus) as well as small planktonic and
benthic organisms. Mineral particles (often predominant) are always present
in the gut along with organic components. The trophic role of particular
components (sterile detritus, microorganisms, meiobenthos) still remains an
outstanding problem, and researchers are of widely diverging opinion (Renaud-
Mornant et al., 1971; Tsikhon-Lukanina, Soldatova, 1973; Yingst, 1976; Levin
& Voronova, 1979; Cammen, 1980; Moriarty, 1982; Hammond, 1983).

The necrophagy by holothurians assumed by some researchers (Dayton &
Hessler, 1972; Arnaud, 1970) is questionable. After many years of ir situ and
laboratory investigations I have never seen a single occasion of holothurian
feeding on dead animals. It is also evident that ingestion of coarse fragments
of macrophytes is explained by low feeding selectivity of holothurians (see
Section 5.1) and cannot be considered as herbivory.

Holothurians can seize organic particles suspended in near-bottom water,
deposited at the bottom surface, and buried within the substrate!. Organic
particles are used for food either directly or as faeces of various planktonic
and benthic organisms, including conspecific ones (i.e. in pelletized form).

Feeding of holothurians on the surface of colonies of corals (P. graeffei
and some Actinopyga ) and sponges (Synaptidae, P. graeffei) should be special-
ly mentioned. Mucus released by the corals and particles deposited at the
surface of the colonies are ingested by holothurians. Food of holothurians
(predominantly the family Synaptidae) living on sponges undoubtedly in-
volves organic particles concentrated at the surface of sponges, (pers. observa-
tions; Féral & Cherbonnier, 1986).

! It should be noted that the distinction between organic matter deposited at the sediment
surface and suspended in water directly above the water-bottom interface presents an important
problem (Cadee, 1984).
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Some holothurians are adapted to use organic matter of specific origin.
Thus, the basic food of Dendrochirotida is organic particles from the water
layer near the bottom (Hyman, 1955; Massin, 1982a, b; Smith, 1983; Costelloe
& Keegan, 1984; Keegan et al., 1985). Many studies have been done on the
ability of holothurians to utilize organic substances from bottom surface and
within the sediment (Orton, 1914; Hunt, 1925; Sokolova, 1958, 1986a,b; Fank-
boner, 1981; Massin, 1982a; Cameron & Fankboner, 1984; McKenzie & Picton,
1984; McKenzie, 1985). My own observations have demonstrated that Cucu-
maria japonica often utilizes tentacles for ¢sweepings the bottom surface.
I believe this feeding method is not exceptional and is utilized by other
species of dendrochirotids.

The basic food of Aspidochirotida is particles found on the surface of soft
and hard bottoms or in the sediment. Only the representatives of the subgen-
era H. (Semperothuria) and H. (Selenkothuria) feed on organic particles
suspended near the bottom surface. Evidently, the concept of opportunistic
feeding (ability to switch from feeding on deposited organic substance to
that in suspension and vice versa depending on the circumstances (Cadee,
1984) can be applied to dendrochirotids as well as semperothurias and selen-
kothurias. Other Aspidochirotida may opportunistically utilize water-suspended
particles (Da Silva et al., 1986).

Apodida utilize organic material concentrated at the bottom surface (and
on colonial animals and macrophytes) and within the sediment. Molpadiida
utilize only buried organic material.

Feeding behaviour. General consistent patterns of feeding behaviour of
major taxonomic groups of holothurian are rather comprehensively under-
stood (Reviews: Hyman, 1955; Massin, 1982a; Lawrence, 1987). However in-
formation concerning the plasticity of feeding behaviour of individual spe-
cies and its interrelation with particular conditions of habitat is fragmentary
and ambiguous.

Feeding behaviour of dendrochirotids is evidently very plastic. Opinions
concerning the possibility of collection of deposited particles by these ani-
mals have already been mentioned. Some (Fankboner, 1978; Velimirov, 1985)
indicate the constancy in the geometry of tentacles during feeding by dendro-
chirotids. However, my observations and analysis of numerous photographs
suggest that the geometry of tentacles and even configuration of the body of
epibenthic species is controlled largely by the hydrodynamic situation. This
suggestion is true even for the Psolidae with their relatively constant body
shape. Contrary to Fankboner’s opinion (op. cit.), with respect to mobility of
the tentacle crown, these holothurians are highly competitive with, for in-
stance, cucumarias.

The tentacles of N. magnum are spread over the bottom surface in stormy
period. In calm weather they are extended almost vertically (pers. observations).

In various regions of the Indo-West Pacific and Cuba Holothuria arenicola
collects the surface layer of sand under coral debris (pers. observations). On
the Bahamas it feeds within the sediment (Mosher, 1980). Feeding behaviour
of apodids, especially large-size synaptids is different in various regions.

Production of faeces. The faeces of aspidochirotids have been studied mostly
opportunistically (Arakawa, 1971; Levin, 1982a). The faeces are round, more or
less solid, constricted strings. The depth of the constrictions, length-diameter
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relationship of individual boluses,overall length of the strings makes a reliable
species’ specific character. Faeces of epibenthic as well as infaunal aspidochi-
rotids are deposited onto the bottom surface, and are commonly horseshoe-
shaped (Fig. 2.2). In continuously feeding species defecation occurs at rela-
tively equal time intervals (in response to respiratory rhythm: Levin, 1982a)
both singly and in clusters, depending on forage conditions. Species with a
periodic feeding pattern may defecate large amount of faeces at a time. Thusin
Isostichopus badionotus, according to the feeding rhythm, defecation common-
ly occurs twice a day (Crozier, 1918; pers. observations).

Fig. 2.2. The faeces of Apostichopus japonicus on the bottom
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Faeces of dendrochirotids usually represent unstable cylinders or discrete
pellets enclosed in a mucus envelope. The density of such pellets commonly
but negligibly exceeds unity, and sometimes, as in Neopentadactyla mixta,
they are positively buoyant (Konnecker & Keegan, 1978). Faeces are deposited
at the bottom or ejected into the water.

In molpadiids faeces are commonly unconsolidated and are periodically
ejected into the water in the form of sand masses (Yamanouchi, 1927; Rhoads
& Young, 1971).

Faeces production in some burrowing apodids has been comprehensively
studied (Myers, 1977; Powell, 1977, Leptosynapta tenuis; Levin, 1982b, Scoliodot-
ella lindbergi; Féral, 1985, L. galliennei ). These holothurians produce unstable
strings of faeces. Sometimes no shaped pellets are formed. Defecation occurs
either near or within the sediment. Data on defecation of epibenthic apodids
are lacking, primarily because the faeces are very unstable.

Seasonal lost and atrophy of viscera. A very specific characteristic of
holothurians is periodic morpho-functional variations in the digestive appara-
tus, reported in some groups and commonly known as seasonal evisceration
or/and atrophy of the visceral organs. Among Aspidochirotida this phenom-
enon has been noted in stichopodids: Stichopus regalis (coastal areas of Italy,
Bertolini, 1932), Apostichopus japonicus (Japan and seas of the Far East, Tana-
ka, 1958; Choe, 1963; Leibson, 1981; Levin, 1982a), Parastichopus (=Sticho-
pus ) tremulus (Scandinavia, Jespersen & Liitzen, 1971; Hauksson, 1979), P.
californicus and P. parvimensis (western coast of USA, Swan, 1961; Dimock,
1977; Yingst, 1982; Muscat, 1983; Fankboner & Cameron, 1985).

Seasonal lost of the gut has also been reported in dendrochirotids. As was
shown by Byrne (1982, 1985), in a population of Eupentacta quinquesemita
near the coast of British Columbia in September-November a large number of
specimens lacks intestines. In subsequent months it regenerates. It is not
clear whether the loss of intestines in that species is due to autotomy as
suggested by Byrne or this is a case of atrophy of digestive tract (Fankboner
& Cameron, 1985).

The most thorough studies of morphological changes in the digestive tube
have been made by Leibson (1981, 1992) on A. japonicus. Morpho-functional
rearrangement of digestive tube consists of atrophic-destructive and regener-
ating processes. Some species completely autotomize the intestine.

In some populations of A. japonicus from the Troitsa and Vityaz Inlets in
July-September the mass of intestines decreased in most specimens, which
may be attributed to atrophy of its walls. At the same time about 1/8 of the
specimens either completely lack the digestive tube or the digestive tube is
represented by a regenerating intestine. It is evident that during estivation
a population shows a simultaneous presence of individuals with an atrophied
digestive tube and those with regenerating intestines. So far it is not clear
how these processes are interrelated and whether the predominance of their
development is connected with external conditions.

Despite considerable information concerning evisceration in various spe-
cies of holothurians, the importance of this phenomenon remains obscure. A
widespread opinion on the utilization of internal organs by holothurians for
defence against predators seems groundless (Levin, 1982a). Seasonal eviscera-
tion in P. (= S.) tremulus may be attributed to the presence of parasites in the
intestinal wall (Jespersen & Liitzen, 1971). Regenerating anterior and poste-
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rior body tips occur in almost 1/3 of individuals of S. chloronotus inhabiting
the Roche Noir Island, the Nhatrang Bay (pers. observations). The parasitic
gastropod were found in 8 specimens. The intestinal walls where the parasites
were attached were heavily deformed, and undoubtedly this organ was incapa-
ble of functioning.

Together with some others (Leibson, 1981; Byrne, 1985), I believe that
evisceration, particularly seasonal evisceration, represents a peculiar form
of complete or partial ¢renovation» of organs of digestive, respiratory and
blood circulatory systems of holothurians. Of particular interest is the
concept of Lawrence (1987) who suggested that the intestinal'atrophy is
related to seasonal reduction in food abundance and is profitable since the
energy expenses for sustenance of intestine are higher than those for its
regeneration.

Generalized tropho-ecological characteristics for orders of shallow-water
holothurians are presented in Table 2.1.

Table 2.1. The biological characteristics of shallow-water holothurians

Parameters ] Aspidochirotida f Dendrochirotida [ Apodida [ Molpadiida

Zone of habitat

Bottom surface ++ ++ ++ -

Sediment upper layer ++ ++ ++ -

Sediment lower layers + + ++ T
Zone of foad capture

Near-bottom water + +++ - -

Bottom surface ++ ++ +++ -

Sediment upper layer ++ - ++ -

Sediment lower layers + + ++ T
Zone of defecation

Near-bottom water - + - -

Bottom surface T +++ +++ T

Sediment lower layers - - ++ -
Mobility

Immovable or slightly

mobile + T ++ T

Mobile +++ - +++ -~
Type of faeces

Consolidate T T T -

Unconsolidate - - - T

The number of species with corresponding characteristics present in order is designated by the signs: «-»
absent, ¢+» single, ¢++» majority, ¢+++» prevailing, «T» all species.

2.4. EVOLUTION OF TROPHICALLY IMPORTANT MORPHO-FUNCTIONAL
CHARACTERISTICS

The analysis of the ways of development of morphological structures for
feeding and for trophic adaptation is fundamentally important for under-
standing the essential features of holothurian feeding. Most evidence con-
cerns Aspidochirotida.

Understanding the course of ecological development of Holothurioidea is
difficult. Direct proof of the course of evolution may be obtained only from
paleontological historical evidence. Intact fossil holothurians are extremely
rare (Smith, 1988). Only two Paleozoic specimens of holothurians are known
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from the Upper Carboniferous and Lower Devonian (Seilacher, 1961). Sepa-
rate sclerites are also very scarce (Frizzell & Exline, 1966). Spicules of Den-
drochirotida and Elasipodida from the Devonian formations and Aspidochi-
rotida and Molpadiida from the Jurassic were described. Some findings are
doubtful and, according to Smith (1988), those the in Lower Paleozoic may
belong to other groups of echinoderms.

Thus, the paleontological evidence is insufficient for the formation of a
phylogeny, and the evolutionary history of aspidochirotids (as well as of other
groups of holothurians) must be judged from contemporary species. Phyloge-
petic interpretation of this evidence is hampered by the fact that some charac-
ters of Recent primitive forms are not inherited from ancestors but have
appeared as a result of stabilizing selection. However, such evidence might be
an important argument in evaluating alternative versions of the phylogeny
of development of particular holothurian groups (Kalinin et al., 1994).

The trend of morpho-functional evolution of taxa may be judged by mak-
ing comparison between the ecological and phylogenetic classifications. How-
ever the estimates of the trend of phylogenesis in some groups of holothurians
show deep contradictions which

are a major obstacle to under-
standing of the genesis morpho- —L—\» DIGITATE —¢ — —~ — — =% ——
functional characteristics. (infaunal deposit) |
One of the key questions in ) !
the evolutionary morphology is PINNATE :
the evolution of the tentacle ap- (epifaunal deposit) \
peratus within classes. Roberts A )
(1982) suggests two alternative 1 * |
hypotheses of phylogenetic rela- _PELTATE {
tionship of the basic tentacles (cpifaunal deposit) :
o oeion that the pri Py |
e opinion that the primary
type of tentacles is dendritic, (emngn) !
common in early writings (see | :
Fig. 2.3, A), provokes strong ob- f ' |
jections. A doubt that so com- ———————— DENDRITIC =~~~ — = = = — J
plicated a structure as the ten- (epifaunaliinfaunal suspeasion)
tacles of dendrochirotids could
be originated de novo may be
found in Pawson (1966). It has
been suggested that such tenta-  PSEUDOARBORESCENT ©
eles may have originated by re- f
peated dichotomy of simple po- PELTATE  DENDRITIC  PINNATE :
dia of the oral zone (Fell & Moore, DIGITATE SIMPLE
1966). However, digitate tenta-
eles of the extant holothurians SIMPLE
(ancestral forees)

are not ancestral, and evidently
bave originated by secondary re-
duction (Pawson, 1966). Fig. 2.3. Hypothetical phylogenetic relationship for

Roberts believes that the key tentacle types of holothurians.

estarti : : _ A, B from Roberts, 1982. *In the original (Roberts, 1982, Fig. 2)
ing pOInt’ n the devel the arrow is erroneously (as may be judged from the text)
opment of food catching struc-  shown in the opposite direction
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tures could be shield-like (peltate) tentacles (see Fig. 2.3, B) since, in his
opinion, their formation requires minimal modification of podia. They might
give rise to pinnate tentacles, and intensification of random branching has
resulted (via tentacles of the H. cinerascens type) in the formation of dendritic
tentacles.

It can be understood that one of the basic assumptions of these studies of
the evolution of holothurian tentacles is the origination of these structures
from podia. However, the problem of homology of holothurian tentacles is
very complicated and has been the object of controversy for a hundred years
(Semon, 1888; Bury, 1895; MacBride, 1914; Ivanova-Kazas, 1978; Smiley, 1986;
Smith, 1988). It has been proven that oral tentacles of holothurians are formed
independently of the radial canals of ambulacral system (Edwards, 1909; Neuth,
1916; Ohshima, 1918, 1921; Ivanova-Kazas, 1978; Smiley, 1986) and thus are
not homologous to podia. Therefore the comparison between tentacle and po-
dia structure can not be considered a conclusive argument in the analysis of
the course of evolution of holothurian tentacles.

Obhservations of the development of Apostichopus japonicus (Levin, 1982a)
and Cucumaria japonica (Naidenko & Levin, 1983) have revealed that, in the
early developmental stages, the tentacles of these representatives of different
orders, have similar fork-like shapes. Unlike the opinion found in the litera-
ture, the tentacle structure of aspidochirotids is not simpler than that of
dendrochirotids. Rather quite the reverse.

Summarizing the available data, an independent origin of basic types of
tentacles is probable (see Fig. 2.3, C). As shown in Section 2.2, the structures
of the tentacles of selenkothurians and semperothurians are close to peltate
and very different from dendritic ones. Therefore they seem to be derived
from peltate tentacles rather than intermediate between peltate and dendritic
tentacles.

When considering the phylogeny of the family Holothuriidae, the status of
species of the subgenera Selenkothuria and Semperothuria of the genus Ho-
lothuria is most problematic. Despite the non-typical tentacles, their distin-
guishing feature is the structure of spicules which are plate or rod shaped.

The ecological role of spicules of body wall of holothurians is controver-
sial. The opinion (Deichmann, 1958; Rowe, 1969; Thandar, 1995) of a high
correlation between the ecology of Aspidochirotida and the structure of their
spicules does not hold. The assumption of these authors that H. (Selenkothu-
ria) and H. (Semperothuria) possess simplified spicules because of their ex-
posed habitat in the water edge sites seems baseless. On the contrary, the
typical habitat conditions in hydrodynamically intensive biotopes requires
means for strong attachment. The opinion that an exposed way of life is
obligatory is also obsolete. Both selenkothurians, and especially semperothu-
rians, are found in crevices of cliffs, under coral fragments and even burrowed
into loose sand (pers. observations; Féral & Cherbonnier, 1986). Rowe (1969,
p- 124) believes that «...the degree of development of burrowing ability is
evidently directly proportional to complexity of their [holothurian — V.L.]
spicules».

However, many studies report a similar set of spicules in ecologically dif-
ferent forms. On the other hand, species with different spicules are found in
the same ecological group. Thus spicules of the same type are functional for
both the exposed and burrowed mode of living.
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The strength of holothurian attachment in shelters is frequently indepen-
dent of spicule structure and is provided by growth of the body diameter due
to shortening of its length. Holothuria edulis are so tightly wedged into
recesses of coral wall that a crowbar is necessary to remove them. This spe-
cies possesses spicules in the form of tables with a totally reduced disc. The
disc of tables of the closely related H. atra, which never utilizes shelters, is
much less reduced. A very secure attachment in holes during summer estiva-
tion is also shown by A. japonicus which has a soft body wall and (in mature
individuals) reduced spicules (Levin, 1982a). Thus the relationship between
spicule structure in holothurians and their mode of life is not so unambiguous
as believed Deichmann and Rowe.

Deichmann (1958) believed that primitive Holothuria possessed a set of
spicules of numerous regular tables and regular smooth buttons, and plates in
selenkothurians and semperothurians resulted from reduction of these struc-
tures. In contrast, Rowe (1969) believes that simple spicules are the most
primitive, and holothurian phylogeny followed a trend of complication of skel-
etal elements in the body wall. Therefore Rowe places Selenkothuria and Sem-
perothuria at the base of the phylogenetic tree of the genus Holothuria (though
he assumes a probability of secondary simplification of spicules in these taxa).

The evidence on the structure of thin tentacles in H. (Semperothuria) ci-
merascens given in Section 2.2 indicates they are not homologous to those of
dendrochirotids. Therefore there is no reason, as Rowe (1969) suggests, to
treat them as primitive structures. The fact that a definite similarity between
selenkothurians and semperothurians on the one hand and dendrochirotids on
the other is not the result of close relationship is confirmed by data which
reveal that representatives of those subgenera possess a set of triterpene gly-
cosides characteristic for the rest of the representatives of the genus Holothu-
ria and differing from glycosides of dendrochirotids (Elyakov & Stonik, 1986).

It may be also noted that H. cinerascens not only has the most «dendrochi-
rotids» tentacles in the subgenus and the corresponding feeding mode, but
also has a subventral mouth typical of deposit-feeders and not recorded in
dendrochirotids. Information on age-dependent variations of spicules may
also serve as an indirect argument in favour of the conclusion that selen-
kothurians and semperothurians represent evolutionary advanced forms. In
the species of aspidochirotids and dendrochirotids analyzed for that purpose,
only simplification or reduction of spicules, never their complication are re-
ported to develop with advancing age. It is also notable that the table discs in
young specimens of H. (Semperothuria) surinamensis are well developed while
they become reduced with age (Deichmann, 1926). If it is assumed that phylo-
genesis of skeletal elements recapitulates at least in the principal features,
bolothurian evolution should be accompanied by a certain simplification of
their spicules.

It is significant that one of the evidently most ancient species of the family,
H. impatiens (see below) possesses the most regular spicules (both tables and
buttons) among all the representatives of the family. Another ancient species,
H. arenicola, also possesses regular spicules. Summing up the above, the con-
cept of Deichmann seems most reasonable. Evidently, selenkothurians and
semperothurians are evolutionary advanced forms adapted to specific trophic
eonditions of the surf-intertidal zone with large amounts of suspended food
particles and lacking deposited particles. The base of the phylogenetic tree of
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the genus Holothuria should be formed by species with regular spicules, such
as H. impatiens and H. arenicola.

To understand the morpho-ecological evolutionary trend of Holothuriidae,
one should try to specify a morpho-ecological type, ancestral for the family. It
seems that for holothurians the only reasonable way of determining the age of
species is biogeographical analysis, despite certain limitations inherent in this
method (Krasilov, 1977).

Holothuriidae occur predominantly in warm water. A northhward advance
of the group is limited by 35° N; only one species, H. ( Panningothuria) forska-
li, makes its way north with the Gulfstream to Britain and Scandinavia. There-
fore the areas of occurrence of these holothurians are basically distinguished
by latitudinal range. Two species inhabit more than one biogeographical area
(Table 2.2). To understand the trends of morpho-ecological evolution, most
interesting are two extremely broadly distributed pantropical species: H. (Th.)
impatiens and H. (Th.) arenicola. These species inhabit both sides of the
Isthmus of Panama which presents a possibility of assessing their minimum
age. Since the closure of the Isthmus occurred not later than the Middle Mi-
ocene, their age is at least not less than 3—5 million years. Deichmann (1957)
also supported the opinion of the antiquity of these species.

Table 2.2. Ecological characteristics of species of Holothuriidae with the greatest distribution.
The description of living forms corresponding to the code number see in the text

Distributio
Species Indo-West East Pacific West-India Living form
Pacific
Holothuria (Cystipus) rigida + + - Al.2.2.2.1
H. (C.) inhabdilis + + - Al.2.2.2.2
H. (Halodeima) atra + + - Al.1.1
H. (Lessonothuria) pardalis + + - Al.2,2.2.2
H. (Mertensiothuria ) leucospilota + + - Al.2.1.1
H. (M.) fuscocinerea + + - Al.2.2.2.2
H. (Platyperona) difficilis + + - Al.2.2.1.2
H. (Semperothuria) flavomaculata + + - A2.2
H. (S.) imitans + + +* A2.2
H. (Thymiosycia ) arenicola + + Al.2.2.2.1
H. (Th.) hilla + + ~b Al1.2.2.2.2
H. (Th.) impatiens + + + Al.2.2.2.2

® Only near Bermudas (Panning, 1934). bCitations on distribution in West India Holot huria gyrifer (=H. hilla)
(Rowe, 1969; Clark, 1976) are erroneous (Pawson & Caycedo, 1980).

Rowe (1984) questioned the ability of larvae of echinoderms to cross the
Pacific Ocean,and explained the amphi pacific distribution of echinoderms by
their penetration from the West and Central Pacific by a western route through
the Atlantic. If this hypothesis is correct (and it is very thoroughly substan-
tiated, at least for starfishes, by neontological and paleontological data), H.
(Th.) hilla distributed in both Indo-West Pacific and near the western coast
of South America, should be attributed to very sold» species. The opinion that
this species might have previously inhabited the West Indies is supported by
finding in this area a gigantic holothurian H. (Th.) thomasi (Pawson, Cayce-
do, 1980) taxonomically very close to H. (Th.) hilla.
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Therefore the subgenus H. (Thymiosycia) may evidently be treated as a
eparent» taxon in the morpho-ecological evolution of the genus. With respect
to the ecology of representatives of this taxon H. impatiens, H. arenicola and
H. (Th.) hilla are obligatory cryptic species (see Section 2.1). As evident from
Table 2.2, most species of holothurians with wide geographic distribution refer
to concealed forms. The only successful species that does not hide is H. atra.
Thus it is evident that the ability to utilize shelters presents an important
ecological feature enhancing evolutionary fitness.

The morpho-ecological evolution of the family Holothuriidae may be repre-
sented in the following way. The parent morphological type is a holothurian
with a body that is oblong, rounded or pentagonal in section, podia confined to
the ambulacral areas, and epidermal spicules shaped as regular tables. These
animals are concealed in cavities under coral fragments and blocks or bur-
rowed into the topmost layer of loose sand under such shelters. Closest to this
type are representatives of subgenus Thymiosycia of the genus Holothuria,
and a very specific genus Labidodemas which has very primitive morpholog-
acal characters. Subsequent development of the group followed two basic di-
rections.

1. Development of trophically generalized forms that have a vagil exposed
life style associated with flattening of the ventral part of body and loss of
Jocomotor function of the podia of dorsal ambulacres.

2. Development of specialized forms that utilized or rather, according to
fundamental remark of Shvarts (1980) created an ecological niche of mod-
erate-sized aspidochirotids with arborescently branched tentacles, capable of
inhabiting the surf intertidal and consuming both suspended and deposited
perticles. Selenkothuria and Semperothuria are excellent examples of «locals
(Shvarts, 1980) evolution characterized by generation of specific life forms
within relatively narrow taxonomic limits. In fact, within the limits of the
genus Holothuria was generated the character (arborescently branched ten-
tacles) which is a basic taxonomic character at the level of order.

Morpho-functional evolution of epibenthie holothuriids was not accompa-
aied by qualitative morphologic rearrangements and was essentially quanti-
tative, an increase in the tentacle size. The latter course was realized complete-
ly in only one (though successful) species, Pearsonothuria graeffei.

Compared to Holothuriidae, Stichopodidae spread somewhat further into
temperate waters. Disregarding Parastichopus tremulus which goes up to the
Barents Sea but commonly inhabits the depths no less than 100 m, the north-
ernmost representatives of the family are A. japonicus (around 47° N) and
P. californicus (around 55° N), the southernmost — S. mollis (46° S). No
species of stichopodids has as great a distribution as some holothuriid species.

The largest area is occupied by S. chloronotus, though even this species does
sot extend beyond the Indo-West Pacific. Only two representatives of the
tamily, Eostichopus regalis and Isostichopus badionotus, are reported from two
biogeographic regions — West India and West Africa. However the areas of
their distribution are rather moderate.

I believe that relatively narrows areas of stichopodids may be particularly
sttributed to the fact that, unlike holothuriids, ecologically they are a very
homogeneous group. It is composed only of representatives living exposed or
regularly concealed. No burrowing (even temporarily) forms occur. Some
conditions prevented ecological divergence in this family. The West Indies

8 B C. Jlesun
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where representatives of 3 genera not reported from Indo-West Pacific occur
in a relatively small space, was undoubtedly an area of active species forma-
tion in the stichopodids. At the same time all these species are very close in
their habits with a common life form.

Morpho-functional evolution in the orders Aspidochirotida and Dendrochi-
rotida evidently followed different courses. In aspidochirotids the key trend
of morphological transformations responsible for trophic specialization is the
variation of shape of the tentacles whereas the body structure is relatively
constant. A different situation arises with dendrochirotids. The shape of ten-
tacles in all groups of this order remains fairly constant while the body struc-
ture (both internal and external) is subject to rather great variability.

The whole spectrum of body shapes of aspidochirotids may be represented
as a range between Labidodemas (an oblong body, pentagonal in section with
podia restricted to the radii) on the one hand, and Stichopus (a stout body, with
a ventral sole covered by podia and a dorsal surface with only papillae on conic
projections in the radii) on the other. Among dendrochirotids one can find
forms corresponding to all members of this range. The convergence between
dendrochirotids and aspidochirotids goes very far. One of most spectacular
examples is an amazing parallelism of external body shape between represen-
tatives of the genus Pentacta and stichopodids. However, the variability in the
limits of the order Dendrochirotida is much greater. It incorporates such
sharply deviating forms as Psolidae and Neothyonidium that have no ana-
logues in other orders.



Chapter 3. BOTTOM SEDIMENTS AS SOURCES OF FOOD MATERIAL

3.1. SEDIMENT STRUCTURE AND COMPOSITION

The surface layer of bottom marine sediments is utilized by all benthic organ-
isms as substrate for movement and attachment, and as shelter by some.
Deposit-feeding animals, holothurians among them, also utilize it in a very
specific manner, as food.

The term of ¢surface layer of sediments» is ambiguous, depending of whe-
ther used by a geologist, a oceanologist, an engineer or a biologist. From
the biological point of view, it refers to a layer 20—30 centimetres thick at
the water-bottom interface. Its lower boundary is the depth of penetration
of burrowing animals responsible for biological transformation of the sediment.

Since various species of deposit-feeding holothurians ingest food particles
from various horizons of the sediment, consideration should be given to the
vertical variations in the composition, structure and distribution of some sed-
iment food components.

The utilization of suspended and buried organic matter represents a wide-
spread feeding mode in holothurians. The theory of this process is poorly
developed (Hughes, 1980; Pyke, 1984).The basic reason for this is the illu-
sive simplicity of the process (Boucot, 1981). In fact, the ingestion of partic-
les of bottom sediment poses problems for investigation that never arise
or are easily solved for other trophic groups, and requires special approaches
to analysis of both the composition of food and the process of their con-
sumption.

3.1.1. METHODS

Methods for investigation of composition and properties of bottom sediments
have been thoroughly described (Levin, 1987a). Therefore only a general over-
view is presented here. The methods may be divided into two groups: those
including sediment collection by a special type of sampler with subsequent
sample analysis in the laboratory, and in situ. (Such differentiation is some-
what arbitrary since sampling is done in situ.)

Several types of suction samplers have been utilized (Fig. 3.1). On hard
grounds a sample includes all deposited particles including those associated
with biofouling. On sands the movable flocculent film was collected up to the
visually distinguishable boundary with relatively consolidated sediment. On
silt, without a sharply distinguishable boundary between surface film and the
substrate, sample collection was mainly oriented on facility of particle entrap-
ment by water flow under a stabilized suction force.

The thickness of the sampling layer was calculated as the quotient of
sample volume after sedimentation and the sampling area. Sedimentation
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Fig. 3.1. Devices for sampling a surface layer of bottom sediments.

A: vacuum single-chamber suction device; B: box corer with flexible splitter; C: sampler
for layer-by-layer sampling; D: air-lift device

time required for correspondence between the volume of sample and volume of
natural sediment was measured first by a layer-by-layer sampler permitting
collection of a bottom layer with fixed thickness. A convenient device for
investigating of a surface sediments is the fractionated sampler (Levin, 1988b).
An approximation of the fraction volume may be provided in submerged con-
ditions which make this method close to those in situ.

Sediment composition. Sediment samples were subjected to wet screening
using a set of 0.125; 0.25; 0.5; 1; 2; 4 and 8 mm sieves with addition of
sodium hexametaphosphate as a disperser. The resulting dimensional frac-
tions were dried at 105°C and weighed to the nearest 0.01 g. From fractions
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below 2 mm, 5 replicates of 100 particles were selected, weighed, and the aver-
age weight of one particle calculated. The number of particles in larger frac-
tions was determined by direct counting.

The weights and numbers were used to plot cumulative size distribution
curves and calculating the median particle diameter Mdy, average diameter M,
dispersion o, asymmetry coefficients apand a,q, excess coefficient g (Shepartip
1976). The assessment of partlcle classification was made by calculating the
standard enthropy of grain size distribution H (Romanovsky, 1977).

The substance composition of particles was evaluated by microscopic ana-
lyzing each dimensional fraction and plotting distribution diagrams for par-
ticular types of particles. To establish similarity of substance composition of
gut contents in specimens of some species from various areas, the Jacquard
and Serensen-Chekanovsky coefficients were calculated (Pesenko, 1982). Com-
parison between d1mensmnal composition of samples was provided by cluster
analysis using the y? criterion.

Sediment structure. In situ investigation of bottom surface layer was
performed with a special profile camera capable of making microphotography
of vertical profiles of bottom sediment, its surface and any other objects in
the porthole plane. Movable surface layer structure was examined with a frac-
tionating suction sampler (Fig. 8.2). In the laboratory the structure was
studied from constant sediment preparations which were made by PVA as
impregnator (see Fig. 3.2).

Physical-mechanical characteristics. Diver-operated devices were used
(Levin, 1987a; see Fig. 8.2). Shear resistance was determined by a manual vane
shear apparatus; internal friction angle by a submersible inclinometer; pene-
tration specific resistance by different types penetrometers; and permeability
by a pressed into bottom plunger with exhaust air valve.

The technique used in experiments for analysis of the impact of life activ-
ity of holothurians on physical characteristics of sediment is described in the
Section 6.3.

Bacteria and diatomic algae content. It was studied in bottom sediment
in the Vityaz Inlet at depths above 27 m (Levin et al., 1991). Samples for
analysis of the vertical distribution of bacteria in the ground were taken by
a 6-chamber vacuum sampler, cumulative samples of surface layer were taken
by airlift sampler. Deposition volume of cumulative samples was determined
after 2—-8 days of sedimentation. Sediment weight in vacuum sampler was
specified by weighing the sample on a filter of 2.0 mm pore diameter, with
samples of near-bottom water serving as reference. Sediment volume was
calculated assuming the volumetric weight of surface flocculated layer as 1.1
g-cm™ and that of underlying layers 1.8 g.cm™.

&.1.2. SEDIMENT COMPOSITION

The vertical heterogeneity of composition and properties is an indispensable
feature of bottom sediments, though its manifestation may be widely variable
depending on particular conditions. Heterogeneity of the surface layer is
important for epibenthic holothurians as well as those feeding within the
sediment. Specially significant is the trophic role of an organically enriched
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C

Fig. 3.2. Apparatuses for measuring physical properties and structure of bottom sediments.

A: apparatus for measuring permeability in laboratory; B: device to determine internal friction angle; C-E,
G: penetrometers (C: equipped with loading platform; D,E: manual, G: screw-type); F: manual impeller

surface layer overlying consolidated «older» sediments. Epibenthic holothu-
rians may directly utilize this layer. Infaunal ones utilize it by burrowing
into the sediment.

The superficial layer has a very complex structure, which may be judged by
the variability of the relevant terms: paste-like boundary layer (Sokolova,
1977), flocculent and gel-like layer (Andreeva & Agatova, 1982); semiliquid
surface layer (Yablonskaya, 1969); unconsolidated flocculent upper layer (Sie-
burth, 1965); mobile organic silt (Hayes, 1964); film of organic matter (Par-
sons et al., 1982); predominantly organic sediment (microbial mat) (Revsbech
et al., 1986); granular structures (pellets and aggregates of clayey particles
of sandy dimension) (Rhoads & Young, 1970); pellet layer (Rhoads, 1974);
acidified surface film closely connected with suspended substances {Gersha-
novich & Grunduls, 1969).
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This terms indicate basic features of the sedimental zone: porosity, water
content, presence of aggregates of particles, primarily faecal aggregates (pel-
lets) of bottom organisms, high organic matter content, mass development of
microorganisms,closerelationship with above-bottom suspension. In my opinion,
one of the distinguishing characteristics of this layer is its high mobility and
potential for resuspension. Therefore it is referred to here as «mobile surface
layers (MSL).

Size and composition of particles. Certain information on the distinctive-
pess and structure of the MSL may be found in qualitative photographs of
bottom surface provided by any type of submersible cameras (Fig. 3.3). How-
ever more particular analysis of MSL properties and composition require spe-
cialized photographic equipment (Rhoads et al., 1978; Menzie et al., 1982;
Rhoads, Germano, 1982, 1986)

Fig. 3.3. Surface structure of loose sediments in Peter-the-Great Bay at sites with
distinctive mobile surface layers
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Photographs made by a specialized profile camera at sites with various
bottom types, may show a wide range of variation in MSL thickness (Fig. 3.4).
Uniformity of area distribution of this layer is basically the function of bot-
tom microtopography. On bottoms with a large amount of holes and funnels,
the thickness of the accumulated suspended sediment may reach 30 mm. It is quite
evident from the photographs that in some cases suspension may accumulate
over the surface with complex structure of microrelief formed by convexities
and concavities, living plants and their remnants, polychaete tubes, etc. These
structures form a network responsible for a sharp increase in the resistance of
bottom particles to water induced displacements. Pellets of bottom animals
form an easily distinguishable layer of 15-20 mm thick on some bottom.

Small-scale vertical variation in various parameters of bottom sediments
have been the subject of extensive research (Reviews: Parsons et al., 1982;
Rhoads & Boyer, 1982; Aller, 1982 etc). Particular publications (Rhoads &
Young, 1971; Harvey et al., 1984) give data on particle size variation across
sediment depth. However the scale of these variations is too big for trophic
purposes. No data on vertical variability of substance particle compo#ition
have been published. For this purpose use was made of specialized «micro-
tomes» suction sampler (see Fig. 3.1).

The particle size distribution pattern is relatively similar between samples
and between various layers in a single sample (Fig. 3.5). Curve diagrams
constructed on particle count principle were shifted rightward compared to
their counterparts constructed on a weight basis. The curves indicate the
presence of single particles between —2.5¢ and 19, a slight prevalence of parti-
cles less than 3¢, and no particles above 1¢p. Average median particle diameter
(by a count basis) in sediment subsamples varies about 3.3¢, and range does
not surpass 0.5¢. Particular subsamples (e.g. II.5 and IV.5) possess practi-
cally similar distribution parameters.

Particles in samples analyzed by layer consist of molluscan shells and
shell fragments; seaweed debris, echinoderm ossicles, crustacean shells, poly-
chaete tubes, foraminiferans, diatoms, bryozoans, non-identified particles and
animal parts. Thereis no general regularity in the relationship between par-
ticle composition and sediment depth.

The mineral particles in sand samples are 60-90 % of the total and are
independent of depth of layer occurrence. Such particles are primarily fine
fractions. Both mineral and biogenic particles may be predominant in coarser
fractions. In subsample 1.1 (silted ground) the percentage of mineral particles
does not exceed 20 % the total.

Thus, the vertical microscale variability of dimensional and substance com-
position in the consolidated sand-bottom surface layer 3—6 mm in thickness is
quite small. It can be ignored in the analysis of feeding of epibenthic deposit-
feeding holothurians. In silted grounds the interface between MSL and the
underlying sediment is indistinguishable, which adds uncertainty in the as-
sessment of particles available to holothurians for feeding.

The size and composition of particles in bottom surface layer has been com-
prehensively studied in the Vityaz Inlet and near the shore of Popov and Russky
Islands. The gut contents of Apostichopus japonicus collected at those areas was
analyzed at the same time (see Sections 8.2.2 and 5.1.2). Samples taken from
hard grounds corresponded with MSL. Samples from pebble and sand were
indicative of the presence of particles from underlying sediment layers.
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Fig. 3.4. Vertical sections of surface layer of bottom sediments in the Peter-the-Great Bay at
sites with distinctive mobile surface layers
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Fig. 3.5. Cumulative particle size distribution curves in layers in four bottom
sediment samples from the Vityaz Inlet.

Sample 1 (three layers) from silted sediment at 0.5 m depth; samples 2, 3 and 4 (6 layers
each) from sediment at 3 m depth. Approximate thickness of each layer is ca. 1 mm. Num-
bers on the diagram denote layers (from the top down)
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Pig. 3.6. Particle-size distribution cumulative curves in the bottom surface layer (the left side of
esch diagram pair) and the gut contents of Apostichopus japonicus (right side).
A: boulder area; B: sand area; C: pebble area (near shore the Russky Island); D: pebble area (Vityaz Inlet)

The distribution pattern of particle size from three types of ground (boul-
der, pebble and sand) was different, although the difference between the first
two types was minimal (Fig. 3.6).

On a weight basis the particles from boulders had much coarser grains
(>-1.25¢). The average median diameter of particles taken on boulder was
0.29¢; on pebble, 0.96¢; and on sand, 2.53¢.

The differences in dimensional composition in samples taken from boulder
and pebble areas tend to diminish sharply with the particle count method.
These samples are predominantly of average grain size. Samples from the sand
area have a higher content of fine particles and less scatter in curve shape.
The average median diameters of particles taken from boulder, pebble and
sand areas are 2.59¢, 3.08¢ and 3.10¢, respectively.

Analysis of substance composition of sediments shows the type of biogenic
particles most common on the bottom of the studied area are molluscan shells and
their fragments (Fig. 3.7). Samples taken from the Vityaz Inlet are distinguished
by the diversity of types of biogenic particles. Molluscan shell fragments amount
to less than 50 %. The most variable bottom substance from near shore Russky
Island is from boulders. They are characterized by a conspicuous amount of such
relatively scarce types of biogenic particles as polychaete tubes and fragments
of barnacles shells. The volume of molluscan shells is comparatively low, <50 %.
In pebble areas, molluscan shells comprise 95 %. In addition to molluscan shell
fragments, remnants of Zostera are an important component in sand samples.
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Samples taken from boulder and pebble areas are identical in distribution
of mineral and biogenic particles. The percentage of mineral grains in each
dimensional fraction is very similar: 70-90 %. In samples from the sand area,
coarse and fine fractions differ greatly in mineral particle content. Thus, in

100
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Fig. 3.7. Substance composition in bottom sediment samples and gut contents of Aposticho-

A: Boulder area, B: sand area, C, D: pebble area {C — near the shore of Russky Island, D — Vityaz Inlet).
Content of mineral particles in size fractions (left side) and the entire the sample (right side). Upper
side).The following notations are specified for the Figures 3.7 and 3.9: 1 -—— mineral particles; 2 —
ments of algae; 6 — bryozoans; 7 — foraminiferans; 8 — aggregates of fine particles; 9 — ossicles of
barnacles; 14 — fragments of corals; 15 — crustaceans and their shells; 16 — sponges
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fractions coarser than 0f, mineral particles are essentially missing, whereas
they amount to 80-90 % in finer fractions.
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chopus japonicus.

Inlet). For each bottom type left side: sediment sample; right side: gut contents. Lower rectan-
Upper rectangles: Content of biogenic particles in size fraction (left side) and the entire the
particles; 2 — polychaete tubes; 3 — molluscan shells and shell fragments; 4 — calcareous algae;
ossicles of echinoderms; 10 — non-identifiable particles; 11 — diatoms; 12 — alcyonarians; 13 —
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Distribution of bacteria and diatoms. Metabolically the sediment surface
is an extremely important component of the whole sediment mass. This layer
contains the bulk of the bacteria, microphytobenthos, and micro- and meiofau-
na. Most representative among organisms inhabiting the upper bottom layer
are bacteria and diatoms. Although these organisms are primarily responsible
for the trophic value of substratum, no literature data are available on their
spatial distribution.

Bacteria and diatomic algae biomass in MSL in the Vityaz Inlet, calculated
per bottom unit area differed for various sites by 8—4 orders of magnitude
(Levin et al., 1991). The biomass of bacteria from sand was somewhat above
that from stone, while it tended to show a sharp rise by an order of magnitude
on silt. The diatom content for silt was also high. However its reduction on
stone bottoms was negligible (one site even had the highest value). The lowest
biomass was for sand.

The same parameters on a per unit volume are relatively constant for var-
ious sites. A tendency for an increase for bacteria occurs in the stone-sand-
silt sequence. The content of diatoms in sediment per unit volume in sand and
silt is practically identical, being somewhat enhanced on hard bottom though
the order of magnitude is the same.

Most observation sites indicated a definite tendency for inverse relation-
ship between biomass of bacteria and diatoms. As a result, the values of
cumulative biomass of the two groups remain very close, the extreme values
being 3.6-25.4 mg-ml.

The values of bacterial density in bottom surface film are the highest val-
ues for marine sediments (Dale, 1974; Sorokin, 1977). The density and biomass
of diatoms are average for coastal waters (Bodyanu, 1979; Taasen & Hoisaeter,
1981). The estimation of bacterial quantity across the sand bottom surface
layer for three sites is:

Sediment Quantity of bacteria
layer (mm) (10° cell-ml™)

0-20 12.56 10.8 11.8
20-50 7.6 - 5.5
50-200 2.9 0.5 3.6

200—-500 - 0.5 -
500—-1000 0.1 - -

Thus, the content of bacteria is highest in a microlayer 20 mm thick correspond-
ing to the mobile surface layer. In the underlying microlayer, the bacterial quanti-
ty is twofold less while at a depth between 100-1000 mm is 20—-100 fold less.

These results indicate the importance of information on the thickness and
composition of the bottom surface layer and content of bacteria and micro-
phytobenthic organisms for analysis of the feeding behavior of deposit-feed-
ing animals.

3.2. COMPOSITION OF FOOD PARTICLES
Presently the accepted term for the gut contents of holothurians is «food

particles». However it should be noted that sometimes much or even most of
the «food particles» is not digested and not assimilated by holothurians, hence
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it cannot be considered food. In any case examination of the gut contents is
the key method of trophic analysis of this group as well, characterizing such
important parameters as the rate of digestion, feeding selectivity, etc.

For characterization of grain size of small samples of gut contents, no
standard methods analysis are applicable. Microscopic methods are required.
Bven in cases when the sample size is adequate for screen analysis, the purpose
of comparison of particle size distribution by statistical methods (e.g. ¥? cri-
terion) would require measurements of particle number in dimensional frac-
tions rather than mass measurements. This provision also stipulates the use
of specialized approaches.

It should be noted that in most instances requiring sediment grain size
characterization (in geology, sedimentology, lithology), the methods are basi-
cally oriented toward the analysis of the set of natural particles formed under
particular physical conditions of a sampling site. In such cases, the specific
type of curve should be treated as an integrated characteristic of the sediment
formation background (Kochemasov & Poyarkov, 1980). As for gut contents,
even for holothurians collected from similar sites, only for some species this
content represent the origin of the relevant sediment. In most species the gut
contents are representative of a cumulative sample of heterogeneous particles,
e.g. those collected from the top and bottom of a coral colony, or on and below
a sediment surface.

3.2.1. METHODS

Gut contents were analyzed in both freshly collected holothurians and sam-
ples fixed by 70 % ethanol or 4 % formaldehyde. Samples greater than 10 g
were treated according to the method described in Section 8.1.1. Smaller
perticles obtained after treatment with a dispersing agent were distributed
on a slide. Particle composition and size were analyzed with a microscope.
The quantitative dynamics of bacterial cells in the gut were analyzed in
specimens of Apostichopus japonicus collected in the Stark Strait of Peter-
the-Great Bay. Evisceration of adults was effected by injecting fresh water
into body cavity. The eviscerated intestines were divided into three longitudi-
mal sections and placed in sterile flasks. A weighed portion of the contents of
anterior and posterior portions of the guts were taken for direct count of
microorganisms on filters. Young A. japonicus were dissected and the gut
econtents distributed across the slide, stained by histological stains and counts

made.

3.2.2. THE JAPANESE SEA CUCUMBER APOSTICHOPUS JAPONICUS

Within its vast range Apostichopus japonicus inhabits various types of sites.
The composition of sediment particles used by this holothurian is extremely
variable. A. japonicus consumes material heterogeneous in origin and composi-
tion. The coarsest gut particles are up to 12 mm in size (Levin, 1982a). The size
distribution of particles taken from the guts of holothurians from various
habitats (boulder and rock, pebble, sand) are somewhat different (see Fig. 3.6).
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On a weight basis the size frequency distribution a sediment from hard
bottom indicate particles >—1.25¢ and a prevalence of medium-sized grains.
Relatively fine particles occurred in samples from sand. Samples from a peb-
ble bottom are shifted toward medium-sized particles, with a high content of
coarser particles. The average median diameter of particles in the gut of A.
japonicus is 2.25¢ for boulder, 0.60¢ for pebble, and 2.28¢ for sand.

Differences in particle distribution pattern in samples of a holothurians
from various type grounds found by the count method are not clear. The
average median diameters are 3.11¢ for holothurians from boulders; 2.50¢
from pebbles; and 2.96¢ from sand. With the count method, the range of
particle size variability is sharply reduced (2—3 fold) compared to the values
from weighing (Table 3.1).

Table 3.1. Characteristics of granulometric composition of the intestinal contents of Aposticho-

pus japonicus and the uppermost layer of bottom sediment. Key to references: M— according to
the mass (weight) of particles, N — according to the number of particles

- Number of | Met qu; Co
Region Samples individuals | hod
Range A Range A

Russian Island, Intestine 310 M -0.44-3.55 3.99 0.49-2.15 1.66
Karamzina N 2.10-3.18 1.08 0.10-1.26 1.16
Island Sediment 12 M -0.50-2.93 3.43 0.39-1.62 1.23
N 1.75-3.07 1.32 0.28-1.20 0.95

Vityaz Inlet Intestine 8 M ~-0.40-1.70 2.10 0.68-1.92 1.24
N 2.00-3.50 1.50 0.55-1.17 0.62

Sediment 12 M -1.15-1.50 2.65 0.60-1.87 1.07

N 2.30-3.30 1.00 0.64-1.20 0.56

It should be noted that individual mass of particular size particles (charac-
terizing their density) in coarse fractions of the gut contents of A. japonicus
is much greater than for tropical holothurians (see below). Thus, the average
mass of a single 1 mm particle from gut of A. japonicus is 1.9+1.5 mg, while in
five holothurian species from Nhatrang Bay it is 1.4+0.3 mg. No appreciable
difference in particle density occurs in fine fractions.

The gut contents of A. japonicus in the regions studied consist of shells and
shell fragments of molluscs and barnacles; fragments of algae and sea grass-
es; ossicles of echinoderms; foraminiferans; diatoms; small crustaceans and
their shells; polychaete tubes; calcareous algae; bryozoans; aggregates of fine
particles; and non-identifiable particles and organisms.

The particle substance composition in A. japonicus gut varies between sam-
ples of various ground types and within each of the three sample groups (see
Fig. 8.7). In most cases the predominant biogenic particle type is molluscan
shells and shell fragments. In Vityaz Inlet the content of molluscan shells is
reduced to minor fractions compared to coarser ones, while the proportion of
diatoms and non-identifiable particles increases.

In other samples the corresponding relationship was hard to specify be-
cause of the predominance of mollusc shells.

The difference in particle composition in the gut of holothurians from
various types of bottom is distinguishable between mineral and biogenic par-
ticles. In samples from hard bottoms a tendency for a small amount of coarse
mineral particles is evident.
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Mineral particles increase in number with fraction size reduction from
coarse to fine. The overall mineral particle in the gut contents is moderate:
27-50 % of the total particle content in a sample. In the gut of holothurians
from a pebble bottom, mineral particles account for over 1/2 of their total
contents. Coarse fractions (>1 mm) are basically represented by biogenic par-
ticles, finer ones by almost completely mineral particles. In samples from
Vityaz Inlet the greatest content of biogenic particles in A. japonicus gut is
reported either in coarse fractions, or in fine ones, or in both simultaneously.
In samples taken on sand no mineral particles >0¢ are present. Those of 1.3¢
are represented poorly. In fractions <2.3¢, mineral particles predominant
(80-90 %) over biogenic ones. The average content of mineral particles in
samples from this sediment is about 50 % of the total amount.

&.2.3. TROPICAL ASPIDOCHIROTIDA

In holothurians inhabiting coral reefs of the Indo-West Pacific, the greatest
relative mass of gut contents has been reported in Labidodemas rugosum and
Holothuria atra: 2483 and 105 % of the mass of body wall. In other species
this index is much lower, between 10 and 80 %.

The grain size range in particular species of Aspidochirotida is highly vari-
sble (Table 8.2). The greatest median particle diameter (-2.6¢; 6.1 mm) is in
H. atra; the least (3.3¢; 0.1 mm) in A. lecanora, B. argus and P. graeffei, and S.
variegatus. The greatest range of Mdy, (4.9¢) is reported in H. atra, the least
(0.2¢) in H. strigosa.

Table 3.2. The distribution and size range of particles ingested by tropical Holothuriidae

. Source of Number of Size.ot Spreadin,
Species data individuals Md, 4 Md, species o: reefsmgh
range®
Actinopyga echinites PO 3 0-2.3 2.3 11 II
Rob 1-9 0-1.3 1.3
Mas - 2.8
A lecanora PO 18 0.7-2.3 1.6 10 I
Yam 20-30 3.3
Rob 1-9 3.3+0
A mauritiana PO 19 0.7-2.2 1.5 14 I
Lawr 5 2.3
Bohadschia argus PO 12 0.9-2.1 1.2 8 I
Rob 1-9 3.2+0
Mas - 0.3
B. bivittata Yam 20-30 1.3 3 -
Rob 1-9 0.7-1.7 1.0
B. tenuissima PO 15 0.2-0.5 0.3 9 1
B vitiensis PO 1 1.7 7 1
Yam 20-30 1.0
Pearsonothuria PO 24 2.1-2.3 0.2 5 I
graeffei Rob 1-9 2.3-3.3 1.0
Labidodemas PO 5 -1-1.8 2.8 8 I
semperianum
L. rugosum PO 4 -2.9-1.1 4.0 7 1
Holothuria (A.) PO 3 0.8-2.3 1.5 3 1
coludber Rob 1-9 0.7-2.3 1.4
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Table 3.2 — continued

. Sourceof | Number of Size of Spreadin,
Species data | individuals Md, A Md, specien | T ras
range 2
H. (A.) pyxis PO 2 -1.00.7 1.7 3 1
H. (H.) atra PO 21 -2.6-2.3 4.9 15 m
Yam 180 0.2-1.3 1.1
Rob 1-9 1.0-1.7 0.7
Lawr 17 -1.6-2.3 3.9
Mas - 1.5
H. (H.) edulis PO 11 -1.0-2.3 3.3 11 III
Yam 20-30 1.3
Rob 1-9 1.7-2.3 0.6
H. (L.) pardalis PO 9 1.0-2.3 1.3 15 II
H. (M.) fuscocinerea PO 1 0.5 10 I
Rob 1-9 1.7+0
H. (M.) leucospilota PO 13 -1.7-1.0 2.7 18 I
Rob 1-9 0.3-2.3 2.0
Lawr 10 ~2.0
81 (] 1.3
Mas - 2.2
H. (M.) pervicax PO 8 0.3-2.3 2.0 12 1
H. (S.) cinerascens PO 14 -2-0 2.0 13 I
Sl 50 0.4
H. (8.) flavomaculata PO 1 2.3 4 1
Yam 40-60 1.7-2.3 0.6
H. (Th.) arenicola PO 14 1.3-2.6 1.8 12¢ I
Ham 5 1.3-2.3 1.0
Ham 5 1.2-1.9 0.7
H. (Th.) hilla PO 10 -0.8-1.0 1.8 15 1
H. (Th.) impatiens PO 12 1.1-2.2 1.1 15¢ I
Si 14 2.3
H. (Th.) strigosa PO 2 0.5-0.7 0.2 2 1

Key to references: PO = pers. observ.; Rob = Roberts, 1979; Yam = Yamanouti, 1939; Sl = Sloan, 1979; Lawr =
= Lawrence, 1980; Ham = Hammond, 1981, 1982b; Mas = Massin & Doumen, 1986.

® Size of species range — number of regions according to Clark, Rowe (1971). b Number of reef zones and
subzones: 1 = 1--3; II = 4-6; III = 7-10. © Also inhabit Atlantic Ocean.

Most ingested particles are represented by coral fragments, coral sand,
segments of calcareous algae, shells of gastropod molluscs, and tests frag-
ments and spines of sea urchins (Levin, 1979b). Terrigenous particles, frag-
ments of non-calcareous algae and other components are rare. The microscop-
ic analysis of fine fractions show the presence of spicules of sponges and
holothurians, foraminiferans, and detritus particles in most samples.

In most groups of holothurians the composition of microparticles are ex-
tremely variable inter- and intraspecifically from various habitation sites.
The gut contents of holothurians collected in coastal reef areas is particularly
diverse, primarily in the coastal part of beyond the reef lagoon. The food
particles of H. cinerascens, H. flavomaculata, and H. leucospilota inhabiting
this zone consist of coarse terrigenous particles, and various remnants of
terrestrial origin. The gut of H. erinaceus from sheltered rocky beaches of the
Efate Island, New Hebrides contains coarse (12x2 mm) fragments of green
algae.
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The analysis of the gut contents of H. (Th.) hilla (Table 3.8) show the
dependence of size and composition of food particles on body size. Holothuri-
ans were collected from two regions with very different conditions: in the
mearshore zone beyond the reef lagoon of the reef bordering the Upolu Island
(Western Samoa) and in the semi-sheltered internal lagoon of South Nilandu
atoll (the Maldives) with coral grounds. During initial increase in holothuri-
an body size, the size of ingested particles increases while subsequent increase
in body size may be associated with a decrease in food particles size.

Table 3.3. Composition of food particles (% ) ingested by Holothuria hilla of different body sizes.
Koy to references: C = coral fragments, 8 = coral sand, M = mollusc shells, T = terrigenic
particles, H = Halimeda, N = nonidentified particles

Dry body Particle size, ¢-units .
weight(g) Mde <10 [ -10u40 [ >0 Composition
Upolu Island, West Samoa

2.5 0.5 9.4 89.7 0.9 MN,T

8.2 -0.3 30.1 69.9 0 T,M
134 0.3 13.7 86.2 0.1 C,H
18.2 0.8 10.1 89.6 0.3 H,C,S
18.9 0.1 5.8 94.2 ] C, 8
19.1 -0.7 41.0 58.9 0.1 H,8
On average 0.1+0,5 18.3%14.0 81.4+1.4 0.2+0.3

South Nilandu Atoll, Maldives

8.1 1.0 4.2 95.8 0 H,8

7.5 -0.5 39.6 60.4 0 H,S
10.9 —0.7 39.7 60.3 0 H,S
26.1 -0.1 28.5 73.3 0.2 H,S

On average —0.1+0.8 28.0=1.7 73.0=186.7 0,1+0.1

A detailed study of food particle composition for five species of aspido-
ehirotids from Nhatrang Bay disclosed sharp differences between particle
size distribution measured by weighing and that from particle counts (Table
&.4). In the first case the range of Md, is 3.83¢ and range of o, is 1.69¢. The
walues for the second case was 0.68¢ and 0.35¢, respectively. In some samples
the difference in the pattern of particle size distribution determined by the
two methods turned to be especially sharp.

Peble 3.4. Main characteristics of particles sizes in the intestinal contents of holothurians from
Mhatrang Bay

EI Species | Region rMethM—I Md‘,:L My r% | agp 1 B [ Sp | H ‘

1.43 1.51 0.24 -0.35 1.44 0.33 0.50
2,06 198 -0.14 -0.09 043 0.58 0.42
-0.14 0.06 0.14 0.11 0.50 1.44 0.94
2.32 2.45 0.33 -0.08 1.28 0.39 0.26

3 Actinopyga’  Kauda
lecanora  Inlet

2 Holothuria Rocher
atra Noir

Island

1.00 0.43 -0.34 -0.38 -0.30 1.689 0.95
2.47 2.62 0.34 -0.38 0.99 0.44 0.19
-0.26 -0.20 0.04 -0.02 0.67 1.49 0.92

Tortue ‘
2.32 2.34 0.04 -0.37 1.09 0.50 0.295

Island

& @
Z2zg2 z2g2zR




52 Bottom sediments as sources of food material
Table 3.4 — continued
| N | species | Region [Method | Mdp | My | ap | am | B | oo | H |
5 H. Rocher M 0.62 0.11 -0.26 -0.49 0.36 1.95 0.89
leucospilota Noir N 2.47 2.62 0.34 0.08 0.85 0.44 0.14
Island
6 M 0.07 0.18 0.07 -0.09 0.48 1.56 0.91
N 2.32 245 0.33 —-0.04 1.24 0.39 0.20
7 M ~1.77 -0.84 0.46 0.65 0.22 2.02 0.95
N 2.25 2.06 -0.38 -0.38 1.24 0.50 0.34
8 Tortue M 0.07 0.12 0.05 0.18 1.02 0.89 0.72
Island N 2.18 1.83 —0.55 -0.83 1.19 0.65 0.44
9 H. edulis Rocher M 0.86 0.71 -0.12 -0.26 0.39 1.29 0.85
Noir N 2.32 2.34 0.04 -0.28 1.00 0.50 0.34
Island
10 Tortue M 1.29 0.74 -0.36 -0.44 0.40 1.51 0.90
Island N 2.40 2.63 0.32 0.27 0.63 0.41 0.15
11 Pearsonothuria M 2.06 1.49 -0.563 -0.67 0.61 1.07 0.75
graeffei N 2.74 2.69 -0.14 -0.62 0.81 0.37 0.18
12 Stichopus Rocher M 0.42 0.29 -0.08 -0.14 0.27 1.56 0.96
chloronotus Noir N 2.40 2.50 0.23 -0.39 0.88 0.44 0.26
Island
13 M 0.86 0.46 -0.25 -0.49 0.46 1.60 0.91
N 2.18 2.12 -0.08 0.39 0.44 0.72 0.41
14 Tortue M 0.61 0.64 0.08 0 0.27 1.49 0.84
Island N 2.40 2.50 0.23 -0.39 0.89 0.44 0.22

1 —

according to the mass (weight) of particles, N — according to the number of particles.
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Fig. 3.8. Comparison of the particle size dis-
tribution of the gut contents of holothuri-
ans from Nhatrang Bay.

Number on horizontal corresponds to sample num-
ber in Table 3.4

As evident from the dendrogram con-
structed from the cluster analysis of
the data (Fig. 3.8), four of the six groups
distinguished may be united with re-
spect to collection site. It should be
noted that the analytical procedures
neglect the presence of particles coars-
er than 2-3 mm. Such particles are very
important in the total mass of a sample
though their number is extremely small

A different pattern is obtained from
the comparison of the maximal size of
food particles (Table 3.5). In A. lecano-
ra and P. graeffei the maximum size of
entrapped particles is 2 mm; in H. edu-
lis and S. chloronotus, 3 mm; in H. atra,
5-7 mm; and 7-8 mm, the largest, are
in the gut of H. leucospilota.

The applied grading parameters —
dispersion and entropy — show close
intercorrelation (see Table 3.2). How-
ever, assessment of grading with respect
to particle weighing and counting leads




.' ! = of porticien (upper Mgures) and average mass (mg) of one particle (lower figures) in the intestinal contents of

holothurians. Samples of conspecifie individuals of the same region are presented as average values

Sieve size of particles (mm)

Spedies Region
<025 | 025 0.5 1 8
Actinopyga lecanora KaudaInlet 390372 299348 10323 499 19 1 0
0.014 0.061 0.23 0.9 3.6 14
Holothuria Rocher Noir 970021 77705 14285 2644 433 60 9
leucospilota Island 0.005 0.070 0.28 1.7 8.4 26 102 407 1360
H. leucospilota TortueIsland 316832 95045 47785 11028 581 67 5
0.009 0.073 0.44 1.9 5.7 23 91 360
H. atra Rocher Noir 450968 57950 9318 2495 326 59 5
Island 0.005 0.064 0.27 1.4 6.2 25 91
H. atra TortueIsland 690316 119613 28588 7987 1323 223 21
0.006 0.69 0.51 1.6 7.0 28 110 450
H. edulis Rocher Noir 72086 13692 3371 386 29 3 0
Island 0.006 0.065 0.26 1.3 4.3 17
H. edulis Tortuelsland 597008 32679 6331 946 124 12 0
0.005 0.070 0.28 1.5 8.4 26
Pearsonothuria TortuelIsland 832650 46174 6648 696 23 1] 0
graeffei 0.005 0.032 0.18 0.8 2.8
Stichopus Rocher Noir 303311 59811 106877 1422 195 43 3
chloronotua Island 0.004 0.062 0.28 1.6 6.3 26 92
8. chloronotus TortueIsland 244342 139600 24429 5255 537 27 1
0.006 0.050 0.37 1.6 6.0 24 96

sarouand pool Jo uoiisodwe)
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to extremely variable results. According to the accepted classification (Ro-
manovskiy, 1977), most samples in the first case would be specified as ungrad-
ed, while particle count analysis would be specified as thoroughly and moder-
ately graded.

The following particle types were distinguished in the gut contents: miner-
al particles; calcareous sandstone; fragments of corals, molluscs, barnacles
and crab shells; bryozoans; polychaete tubes; algae; spines and tests frag-
ments of sea urchins; spicules of alcyonaria and sponges; foraminiferans;
unidentified animals and their remains.

The particle composition in the gut contents of various holothurian species
proved similar in all the samples collected at one site (Fig. 3.9). Samples from
Roche Noir Island are characterized by large amounts of alcyonarian spicules
and fragments of barnacle tests, those from Tortu Island by foraminiferans
and coral fragments; samples from Kauda Inlet are cleanly distinguished by
a predominance of foraminiferans. The proportion of limestone is highest
in samples from Tortu Island (65.8-99.0 %), being somewhat lower in sam-
. ples from Roche Noir Island (41.9-99.8 %) and Kauda Inlet (50.0-99.6 %).

The weight of individual particles with relevant size are very close for
separate samples (see Table 3.5). The exception is A. lecanora and P. graeffei
in which (especially in the latter) gut particles are much higher than in the
other species. This is evidently due to the predominance of foraminiferans in
the sediment particles ingested by these holothurians.

3.3. HYDRODYNAMIC CHARACTERISTICS OF FOOD PARTICLES

In most cases the gut contents of aspidochirotes are relatively small-volume
sets of particles. Grain-size distribution analysis indicates that, in this case,
the analysis by weight would not show reliable results. Thus, in sample 5 (see
Table 3.4) the mass of only two pebbles of more than 7 mm size amount to
21 % of the sample mass. Those two pebbles determine the whole of the distri-
bution pattern.

The switch from mass to count results in a great change in the distribution
pattern. The statistical importance of fine grains tends to increase and that of
coarse grains to decrease (Methods of paleogeographic reconstructions, 1984).
Most studies on grain-size composition of gut contents and feeding selectiv-
ity of holothurians have been done by weight, which is inadequate for this
purpose.

The use of the particle-count method for the gut-contents analysis indi-
cates that the range of particle size consumed by epibenthic holothurians is
unexpectedly small. For tropical species it is (2.06—2.74)¢p, average value
(2.35+0.16)p; for Apostichopus japonicus, (2.00-3.50)¢, average value
(2.87+0.37)¢. Such a narrow range of an extremely important parameter
cannot be a mere coincidence, especially concerning species living in very
different habitats.

This becomes especially evident if account is taken of the fact that the
characteristic median diameter of sediment particles used by holothurians
is close to 2.47¢ (0.18 mm). Grains of such diameter possess a specific hyd-
rodynamic property. Their threshold value of shifting velocity is minimal
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Fig. 3.9. Substance composition of gut contents of holothurians from Nhatrang Bay.
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Veopiced belotbrimms Fig. 3.10. Hydrodynamic parameters
of particles from gut contents of ho-
lothurians.

The range of median particle diameter (de-
termined by counting) from gut contents
of holothurians from Nhatrang Bay is
shown in solid lines; the same characteris-
tic for A. japonicus is indicated by dashed
lines. The diagram of the critical shifting
% L1y 1 L1 rate of various-size sediment particles is
o4 ' 4 1onn taken from Inman (1949)
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(Inman, 1949; Sanders, 1958) Thus, the basic amount of particles utilized
by holothurians involves the size category most easily shifted by near-bottom
current (Fig. 8.10).

At the same time it is important to note that the substance and size compo-
sition of gut contents of holothurians measured after sample disaggregation
(all the above results being obtained by this particular method) largely repre-
sent a formal characterization of material used by these animals. Further
important information can be gained by using analytical procedures permit-
ting retention of particle aggregates (Levin, 1987a).

The aggregate type most common in gut contents of holothurians is faecal
material. Most common are oval pellets covered by a soft or relatively hard
envelope. Such pellets have been reported for gut contents of all holothurians
from all areas. Commonly their amount is rather moderate, though in some
instances they may be abundant. Thus, in H. edulis collected near Roche Noir
Island in summer 1985, oval pellets amounted to 56+8 % of the volume of the
gut contents. In summer they were numerous in gut contents also of other
holothurians from Nhatrang Bay. In winter only pellets that were not nu-
merous were in the same species from the same areas.

Besides oval pellets formed basically by planktonic organisms, the gut con-
tents of holothurians from mid-temperate waters contain other types of fae-
cal material: globules of polychaete, cylindrical-form faeces of bivalve mol-
luscs, etc. This is in accordance with the large amount of these formations in
the bottom surface layer (see Section 3.1.2). Faecal clumps of planktonic (in
the tropical latitudes) and benthic (in temperate latitudes) organisms un-
doubtedly represent a very important, and in some case a predominant, source
of organic material consumed by holothurians. The high content in MSL of
these formations possessing a very large surface and very small residual weight
enhances hydrodynamic mobility of food material.

Thus, an important portion of material consumed by holothurians and
produced with their faeces is accounted for by particles freely moving by
slightest motion of near-bottom water. The very process of feeding of depos-
it-feeding holothurians does not result in any appreciable change of hydrody-
namic parameters of the consumed material and does not affect the facility of
its redistribution on the bottom surface.



Chapter 4. FEEDING PATTERNS OF DEPOSIT-FEEDING
HOLOTHURIANS

4.1. FORAGING BEHAVIOUR
4.1.1. METHODS

The feeding movements, frequency of feeding, functioning of the tentacles
and other features of feeding behaviour were observed by SCUBA. The great-
est number of observations were carried out for Apostichopus japonicus (Levin
& Shipilov,1982).

The movements of A. japonicus were observed at nine sites varying in hydro-
logical conditions and bottom characteristics. Groups of 3—4 holothurians, sep-
arated by a distance of 1.5~3 m were selected. The bottom was carefully cleared
of faeces of A. japonicus, and the position of the individuals on the bottom was
marked by inserting marking probes into sand. Every 1-3 hours the position
of the holothurians were marked with a probe and recorded. The amount and
length of faeces were recorded and the faeces were collected (separately for each
individual). After investigations were completed the holothurians were collected,
weighed, and the volume of gut contents measured.

Direct measurement of the rate of movement of Apostichopus japonicus at
sites with different food conditions was made with a specially developed de-
vice. Many efforts were unsuccessful due to the impossibility of selecting
a material for the wall of the device which is free of marginal effect (accumu-
lation of suspended material in the angles formed between wall and bottom).
Tests with various materials which, according to the literature (Thomas &
Hermans, 1985) decreased attachment of podia of echinoderms (several types of
polyvinyl chloride plastic, organic glass, polyethylene, other plastic masses, vari-
ous synthetic films) were failures.

A wall of very thin ¢rodss» with a thickness less than the diameter of the
suckers of ambulacral podia prevented their attachment. The device (Fig. 4.1)
presents a corridor with walls formed by threads (nylon-6 fish line) fastened

SemmnIoTITOT
\,
\,

Fig. 4.1. Arrangement of experiment.

1: Starting space; 2: testing corridor; 3:
reversible corridor; 4: outlet (control) cor-
ridor; 5: door of reversible corridor; 6: door
of atarting space. Successive steps of expe-
riment — from left to right. Closed walls
are marked by solid lines; walls with threads
by dashed lines. The relative width of the
oorridor is enlarged for clarity
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horizontally every 10 mm. Even large-sized holothurians can pass through a
hole equal to the distance between threads. However, as the threads do not
provide tactile stimuli, the animals do not consider them as a barrier and do not
try to pass between them. Due to wall ¢hydrodynamic transparency», no mar-
ginal effect whatsoever is present.

Several holothurians are placed in the starting space of the device. The door
of the starting space is open; that of experimental corridor, closed (see
Fig. 4.1). After one of the holothurians enters the experimental corridor, the
door of the starting space is closed by the diver. After passing the experimental
area, the holothurian enters the reversible corridor, opens the door, reenters the
experimental area and finally the control outlet. The time of passage of the
experimental and control corridors is recorded. This is to estimate the effect of
the animal’s adjustment to the device.

To understand the mechanism of particle entrapment by the tentacles, parti-
cles of various shapes and sizes were placed at the bottom of the aquaria.
Natural sand of different particle sizes, crushed brick, and granules of silica
gel were used. Two types of mixes were prepared: (a) particles in separate
fractions of similar mesh size but of different density; (b) particles differing
in size and density but of similar hydraulic coarseness (rate of sedimentation in
still water). Hydrodynamically uniform mixes were prepared by pouring a par-
ticle mix into a high cylinder filled with water and continuously selecting the
particles settled at similar times.

Detritus of macrophytes and biosediments (faeces plus pseudofaeces) of
bivalve molluscs were used as natural foods.

Feeding behaviour of the burrowing species Scoliodotella lindbergi and
Paracaudina ransonetii was studied in a vertical cuvette of parallel-arranged
glasses, with the distance between the glasses regulated according to the body
size (Fig. 4.2).

Movement trajectory was analyzed for A. japonicus (Vityaz Inlet) and H. atra
and H. leucospilota (Nhatrang Bay). Movements were recorded by two meth-
ods: (a) by arranging a 1x1 m square frame with 10 cm high legs above the
holothurians and marking changes in the animals position with respect to

Fig. 4.2. Observation on the feeding process of Paracaudina ransonetii.
A: Funnel formed during feeding; B, C: burial stages
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strings attached to the frame (Levin et al., 1987); (b) by marking the trajectory
with probes (on soft bottom) or tags (on hard bottom). The position of the
holothurians was recorded every 10—-30 minutes. The observation lasted 418
hours.

Deviations of the movement parameters from random movements were esti-
mated using the method proposed by Underwood (1977). For angular data
analysis, less powerful but simple tests of circular statistics (Batschelet, 1981)
were used.

Besides the analysis of elements of the trajectory, its generalized curvature
index was obtained. Formalized estimation of movement trajectory repre-
sents a particular case of characterization of irregular geometric bodies, of
interest to specialists in various fields such as geographers, landscape experts,
metallographers, geologists, and histologists. Most of the approaches proposed
represent repeated and mutually independently re-derived relations in their
general outline developed in 1933 by geologist Glagolev and in 1950 by metal-
lographer Saltykov (see: Levin, 1987a).

It might be assumed that methods adequate for generalized characteriza-
tion of movement trajectory of holothurians could be divided into two groups:
those including direct measurement of the trajectory or its image (Viktorov,
1986) and those not requiring such measurements (Hammond, 1982a; Red-
dings et al., 1983; Berlyant, 1986; Victorov, 1986).

The present research uses index T for curvature estimation (Kohler, 1984)
wiich may be referred to the first group. The coefficient of search efficiency
or ¢thoroughness» was obtained from the expression

T =1~ exp(-4LW/nD?),

where W is the width of feeding zone, L is the length of movement trajectory,
D is the diameter of the smallest circle traced around the picture of trajectory
(all measurements in common units).

4.1.2. FOOD CAPTURE

Knowledge of the mechanism of capture of food particles is essential for
understanding the feeding behaviour of deposit-feeding holothurians. The
description of feeding behaviour by various researchers is often contradicto-
ry (Webb et al., 1977; Massin, 1979; Bouland et al.; 1982; Roberts & Bryce,
1982). By my observations, when tentacles are attached to the substrate, those
particles on the bottom surface whose size does not surpass a certain value are
captured. In this case it is only the size, and not mass of particles that is
important. I frequently found that fragments of water plants with negligible
residual weight in the water remained on the bottom after tentacles were
retracted while considerably heavier sediment particles were captured.

I (Levin, 1982a) proposed the following mechanism of particle capture (Fig.
4.3). When the tentacles are attached to the substrate, nodules at its surface
tend to penetrate between particles. Contraction of tentacles tears the parti-
cles squeezed between nodules away from the substrate by squeezing the shield
like a fist. When the area of a particle surpasses a certain value, the tentacles
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j \ Fig. 4.3. Scheme of the

mechanism for food en-
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feeding holothurians.
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would slide across its surface without capturing it. Particles with a residual
weight exceeding the tentacles’ lifting capacity also are not captured.

The validity of this mechanism is proved by the inverse dependence be-
tween tentacles size of aspidochirotids and the size of sediment particles cap-
tured (Levin, 1980). It may be explained by the fact that a larger area is
required for capture an equal volume of finer particles.

The tentacles of aspidochirotids have adhesive mucus (Cameron & Fank-
boner, 1984). The role of adhesion in holding objects is not definitely under-
stood. This may be significant for fine-sized particles and aggregates. Thus,
the capture of food particles by tentacles of aspidochirotids may be specified
as a combined mechanical-adhesive process.

In other holothurian groups this mechanism may differ from this. Large
synaptides have a very peculiar mode of tentacles that function by pulling the
particles basically from the «rear» (Fankboner, from Lawrence, 1987). Ho-
lothurians whose tentacles lack nodules (burrowing apodids and molpadiids)
use their ¢«fingers» to squeeze the particles and pull them into the mouth.
Direct observations of the feeding of burrowing Scoliodotella lindbergi have
shown that its tentacles are capable of seizing particles from above, from
below and from the side by forming a cavity just ahead an oral end of the
animal.

The thickness of the sediment layer entrapped by epibenthic holothurians
of one size would depend on the type and size of particles on the substrate
surface. The volume of sediment per unit time entrapped by tentacles is rela-
tively constant. The overall thickness of sediment captured from particular
zones of the feeding path is determined by the thickness of the nutritious
layer. If the thickness of this layer is greater than that of one-time seizure, the
tentacles would remove only one substrate layer. Otherwise they would repeat
the activity at the same site and remove another layer.

The relative variation in thickness of the feeding layer results in two basic
schemes of feeding behaviour. In the first, the thickness of the layer captured
would increase (or decrease) proportionally with a decreasing body size while
the relative movement rate would remain unchanged. In the second, the thick-
ness of the layer removed remains constant while the rate tends to increase
(or decrease). Which alternative occurs would depend on the particular site’s
conditions. However, as may be easily observed, the volume of material ingest-
ed per unit time would be equal for both alternatives.

4.1.3. FEEDING MOVEMENTS

General patterns in movements of holothurians associated with food capture
may be conveniently discussed for Apostichopus japonicus, the species most com-
prehensively studied.
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A. japonicus may be classed as a holothurian that feeds continuously dur-
ing the whole day. The comparison of gut contents of the same individual at
various moments is impossible. Therefore one has to use data from many
animals collected at the same time. Nevertheless it may be definitely assumed
that the gut volume is constant throughout the day. Hence the movement
intensity does not follow a diel pattern. Direct observations of movement
pattern also have indicated an almost constant activity throughout the day
(Table 4.1).

Table 4.1. Distance (cm) covered by Apostichopus japonicus in 24 h

In the time between observation

Body weight (g)
Time 10 [ 190 | 10 | 130 | 160 Per 1 hour

Volume of intestine contents (cm?)

80 | 90 [ 89 | s0 | s
12.20-14.00 25 40 40 25 7 16+ 8
14.00-15.30 20 ] 43 33 7 15+11
15.30-17.00 50 5 25 23 4] 14+13
17.00-18.30 35 15 25 35 4 15 9
18.30-20.00 20 20 39 20 7 14+ 8
20.00—-21.30 20 18 50 5 9 14+12
21.30-01.00 62 8 66 40 29 127
01.00-02.30 35 21 3 35 31 17+9
02.30-04.00 7 40 5 25 5 11+11
04.00-05.30 43 59 13 17 19 20+13
05.30—-07.00 31 34 10 31 16 177
07.00-08.30 0 2 16 42 2 8+11
08.30-10.00 18 3 40 82 6 20122
10.00—-11.30 35 0 38 32 0 14+13
11.30-13.00 64 o 55 18 0 18%+20
Total distance 465 271 468 463 142

On an even surface, movement by holothurians are apparently random (see
Below). Coming across unevenness, viz. stones projecting from the sand, or
crevices, the animals proceed moving along for some time and subsequent.-
. a8 a rule, turn sharply. Due to the curving trajectory, despite a considerable
ce moved, the daily area covered is rather small (commonly not exceeding
square meters).

When feeding on relatively even substrate, holothurians stay for consider-
time at the same place, bending only the front part of the body. Having
the adjacent portion of the bottom, A. japonicus move by 1/3 — 1/2 of
length and repeat the cycle. When feeding in crevices, holes, and even
with a limited thickness of nutrient layer, the area covered has the
of a more or less curving band approximately equal in width to that of

body.

As indicated by SCUBA observations, the feeding behaviour of A. japonicus
megligibly influenced by its density. In many cases groups or ¢herds» make
inated movements aimed at food capture,— foraging migrations. As
by marking holothurians, migrations are mostly outlined in groups
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occupying rock outlets near open capes, portions of sand bottom with negligi-
ble siltation, and other areas with poor resources. On sites with a thin layer of
nutrients the holothurians may sometimes travel large distances but subse-
quently return. In this way the area occupied by the entire herd remains
constant.

The upper sediment layer or detritus deposited on the surface of solid
substrates that is consumed by A. japonicus is completely restored at a later
time. The recovery rate is determined by the intensity of sedimentation, bio-
modification of deposited particles, processes of destructuring the holothurian
faecal strings, and their recolonization by microorganisms.

The analysis of length and orientation of sections of the trajectory of
group movements of tropical species and A. japonicus indicate two basic condi-
tions of random motion model: random angles and an exponential distribu-
tion of distances moved. Most cases show independence of length and direc-
tion of successive movements. Analysis of individual trajectories show no
distinctions in motion patterns from model random movements (Fig. 4.4).

Measurements of the curvature of pathways of tropical species show a ten-
dency to increase the value of intensity index T with the thickness of the surface
microlayer. However, no statistical regularity has been found. For
A. japonicus at spots with enhanced content of food particles, the value of
T may reach 0.69. Rate reduction and increase in number of turnings would
evidently increase the time within the feeding spots. In the laboratory, with such
«spots» equal to 50 % of the area, A. japonicus stayed in the area was
83 % of the time.

OO0 OC
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Fig. 4.4. Circular diagrams of movement trajectories of Apostichopus japoni-
cus (A) and Holothuria atra (B).

Dots show the sectional orientation of the trajectory after (A) 30 min and (B) 2 hours of
observations. The average resuliant vector is marked by the arrow. The distribution does not
deviate from uniform for a=0.05
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At the same time, holothurians show «unexpecteds» changes in motion di-
rection and cases of leaving the forage spots. Movement pattern at «poors»
gites tends to be very unstable. Most are directed movements at very high
speeds (for A. japonicus up to 7.2 m-min'). Sometimes active searching action
(body twisting and turnover) results in a sharp increase of the T value — up to
0.86. During foraging the value of T in such cases is 0.08-0.830.

Random movements have also been reported for other species: Isosticho-
pus badionotus and Holothuria mexicana (Hammond, 1982a), Parastichopus
(=Stichopus) californicus (Da Silva et al., 1986). Evidently it is characteristic
for all mobile holothurians. Underwater observations of the feeding move-
ments of A. japonicus indicate that movement on silt grounds with a definite-
ly outlined food layer is definitely lower than that on sand and mixed grounds
where this layer is thinner (Table 4.2).

Table 4.2. Feeding intensity of Apostichopus japonicus on different types of sediment (X+8)

No. of Sediment Mass of body lf::::l::t Volume of gut Faeces, produced per 1 h
obeervation type wall (g) (emhYy contents (cm®) Volume (cm®) Weight (g)
1 Silt 117+2 4.3+1.2 11.5£2.8 2.5+0.3 3.56+0.4
2 128+11 9.6x1.3 7.56%0.1 3.0+0.4 2.3+0.4

The average on silt 8.2+1.2 9.9%1.8 2.7+0.2 2.8+0.3
3 Sand 188+17 18.8+3.5 10.7+1.4 3.1+0.4 2.9+0.3
4 150+10 30.3+8.1 8.56+2.0 2.1+0.4 3.0+0.4

The average on sand 21.8+3.4 9.8+1.2 2.7+0.3 2,9+0.2
1] Sand with 165%27 3.3+0.3 8.2+1.7 3.2+0.6 3.0+0.3
) stones 110+19 68.7+1.8 8.7+1.2 2.4+0.68 3.8+0.3
7 14321 10.1x2.0 6.9+1.4 2.1+0.3 3.1+0.5
8 137+3 25.8+3.7 7.9+2.7 4.2+0.4 3.5+0.3

The average on sand with stones 11.6+1.6 7.0+0.8 3.0+0.2 3.4+0.2

The average on three types 14.3%1.5 8.3+0.7 2.8+0.2 3.2+0.1

of sediment

As shown by the experimental results (Table 4.3), the movement rate of
A. japonicus during the repeated passage of an experimental corridor is sub-
stantially higher than that in an intact zone. Rate measurements in the con-
trol corridor make it possible to suggest that rate changes are not related to
ssccommodations of holothurians to the experimental device and are totally
determined by the trophic properties of substrate. The rate differences are more
vividly shown in a corridor 0.3 m long compared to 1-m long corridor.
Apparently, in the second case due to the time needed to pass such a long
eorridor (up to 15 hours for a passage), the recovery of the trophic layer
becomes important.

The conclusion that the rate of movement of A. japonicus depends on forag-
img conditions is supported by the pattern of arrangement of faecal aggre-
gates on the bottom surface. By itself it cannot specify the dependence. One
may easily be convinced that the same pattern may be observed in a case of
mmiform movements of holothurians. However, as shown by measurements, in
eeses of feeding on various substrata, the rate at which sediment is passed
through the gut of A. japonicus is relatively constant (see Table 4.2). This
might be possible only with acceleration in the movement of holothurians at
epoorer» sites with a thin nutrient layer and deceleration at ¢richer» sites.
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Table 4.3. The rate (cm*h™!) of a movement of Apostichopus japonicus in experi-
ments with repeated passage through the same bottom area

No. of experiment | Body weight (g) | 1%t passage | 2 pagsage Conirol passage

Corridor length 0.3 m; water temperature 6.3-18.4 °C

1 410 11.8 14.6 8.4
2 320 8.9 16.6 8.2
3 305 8.1 15.2 7.2
4 290 10.2 16.8 11.6
5 210 7.4 10.5 6.1
8 320 8.7 12.9 8.8
7 215 9.8 11.9 4.2
9.2+1.4 14.1+2.4 7.1+3.5
Corridor length 1 m, water temperature 17.0-18.1°C
1 265 8.7 8.4 7.1
2 310 11.8 14.7 12.0
3 320 14.9 16.7 15.1
4 215 8.3 10.3 6.1
5] 160 9.2 14.6 7.6
6 170 71 9.9 5.7
7 205 9.0 11.2 10.9
8 310 9.6 11.3 6.4
9.6+2.7 12.1+2.9 8.9+3.4

Information on the rate of movement of other holothurian species is very
scarce (Table 4.4), and the only comparison between rates of feeding move-
ments on substrates of varying nutrient value has been made by Muscat
(1983) for P. parvimensis. She demonstrated that the movement rate on a
rocky bottom with material with C__content of 12-14 % was almost 3 times
less than that on sand with a Cm content of 6.6 %. Thus,the relationship
between feeding conditions and movement rate shows the same regularity as
noted for A. japonicus.

Table 4.4. The rate of movement of some species of Aspidochirotida

| Species | In units given in the source | Cm-h-1 l Reference |
Holothuria atra 0-4 mday™ 0-16.7 Yamanouti, 1939
3.5-52 m-day™! (sand) 14.6-216.7
12.9 Uthicke, 1994
H. mexicana 8-40 cm'h! 8-40 Hammond, 1982
H. thomasi 25 cmmin=! 1500
Apostichopus japonicus 4-26 emh™? 4-26 Pers. observations
12 cm:min= 720 Pers. observations
Astichopus multifidus 0.25-1.86 m'min-1 1500-11160 Glynn, 1965
Isostichopus badionotus 65-40 cimh™! 5-40 Hammond, 1982
Parastichopus californicus 0.75-9,6 m'day™! 3.1-40 Da Silva et al., 1986
P. parvimensis 4 mh? 400 Parker, 1921
45-53 cm-h™! (sand) 45-53 Muscat, 1983
15.3 cm'h™?  (stones) 15.3
Stichopus chloronotus® 8.2+3.9 cm'min! 492+234 Kropp, 1982
89.2+4.6 cm'min! 2352+842
27.2 Uthicke, 1994
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Table. 4.1 — continued

| Species rln units given in the souroe Cmh-1 [ Reference —l
8. horrens * 13.7+5.7 em'min~! 8224342 Kropp, 1982
69 _cm'min= 4140
S. variegatus 0-6.5 m'day! 0-27.1 Yamanouti, 1939
9-560 m-day? (sand) 37.6-208.3

Note: Underlined values — unfeeding travels.
® Laboratory experiments.

The inverse relationship between movement rate and abundance of food is
characteristic of echinoderms besides holothurians (Russo, 1979). Pauses in
movement are definitely characteristic for starfishes, sea urchins and, to a
lesser degree, deposit-feeding holothurians. Attribution of the above motion
pauses to «movement-pause» tactics characteristic for some predators (Camp-
bell, 1984) seems unconvincing. On the other hand, it is consistent with the
theoretical model of animal feeding under insufficient food supply (Khanin
et al., 1978).

4.2. FEEDING INTENSITY AND DYNAMICS
4.2.1. METHODS

The ration value (in the ecological sense of the term: Iviev, 1955) is used as
a feeding intensity index. The ration here is the total mass (volume) of ingest-
ed particles irrespective of their origin.

The ration was measured both in the field and laboratory with respect to
the volume and/or mass of faeces produced per unit of time. Seasonal varia-
tions of feeding intensity of A. japonicus was assessed by specifying a rela-
tive mass of intestine and intestinal content.

The rate of food passage through the gut was analyzed by two methods: (a)
a thin layer of particles distinguished in colour from the basic ground was
applied to the bottom in front of feeding holothurians; (b) the relationship
between the volume (mass) of faeces produced per unit of time and the total
wolume (mass) of gut contents.

The availability of a special breathing organ (the respiratory tree) in most
shallow-water holothurians give an opportunity of applying activity control
methods not possible for most invertebrates. A cap placed over posterior of
bolothurians was used to measure the water volume pumped through respira-
tory tree (Levin & Gochakov, 1979; Levin, 1982a). Since the instrumentation
fixed to the animal affects its behaviour, a non-contact method was subse-
quently developed based on optical recording of water surface oscillation in
8 test vessel resulting from respiratory motions of holothurians (Levin &
Khmel, 1988).

The amount of forage area required for normal feeding of epibenthic ho-
Jothurians depends on a number of conditions. The most important are body
size, width of the feeding zone, food digestion rate, movement rate and trajec-
tory, population density, food distribution pattern, resource recovery rate, gen-

8K C. Jlesun
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eral feeding strategy of particular specimens, and holothurian groups as a
whole. Some of these parameters are accessible for direct measurements while
others may be evaluated only by indirect data.

Literature on spatial arrangement of feeding is quite scarce, especially
that concerning utilization of forage resources in general. Experiments sup-
porting interdependence between food consumption efficiency and food re-
serve have been performed predominantly with invertebrates. As shown by
Ivlev (1955), feeding intensity and energy losses due to forage collection for
fishes depend on food concentration. In numerous herbivorous mammals
(Abaturov, 1979) the amount of food that the animals consume diminishes
almost proportionally to the reduction in forage resource.

4.2.2. RELATIONSHIP BETWEEN FEEDING INTENSITY AND FOOD DISTRIBUTION

The motion pattern of all the epibenthic holothurians studied correlates
with the random movement model. This permits utilizing some general relation-
ships for analysis of feeding intensity of holothurians with respect to various-
ly distributed forage material (Bailey, 1931; Nicholson, 1933; Nicholson &
Bailey, 1935).

The basic result of investigation efforts of these authors is the derivation of
the following relation:

U -U)U=1-¢",

where U, is the number of feeding objects initially present at a site, and U is the
number of objects which a specimen failed to find after examination of the site

S.

The relationship between feeding efficiency and forage distribution has
been analyzed both theoretically and experimentally by Ivlev (1955). The
correlation between ration r and density of forage organisms p was described
by an expression basically similar to the equation derived by Bailey and Nichol-
son:

r=R[1- et+H)],

where R is the maximum ration, { is the degree of aggregation of forage objects,
e and k are the proportionality coefficients. The results of Ivlev’s studies have
served as the basis for a number of mathematical models of forage resource
utilization.

An expression close to that by Ivlev was derived by Propp (1971) for dynam-
ics consumption of forage reserve by sea urchins:

P = e Mw1/s

where P is the bottom area remaining intact; M is the number of animals; v is
the average rate of movement; b is the width of the feeding band; T is the time,
and S is the area occupied by an animal group.

If the area of animals’ feeding is limited, intersection by the animal of its
own route becomes an important condition in the calculations. For a circular
site,the relationship between relativeintersection area t =S, /b*and relative
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length of trajectory 1 = L/R (where S, is total area of intersection, L is
overall route length, and R is site radius) will be expressed by a power function
(Levin & Shenderov, 1975).

Analytical relationships prove effective for theoretical analysis of food
catching processes. However a more detailed understanding of the relation-
ship between food material distribution pattern and feeding intensity of
holothurians would require a computer-aided modelling method.

Two models for feeding pattern of mobile epibenthic holothurians (illus-
trated by A. japonicus) were considered on the basis of previous information
on food catching activity (Levin & Skaletskaya, 1981). The results of comput-
er-aided experiment indicate that most stable feeding conditions for A. japoni-
cus are at those sites where food resources are distributed over large areas in
separate patches. As proven from the distribution analysis of bottom sites, this
is precisely the distribution pattern of organic matter in the landscape types
characterized by stable, high numbers of A. japonicus.

4.3. FEEDING CONDITIONS AND DISTRIBUTION PATTERNS OF DEPOSIT-FEEDING
HOLOTHURIANS

The feeding mode of holothurians, which is unusual for large animals, is charac-
terized by transmission of large amounts of bottom sediment through gut.
Some holothurian species are distinguished by their ability to utilize resources
on bottoms of different topographic, sedimentologic and hydrodynamic condi-
tions. This is evident in the character of holothurian distribution across various
type of bottom sites.

Regularities in the interrelationshi p between distribution of deposit-feed-
ing holothurians and bottom-site conditions may be most easily traced on
coral reefs with their clearly outlined zonality’ which manifests itself in
topography as well as sediment and population composition. The family Ho-
lothuriidae (the group with the most representative data available: see Levin,
1979d) are used for the analysis.

The relationship between grain-size composition of tropical species and
their distribution spreading across the reef profile was analyzed (Yamanouti,
1939, Palau Islands.; Levin, 1979a, b, Indo-West Pacifica; Roberts, 1979, Indo-
nesia; Sloan, 1979, Seychelles; Lawrence, 1980, the Marshall Islands; Ham-
mond, 1981, 1982h, Jamaica; Massin & Doumen, 1986, New Guinea). The data
given by Sloan (1979) and Lawrence (1980) were analyzed using the average
values and neglecting their deviations. The overall analysis included data for
24 species of Holothuriidae.

A distinct relationship may beidentified between size range of food parti-
cles utilized by holothurians (see Table 3.2) and their distribution. The species
analyzed are highly variable in the size of their distribution areas and the
number of reef zones which they inhabit. In most cases these parameters show
a direct dependence. At the same time some species with a vast distribution
inhabit a small number of reef zones. I have never found holothurians with
a small geographical distribution but a wide spread on a reef profile (Fig. 4.5).

An increase in the range and number of zones a holothurian inhabits would
result in a general tendency to extend the food-grain size range. The data
show species having a wide habitat range and simultaneously represented in
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Fig. 4.5. Types of holothurian distribution on coral reefs.

A: Holothuria strigosa; B: H. fuscocinerea; C: H. leucospilota; D: Actinopyga lecanora; E: H. atra; F: ¢«prohibiteds
distribution type

various types of habitats (see Table 3.2) also possess a expanded grain-size
range. Hence it may be concluded that their distribution is largely controlled
by food-particle size.

At the same time it should be kept in mind that the expanded grain-size
range of holothurians’ gut contents may result from two basically different
conditions: the wide range of particle composition in a local habitat or the
capability of a species to use substrates typical for various types of sites.

A species group with a wide range but inhabiting a limited number of zones
of reefs has a fossorial mode of life. The relationship between food-particle
composition and holothurian distribution is undoubtedly less evident in cryp-
tic and burrowing holothurians than in exposed ones. H. impatiens occupy-
ing an extremely vast habitat range has a very narrow grain-size range (medi-
an diameter range 1.0¢). On the contrary, the grain-size range of H. leu-
cospilota is comparatively wide (4.3¢). The species of Labidodemas, endemic to
the Indo-Polynesian province, are also fossorial. These holothurians, with lim-
ited distribution across the reef profile’, are characterized by a wide range in
size variation of food-particles utilized.

According to Sloan (1979), the number of appropriate microhabitats is
more important for cryptic species than the amount of food resources avail-
able. The availability of shelters (including sediments suitable for burrow-
ing) is of primary importance for distribution of these animals. H.pardalis,
H. hilla, H.impatience, H.leucospilota are examples of such species.

The capacity to utilize sediment particles that vary in size may be an impor-
tant advantage. Depending on particular circumstances, such species are capa-
ble of utilizing «the available» portion of resources that provide an advantage
in competition with the species inhabiting the same site.

The data analyzed refer to tropical species. The representative information
on grain-size range of holothurians from temperate latitudes is available for
only one species, Apostichopus japonicus. The range of median diameter of
particles utilized by this holothurian is very great. In my experiments it
amounted to 3.9¢ (see Table 8.1). Among all species analyzed, a larger value
is reported only for H. atra. A. japonicus is characterized by a very great area
of distribution. Therefore the information on this species supports the above
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interrelationship between width of grain size range of epibenthic holothurians
and the size of the species’ range.

Evidence on morphological and physiological features of holothurians that
allow the species to expand their food spectrum is very scarce. The upper size
Limit of utilized food particles used by aspidochirotids is controlled by tenta-
eles’ size: the relative mass of these structures and median diameter of ingest-
od particles are inversely proportional (Levin, 1979c). The total tentacle mass
of aduit specimens of A. japonicus is 0.2+0.1 % of the mass of body wall. In
8. chloronotus this index is 1.8+0.2; in S. horrens, 2.4+0.6; in S. variegatus,
2.4%0.3; in Thelenoia ananas, 0.5+0.1 % . Thus, A. japonicus has relatively
the smallest tentacles among these stichopodids.

The size of food particles which A. jeponicus is capable of seizing is larger
than those utilized by other representatives of the family. In the coastal zone,
the thickness and composition of organic material on the bottom is highly
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Pig. 4.6. Distribution of Apostichopus japonicus on submerged slopes at different sites in
Peter-the-Great Bay
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variable. Such non-uniformity in food arrangement would affect the quanti-
tative distribution of epibenthic and, to a lesser degree, infaunal holothurians.

Examinations of A. japonicus show that the most meaningful parameters
responsible for non-uniformity in its distribution are bottom profile and relief.
Censuses on transects normal to the coastline show settlement density of
A. japonicus at near-horizontal sites is rather stable (Fig. 4.6). The abrupt
increase in abundance correspond to zones in which the near-bottom currents
shift direction and/or rate, thus contributing to settlement of larger volume of
suspension.

The dense accumulations of A. japonicus are in landscapes that show a
number of important common features despite external differences. The sedi-
ment in such landscapes has a cellular structure (Arzamastsev & Murakhveri,
1987). Free-water exchange does not occur within such a sediment. The sedi-
ment surface is complicated by the edges of rough elements that trap detritus
(Fig. 4.7).

A. japonicus is not present or is very scarce on grounds where free-water
exchange occurs. The absence of this species in landscapes of several types may
be attributed to insufficient properties of the bottom for the attachment (even a
very large-sized specimen of A. japonicus with body wall mass of 300 g weighs
only 25—-30 g under water even with a sediment-filled intestine).

The deposit-feeding holothurians swallow both the organic substance and
certain amount of sediment. The optimal combination of these basic components
is primarily obtained at sites with intensive sedimentation, viz. in hydrodynam-
ically active zones such as slope discontinuities, outcrops of rock and cliffs,
settlements of sessile animals, algae and sea-grass.

Most favourable feeding conditions are in the vicinity of macrophyte over-
growths that supply detritus as well as settlements of bivalve molluscs and
ascidians, the faecal material of which represents an excellent medium for devel-
opment of microorganisms consumed by holothurians. It is precisely the great
development of bicaccumulations (the result of a combination of biological and
hydrodynamic processes) that results in a very high density aggregations of
A. japonicus on banks of molluscs and ascidians.

The provision of optimum habitat conditions for deposit-feeding holothuri-
ans depends on the pattern of spatial distribution of food reserves as well as
their recovery rate. A characteristic feature of coastal sea-zones is the impor-
tance of hydrodynamic factors. In this shallow-water area, mechanical interac-

Fig. 4.7. Distribution of food material (darkened in the figures) in various types of bottom
landscapes
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tion between moving water, sediments and the bottom as well as of biogenic
processes is most important (Ionin et al., 1987).

Observations made at test sites at various places (Peter—the—Great Bay,
Nhatrang Bay and Cuba) have indicated that the recovery of the food layer is
basically provided through horizontal movement of food particles (including
faecal material produced by holothurians themselves) from local sites where
they are abundant.

Redistribution of the food layer is generated by repeated storms of low and
moderate intensity (in temperate latitudes), currents and tidal water motion (in
the tropics). There is no doubt that the presence of particles of the most ¢mobiles
size in the intestines of epibenthic holothurians results from this pattern of
distribution of food material.

Exceedingly high settlement density and biomass of epibenthic holothurians
in shallow waters of tropical zones may be attributed to the high rate of food
replenishment due to hydrodynamics and the high rate of circulation of organic
substances in tropical ecosystems (Zvyagintsev et al., 1988). Thus the biomass
of aspidochirotids in the tropics may reach almost 8 kg-m2(see Section 6.4.1)
despite the very low organic content at any time. It is only in coastal waters that
such deposit-feeders as Holothuria leucospilota may flourish since they remain
for months, possibly for years, at a specific site and collect food particles in an
area with a radius less than their body length. In this case, holothurian faeces
are destroyed so quickly that they cannot be observed on the bottom surface.

Thus the decisive factor in food provision of deposit-feeding holothurians
in coastal zones is horizontal redistribution of organic substances on the
bottom by water motion. This condition is provided by spatial variability of
the food-layer thickness and availability of local food particle depots. Here lies
the difference between tropical coastal zone conditions and those of lower
shelf-horizons and deep-water areas of the ocean where spatial heterogeneity
of organic substance distribution is substantially lower. The available food-

icle accumulations (particularly faeces) are maintained for a long time,
eand the food layer consumed may be replenished primarily by the arrival of
organic material from a near-bottom waters.



Chapier 5. FEEDING SELECTIVITY AND TROPHIC SPECIALIZATION
OF SHALLOW-WATER HOLOTHURIANS

5.1. FEEDING SELECTIVITY OF DEPOSIT-FEEDING HOLOTHURIANS

Selectivity is a basic parameter characterizing feeding mode. Selectivity dis-
tinctness is a major factor responsible for the strategy of utilization of food
reserves by animals,character of relationship between organisms in the com-
munity and other ecological parameters. Theoretical foundations of feeding
selectivity have been shaped by Ivlev whose classical publication «Experimen-
tal investigation of fish feeding» (1955) highly influenced the development of
trophic concepts.

Some degree of selectivity in food and feeding conditions is inherent in all
living organisms. In many cases differences in the appraisal of the feeding
pattern of a particular species may be attributed to the fact that comparison
was made between non-coincident aspects of this many-sided phenomenon. An
important step in better understanding of the selectivity phenomenon was
made by Johnson (1980). He subdivided the selection process into four hierar-
chic levels (orders). 1, «choice» of physical and geographic conditions by ani-
mals; 2, choice of habitat sites; 3, utilization of certain type habitats, particu-
larly forage sites; 4, selection of particular food components from those repre-
sented at the site.

Opinions on feeding pattern of various holothurian species are often di-
verging (Reviews: Feder & Christensen, 1966; Lawrence, 1975; Sloan, 1980;
De Ridder & Lawrence, 1982; Jangoux, 1982; Massin, 1982a, b). Evidently, this
is indicative of the actual difficulties in assessment of the accessible feeding
material. Special attention should be given to feeding selectivity of deposit-
feeding holothurians since such analysis presents major methodological prob-
lems and the assessment discrepancies are especially great.

5.1.1. SELECTIVITY ASSESSMENT METHODS

Direct methoas. In a general assessment of feeding selectivity, comparison is
made between accessible food material and gut contents. Concerning the depos-
it-feeders, this method requires: (a) the selection of a sample in the animal’s
feeding site, most closely corresponding in composition to the utilized sedi-
ment, (b) sampling the gut contents, and (c) comparison between the two sam-
ples. The disclosed differences in size, shape, density, particle chemical composi-
tion are understood as selectivity with respect to a particular parameter.
Most studies on holothurian selectivity have been performed using the
conventional and most natural method: comparison between gut contents and
«sediment utilized by holothurianss. The latter words are used in quotation
marks since the «utilized sediments is quite differently understood (and se-
lected) by various researchers: «uppermost centimetre layers», «uppermost
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millimetre layer», simply ¢surrounding sediment», etc. Since the vertical com-
position of bottom sediments are basically heterogeneous in size and particle
composition (see Section 3.1.2), the selectivity parameters largely differ de-
pending on sampling method used. Therefore assessment is meaningful only
in cases of careful selection of «parallel» sediment samples.

The above method, called the direct method, was used for studies of feeding
behaviour of A. japonicus. At several stations in the Vityaz Inlet and near
Russky Island, samples of the bottom sediment on which the animals were
feeding have been taken together with the gut contents (see Section 3.1.2 and
8.2.2). Bottom samples were taken by samplers of various type (see Section
3.1.1).

Comparison of consumed food composition. An evident limitation of the
edirect» selectivity assessment method is that its success is completely con-
trolled by the condition of adequacy between the composition of sediment
grabbed by sampler and by holothurians tentacles. The provision of such
sdequacy involves major difficulties and it seems impossible to clear all doubts
in the operating identity of so highly different systems.

However, there is a possibility of a quite different approach to selectivity
assessment: comparison between gut contents of individuals of various ho-
Jothurian consuming similar food. Practical implementation of this approach
would require a situation when several holothurian species inhabit a site with
relatively uniform substrate. This permits considering availability of sedi-
ment particles of similar composition.

Such conditions occurs at two sites of Nhatrang Bay: the Roche Noir
Island and western coast of Tortu Island (Ho & Levin, 1985; Levin & Ho,
1988).

The small rocky island Roche Noir, with an above-water area of several
tens of square meters is located near the west coast of Che Island (see
Fig. 1.1). The submerged portion represents an exposed rock plate extending
to 15-20 m depth, preceded by a sandy plateau with outcrops of boulders and,
in some places, corals. Plate depressions are locations of pebble-sand deposits.
Sessile fauna are represented mainly by millepores in summer and high-vol-
ume settlements of alcyonarians in winter. Mobile epifauna is primarily the
sea urchin Diadema setosum.

Four holothurian species occur. The most numerous is Stichopus chlorono-
tus, which inhabits the entire rock surface. Less numerous are Holothuria atra
and H. leucospilota, which occur mostly on bottoms containing depressions,
but also on rock surfaces. Single H. edulis occur on sand near the island base
st a depth around 15 m. In the coastal zone of the Tortu Island these species
are common. Pearsonothuria graeffei is also abundant. At 5-10 m depth, the
bottom is composed of pebble, sand, and coral fragments. P. graeffei occurs on
dead and living acropores; the remaining species, on sand bottoms.

My studies in the tropic zone involved areas of highly variable conditions.
No other sites of common habitat of four species of epibenthic holothurians
bargely variable in the composition of utilized particles have anywhere been
discovered. Pairs (H. atra — H. leucospilota and P. graeffei — S. chloronotus)
are quite common. However, their common habitat is undoubtedly very rare.
I is also important to note that the above sites in Nhatrang Bay, especially
the Roche Noir Island, are characterized by extremely poor <¢backgrounds
fauna. This condition is favourable for uniform distribution of organic-mat-
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ter. These conditions make it possible to avoid sediment sampling for selec-
tivity analysis, and to confine comparison of the composition of food particles
consumed (Levin & Sayapina, 1988).

For comparison purpose, samples of gut contents of Actinopyga lecanora
collected in Kauda Inlet were utilized.

The analysis of samples of bottom sediment and gut contents of A. japoni-
cus and tropical holothurians was done using the method discussed in Section
3.1.1.

5.1.2. FEEDING SELECTIVITY OF APOSTICHOPUS JAPONICUS AND TROPICAL
HOLOTHURIANS

Comparison between composition of particles from the gut of Apostichopus
japonicus and bottom sediment at the sampling site indicates their size pa-
rameters are non-coincident (see Fig. 3.3). Thus, in one pair of parallel sam-
ples, the median diameter of particles of the gut contents (fraction weighing)
amounts to 3.55¢ and that of the bottom, —0.43¢.

On boulders and rock, all size particle distribution of gut contents are
shifted to the right relative to the corresponding bottom distribution, indicat-
ing that the fine fraction content is much lower in the former than in the
latter. The content of particles larger than —1.25¢ may amount for 70 % for
bottom in the gut contents no more than 5 %.

On pebble bottom the curves show less difference. With one exception, all
curves of gut contents also are shifted to the right relative to those of sedi-
ments. The gut contents of holothurians from sand is composed of particles
characterized by a larger median diameter than those from parallel bottom
samples. The curves of particle dimensional distribution for the first sample
group are arranged to the left of the corresponding distributions for the
second group. In several samples from sand bottoms the distribution of par-
ticle size in gut and in bottom sediment is close.

The analysis of curves obtained from the particle count method indicates
the presence of the same tendencies with relatively smaller difference in dis-
tribution parameters of gut-bottom pairs.

The composition of biogenic particles in the gut of A. japonicus compared
to bottom sediment composition in parallel samples from all types of bottoms
shows an irregular type of variation, with no registered «preferences for
particles of any type (see Fig. 8.4). The presence of definite type of particles in
the gut is conditioned by their content in the substrate on which holothurians
are feeding. For example, fragments of barnacle plates may be found only in
the gut of A. japonicus collected on boulders.

In most cases the gut contents of A. japonicus show a reduced fraction of
inorganic particles compared to bottom sediment. Thus, samples from boul-
ders are 65—-70 % quartz sand while the gut contents of holothurians from the
same sites are only 35-40 % . In samples from a pebble bottom the same rela-
tionship is 65-70 % and 50-55 % ; from sand,75~-80 % and 50-53 % ,respec-
tively. Almost no inorganic particles larger than 0@ occur in the gut of ho-
lothurians while bottom sediment samples contain a large amount of such
particles.
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Compared to fraction weighing, the use of the count approach show a nar-
rower scatter of data both in bottom samples and gut contents (see Table 3.1).
Therefore the latter approach was preferred in the analysis of selectivity
results.

In most cases, the dimensional composition of particles in the gut contents
of A. japonicus were different from that of the bottom sample. However the
dimensional selectivity of A. japonicus feeding mode is much different from
that resulting from the models reported in the literature. Most current feed-
ing models of deposit-feeders assume a predominant selection of finer parti-
cles possessing a larger relative surface area and associated with larger amount
of microorganisms (Taghon, 1982). As my evidence shows, the tendency to
collect finer particles occurs in A. japonicus only as a special case, feeding on
boulders.

As shown in Section 3.2.2, the size composition of particles selected by
A japonicus from very different substrates is relatively stable. On bottoms
where coarse grains in the surface layer predominate, the composition of en-
trapped particles shifts toward the finer fractions. If fine particles are pre-
dominant in the sediment (e.g. on fine-grained sand), their percentage in the
gut contents is less then that in the bottom. Thus, the dimensional composi-
tion of particles selected by A. japonicus in the process of feeding is more
controlled by functional capabilities of the food catching structures (tenta-
cles) than on the dimensional distribution of the particle composition avail-
able in bottom sediment.

Similar particle size distribution in various samples is provided by parti-
cles of differing origin. Particles of all types present in bottom surface layer
on which the holothurian is feeding have been recorded in the gut of A. japoni-
cus (see Fig. 3.7). The proportion of particular types of biogenic particles
shows an irregular of variation compared to that in the bottom sediment.
It is more common that gut particles of larger size are biogenic and their
physical properties differ from those of inorganic particles. Therefore a cer-
tain selectivity of A. japonicus with respect to particle size may be attributed
o differences in the physical properties of those particles (e.g. residual weight,
surface texture) responsible for different conditions of their entrapment
by tentacles.

Particle entrapment is essentially dependent on the hydrodynamic charac-
teristics of the particles. Laboratory experiments with feeding A. japonicus
on artificial mixtures indicated that utilization of various size particles of
similar density almost always showed selective entrapment of definite size
particles (the exact size of «preferred» particles depended on density scale).
On the other hand, in experiments with <hydrodynamically uniforms mix-
tures, the dimension and composition of gut contents was almost identical to
that of the food material, i.e. no particle selectivity. There is no reason to
believe the relationship between efficiency of particleentrapment and particle
hbydrodynamic characteristic to be causally related. Evidently, the same pa-
rameters responsible for hydraulic coarseness of particles (relationship
®etween surface area and residual weight) are equally important for entrap-
ment efficiency.

Similarity coefficients for the composition of the gut contents of various
bolothurian species from one site proved in most cases to be higher than the
velevant coefficients for conspecific specimens from various sites (Table 5.1).
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This dependence is less distinct for H. edulis, which may be attributed to the
fact that the latter species was collected outside Roche Noir Island, on sandy
substrate. The least similarity with other samples is shown by the gut con-
tents of Actinopyga lecanora from Kauda Inlet.

Table 5.1. Indexes of similarity (upper figures: Jakkard; lower figures: Chekanovsky-Serensen)
of particles composition in the intestine contents of holothurians from different regions

IRegion|Species[No.lll2]3[4|5[6|7|8[9|

Rocher Holothuria 1

Noir leucospilota
Island
H. atra 2 0.82
0.85
H. edulis 3 0.70 0.64
0.77 0.73

4 0.79 0.74 0.71
0.83 0.84 0.78
Tortue Holothuria 5 0.50 0.59 0.41 0.43

Island leucospilota 0.65 0.72 0.56 0.59
H. atra 6 0.56 0.61 0.52 0.49 0.64
0.62 0.66 0.59 0.58 0.71
H, edulis 7 0.61 0.69 0.58 0.0 0.52 0.72

0.66 0.70 0.63 0.656 0.61 0.66
Stichopus 8 0.52 0.65 048 0.53 0.63 0.73 0.79

chloronotus 060 0.69 0.56 0.61 0.70 0.68 0.71

Pearsonothuria9 0.46 0.56 0.36 0.39 0.76 0.80 0.62 0.72

graeffei 0.54 0.61 045 0.48 0.77 0.74 0.60 0.66
Kauda Actinopyga 10 0.33 0.35 0.29 0.27 0.55 0.54 0.39 0.41 0.25
Inlet lecanora 0.45 0.47 0.41 0.37 0.87 0.59 0.47 0.50 0.27

The maximum particle size of sediment ingested by holothurians in Nha.-
trang Bay was close to that for the same species in other areas of Indo-West
Pacific (Levin, 1979¢), probably due to the relative development of tentacles
(Levin, 1980). At the same time the composition of most of the particles, both
dimensional and substance, is largely controlled by the sediment composition
at the sites. Even in species with a highly variable range of food-particle size,
such as H. leucospilota and S. chloronotus, the distribution pattern of the
particles in the gut contents is very close. The qualitative content of those
samples is also practically identical.

The above results indicate a definite selectivity of holothurians in habitat
choice. It is mostly distinguishable in species utilizing predominantly fine parti-
cles. At the same time no selectivity with respect to size or composition of en-
trapped particles has been identified within feeding sites. Entrapment efficiency
of fine sediment particles (up to 2 mm) is similar for all the species studied.
Interspecific variations occur chiefly in the ability to entrap coarser particles.

5.1.3. MECHANISM FOR SELECTIVITY

Findings of the previous Section contradict conclusions drawn by many re-
searchers (Table 5.2) concerning food selectivity in holothurians. Besides
objective interspecific differences, and some cases of inappropriate experimen-
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tal approaches, this discrepancy may be explained by different concepts of
selectivity. I believe, two aspects of mechanism for selectivity should be dis-
tinguished: (a) the sequence of selectivity operations; (b) selectivity aspects.
According to Taghon (1982), the feeding process of deposit-feeders incor-
porates the selection of food, manipulation, ingestion, digestion and absorp-
tion. According to this scheme, selection precedes the remaining processes.
In my opinion selection with respect to particular parameters is a multistage
process realizable at all stages of feeding. Within the general feeding scheme
of deposit-feeding holothurians, successive selection stages (Fig. 5.1) may be
identified by their correspondence to these stages: selection of food patch!,
selection of objects therein, catching of objects, their delivery to mouth, swal-
lowing, movement in the gut, and digestion + absorption (Levin, 1988a).
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Fig. 5.1. Schematic diagram of selectivity stages in feeding process of deposit-feeding
holothurians.

Blackened arrows: particles rejected

Selection of food patch. The specific sedimentologic conditions at the wa-
ter-bottom interface are beneficial for selective accumulation of particles en-
riched by organic substance. This microlayer is directly utilized by epibenth-
ic holothurians. Infaunal holothurians use it to form funnels and cavities
into which particles of surface sediment fall and which may be considered as
peculiar selective facilities.

The strategy used by epibenthic holothurians in search of a food patch is
highly variable, depending on conditions, primarily the rate of recovery of
food resources (Levin, 1982a; Levin & Skaletskaya, 1981a). The species may be
very mobile under poor food provision and almost stationary under abundant
food provision.

1Patch is a term commonly used in theoretical studies on food capture and forage utilization.
In this analysis, it denotes a portion of an area (or volume of substrate) with uniform trophical
eonditions for holothureans.



Table 5.2. Selectivity of holothurians feeding

Taxon

Author, region

Sampling of sediment

Procesesing of samples

Compared parameters &

Conclusion (as given by the author)

Actinopyga lecanora,
Bohadschia bivittata,
B. vitiensis, 4 sp. Gen.
Holothuria, Stichopus
chloronotus,

S. variegatus

Pgrastichopus tremulus

Parastichopus tremulus

_—Parastichopua
parvimensia

Parastichopus
parvimensis

Holothuria atra

Yamanouti,
1939
Palau Islands

Jespersen &
Litzen, 1971
Oslo-fjord,
Norway

Hauksson,
1979 Ranne-
fiord, Norway

Yingst, 1976
South
California

Yingst, 1982
South
California

Webb et al.,
1977
Enewetak
Atoll

Epibenthic shelf-dwelling

Not indicated

Sieving of dry sam-
ples into 8 fractions

Not performed

Available data on the upper sediment in the
same area obtained some year earlier; samples
proces-sing with egeological methods»

Samples of upper layer
of sediment

Diver carefully remo-
ved upper 5 mm of se-
diment

Upper sediment

Not indicated

Sieving fractions

<62 mm and >2 mm;
analysis of sand frac-
tion allowing its pre-
cipitation

Chemical analysis

Content (on a weight
basis) of size frac-
tions

Not indicated

Content of 3 main
size fractions (on a
weight basis)

Grain size distri-
bution, content of
OM and ng

Grain size distri-
bution, content of
Corg, N, calcu-
lation of&EI (ona
weight basis)

Content of C,N,P,H

Feeding is nonselective, though to a
different extent; H. atra, as compared
to 8. chloronotus, capture particles
of larger size; Actinopyga in the
aquarium are nonselective; respond
both to chemical and mechanical
stimulus

Beyond any doubt, nonselective fee-
ding behavior; can form aggre-
gations in areas with favorable con-
ditions of nourishment

Selection of large particles, mostly
faecal pellets and other sediment
aggregates richer in OM, than the
surrounding sediment

No differences were found in dis-
tribution of particles of different
size in sediment and in intestines; a
small increase of OM content in the
intestines in the case of foraging on
sands, and a significant increa-se on
stones

The median particles diameter and
the OM content in sediment and the
intestines do not differ; selection of
OM-enriched layer of sediment

Selective feeding; swallows and pro-
duces faeces richer in Corg then the
sediment
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Table 8.2 — continued

Taxon

T Author, region

Sampling of sediment

Processing of samples

Compared parameters *

Conclusion (as given by the author) ]

Holothuria tubulosa

10 species fam. Holo-
thuriidae, S. variegatus

Isostichopus badionotus

Holothuria forskali

Holothuria atra,
Stichopus chloronotus

Actinopyga echinites,
8 sp. gen. Holothuria

A. agassizi, H. grisea,
H. mexicana, I. badio-no-
tus, Euapta lappa

Holothuria mexicana,
I. badionotus

Holothuria atra,
H. leucospilota

Massin, 1979
Vilfransh-sur-
Mer

Roberts, 1979
Pary Islands,
Indonesia

Sloan & Bodun-
gen, 1980 Ber-
mudas

Bouland et al.,
1982 Morle
Bay, UK

Moriarty,
1982 Islands
Heron and
Lizard,
Australia

Roberts &
Bryce, 1982
Bekon Island

Hammond,
1982b
Jamaica

Hammond,
1983
Jamaica

Massin & Dou-
men, 1986
Laing Island,
New Guinea

Only the uppermost
millimetres of sedi-
ment

Not collected

Upper 2.5 cm of sedi-
ment

Chemical analysis

Sieving of thedry in-
testines contents in-
to 8 fractions

Sieving of wet par-
ticles <140 mm; the
rest dry sample sie-
ving into 5 fraction

Content of total OM,
proteins, carbohyd-
rates, lipids

Grain size distri-
bution of IC of diffe-
rent species

Content (on aweight
basis) of size frac-
tions

Observation of holothurians behaviour and histological investigation

of tentacles

Undisturbed
sediment from 3 mm
of depth from stones

Scraping off the
layer » 1 mm

Scraping off a few
millimetres

Conditions not indi-
cated

Chemical analysis,
counting of bacteria

Sieving of dry sam-
ples into 8 fractions

Removal of OM,
followed by dry
sieving

Chemical analysis,

counting of meio-
fauna

Wet removal of par-
ticles <0.05 mm, the
rest — sieving of dry
sampleinto 8 fractions

Biomass of bacteria
(by 2 methods), con-
tent of Cm,‘, N

Calculation of IE[
(on a weight basis)

Grain size characte-
ristics

Content of Com,
N,.g ATP, pig-
ments, composition
of meiofauna

Cumulative curve of
grain size
distribution

Capable of selecting of particles
with a rather large content of OM

Speciesspecific selection of particles
with respect to size, depending on
microstructure of tentacle surface

Nonselective with respect to particle
size; weak negative selection of very
thin and coarse particles on sites
with a rather thin layer of sediment

Tentacle chemosensory receptors de-
tects OM-enriched areas of substrate

Selective feeding on sediment par-
ticles, containing bacteria and enri-
ched with nitrogen components of OM;
selectivity is controlled by chemosen-
sory receptors; in thecaseof feeding on
stones selectivity was not observed

Some species (Holothuria hartmeyeri,
H. cf. pervicax) show size selectivity,
when two or more species livein the
same area

Thereis no size selection of particles

Selection of OM-enriched particles;
rather than selecting individual gra-

nules seeks out places with increase
content of OM

Physical selection (by size) in some
species; its degree depends on the
conditions and trophic adaptive pos-
sibilities of ani-mals
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Table 8.2 — continued

Taxon

Author, region

Sampling of sediment

Processing of samples

Compared parameters *

Conclusion (as given by the suthor)

H. leucospilota

Holothuris atra,
Stichopus chloronotus

5 species fam. Holothu-
riidae, Stichopus chloro-
notus

Apostichopus japonicus

22 Species Ord.
Aspidochirotida, Dendro-
chirotida, Elasipodida,
Molpadiida, Apodida

Ord. Aspidochirotida,
Elasi podida

Ong Che, 1990
Hong Kong

Uthicke, 1994
Lizard Island,
Australia

Present inves-
tigation Nhat-
rang Bay,
South China
Sea

Present inves-
tigationVityaz
Inlet, Sea of
Japan

Sokolova,
1958NW Pa-
cific, Sea of
Okhotsk,
Bering Sea

Bordovsky et
al.,1974;
Akhmetieva et
al., 1982NW
Pacific

Condition not indicated

Samples of sediments
in front of holothu-
rians

Not collected

Sucking of the up-
per mobile microlayer
of sediment

Grain size analysis of
faeces

Sieving of wet samp-
les, microscopic ana-
lysis

Sieving of wet samp-
les, microscopic ana-
lysis, determination
of physical proper-
ties

Epibenthic deep-water

No analysis was made
except the material
collected at two sta-
tions

Dredging samples

Visual determination
of components of IC,
determination of Cyrg

Chemical analysis

Calculation of IEI

Content of phyto-
pigments, content of
meiofauna

Grain size characte-
ristics and qualitative
composition of IC of
species inhabiting at
thesamearea

Grain sizeand physi-
cal characteristics,
OM contents

Qualitative composi-
tion and Cyrg of IC
from various species
from thesamestation

OM and
bituminoids content

Active selection of small particles;
selection of OM-enriched particles

Meiofauna density in gut contents
significantly lower then in the sedi-
ments near the holothurians; S. chlo-
ronotus is efficiently selecting for
sediments rich in plant material;
selections occur by choosing the
sediment spot to feed on

Selection of particles by their size
and composition is absent; a definite
degree of selection of sites of fo-
raging

Selection of particles by their size
and composition in absent; selects
e«spotss with a thick nutrient layer;
capable of distinguishing area with
eaten layer

Subdivided into those feeding wi-
thout selection, and those selecting
either roughly or thoroughly; the
degree of selections increased with
complicating of the tentacle struc-
ture; there is connection between
selectivity degree and the quantity
OM in theinhabitant areas

Haveability to select food of definite
chemical composition, hardly dif-
ferent from average OM chemical
composition of sediments
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Table 5.2 — continued

Taxon

[ Author, region Sampling of sediment

Processing of samples

Compared parameters *

Conclusion (as given by the author) |

Bentogone rosea,
Payhropotes longicauda,
Paroriza pallens,
Molpadia blakei

Deima validum,P. longi-
cauda, B. rosea, P. villosus,
P. pallens

Leptosynapta tenuis

Holothuria arenicola

Scollodotella lindbergi

Khripounoff
& Sibuet,
1980 Bay of
Biscay

Sibuet, 1984
Bay of Biscay

Powell, 1977
North
Caroline, USA

Myers, 1977
Rhode Island,
USA

Hammond,
1982b, 1983
Jamaica

Levin, 1982b
Vityaz Inlet,
Sea of Japan

Conditions not indi-
cated

Box-shaped dredge

The O and 0.5 cm
from thesurface of
sediment

Upper 2 mm and fae-
cal cones (in aquaria)

Scraping off upper 3
cm

Observations in the

profile aquaria

Microscopic and che-
mical analyses

Grain size, microsco-
pic and chemical ana-
lysis, counting bac-
teria and meiofauna

Infaunal

Counting of parti-
cles >12 mm under a
microscope

Determination of main
grain size characte-
ristics

Removal of OM, fol-
lowed by dry divi-
sion into fractions

Selection of particles
by their sizeand com-
positions did not dis-
covered

Content of different
types of particles,
content of N___,C

org’ ~org

Size and qualitative
composition of par-
ticles, content of li-
pids, proteins, carbo-
hydrates

Calculation of IEI
(according the num-
ber of particles)

Grain size charac-
teristics of IC and
faeces

Grain size charac-
teristics

Selection: (a) OM-riched particles,
organicmineral complexes, faecal
pellets, parts of skeletons, (b) small
particles, (¢) negative selection of
living organisms

Selection of fractions with high
content of OM

Negative selection for small par-
ticles, based on availability of sizeof
granules but not preference; choice
of feeding zones connected with
component of obvious preference

Thereis basically no selectivity; it is
possible that small deficiency (25 %)
of particles more 1 mm is function
of small size of mouth

Selection of particies by sizeis absent

Key to references: IC - intestine contents, IEI — Ivlev index of electivity.
8Contents of the intes-tines and the surrounded sediment if not stated overwise.
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A much closer relationship between conditions of habitation and feeding
conditions is found in infaunal holothurians. Requirements for physical sed-
iment parameters for feeding as well as for optimum burrowing conditions
are evidently similar for these animals.

Thus, epibenthic holothurians may select food patches when food supply is
poor. No evidence is available for infaunal species, but supposedly selection is
expressed to some degree since homogeneity of characteristics is much greater
within the sediment than at its surface.

Particle selection within food patch. No data on this question are avail-
able. My long-term inspection of Apostichopus japonicus, a number of tropical
epibenthic species and infaunal Scoliodotella lindbergi and Paracaudina ran-
sonetii indicate that holothurians apply tentacles upon the substrate in a ran-
dom pattern. No selectivity is present at this stage.

Particle entrapment. Most reports of holothurian feeding selectivity with
respect to size and/or quality of particles (see Table 5.2) suggest that the
selection is provided at this stage (see below).

Delivery to mouth. Some particles fall off the tentacles in epibenthic ho-
lothurians. The aguaria observations of infaunal S. lindbergi indicated that
most entrapped particles are carried to mouth. However, Powell (1977) noted
the «loss» of fine particles in feeding process of Leptosynapta tenuis.

Swallowing. Consideration on the maximum size of particles utilized by
the size of the mouth are presented (without substantiation) by some research-
ers (Myers, 1977).

Movement in the gut. No evidence is available on difference in time of
digestion of various types of particles. A partial case of this sort of selection
is represented by the inverse movement of particles in the anterior part of the
alimentary tract of some polychaetes (Self & Jumars, 1978). No intestine
antiperistalsis has been recorded in holothurians,though such a phenomenon
is not improbable.

Digestion and assimilation. Much like any other animal, the final event of
food particle selection in the feeding process of holothurians results in selec-
tive digestion and absorption of definite type of organic material (Walker &
Bambach, 1974). Comprehensive literature on food digestion and assimilation
by holothurians is presently available (Review: Lawrence, 1982). However,
evidence on the digestion of various organic components is ambiguous.

Basic selectivity-controlling parameters are discussed below.

Particle size. Most information on holothurian selective feeding may be
obtained from evidence on selectivity with respect to particle size (Table 5.2).
However, this evidence is often difficult to compare due to inadequate infor-
mation on stages of selectivity. This inadequacy results from differences in
sample analysis methods and grain-size characteristics utilized.

The minimum size of entrapped particles is controlled by tentacle structure
and their mode of operation during particle entrappment. Powell (1977) indi-
cates the reasons responsible for the decrease in the quantity of fine particles
in feeding process of L. tenuis are: (a) fine particles tend to fall between the
tentacles’ digits and thus escape capture; (b) the medium-size particles, which
are in greatest abundance, effectively hide the smaller particles both by their
larger surface area and greater number. Thus a tentacle has a greater chance
of contacting and picking up medium-size particles then the smaller ones; (c)
if clay particles are present in the sediment with high content of organic
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substance, fine particles tend to stick to each other and organics in large
conglomerates.

However, the first condition may result from transportation selectivity
and the second from pre-entrapment selectivity. The third condition may
result from the methods of sample treatment and should be negligible if ap-
propriate methods of aggregate analysis be used. It should be noted that Iv-
lev’s selectivity index used by Powell is extremely vulnerable to variations in
the «tails» of grain-size distributions. This feature has been the subject of
repeated criticism! (Pesenko, 1982; Hammond, 1982b).

The opinion concerning selectivity of fine particles in the feeding process
of Molpadia oolitica (Rhoads & Young, 1971) is almost groundless since the
analysis was limited by sample examination and did not measure grain size.
Rather large (up to 3 mm) particles occur in the gut of an ecologically similar
species Paracaudina ransonetii (pers. observation).

According to current opinion on the process of food capture of deposit-
feeders (completely applicable to holothurians), particles of various sizes have
different probabilities of being entrapped by tentacles. However, acknowl-
edging this fact, some researchers insist on primary entrapment of fine parti-
cles (Baumfalk, 1979) while others (Jumars et al., 1982) consider coarse parti-
cles to be the primary objects. There is no doubt that selectivity with respect
to particle size occurs in holothurians (see previous Section), but since it is
specified not only by the arrangement and size of particles (at the phase of
econtact) but also by their physical properties (at the retaining phase), selec-
tivity may change trend depending on particular conditions.

Chemical composition and nutritive value. The differences in the content
of organic material or its components in the intestine of holothurians and the
surrounding sediment reported in the literature are commonly explained to
result from chemical selectivity, viz. the ability of holothurians to detect and
sctively select particles of definite chemical composition. However, a more
detailed analysis of the methods used by the researchers responsible for this
eonclusion (see Table 5.2) makes this doubtful.

The thickness of sediment layer selected for the analysis (in cases when it
#s indicated) greatly exceeds the thickness of the surface microlayer actually
eonsumed by holothurians: 3 to 10 mm (Moriarty, 1982), 5 mm (Yingst, 1982),
esurface sediments (Webb et al., 1977), «only upper millimetres» (Massin,
1979), cupper several millimetress (Hammond, 1983). Thus, even in those studies
the surface microlayer, enriched by organic substance, is «diluted» by underly-
img sediment with reduced organic content. The studies comparing the chem-
#cal composition of the gut contents and that of overall sediment in a sampler
rdovsky et al.,1974; Khripounoff & Sibuet,1980; Akhmetjeva et al.,1982;
uet, 1984; Akhmetjeva, 1987) suffer from a even higher level of such «di-
ions.

Therefore the widely quoted conclusion Hauksson (1979) as a proof of
emoselectivity» of holothurians seems completely groundless. The study
land et al. (1982) which claimed that Holothuria forskali can recognize

! The calculation of Ivlev’s index, if calculated by fraction weighing instead of particle coun-
, 88 done by some researchers (Yingst, 1982; Roberts & Bryse, 1982; Ong Che, 1990), is abso-
ly meaningless.
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most organically rich portions of the surface sediment with the aid of chemosen-
sory receptors completely lacks the assessment of sediment composition and
gut contents. Thus an important ecological conclusion was drawn solely on
the basis of histological analysis of the tentacles!

In holothurians with digitate tentacles (Molpadiida, numerous Apodida)
adapted to manipulate individual sediment particles,such selectivity is basi-
cally possible, though not proved. Aspidochirotida and species of Apodida
with pinnate tentacles represent a different situation. Though their tentacles
are capable of entrapping large objects, their basic operating mode simulta-
neously entraps fine particles.

Admitting a mechanical-adhesive pattern of food entrapment by tentacles
(see Section 4.1.2), it is necessary and sufficient for particle seizure that all or
some of the particle physical parameters (size, density, shape, surface texture)
are within certain limits for which a food catching apparatus is oriented.
In this case, if the chemical properties of a particle are «associated» with
physical ones within the above limits, the particle would be entrapped even
without preliminary detection. However, if its chemical features are not
expressed physically, selective entrapment of a particle, even detected by
chemoreceptors would be impossible. Thus, in the first case a preliminary
chemical identification would be superfluous; in the second, it would prove
insufficient.

What then is the explanation of the differences between the volume
of organic substance in the gut contents and «surrounding sediment», fre-
quently noted (Bordovsky et al., 1974; Powell, 1977; Webb et al., 1977; Hauksson,
1979; Roberts, 1979; Bouland et al., 1982; Hammond, 1983; Massin & Doumen,
1986; Ong Che, 1990 — see Table 5.2). The surface microlayer incorporates
organic-mineral substances, faecal material, remnants of animals and plants,
detritus (see Section 3.1.2). Organic particles are distinguished from mineral
ones in numerous physical parameters. They possess a considerably reduced
density (and consequently residual weight), a larger specific surface, and more
complicated surface microtopography (Rhoads & Young, 1971; Johnson, 1974,
1977; Bienfang, 1980; Cammen, 1982; Taghon et al., 1984). These are specifi-
cally those features which enhance the retention of particles by tentacles
by pinching and adhesion.

Chemoselection is commonly treated as an active process. «Active» and
«passives selectivity have not been defined. However it is possible to conclude
from the context that active selection suggests preliminary assessment
of particle nutrient quality (e.g. organic content) with the aid of special re-
ceptors, and subsequent capture of particles corresponding to the search im-
age. Passive selection is devoid of such an assessment stage. However, the
distinction between «volitional» and «mechanicals actions presents a compli-
cated problem even for higher vertebrates. In application to invertebrates the
uncertainly is repeatedly increased. An effort to make such a demarcation
with respect to deposit-feeders in which entrapment and processing of food
objects is combined seems totally hopeless.

The historical background of the concept of deposit-feeding within various
taxonomic groups indicates the tendency not to use the concept of «active
selectivity». In fact, all current feeding models of deposit-feeders (Taghon
et al., 1978; Taghon, 1982; Jumars et al., 1982) are mechanical (otherwise



Feeding selectivity of deposit-feeding holothurians 85

sometimes termed as «stochastics). Such models consider selectivity to result
from physical interaction between food catching and (if available) food pro-
cessing organs, and food objects possessing definite physical properties. These
models make no mention of particle selection by quality receptors.

Unfortunately the methodology of feeding experiments on holothurians
is less developed than for deposit-feeders such as polychaetes. Nonetheless
the available data on holothurians (Bordovsky et al., 1974; Massin, 1979; Bou-
land et al., 1982; Moriarty, 1982; Hammond, 1983; Sibuet, 1984) are relevant
for consideration of the chemical selectivity concept (selection of individual
particles using special chemosensitive receptors) may be completely explained
by mechanical selectivity.

The analysis of food capture in deposit-feeding holothurians indicates that
the first phase (search for food patch and activity therein) is behavioural.
In this phase, holothurian behaviour contributes to potential contact between
the tentacles and organically enriched particles. At this stage external
selective facilities participate in the feeding process of both epibenthic and
infaunal holothurians. For the former this is the water-bottom interface, for
the latter,cavities in the sediment. However the princi pal difference between
epibenthic and infaunal species lies in the fact that the former group of
holothurians u s e external natural selective facilities while the latter one is
creating them. The selectivity at the second phase (beginning with
entrapment of particles) shows itself only in the functioning of morphologi-
cal structures of the holothurians. No active particle selection is occurring,
the resulting selectivity is the effect of physical (interaction between food
catching organs and food objects) and physiological (digestion and absorp-
tion) processes.

Hence feeding selectivity in the holothurians group studied is relatively
poor. It may be classed no higher than the third order (according to Johnson,
see Section 5.1), i.e. it includes selection of forage sites. Holothurians are
incapable of actively selecting particular components at the site.

Selectivity is an energy consuming process and is used only if energy
benefits exceed the cost. Deposit-feeding holothurians demonstrate a very
energy saving technique of selecting the most valuable nutrient components
out of organically poor material available.

8§.1.4. ARE HOLOTHURIANS «OPTIMAL FORAGERS»?

This question is not so easy to answer due to the mere fact that the so-called
optimal foraging theory (OFT), often used (e.g. Hughes, 1980) as a gene-
rally accepted concept, does not at present possess a set of postulates that
are adequate criteria for unambiguous evaluation of trophic behaviour
{Levin, 1990).

Basic attention of both adherents and opponents of OFT is paid to the
function of feeding selectivity for maximizing energy or time. To evaluate
the correspondence between food-catching activity of animals and the OFT
eme needs to specify whether the animals can rank food items by their energy
walue and selecting targets of higher rank. With respect to holothurians the
wery question of such ranking is incorrect. The fundamental feeding process
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includes ingestion of particles that are devoid of food quality and of energy
value (see Section 3.2 for a more detailed description).

Microphagy is suggested as the appropriate mode of feeding for animals
that have tentacles according to the optimal foraging theory. Fine particles
should be consumed selectively (Taghon et al., 1978). As previously demon-
strated, feeding behaviour of mobile holothurians does not follow the above
model.

Two contradictory ccncepts treating the effect of food quality on its con-
sumption rate can be distinguished: according to one concept, feeding rate
is inversely proportional to food quality; the other concept assumes direct
proportionality between these parameters (Taghon, 1981). Evidence on fee-
ding behavior of deposit-feeding holothurians (see Chapter 3) does not com-
form with any of these concepts. The feeding strategy of these animals
is aimed at providing the highest total amounts of material transferred through
gut. In other words, the feeding behaviour of holothurians is generally in-
variant to the quality of utilized food. It certainly should be noted that when
the amount of food material is relatively stable the total energy content in-
creases with utilization of higher-calorie material.

Regularities of animal movements are basically analyzed through directi-
vity or (less commonly) velocity of motion. However, optimization criteria for
these parameters in various trophic conditions are missing and their quanti-
tative testing is not possible. The adherents of the OFT have made numerous
attempts to examine the «organization» of the route of animals for optimi-
zing the foodcatching process. However, the only unanimous conclusion con-
sists in the assumption that directed routes are more efficient than random
ones (Hughes, 1980).

The foraging behaviour of the holothurian species I have studied basically
corresponds to a random-motion model. No tendency to ordering of route was
noted within food patches. On the contrary, in very thick food layers the
direction of motion of feeding holothurians becomes less predictable than at
sites with moderate feeding capacity. On bottoms devoid of a food layer the
movement of holothurians was better organized than at sites of intensive
feeding. Such directed foraging motion of starfish was considered optimal by
McClintock & Lawrence (1985).

A «non-optimal» routing pattern for sites with various food capacity is
also reported for other echinoderm groups. Deviation of actual parameters of
feeding activity of the sea urchin Strongylocentrotus nudus from those pre-
dicted by the model is demonstrated by Hayakawa & Kittaka (1984). Non-
directional motion has been reported for some species of starfish (Pain, 1976;
Campbell, 1984; Levin et al., 1987).

Therefore, feeding in the holothurians examined does not agree with con-
ventional OFT. It seems likely, that such biological peculiarities of echino-
derms, as a poor development of distance receptors, specific biochemical pro-
cesses, primitive and conservative nervous system, hydraulic ambulacral sys-
tem not dependent on the energy used by muscles, high plasticity to the food
deficiency expressed in a zero or even a «reverse» growth, and extra-oral
digestion (in asteroids) limit the importance of food value on the evolution of
feeding behaviour (strategies). Echinoderms in general could be qualified as
«imperfect» consumers (sensu Ott, 1981), expressing optimal foraging strat-
egies only on the ecosystem level.
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§.2. TROPHIC SPECIALIZATION OF HOLOTHURIANS

Trophic specialization is one of important ways that increases the efficiency
of utilization of various food resources. Most of the current concepts of
trophic specialization tend to associate the breadth of feeding spectrum with
the abundance of utilized food. The hypothesis of MacArthur (1972) postulat-
ing that the breadth of trophic niche would increase with a decrease in avail-
ability of food resource, is very popular. According to MacArthur competi-
tion is the basic mechanism responsible for food spectrum.

In the opinion of Stenseth (1981), with an abundant of high quality food
specialization may take place even in the absence of competition. Glasser’s
(1984) contention that a stabilized resource is characterized by obligatory
consumption strategies: obligatory specialization (for excessive food supply)
and interphenotype generalization (for food shortage). The lack of resource
stability prompts the appearance of another optional strategy displaying char-
acteristics of either specialists or generalists, depending on relative food abun-
dance.

Food abundance is not the only parameter responsible for specialization
or generalization of feeding. Such parameters as the energy requirements
of the consumer, rate of feeding, movement, relative size of the consumer and
the food items are also important. As shown by Steneck (1982), various groups
of herbivores have increased trophic specialization with a reduction of ener-
gy requirements and the rate of the foraging movement. At the same time,
it is evident that the above conditions correspond to an adequate food supply.
This confirms a general regularity: the dependence of trophic specialization
on the abundance of available resource.

Due to specificity of feeding behaviour, the analysis of the size and compo-
sition of the holothurians gut contents cannot reveal the whole spectrum
of their food. To evaluate trophic specialization of a group these data should
be supported by information on animal behaviour and distribution.

The analysis of the gut contents of epibenthic Aspidochirotida and Apodida
i8 indicative of a basic similarity in the composition of particles gathered
by various species. Moreover, in many cases food similarity is reported even
for sharing the habitate representatives of various orders. Least variable
at the family level is food composition of synaptids. However these holothu-
rians also collect all food particles available. Aspidochirotids, apodids and
molpadiids predominantly feed on organic matter deposited on bottom sur-
face or burrowed therein, irrespective of its composition and properties.

Suspended organics, another basic resource of disperse organic matter avail-
sble in the ocean is utilized by dendrochirotids (Hyman, 1955; Massin, 1982a,
b; Smith, 1983; Costelloe & Keegan, 1984; Keegan et al., 1985). These animals
collect seston without specific preference to any of its components. Thus, the
basic trend of trophic resource utilization by holothurians is trophic general-
ixation.

A tendency leading to utilization of organic matter buried in the sediment
#s found in all orders of holothurians. This tendency is most pronounced
im molpadiids. Numerous apodids, some aspidochirotids and dendrochirotids
are burrowers (see Section 2.83). In my view adaptation to the burrowing mode
of life and utilization of organic matter in the sediment cannot be considered
ectual trophic specialization since both the morphology of feeding structures
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of such species and the feeding mode do not have any major differences from
epibenthic representatives of the same orders.

The question as to which of the two types of organic substance (deposited
or suspended) utilized by holothurians is more specialized is somewhat prob-
lematic. Roberts (1982) believes that deposit-feeding holothurians are trophic
generalists while suspension-feeders are specialists.

At the same time the data indicating greater variability and non-predict-
ability of seston as a source of food material compared to organic matter
in the sediment seem to be quite reliable. This is why suspension-feeders are
trophically less specialized than deposit-feeders (Levinton, 1972; Olafsson, 1986).

The analysis of a set of trophologic, morphologic and palaeontologic data
does not allow me to accept Roberts’ concept. On the contrary, I believe that
the level of trophic specialization of aspidochirotids is much higher than that
of dendrochirotids.

Two subgenera of the genus Holothuria in the Aspidochirotida are notewor-
thy: Selenkothuria and Semperothuria with pseudoarborescent tentacles, and
Pearsonothuria graeffei with typical aspidochirotid tentacle structure but much
larger (Levin, 1980; Levin et al., 1984). Selenkothurians, semperothurians and
Pearsonothuria are definitely specialized species.

An important question arises: did the above specializations emerge in con-
ditions of excessive or insufficient resources? A comprehensive study of the
feeding behaviour of animals at different taxonomic levels suggests that the
idea of unlimited food of any type in nature is erroneous: food is always
insufficient (Shvarts, 1980; Mina, 1986). I support this point of view with
respect to aspidochirotids. Evidently, this group does not contain species whose
specialization developed due to the availability excessive resource.

According to a classical concept (e.g. Pianka, 1981), specialization, contrib-
uting to the efficient consumption of certain resource is at the same time
responsible for reducing the organism’s food spectrum. However, on numer-
ous vertebrates and invertebrates groups was demonstrates that even ex-
treme morphological specialization of the feeding apparatus would enhance
rather than reduce trophic capabilities (Glasser, 1984; Mina, 1986). This is
quite true for the holothurians studied. My observations show that selen-
kothurians and semperothurians have acquired the capability to consume sus-
pended particles not instead of but in addition to deposited particles, utiliz-
ing any of the alternatives, depending on the circumstances. Therefore the
composition of their gut contents is one of the broadest among aspidochirotes
(Levin, 1979b).

The widening of trophic spectrum is also seen in Pearsonothuria graeffei.
I observed this species mainly in two sites with quite different conditions.
The first was in relatively deep-water (20-30 m), with substrates of coral
limestone and coral fragments. These conditions are adequate for other ho-
lothurian species. The second was thick coral overgrowths at 0.5-3 m depth
along the external reef edge. Here Pearsonothuria feeds directly on living
corals. No other holothurian species possesses such an ability. The size com-
position of the ingested particles is similar in both cases: fine grains not more
than 0.3 mm. The conditions during the evolution of this species not known.
However, it is evident that specialization of Pearsonothuria in collecting fine
particles allowed utilization of food resources in different sites abundant in
such particles.
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§.3. UTILIZATION OF FOOD BY HOLOTHURIANS: COMPARATIVE ASPECTS

Food items utilized by various echinoderms may be characterized by follow-
ing parameters:

1. Type of feeding: (a) Entire living animals or plants; (b) Metabolically
active parts of animal or plant; (c) Metabolically inactive parts of animal or
plant; (d) Macro-parts of dead animals or plants; (e} Detritus and associated
microorganisms; (f) Non-organic particles and associated microorganisms.

Thereis a princi pal differencein the dynamics of consumption and restora-
tion of various types of food resources. The recovery of resources is achieved
by natural reproduction requiring no less than a year. When utilizing living
parts of plants and animals (commonly colonial), the influence of the consum-
er on food objects is also considerable but food resources are restored much
quicker by growth and regeneration of parts consumed rather than through
reproduction. The influence of the consumer on the state of the producer’s
population is usually negligible or lacking. Recovery of resources is not con-
trolled by consumer.

2. Relative size of food objects.

3. Level of discreteness. The food objects may be solid, continuous (large-
gize colonial organism, portion of bottom surface with detritus film), or dis-
crete (separate animal, plant).

4. Structuring of time spent for food gathering. A period between succes-
give captures may be divided into the time of search of the next object and the
time of its manipulation.

Different consumers use different, often very specific techniques for feed-
ing on food items even of the same type. It may be assumed that most impor-
tant feeding features of echinoderms are described by the terms «macropha-
gous feeding» and «microphagous feeding» (Yonge, 1928). Unfortunately, these
terms are associated only with the size of the target, i.e. only one and not the
most important parameter. However, these terms are widely used in tropho-
logical literature and their change seems unlikely.

Microphagous feeding (Table 5.8) is ingestion of fine particles without
individual processing of each unit (Taghon, 1981). It is natural that in this
case a large (sometimes predominant) amount of particles of no nutrient value
is ingested. Regular microphagous feeders are holothurians (both suspension
and deposit-feeders), crinoids, irregular sea urchins, some starfishes and brittle
stars. The duration of search and seizure of each object is negligibly small;
searching and processing in these cases is occurs simultaneously (Hughes, 1980).

Table 5.3. Characteristics of microphagous type of feeding

Characters of food Time spent in feeding per 1 object
Individual Parts of
Relative size Discreteness Mobility " v1 u & nonnutrient Search Manipulation
selectivity .
objects
Very small Discreet Immobile Not possible Very big Very small Very small
(for deposit feeders) (combined)
Small Little

{for seston feeders)




90 Feeding selectivity and trophic specialization of shallow-water holothurians

Holothurians capable of utilizing only the organic matter suspended
in water near the bottom, deposited on the surface of the bottom or buried in
the sediment, represent a narrow specialized group. Bearing in mind high
morphological variability of holothurians, their abundance and large sizes, the
efficiency of these animals in using a resource type so unfavorable in terms of
energetic content is impressive.

It is believed that the leading line in utilizing food resource by holothuri-
ans as well as other groups of echinoderms is trophic generalization. Ho-
lothurians contain only a few specialized species; their ecological specializa-
tion is relatively low and, what is more important, is not accompanied
by appreciable morphological specialization. Thus the characterization of echi-
noderms by V. Beklemishev (1964): «... limitless transformations, continuous
redistribution, high versatility of trends of development and almost complete
lack of progress» is confirmed again.

Holothurians occupy a leading position among echinoderms in consump-
tion of one of the most widespread feeding source of the water-bottom inter-
face: suspended, deposited, and buried organic material.



Chapter 6. HABITAT MODIFICATION BY GRAZING
BY SHALLOW-WATER HOLOTHURIANS

It is generally accepted that organisms have an impact on their environment
(Vernadsky, 1967; Odum, 1971). However, the prediction of an effect on envi-
ronment by particular organisms in particular ecosystems presents an impor-
tant challenge. It comes together with one of the most significant and least
developed ecological problems: assessment of the «importance» of a species
in the community (Hurlbert, 1971).

The production approach which has gained popularity in hydrobiology (Davis,
1963; Crisp, 1975; Greze, 1978; Vinberg, 1983), often provides no way for even
a rough assessment of the ecological importance of a particular organism
in the community. This usually refers to large-sized, mobile benthic organ-
isms. Their effect on the volume and direction of energy fluxes in ecosystems
is much more substantial than what could be expected from the energetic
balance (Pomeroy & Wiegert, 1981).

In recent years increasing attention has been paid to the participation
of living organisms in all types of biotic activity showing itself in quantita-
tive distribution, mineral, chemical and isotopic composition of bottom sedi-
ments (Lisitsin, 1986). Presently the critical role of the ocean inhabitants, both
plankton and benthos in the sedimentation processes has been demonstrated
(Biogeochemistry of the Ocean, 1983; Lisitsin, 1986; Kuznetsov, Sagaidachnyi,
1987). Among others,holothurians are active participants in the re-distribu-
tion and transformation of the of deposited matter by the benthos, mostly
developed in near-shore areas.

&.1. BASIC TYPES OF IMPACT ON BOTTOM SEDIMENTS

A powerful modifying impact of benthos is exhibited on both soft and hard
sediments. However, most studies concern loose sediment. No more-or-less
ecomplete classification has been developed for an effect of benthic activity on
the environment. Numerous publications pay attention to some aspects of the
problem (Powell, 1977; Aller, 1982; Rhoads, Boyer, 1982; Probert, 1984; Akh-
metieva, 1987).

Studying the mechanical effect of deposit-feeders on bottom sediments,
Sokolova (1986b) identifies the following forms of activity: disturbance of
smooth bottom surface (faecal cords, furrows, holes); redistribution of sedi-
ment particles; loosening of surface layer due to the formation of faecal
elumps and pseudofaeces. The following types of impact are identified by
Tarasov et al. (1979): biofixation; moving of stones by buoyant algae; accu-
'mulation of biogenic carbonate material. Traces left by various animals on
the sediment surface and in its mass have been the object of extensive research
yalov et al., 1977; Reinek & Singh, 1981; Seibold & Berger, 1984).

One of the most complete and well-reasoned models is the classification
posed by Thayer (1983). He distinguishes the following types of impact:
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shifting of sediment particles by moving animals (various benthic groups);
capture and defecation of sediment particles (by definition, only for deposit-
feeders); pseudofaecal secretion (deposit-feeders); biosedimentation includ-
ing faeces and pseudofaeces production (by definition, only for suspension-
feeders); biotic resuspension (basically for deposit-feeders); fluidization (de-
posit-feeders, probably other mobile animals).

Numerous publications deal with the effect of benthic animals on physical
and chemical properties of sediments (Rowe, 1974; Aller, 1982; Matisoff, 1982;
Richardson, 1983; Krantzberg, 1985; Meadows & Tait, 1985; Medows, 1986;
Medows & Tufail, 1986). Attention is given to such parameters as particle
size, grain-size distribution, texture, density, water content, permeability, strength
properties are.

Some studies that concern a particular aspect of the problem are: benthic
impact in sedimentation, erosion properties, sediment stability (Sanders, 1958;
Rhoads, Young, 1970; Jumars et al., 1981; Nowell et al., 1981; Yingst, Aller,
1982; Grant, 1983; Jumars, Nowell, 1984; Probert, 1984; Taghon et al., 1984;
Luckenbach, 1986; Syvitsky et al., 1987). These studies analyze the processes
that are responsible for the increase or decrease in the adhesion of sediment
particles and for modification of sediment surface hydrodynamic properties.
Such processes include mucus secretion by animals, contributing to mineral
particle agglomeration, supply of faecal material forming a very porous tex-
ture, creation of tubes, formation of funnels, hummocks, furrows, modifying
bottom microtopography and enhancing its roughness and physical surface.

These processes may lead to the increase in critical shifting rate of the flux
above the sediment surface (sediment stabilization) or to its reduction (sedi-
ment destabilization), depending on the conditions.

Two most important aspects of trophic impact of shallow-water holothuri-
ans in the formation of bottom sediments discussed below are sediment trans-
port and variations in its physical and hydrodynamic properties.

6.2. TRANSPORT OF FOOD MATERIAL

A specific trophic function of holothurians consists in consuming the organic
matter from sediments on the bottom and the overlying water. However, in
addition to a reduction of the organic matter content at the water-bottom
interface, the feeding mode of these animals causes transfer of vast amounts
of sediment material. The character of such transfer is specified by particu-
lar features of food catching activity of holothurians.

Trophic classification of bottom animals (Blegvad, 1914; Hunt, 1925; Yonge,
1928; Zernov, 1949; Turpaeva, 1948, 1954; Sokolova, 1958, 1986; Savilov, 1957,
1961; Jorgensen, 1966; Newell, 1970; Kuznetsov, 1980; Tsikhon-Lukanina, 1987)
is commonly based on the food-source principle. In this classification, ho-
lothurians are characterized as seston- and detritus-feeders. However,
a mere identification of the source of organic substance (detritus, seston, etc.)
proves insufficient for making assessment of the ecological importance of
holothurians. The environment-forming role of these animals is largely deter-
mined by their biologicai features: life mode, mobility, faecal production mode
(see Section 2.3).
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A well-reasoned classification by Walker and Bambach (1974) is an impor-
tant step forward since inhabitation and feeding are considered separately.
However, this classification lacks information on the direction of movement
of consumed material. Information about the latter is available implicitly
in the analysis by Rhoads (1974) who classified deposit-eaters into three groups:
surface feeders, conveyor-belt feeders and funnel feeders. This scheme was
also applied to the feeding mode of holothurians (Powell, 1977).

Making use of the classification by Rhoads (1974) and the data from Pow-
ell (1977), Thayer (1983) strongly suggests the direction of movement of con-
sumed material. In conveyor-belt feeders it is the capture of food in the sed-
iment and defecation on the its surface. In funnel feeders, the ingested surface
sediment falls into the funnel, and defecation occurs within the sediment
a8 well as on the surface. Despite its basic advantages, this model is not
sufficiently complete. It fails to make allowance for some trophic characteris-
tics of holothurians, which is very important for the assessment of the impact
on the environment (see Table 2.1). A tunnel-building feeding pattern sug-
gested here is naturally missing in the above diagram. Finally, Thayer’s dia-
gram refers only to deposit-feeding holothurians.
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Fig. 6.1. Food transport pattern during the feeding process of
holothurians
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Classification of holothurians in terms of predominant transport direc-
tions of food material (Fig. 6.1):

A. Organic matter is localized on the water-bottom interface. Food material
is shifted in the horizontal plane and deposited on the surface of substrate in
the form of consolidated faeces.
All Stichopodidae, most Holothuriidae
B. Organic matter is localized within the sediment.
Only burrowing forms
B1. Food material is shifted from deeper sediment layers towards the surface
where it is deposited as consolidated faeces.
A small number of species of Holothuriidae and Cucumariidae (prob-
ably optionally)
B2. Food material is shifted from deeper sediment layers toward the surface,
and with unconsolidated faecal material enters the near-bottom water layer
and/or is deposited on the bottom surface.
All Molpadiida
B3. Food material is shifted horizontally and is deposited as unconsolidated
faeces in horizontal holes.
Scoliodotella lindbergi, and probably other burrowing Chiridotidae
B4. Food material, at various levels of the sediment, is transferred vertically
into different levels and is deposited as unconsolidated faeces on the sediment
surface into faecal mounds or within sediment in vertical or horizontal holes.
Leptosynapta tenuis, L. galliennei, probably other burrowing Synap-
tidae
C. Organic matter is localized in the water near the bottom.
Epibenthic and burrowing forms
C1. Food is deposited on the bottom surface as unconsolidated faeces.
C1.1. Epibenthic holothurians.

Numerous species of the Cucumariidae (including all Cucumaria)

and Phyllophoridae
C1.2. Burrowing holothurians.

C2. Food material enters the water column as unconsolidated faeces.
In some cases the faeces rise to the water surface.
C2.1. Epibenthic holothurians.
Some Dendrochirotida
C2.2. Burying holothurians.
Neopentadactyla mixta, probably other Dendrochirotida

The amount of material passing through the holothurian gut depends on
numerous factors such as animal size, sediment type, and water temperature.
In addition, the results are very dependent on the procedure used for identify-
ing the time the food resides in the gut. Therefore, it is not surprising that
information on the duration of food digestion even in such a well-studied
species as A. japonicus is quite ambiguous. The has been reported to be 30 h
(Tanaka, 1958), 21 h (Choe, 1963), 12 h (Isono, 1925}, and 24 h (Yamanouchi,
1929). For Holothuria leucospilota this time has been determined as 18 hours
(Ong Che, 1990).

However, the time the food resides in the gut after cessation of feeding
should not necessarily correspond to the digestion time. The results would be
more reliable in the case of direct determination of the rate of food pass
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through the gut. The volume of the gut contents in A. japonicus and the volume
of faeces produced in an hour (see Table 4.2) show the time of digestion to be 2-5.5 h,
much shorter than that reported (Yamanouchi, 1929; Tanaka, 1958; Choe, 19638).
The value obtained by the direct method (rate of passage of dyed sand) used in
the same conditions was about 2 h. This suggests the literature data on the
duration of food digestion in holothurians is probably overestimated.
Digestion is faster in Apoda. Thus, in Euapta lappa the time of the passage
i of food is 0.5—-1 h (Hammond, 1982a). Observations of Scoliodotella lindbergi
in a profile aquaria showed sand particles passed through the intestine in
14.1+2.3 min (pers. observation).
The amount of sediment reworked by deposit-feeding holothurians differs
with species (Table 6.1), being rather great in all cases.

Table 6.1. Amount of bottom sediment (dry weight) that passes through the intestine of holothu-

rians deposit-feeders

Species Region

Dry mass, g.day~!
[kg-m2year1)

Reference

Order ASPIDOCHIROTIDA

Bohadschia bivittata Palau Islands 124 Yamanouti, 1939

B. vitiensis 3 [1.9]

Holothuria atra Maldives Islands 44 Gardiner, 1931
Palau Islands 86 [13.7] Yamanouti, 1939
Rongelapp Island 144-288 Bonham, Held, 1963
Enewetak Atoll 82 Webb et al., 1977
Lizard Island 87 Uthicke, 1994

H. arenicola Bahamas 105 [47] Mosher, 1980
Jamaica 58 Hammond, 1981

H. difficilis Enewetak Atoll. [>1] Bakus, 1968

H. edulis Palau Islands 59 Yamanouti, 1939

H. flavomaculata 24

H. floridana Tortugas Islands 72-94 Mayer, 1917

H. leucospilota Hong Kong 441.0-594.8 Ong Che, 1990

H. mexicana Jamaica 118 Hammond, 1981

H. scabra Palau Islands 197 Yamanouti, 1939

Apostichopus japonicus Peter-the-Great Bay 49-120 Pers. observations

Isostichopus badionotus Bermudas 38 [6.8—-13.6] Crozier, 1918
Jamaica 107 Hammond, 1981

Parastichopus Santa-Catalina, USA 0.5-3.6 (October) Muscat, 1983
parvimensis 4.8-3.6 (April)
2.3 (January, stones) Yingst, 1982
1.7 (January, sand) -4-
P. tremulus Ranne-fiord, Norway 1.6 [0.02] Hauksson, 1979
& chloronotus Lizard Island 59 Uthicke, 1994
& variegatus Palau Islands. 50 Yamanouti, 1939
Order APODIDA
Synapta maculata Nhatrang Bay 130980 * Pers. observations
Leptosynapta tenuis Narragansett Bay, 19.5* Myers, 1977
USA [1700-8400%]
Boke Strait, USA 7.9-15.0 Powell, 1977
S$roliodotella lindbergi Peter-the-Great Bay 16.0-72.3 Pers. observations
Order MOLPADIIDA
Melpadia oolitica Cape-Cod Bay 158 Rhoads & Young, 1970
Puracaudina ransonetii Asamusi, Honshu 158 Yamanouti, 1927
Island
Peter-the-Great Bay 56.4-103.2 Pers, observations

me measured in em®.
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There is no information about the amount of food material ingested
by suspension-feeding holothurians. The volumes of faeces produced by two
species of dendrochirotids from Peter-the-Great Bay was 18-110 cm?-day ! for
Cucumaria japonica (body weight 285+36 g, n=37, water temperature 2-16 °C);
0.1-1.8 cm3-day*for Eupentacta fraudatrix (2.1+0.4 g, n = 116, t = 6-8 °C).

Feeding activity of many holothurian species changes sharply with a sea-
son. A. japonicus stop feeding in the summer over a large part of area they
populate. As a result, their visceral organs undergo morphological alteration
(see Section 2.8). Faecal production rate by H. leucospilota is minimal in
February and maximal in August (Ong Che, 1990).

The annual cycle of activity of A. japonicus can be divided into four peri-
ods: active, pre-estivation, estivation, restoration. The time of the beginning
and duration of these periods varies considerable in populations from differ-
ent regions. The time and mode of estivation in young individuals differ from
adults. Estivation can last several months. Actively feeding individuals found
alone with cessation of feeding throughout the whole summer. In winter
movement and feeding activity of A. japonicus is sharply lower.

The amount of ingested sediment in A. japonicus varies, depending on
changes in the activity. In Peter-the-Great Bay a maximal index of filling of
the holothurians’ gut was in April — early March reaching 20-45 % of the
mass of body wall. With an increase of the water temperature the index value
decreased (15—-30 % and 5-20 % in May and June, respectively). A mi-nimum
value (0—10 %) was found in August.

Seasonal changes of feeding intensity were also observed in other species
of Stichopodidae from temperate water. P. californicus in British Columbia
in September cease filling its gut with food (Fankboner & Cameron, 1985).
In P. parvimensis in California, loss of internal viscera and cessation of feed-
ing occurs from August through November (Muscat, 1982, 1983).

Seasonal variations reach a peak in dendrochirotes. Leptopentacta elonga-
ta in the coastal waters of England take food only in warm months and in
winter are in an inactive state (Fish, 1967). Neopentadactyla mixta at the
western coast of Ireland are also inactive for 6—8 months (from autumn to
spring). They burrow in the bottom sediment to avoid turbulent effect which
becomes stronger in winter (Costelloe & Keegan, 1984; Smith & Keegan, 1984).
Changes are also evident in Eupentacta quinquesemita in British Columbia
(Byrne, 1982).

Seasonal changes in temperature and hydrodynamic conditions affect,
in addition to the intensity, the feeding rhythm of dendrochirotes. Alteration
of rhythm was registered in Thyone fusus (Hunter-Rowe et al., 1976) and
in Aslia lefevrey (Costelloe & Keegan, 1984) near the Ireland coast.

The feeding activity of holothurians in tropical regions also has seasonal
variations. H. leucospilota in Nhatrang Bay in winter (November-January),
though the water temperature was high (25 °C), significantly reduced their
activity. Greatest changes occur in S. chloronotus and P. graeffei. The intes-
tines were only partially filled; the contents were not continuous. Frequently
S. chloronotus stayed motionless in shelter. Their behavior resembled very
much that of A. japonicus in the period of summer hypobiosis. A redu
intensity of faeces production in H. arenicola in the Bahamas in February,
compared to August, was reported by Mosher (1980).
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6.3. ALTERATION OF PHYSICAL AND MECHANICAL PROPERTIES OF SEDIMENTS

The sea-bottom sediment is a complex dynamic system that is constantly
interacting with overlying water layers. Life of all sea-bottom animals de-
pends, to different extents, on the microstructure of sediments and their phys-
ical-chemical properties. One of the most important mechanical properties
of sediment is shear strength. As shown in Table 6.2, the sea-sediment resis-
tance to shift determined by penetration and revolving shear range from
0.27 to 370 kPa. The upper values of this index for shallow sediments deter-
mined in situ did not exceed 10 kPa.

Table 6.2. Resistance to shear of some sea-bottom sediments

Zone, type of sediment tv::t{n(: Cor::ité::s of Resistance to shear, kPa Reference
Littoral, sand ? In situ 64.8—-94.4 Chapman & Newell,
1949

Sublittoral, from sandy  Rotary cut In situ, diver 0.96-1.6, to 10 Moore, 1962
silt to silty sand

Sublittoral Rotary cut In situ, diver 1.4-7.6 Dill & Moore, 1965
Sediment from fluid to Static Laboratory <7.86 to >190
hard consistent penetration
Shelf Static In gitu, sub- Up to 10 Rhoads, 1973
penetration merged device
Deepwater silt Rotary cut In situ, 0.7-90.7 Monney, 1974
submarine
Sublittoral, silt Rotary cut In situ, diver 0.98 Rowe, 1984
The same, near 1.83
ceriantarias
Sbhelf, silt Rotary cut Laboratory 1-9 Lomtadze, 1990
sand 8-370
8ilt ? Laboratory 17-35 Solodukhin &
Arkhangelsky, 1982
Sublittoral Dynamic Laboratory 8.4 Deans et al., 1982
penetration
Deepwater silt, 1-2 cm Rotary cut Laboratory 0.68-0.82 Richardson, 1983
10—20 cm 5.0-12.5
Sublittoral, silt Rotary cut Laboratory 0.59-10.10 Okusa et al., 1983
Deepwater silt Dynamic Laboratory 0.25-25 Meadows & Tait,
penetration . 1985
Littoral, without Dynamic Laboratory ~ 0.3-90,4 Meadows & Tufail,
infauna penetration 1986
with infauna 0.5-0.6
Littoral Rotary cut In situ ~ 1-6 Meadows & Tufail,
1986
@wblittoral, silt Static Laboratory 10-30 Rubinshtein, 1986
penetration

A detailed study of the effect of holothurians on the environment were
performed in aquaria with Parastichopus californicus (Brenchley, 1981) and
im bottom cages with P. parvimensis (Muscat, 1983). In both cases attention
eoncentrated on the effect of feeding on accompanying benthic species. The
physical-chemical parameters were not taken into consideration.

% 8 C. JloBuH
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6.3.1. METHODS

The effect of holothurians activity on the sediment properties was experimen-
tally studied in 19801986 in Vityaz Inlet (the Sea of Japan), and in 1985 and
1987-1988 in Nhatrang Bay (Vietnam). Holothuria atra, H. leucospilota, Apos-
tichopus japonicus (order Aspidochirotida), Cucumaria japonica, Eupentacta
fraudatrix (order Dendrochirotida), Paracaudina ransonetii (order Molpadii-
da) and Scoliodotella lindbergi (order Apodida) were studied.

Fig. 6.2. The cage with air-operated barrier

In Vityaz Inlet cages with air-operated barrier about 0.5x1, 1x1 and 2x3 m
(Fig. 6.2) were installed on the depth 3-5 m, and testing grounds about 20x20 m
placed on the depth 4—6 m (Levin, 1982c). In Nhatrang Bay testing grounds were
about 30x30 m at 4—8 m depth. The experiments lasted 24—-410 days (Table 6.3).

Table 6.3. Conditions of experiments

E";‘:;“ Soccies Experiment | Timeof | Duration | Initial body P;;‘f;’:“:“
number pe type experiment (days) weight (g) (l,m_i)
1 Holothuria atra TG VI-VII 26 847 10
2 XI-1 37 81+8 10
3 H, leucospilota VI-VII 24 997 10
4 XI-1 39 98+6 10
5 Apostichopus C v-vii 410 968 1
(] japonicus vV-vil 87 102+6 10
7 wv-vil 108 194 1
8 IX-v 231 202+8 10
9 A Iv-I1X 141 107 1
10 vV-X 150 97+6 10
11 V-Vl 82 205 1
12 VII-IX 80 2025 10
13 Cucumaria japonica TG VI-VII 393 361x15 10
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Table 6.3 — continued

Experi- ) Experiment | Timeof | Duration | Initial body | FoPUlation
ment Species . . density *
number type experiment (days) weight (g) (1-m2)
14 A V-VI 49 3427 10
15 Eupentacta
fraudatrix TG VI-VII 392 10.1+0.8 150
16 A V-VvIl 47 9.6+1.3 100
17 Paracaudina
ransonetii VII-IX 32 30+3 10
18 VI-VIII 46 26+2 10
19 Scoliodotella
lindbergi VIII-IX 51 1.8+0.2 200
20 VIII 24 1.6+0.2 200
Key to references: TG — testing ground, C — cage, A — aquarium.
Controls in experiments 1 and 3, 2 and 4, 13 and 15, and 14 and 16 are aligned.
% For aquaria — calculated value.

Laboratory experiments were done at the Marine Experimental Station of
the Pacific Oceanological Institute in Vityaz Inlet. 120 1 aquaria with a 20-cm
thick layer of sand on a gravel base were used. The experiments lasted 60~150
days (Table 6.3).

The density of natural sediment (p), absolute water content (W), permeabil-
ity (q), shear strength (z), angle of internal friction (¢) and degree of develop-
ment (thickness) of the mobile upper layer (k) were measured (Table 6.4).

Sediment density and the water content were determined in samples taken
ot 0,5 and 10 cm depth by conventional methods used in the study of soils and
im oceanology (Lomtadze, 1990). The other parameters were measured in situ
wsing special devices (Levin, 1987a; see Section 8.1.1). Permeability was esti-

Table 6.4. Number of measurements in the experiments

Horizon Aquarium Cageor testing ground
Index
©m) | Test | control | Totai® | Test | Control | Tota®
Density 0 3/3 3/3 342 5/5 5/5 510
5 3/3 3/3 5/5 5/5
10 3/3 3/3 5/5 5/5
Moisture 0 3/3 3/3 342 5/5 5/5 510
5 3/3 3/3 5/5 5/5
10 3/3 3/3 5/5 5/5
Shear strength 0 3/3 3/3 342 5/5 5/5 510
5 3/3 3/3 5/5 5/5
10 3/3 3/3 5/5 5/5
Permeability 0-10 3/3 3/3 114 5/5 5/5 170
Internal friction
angle 0 2/2 2/2 76 3/3 3/3 102
Thickness of
mobile layer 0 3/3 3/3 114 5/5 5/6 170
Total 1330 1972

Numbers of replicates in the beginning / at the end of test or control.
® Considering the combining of controls in four experiments.
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mated by the time of elevation of water in a standard vacuum sample selector
plunged in the sediment 5 cm deep; shear stress with a hand vane-shear device
with 19 mm blades; the angle of internal friction of the sediment with
a submerged inclinometer; the composition of mobile layer with a fractionat-
ing suction sampler.

8.3.2. RESULTS OF EXPERIMENTS

In the experiments performed in situ and in aquaria the activity of holothuri-
ans usually had a strong effect on the physical properties of sediment (Table
6.5). The type of effect differed, depending on the trophic group of holothuri-
ans. The values lay within the following range: density p: 1.05+1.83 g-cm™3;
absolute water content W: 80+480 % ; permeability q: 365+10 s; shear strength
t: 0.2+9.3 kPa; internal friction angle ¢: 40+80°; thickness of mobile layer h:
0+5 conventional units.

Table 6.5. Alteration of physical-mechanical characteristics of sediments in the experiments
with various holothurian species

. No. of Horizon Experiment Control
Species experi-
ment (cm) Beginning End Beginning | End

Density (g'm3)

Holothuria atra, 1,3 ] 1.35-1.42 1.24-1.47 1.31-1.37 1.24-1.33
H. leucospilota 5 1.37-1.40 1.32-1.47 1.35-1.36 1.31-1.43
10 1.34-1.45 1.33-1.44 1.39-1.51 1.40-1.52

Holothuria atra, 2,4 0 1.25-1.33 1.7-1.7 1.23-1.31 1.26-1.30
H. leucospilota 5 1.47-1.61 1.6-1.4 1.37-1.52 1.42-1.51
10 1.44-1.51 1.7-1.2 1.48-1.53 1.44-1.54

Apostichopus 6-12 0 1.51-1.66 1.47-1.72 1.45-1.60 1.54-1.61
japonicus 5 1.46-1.70 1.49-1.70 1.48-1.68 1.51-1.68

10 1.49-1.75 1.50-1.73 1.51-1.74 1.58-1.7%

Cucumaria 13, 14 1) 1.63-1.70 1.16-1.44 1.64-1.68 1.65—1.68
japonica 5 1.73 1.58-1.70 1.69-1.73 1.68-1.76

10 1.72-1.7% 1.81-1.83 1.71-1.73 1.72-1.74

Eupentacta 15, 16 0 1.61-1.70 1.58-1.68 1.63-1.68 1.63-1.69
fraudatrix 5 1.72 1.67-1.72 1.68-1.71

10 1.69-1.72 1.67-1.71 1.68-1.73 1.69-1.75

Paracaudina 17,18 0 1.40-1.48 1.16-1.47 1.47-1.54 1.51-1.58
ransonetii 5 1.47-1.54 1.26-1.55 1.46-1.52 1.47-1.59

10 1.51-1.61 1.12-1.65 1.46-1.53 1.47-1.58

Scoliodotella 19, 20 0 1.40-1.51 1.30-1.61 1.45-1.50 1.44-1.54
lindbergi 5 1.51-1.63 1.05-1.40 1.56-1.64 1.61-1.68

10 1.53-1.656 1.35-1.52 1.58-1.65 1.60-1.68

Moisture (%)
H. atra, 1,3 296-337 211-420 322-357 312-355

0
H. leucospilota 5 295-338 312-350 301-311 300-314
0 316-348 299-340 339-351 310-323
H. atra, 2,4 0 290-319 291-417 321-330 318-351
H. leucospilota 5 237-254 223-256 210-249 238-248
0 260-262 236-270 231-297 2569-260
0 274-365 233-352 240-353 231-358
5 226-336 183—-326 172-332 144-312
0 234338 238-322 229-334 212-328

A. japonicus 6-12
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Table 6.5 — continued

. No. °'f Horizon Experiment Control
Bpecies experi-
ment (cm) Beginning End Beginning End
C. japonica 13, 14 L] 224-278 395—-480 231-279 232-280
5 149212 194-196 173-216 191-220
10 112-130 80-129 101-140 92-144
E. fraudatrix 15, 16 0 212-273 355—460 235—275 223-270
5 154-233 190-194 170-215 192-237
10 110-130 71-134 92-108 68-106
P. ransonetii 17,18 0 255-356 270-459 294-361 290-330
5 287-337 271-396 291-353 274-318
10 250-312 230—-460 292-328 232-298
8. lindbergi 19, 20 0 275-316 235—-357 310-347 286-345
5 296—337 265—439 294-331 245—-296
10 286-340 275—408 306—-388 290-310
Shear strength (kPa)
H. atra, 1,3 0 3.1-3.7 2.3-4.3 2.7-3.2 1.8-3.0
H. leucospilota 5 3.9-4.9 4.0-4.8 4.4-5.1 4.2-5.0
10 4.3-4.7 4.8 3.9-4.7 3.7-4.3
H. atra, 2,4 [¢] 2.5-3.1 1.0-3.4 1.8-2.3 1.7-2.7
H. leucospilota 5 3.9-4.7 4.2-4.68 3.7-4.2 4.1-4.3
10 3.5-4.3 3.4-4.5 4.0-4.4 3.9-4.5
A japonicus 6-12 0 3.9-6.1 3.7-6.4 3.5-6.5 4.4-6.4
5 3.8-6.6 4.9-7.2 4.3-7.9 5.2-8.0
10 4.7-7.4 5.1-7.1 4.8-7.3 4.8-7.4
C. japonica 13, 14 0 7.2 3.9 8.6-7.0 6.4-6.9
5 7.1-7.6 7.3-8.6 7.2-7.9 7.5-8.0
10 7.1-7.5 7.4-7.5 6.9-7.8 7.2-7.6
& fraudatrix 15, 16 [4] 6.1-7.2 3.5-4.5 6.4-6.8 6.3-8.9
5 6.6—-6.7 6.7-8.0 7.2-7.6 7.3-7.7
10 6.5-7.1 6.7-7.2 6.6-7.3 6.8-7.3
P. ransonetii 17,18 0 4.3-5.9 1.8-8.5 4.6-5.2 5.1-5.8
5 4.7-6.0 3.1-6.8 4.8-5.1 5.2-5.5
10 5.1-6.4 1.0-4.8 4.7-5.2 4.6-5.6
& lindbergi 19, 20 0 4.9-5.9 3.5-9.3 3.9-4.7 4.4-5.6
5 3.8-5.5 0.2-2.3 4.3-5.1 4.2-5.6
10 5.3-6.7 1.4-6.8 5.4-5.8 5.3-6.7
Permeability (sec)

B. atra, 1,3 0-5 200-159 281-10 205-173 227-176
8. leucospilota 2,4 0-5 308-279 305-202 268-241 283—220
A japonicus 6-12 0-5 497-294 551-251 524-265 493254
€ japonica 13, 14 0-5 389—-335 805-387 862-331 443-380
B fraudatrix 15, 16 0-5 440360 578-412 405—-367 439-382
P. ransonetii 17,18 0-5 333-250 370-27 304249 338—-256
& tindbergi 19, 20 05 331247 389-656 287-232 360—-280

_Internal friction angle ()
A atra, 1,3 0 52-58 47-61 49—-53 46-51
B leucospilota 2,4 ] 54-56 48-58 53-67 52—-57
Japonicus 6-12 ] 58-67 56-66 '55-69 57-68
Jjaponica 13, 14 0 6067 85 62-64 62-65
fraudatrix 15, 16 0 58—-68 79 62-64 61-64

. ransonetii 17,18 0 58 40-52 54-58 57

Hndbergt 19, 20 1] 6062 61-63 58 56-60
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Table 6.5 — continued

No. of Horizon Experiment Control
Species experi-
ment {om) Beginning End Beginning ] End

Thickness of mobile layer (comparative units)

H.atra, 1,3 o 2-3 5 2 2
H. leucospilota 2,4 0 4 4 4 4
A. japonicus 6-12 0 3 1-4 3 2-3
C. japonica 13, 14 0 2-3 5 2 2
E. fraudatrix 16, 16 0 3 5 2 2
P. ransonetii 17,18 0 2-3 5 2-3 2-3
S. lindbergi 19, 20 0 2 2-3 2-3 3

Numbers of experiments correspond to those in Table 6.3.

The effect of epibenthic deposit-feeders in the two regions (H. atra and
H. leucospilota in Nhatrang Bay and A. japonicus in Peter-the-Great Bay)
was limited to the upper layer, being expressed predominantly as a widening
of the range of parameters, i.e. an increase of the degree of heterogeneity
of physical properties of sediment over an extended area.

Permeability of sediments in bottom testing area of Vietnam was on the
whole higher than the sediments of the Sea of Japan. This agrees with the data
about the ratio of values of sediment permeability in tropics and temperate
latitudes (Webb, 1969). The mobile surface layer of sediment (MSL) in Nha-
trang Bay was expressed much better in winter than in summer.

A special mention should be made about variations in the change of MSL
thickness revealed in the experiments in Nhatrang Bay carried out in sum-
mer and winter. They can be ascribed to the presence of larger amounts
of suspended solids in water in the period of continuous winter storms. In
these conditions restoration of the consumed layer does not take long time.
The effect of H. atra and H. leucospilota on the other parameters of sediment
is also weaker in winter.

The feeding of suspension-feeders C. japonica and E. fraudatrix led to an
increase of the MSL thickness, followed by a decrease of density, permeability
and strength. There was a sharp rise of consolidation of layer (especially
in the experiments with C. japonica) as was evident from an increase of the
angle of internal friction to 85'.

Unlike the above species, the infaunal deposit-feeders P. ransonetii and
S. lindbergi exert an effect not only on the upper layer but on all layers of
sediment. Also different is their effect on the sediment surface. The feeding
of S. lindbergi, though having some impact in the sediment properties on the
surface manifested, for example, as an increase of density, practically did not
change the thickness of MSL. The feeding of P. ransonetii led to a sharp
increase of its heterogeneity.

As far as the instrumental studies of the effect of holothurians on the of
bottom sediment properties are concerned, there appears to be only one work
by Myers (1977) devoted to the effect of the funnel-building apodida Lepto
synapta tenuis on the «viscosity» of surface layer. Qualitative information
is available about one more species Molpadia oolitica (Rhoads & Young, 1971).



Latitudinal regularities of environment-modifying activity 103

Thus a comparison can be made with the results obtained in the study of
P. ransonetii — a species ecologically very close to M. oolitica.

The findings in my experiments with P. ransonetii suggest an increase
of the water content in deep layers of holothurian populated sediment, which
agrees with observations of M. oolitica (Rhoads & Young, 1971). This serves
to confirm that large amounts of loose faecal material accumulate in the relief
depression. However, in my experiments there was no evidence that the surface
comes to be inhabited by sedentary polychaetes (likely due to the short duration
of the experiments) and as the sediment at the water—bottom boundary layer
had lower consolidation and strength compared to deeper soil layers.

The experiments with P. ransonetii as well as with S. lindbergi confirmed
the observation of Rhoads and Young (1970, 1971) that the thickness of sed-
iment layer reworked by the animals can have some effect on the properties
of underlying layers — with a high level of bioturbation in the upper (over-
lying) layer the water content across the whole of sediment decreases by
a smaller value than in the sediment not reworked by animals.

The results of the above experiments and available literature data give
grounds to suggest the following main routes of the effect of some trophic
groups of holothurians on the properties of bottom sediments (only species
used in the instrumental studies are mentioned).

A. Deposit-feeders

Al. Epibenthic (Holothuria atra, H. leucospilota, A. japonicus)
Increase the heterogenic properties of the upper layer of sediment.
Decrease the thickness of MSL.

A2. Burrowing

A2.1. Conveyor-belt species (Paracaudina ransonetii)
Decrease density and resistance to shear, increase the water content
of deep layers, increase the heterogeneity of the thickness of the
MSL, lower consolidation and increase the permeability of overly-
ing bottom soil.

A2.2. Funnel-building (Leptosynapta tenuis, according to Powell,

1977; Myers, 1977)

Decrease the density of the upper 2—-10 cm of sediment, increase or
do not change the density of the upper layer.

A2.3. Tunnel-building (Scoliodotella lindbergi)
Decrease the density and resistance to shear, increase the water con-
tent and permeability predominantly of the middle layer, can in-
crease to some extent the density of the upper layer.

B. Suspension-feeders (Cucumaria japonica, Eupentacta fraudatrix)
Greatly increase the thickness of the MSL, decrease to some extent
the density, resistance to shear and permeability of the upper layer,
increase both the water content and consolidation.

@4 LATITUDINAL REGULARITIES OF ENVIRONMENT-MODIFYING ACTIVITY
@.4.1. DISTRIBUTION OF TROPHIC GROUPS OF SHALLOW-WATER HOLOTHURIANS

The latitudinal zonation in oceanic characteristics has an effect on the shelf
populations (Neiman, 1988), the holothurians inhabiting coastal zone being
exception.
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Fig. 6.3. The number of species in three orders of shallow-water holothurians at different lati-
tudes.

A: Ratio of Aspidochirotida to Dendrochirotida species; B: percentage of species of Dendrochirotida with
respect to a total number of species in the list; C: percentage of species of Molpadiida with respect to a total
number of species in the list. X-coordinate: logarithmic scale

Little is known about the regularities of geographic distribution of higher
taxa of holothurians. The habitat of the Dendrochirotida is considered to be
temperate rather than tropic waters (Pawson, 1970; Bakus, 1973). Quantita-
tive data confirming this are lacking. To assess the regularities of the lati-
tude-dependence of the distribution of these animals, I analyze 39 lists
of holothurians inhabiting different regions of the World Ocean. The lists
contain three orders of holothurians representing the main trophic groups:
Dendrochirotida (suspension-feeders), Aspidochirotida (epibenthic deposit-feed-
ers) and Molpadiida (infaunal deposit-feeders).

A clear regular change occurs in the composition of species community
in the meridian direction (Table 6.6, Fig. 6.3). Proceeding from the equator
to the poles, the percentage of dendrochirotids rises successively and — which
must be stressed — a decrease in the ratio of the number of aspidochirotids to
dendrochirotids species. The value for the former ranges within two and for
the latter within three orders of magnitude. In the tropical-subtropical zone
the percentage of dendrochirotides species does not exceed 25 % of the total
number of holothurians species. In temperate waters it reaches 70 %.
It should be taken into account, however, that the number of dendrochirotides
species in tropics should be assessed as only relatively small. The total num-
ber of species belonging to this order is rather large. Thus, in the Indo-West
Pacific there are about 150 species Dendrochirotida and 125 Aspidochirotida
(Clark & Rowe, 1971).

Table 6.6. Taxonomic composition of shallow-water holothurians in the World Ocean

Total .
Region Latitude | number of A'::fi::h" D":‘:;;:m' Molpadiida Reference
species
Franz Josef Land 80-85° N 8 0 2 3 Baranova, 1972
Barents Sea 70-80° N 11 0 7 0 Anisimova, 1984
Sea of Okhotsk 50—-60° N 18 1 11 0 Ushakov, 19563
British Columbia 47-85° N 30 3 22 2 Lambert, 1984
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Table 6.6 — continued

Total . . R
Region Latitude | number of | ASPidochi- | Dendrochi- |\ 0 b0 1e Reference
rotida rotida
species &
Ireland 50-55° N 23 2 15 0 O’Connor et al., 1985
West Sakhalin 46-51° N 17 1 11 3  Fadeev, 1988
South Sakhalin, 45° N 31 1 19 [ Djakonov et al., 1958
South Kuril Islands
Peter-the-Great
Bay 43° N 21 1 11 3 Klimova et al., 1987
Bast shore of USA 40~48° N 21 0 14 2 Pawson, 1977
1taly 35~45° N 26 8 12 1  Tortonese, 1965
Mexico 25-30° N 46 17 21 2  Miller & Pawson, 1984
Canary Islands 28° N 17 10 4 1 Baccalado et al., 1985
Plorida 23~25° N 40 15 15 1 Hendler et al., 1995
Hong Kong 22° N 20 7 9 1 Clark, 1980
Central Eastern 32° N-
Pacific -10° 8§ 97 25 61 4  Maluf, 1988
Cuba 20-23° N 16 12 3 0  Levin & Gomes, 19756
Red Sea 14~-28° N 47 33 8 0 Cherbonnier, 1955
Mauritania 20° N 11 2 g 0  Massin, 1993
Antilles 18-20° N 26 20 4 0  Deichmann, 1963
Hainan Island 18-20° N 19 5 2 0 Liao, 1983
Belize 17° N 12 [:] (o] (3] Pawson,1976
Guam 13° N 30 23 2 0  Rowe & Doty, 1977
South Vietnam 12° N 55 29 10 1 Pers. observations
Somali 0-~10° S 18 16 1 0 Tortonese, 1980
sion Island 8° S 5 4 (1] ] Pawson, 1978
Aldabra Atoll g° s 35 27 2 0 Sloanet al., 1979
Cocos Island 11° 8 36 25 5 0  Marsh, 1994b
Northern Australia 10-20° S 90 38 32 5 Cannon & Silver, 1986
NW Australian 14-17° S 28 24 2 0  Marsh, 1988
reefs
Tahiti 17° S 20 17 0 0 Cherbonnier, 1954
Madagascar 13-25° S 122 85 40 0  Cherbonnier, 1988
New Caledonia 20-23° S 58 48 4 0  Feral & Cherbonnier,
1986
Houtman Abrolhos 28° S 33 23 7 1 Marsh, 1994a
Islands

Chile 20-50° S 18 0 9 4  Pawson, 1969
Western Australia 35° S 12 3 7 1 Marsh, 1986
New Zealand 35-42° S 31 1 18 4 Pawson, 1970
Cook Strait 40° S 12 1 7 0  Pawson, 1963
Terre Adelie 66° S 18 0 17 0 Cherbonnier, 1973
Weddell Sea 85-85° S 37 2 30 2  Gutt, 1988

® Only up to 100 m depth.

The latitudinal distribution of shallow-water Molpadiida presents a typical
picture. In the equatorial zone and the ice zones they are practically absent
and concentrate mostly between 80° and 50° of the Northern and Southern
Hemispheres. The holothurian groups also differ in the abundance. Dendro-
chirotides in temperate waters form large dense aggregations. Thus, near the
coast of Ireland the population of Aslia lefevrei reaches 70 ind-m™2, Thyone
fusus — 100, Neopentadactyla mixta — 420 ind-m~2(Keegan et al., 1985).
Near the Atlantic coast of the USA Pseudocnus lubricus form aggregations
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with population density 4000—-6000 ind-m~2(Birkeland et al., 1982). The densi-
ty of Eupentacta fraudatrix in Peter-the-Great Bay exceeds 100 ind-m~2 (pers.
observations) and is 400 ind-m2near the west coast of Sakhalin (Fadeev, 1988).

In the tropics dendrochirotides have local aggregations which have a much
lower density. The data on the distribution of Indo-West Pacific holothurians
(Clark & Rowe, 1971), the mean species range (expressed as the ratio between
the cases of reference to the species of a given order in all Indo-West Pacific
and the number of these species in this region) of Dendrochirotida is 2.4 times
smaller than that of Aspidochirotida. The lists of tropical commercial ho-
lothurians (Sloan, 1985; Conand, 1986) confirms the low density of tropical
dendrochirotides.

At the same time, in the tropical zone dense aggregations of dendrochi-
rotides settle over a small area. E.g. on the Enewetak Atoll the population
density of Afrocucumis africana was 546 ind-m=?(Lawrence, 1980). A small
area in the intertidal of the Tam Isl., Nhatrang Bay was densely populated by
Semperiella sp., up to 30 ind-m™.

The population density of aspidochirotides in the tropics is significantly
higher than the density of dendrochirotids in the same region, to say nothing
of the temperate waters. The maximal values were reported for Enewetak
Atoll: Holothuria hilla — 324 ind-m™%; H. atra — 52; H. leucospilota — 24;
Stichopus chloronotus — 15; Actinopyga mauritiana — 12 (Lawrence, 1980).
Such aggregations, however, are an exception. My own observations as well as
the literature data (Table 6.7) suggest that in the tropics the density of aspi-
dochirotides does not usually exceed one specimen per a few square meters.

Table 6.7. Mean density and biomass of deposit-feeding holothurians on coral reefs. The size
of area each 10* m? taken into account in calculating the values

r Taxon N N Abundance (ind'10™m™®) | Biomass (108g10™m™)

Indo-West Pacific

Gen. Actinopyga 30 356.4:213.6 26.2+96.32
Gen. Bohadschia 14 331.8+537.2 90.4:162.7
Holothuria nobilis 9 19.1+28.8 8.6+9.92
H. atra 8 446.6+630.6 54.0:-82.82
H. leucospilota
Other Holothuriidae 39 13953.7=79982 96.1:425.4
Fam. Stichopodidae 8 39.5-46.6 9.5+:13.1
Gen. Synapta, Euapta 19 23.2+43.2 8.3+14.9
Other Synaptidae 21 51.4:96.5 2.1:8.92
Fam. Chiridotidae 27 23.2:85.6 0.04:0.112
Cuba
Actinopyga agassizi 4 23.5+23.7 4.0-4.1
Holothuria mexicana 5 19.0+39.6 4.2:8.3
Other Holothuriidae 12 4605.3:15245 83.4+121.7
Fam. Stichopodidae 4 69.5+:73.8 27.2:43.6
Euapta lappa 11 8.3+9.7 1.4+2.1

Thus, the population density of aggregations of these taxa can be arranged
in the following order: Dendrochirotida at high latitudes > Dendrochirotida
in the tropics > Aspidochirotida in the tropics > Aspidochirotida at high
latitudes.
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As far as biomass is concerned, the picture is quite different. All dendro-
chirotide species within aggregations in the tropics and at temperate latitudes
are small or very small in size. Due to a very high population density, in some
regions they constitute a substantial amount of biomass. Maximal values —
about 9000 g-m 2 — were registered for P. lubricus on the west coast of the
USA (Birkenland et al., 1982). This is, however, rather an exception than
a rule. Usually the values are 1-2 orders of magnitude lower: e.g. in the
Bering Sea Psolus phantapus — 180 ind-m™2, on the coast of West Sakhalin
Cucumaria japonica — 164.6, E. fraudatrix — 398.2 ind-m~2(Fadeev, 1988).
Similar values were reported for maximal biomass of this group in the tropics,
e.g. A. africana — 491.4 g-m? (Lawrence, 1980).

The biomass of tropical aspidochirotids due to a large (often very large)
size can give still higher values. On Enewetak Atoll the following values were
reported: H. atra — 2550 g-m™2, H. leucospilota — 1180, 8. chloronotus —
2180, A. mauritiana — 7880 (Lawrence, 1980). The biomass of these holothuri-
ans in the tropics is usually stable over a large area and is expressed by high
values (see Table 6.7). A few species of shallow-water aspidochirotids that
reach temperate waters can attain considerable amounts of biomass in some
areas (the first to be mentioned is A. japonicus), but the mean biomass of this
holothurian group there is not very large.

This is why the order of holothurian biomass will be arranged in sequence
different from that of population density: Aspidochirotida in the tropics >
Dendrochirotida at high latitudes > Dendrochirotida in the tropics > Aspi-
dochirotida at high latitudes.

The quantitative regularities in question have a relation with the number
of holothurians in aggregations. The mean values recalculated for
a whole area of the region (and as it follows, the values reflecting a total
number of holothurians and their biomass) have another order of sequence
due to the differences in the size of holothurian body and in the type of animal
distribution.

Quantitative estimation of the distribution of some taxa of holothurians
was made using the data on two regions located at different latitude (see Fig.
1.1) that have been studied to approximately the same intensity — Peter-the-
Great Bay (43° N) and Nhatrang Bay (12° N). In both cases the area under
study was limited to the 20 m isobath. In Peter-the-Great Bay the area cov-
ered 40 km?, including the Vityaz and Troitsa Inlets (over 500 diving and
intertidal points); in the Nhatrang Bay the area of the same size was in the
western part of the bay (over 140 points).

The results of this investigation (Table 6.8) plus unpublished data and
those from the literature from other regions show that the mean values of
the number of individuals and biomass (as well as a whole number of individ-
uals and their biomass) of the two groups of holothurians in different lati-
tude zones calculated can be presented as follows: [Aspidochirotida in the
tropics ~ Dendrochirotida at high latitudes] >> [Aspidochirotida at high lat-
itudes =~ Dendrochirotida in the tropics].

Summing up the data on latitude-geographical distribution of shallow-
water Aspidochirotida and Dendrochirotida it must be recognized that the
changes in the diversity of species and the number of individuals have oppo-
site directions: in the first the values decrease from the equator to high lati-
tudes, while in the second group they increase. It should be mentioned at this
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Table 6.8. Intensity of reworking of sediment by holothurians in the Peter-the-Great and
Nhatrang Bays

Spp. number Biomas Reworked material quantity
Trophic group Family Al.:)unda_r;oe
N % (ind-m™) em¥g-l-m2y % (cm'-g"-m"+mn'.m‘-day") %
Peter-the-Great Bay (43° N)
Epibenthic depo- Holothuriidae 0 0 0 0 (4]
sitfeeders Stichopodidae 1 0.011* 1.590* 0.3 0.477
Synaptidae 1] 0 0 (4] (0]
Total 1 4.8 1.590 32.4 0.477 238.5
Infaunal deposit- Chiridotidae 6 0.019 0.019 5.9 0.112
feeders Molpadiidae 3 0.009 0.270 3.1 0.837
Total 9 42.9 0.289 5.9 0.949 46.7
Suspension Cucumariidae 10 0.020 3.030 0.2 0.606
feeders Phyllophoridae 0 0 0 0 0
Psolidae 1 + + 0.2 +
Total 11 52.3 3.030 61.7 0.606
Grand total 21 100 4.906 100 2.032
Nhatrang Bay (12° N)
Epibenthic deposit Holothuriidae 20 0.023 2.490 0.5 1.250
feeders Stichopodidae 4 + 0.101 0.4 0.040
Synaptidae 8 + 0.023 8.1 0.140
Total 30 75.0 2.614 99.9 7.0 1.430 99.5
Infaunal deposit- Chiridotidae 2 + + 7.4 0.306
feeders Molpadiidae 1 + + 3.4 +
Total 3 175 + + 10.8 0.008 0.4
Suspension Cucumariidae 1 + 0.001 0.3 +
feeders Phyllophoridae 6 + 0.002 0.3 +
Psolidae 0 0 0 0 0
Total 7 17.5 0.003 0.1 0.6 + 0.1
Grand total 40 100 2.618 100 18.4 1.437 100

* According to the observation made in 1968-1868 (prior to a decrease of number of Apostichopus japonicus;
see: Levin, 1982a).

point that dendrochirotides in the tropics are only relatively poorer in the
number of species and in the number of individuals compared to aspidochi-
rotides. As for the latter, they are practically absent in the temperate zones.

Geographical distribution of another group of deposit-feeding holothuri-
ans, epibenthic apodids, resembles that of aspidochirotids. In the tropics syn-
aptids are present in large numbers constituting a large biomass (see Tables
6.7 and 6.8). At high latitudes these holothurians are absent. The type of
distribution of infaunal apodids is rather similar to that of molpadids — in
temperate waters their number and biomass are large, but in the tropics they
are small.

A study of the trophic structure of shelf holothurians showed that the
relation of its parameters coincides with that established by Neiman (1988)
for the entire shelf benthos, but they have considerable differences (Fig. 6.4):

1. On the shelf of warm seas the total biomass of all trophic groups of
benthos is much lower than in cold and temperate waters; for shallow-water
holothurians these parameters have close values.
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Fig. 6.4. The relative biomass of trophic groups of shallow-water ho-
lothurians

2. On the shelf in the tropics the percentage of suspension-feeders greatly
exceeds that of epibenthic deposit-feeders; at moderate latitudes the biomass
of these two trophic groups is approximately the same, and the biomass of
infaunal deposit-feeders is very small. Shallow-water holothurians give quite
e different picture — in the tropics suspension-feeders and deposit-feeders
have an inverse relationship (compared to that of the whole shelf); but at
moderate latitudes suspension-feeders account for a major part of biomass,
being followed by infaunal deposit-feeders, and epibenthic deposit-feeders are,
as a rule, absent.

The above specific properties of the trophlc structure of shallow-water
bolothurians can be ascribed to a diversity of taxa. The predominance of ho-
Jothurian deposit-feeders in the shallow water of tropical-subtropical zone is
sccounted for by the abundance of two families of the order Aspidochirotida:
Holothuriidae and Stichopodidae, and the family Synaptidae of the order Apo-
da. Most of the species of these groups do not extend below 50-100 m and are
mot taken into account in a comparative study of the trophic structure of the
shelf benthos. A marked «deficiency» of the trophic structure on the coast of
temperate zones is due to the absence of the family Synallactidae (order Aspi-
dochirotida) that is common in the lower horizons of the shelf.

Now the question arises as to the explanation of this type of latitude-zone
ribution of shallow-water holothurians. Pawson (1970) and Bakus (1973)
were inclined to ascribe it only to the changes of the amounts and quality of
material occurring in the meridional direction. This, however, does not
m to be the only, and in some cases, the main factor.

My analysis show that the closest relation between geographical zone gra-
nts and the abundance of food and distribution of species is for the Molpai-
and burrowing Apodida. This fully confirms the results of Neiman (1988)
animals with analogous types of feeding. I also agree with Neiman in that
h distribution of animals can be due to a low content and low nutrient
lity of the organic matter (OM) in tropic sediments. Of all holothurian
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species, the OM content of sediment is likely to have the greatest effect on
Molpadiida — sedentary animals that are deep-sediment feeders.

Pawson (1970) correlates the abundance of dendrochirotidas in the temper-
ate zone with the presence there of large amounts of suspended food. Bakus
(1978) attributed the cause of such a distribution of holothurians to be a low
content of plankton and suspended particles of detritus in temperate waters.
However, according to Sorokin (1986), in recent years the idea of a small
content of plankton in coral-reef water was fully reconsidered. It was estab-
lished that suspended food material, including plankton, is present there in
abundance. As coral reefs are the main habitat of tropical holothurians, the
interpretation of Pawson and Bakus cannot be accepted.

No doubt, the abundance and composition of plankton vary with latitude
and this has an effect on the type of holothurian feeding. There are, however,
some other factors related to distribution of these animals.

Production of suspension-feeders is controlled to a larger extent by phys-
ical rather than biological factors (L.egendre et al., 1986). So that the intensi-
ty of the hydrodynamic processes is more important than the availability of
food. As shown in Section 8.3, a characteristic feature of the coastal zone is
the leading role of hydrodynamics. That is why variability of water mobility
and the type of sedimentation process have a significant impact on the distri-
bution of shallow-water organisms which have different types of feeding.
Now consider briefly hydrodynamic and sedimentological features of natural
(climatic) zones of the World Ocean (after Lisitsin, 1974).

Ice zones. The influence of turbulence on shore parameters, abrasion and
turbulent reworking of deposited material. Desintegrated rock sediments
prevail. Accumulation of biogenic sediments is practically absent.

Temperate zones. Average wave intensity exceeds 5 units. The effect
of turbulence on shore, abrasion and reworking of material are maximal.
Various desintegrated rock and clay sediments are often mixed with biogenic
sediments. The rate of sedimentation is increased.

Arid zones. Average wave intensity exceeds 8-5 units. The abrasion of
shores and reworking of sediment material are decreased. Terrigenous mate-
rial is present in small amounts, which accounts for the predominance
of carbonate sediments. The rate of sedimentation is very low.

Equatorial zone. Most characteristic features are calm and average inten-
sity of wave lower than 8 units. The abrasion of shores and turbulent rework-
ing of material are weak. The amount of terrigenous material is maximal,
combined with efficient production of biogenic material. The rate of sedimen-
tation is 3-10 times higher than that of arid zones.

Thus, one of the peculiarities of hydrodynamic characteristics of the trop-
ical-subtropical zone is a low effect of wave activity likely to be followed by
a decrease of the number of species and abundance of suspension-feeding
holothurians.

Latitude-dependent changes in the distribution of holdthurians are direct-
ly connected with the structure and mechanical properties of sediments.
At high latitudes sediments are usually composed of rock formations while
at low latitudes, of silt. The former has a higher carrying capacity. Sediments
characterized as less «strong» are inhabited by mobile suspension-feeders, and
stable sediments by immobile suspension-feeders (Boucot, 1981). Looseness of
tropical soft sediments can be an obstacle for the development of dendrochi-




Latitudinal regularities of environment-modifying activity 111

rotids that need a hard base for attachment. The physical properties of sedi-
ment are largely responsible for a degree of erosion of the sea-bed surface, for
the intensity of stirring-up and resuspending the sediment. Those processes
influencing the trophic properties of the bottom-water layer, and in shallow-
water areas having an effect on the thickness of the entire water layer.

One more factor likely to influence the distribution of holothurians is a di-
rect biotic relation of animals. It is the phenomenon referred as «trophic groups
amensalism» (Rhoads & Young, 1970). Then it was suggested to be a particular
case of the whole phenomenon of «biological bulldozing» (Thayer, 1983).

According to this hypothesis which has had a strong confirmation, a di-
rect suppression of immobile suspension-feeders (amensalism), or in general
all immobile organisms including plants, occurs on unconsolidated marine
bottoms. A clear inverse relation between the number of species (and, ex-
pressed to a lesser extent, the number of individuals of Aspidochirotida and
Dendrochirotida is in good agreement with the amensalism hypothesis.

Physiological-biochemical causes of this event must exist. Krasnov et al.
(1976) showed that the type of calcification of holothurian skeletal elements
changes in the meridional direction, to be more exact, the Ca/Mg ratio in these
animals increases from the equator to high latitudes.

Thus, latitude-zone changes in the distribution of holothurians has a com-
plex of factors. The combinations of factors accounting for «positives and
enegatives characteristics of distribution do not necessarily coincide. E.g. a
relatively small number of species and a decrease of the numerical abundance
of dendrochirotidas in tropics is due, in my opinion, to the following complex:
(a) a weak turbulation effect which makes difficult the restoration of OM
consumed by suspension-feeders in the near-bottom water layer; (b) weak
consolidation of sediment which prevents attachment of epibenthic and bur-
rowing holothurians; (¢) suppressed influence of numerous here aspidochi-
rotids. The obstacle for holothurians feeding within the sediment (molpadids
and burrowing apodids) to live in tropics may be, in addition to the primary
factor — the OM sediment content —, is a low carrying capacity of sediment,
which impedes burrowing.

6.4.2. LATITUDINAL ZONATION OF PATTERN AND INTENSITY OF INFLUENCE
ON BOTTOM SEDIMENTS

The results of experimental study of the effect of holothurians on the physical
properties of bottom sediments suggest that different holothurian taxa pro-
duce quite different effects on the environment. Since, as indicated above, the
distribution and the abundance of some species are subject to latitude regular-
ities, the overall intensity and the type of the effect of holothurians on depos-
ited matter also undergo changes in the meridian direction. Most significant
sre the changes of the effect on the substrate of the activity of Aspidochiroti-
da, epibenthic Apodida and all Dendrochirotida on one hand, and Molpadiida
snd burrowing Apodida on the other. In the former, the effect is exerted only
ea the upper layers of sediment or the hard bottom surface; in the second, on
the whole of sediment thickness.

Aspidochirotids and epibenthic apodids increase the heterogeneous proper-
ties of the upper layer of bottom sediment, thus decreasing its stability.
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Dendrochirotids more often facilitate accumulation of bound OM on the sed-
iment surface, increasing stability and decreasing permeability of sediment.
Dendrochirotids whose type of feeding does not lead to accumulation of sus-
pended matter are not numerous. Burrowing holothurians that are deposit-
feeders increase the vertical heterogeneity of the sediment physical proper-
ties. Molpadids and burrowing apodids make micro- and mesorelief of the sea
bottom more complicated (which may have either a positive or a negative
effect on sediment stability). The first of these groups is engaged in intensive
resuspension of deposited matter, while the second accumulates it in faeces.
Having a significant impact in the properties of deep sediment layers, the
living activity of tunnel-building Chiridotidae does not alter the microrelief
of its surface, but can increase surface stability somewhat.

The latitude-dependent aspects of environment-modifying activity of ho-
lothurians were studied making use of the data obtained in five latitudinal
zones: tropical-subtropical (equatorial + two arid)!, two temperate and two
ice zones (Fig. 6.5).

In the tropical-subtropical zone, where Aspidochirotida and epibenthic Apo-
dida are represented by a variety of species, the sediment is not subject to
much bioturbation. Here the effect of holothurians on the properties of the
sediment is limited to the upper lay-
/ er of bottom sediment. The low num-
/ ber of species Dendrochirotida ac-
counts for their small participation
/ + » in OM sedimentation.

In the temperate zones Holothuri-
idae are practically absent and there

4 Horizontal transport 1 \\
O Bioturbation \\ 4

J Biosedimentation

Fig. 6.5. Main types of effect of holothurians
on coastal bottom sediment at different lati-
tudes.

Figures in circle: average total intensity of wave ac-
tivity (according to Lysitsin, 1974)

are only a few species of Stichopo-
didae. Dendrochirotida, Molpadiida
and burrowing Apodida predominate.
Such a distribution of holothurians
allows these animals to have a strong
and diverse effect on the sediment
surface (biosedimentation and hori-
zontal transfer) and on sediment
thickness (bioturbation).

In the ice zones the main type of
holothurian effect on the environment
is biosedimentation; the horizontal
transfer of food material is absent.

Reworking intensity of shallow-
water holothurians also changes in the
meridional direction. Although infor-
mation about the amount of sediment
reworked by a species is available, no

11 did not find any clear gradients pertaining to the representation of holothurians between
the equatorial and arid zones that could have been expected, taking into account the considerable
difference in the type of sediment genesis. It is not clear yet whether this is due to a relative
similarity of the temperature and hydrodynamic conditions, or to a lack of data on distribution of
holothurians.
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information is available about total amount of material reworked by holothu-
rians inhabiting some particular area.

The intensity of holothurian reworking of deposited material in areas
of equal size (40 km?) in the Nhatrang and Peter-the-Great Bays is given
in Table 6.8. A main contribution in bioreworking of sediment in the Nha-
trang Bay is made by epibenthic deposit-feeders. In the Peter-the-Great Bay
it is associated with suspension-feeders. The impact of infaunal deposit-feed-
ers is rather significant. The high values of feeding intensity of A. japonicus,
epibenthic deposit-feeders, are unique for temperate waters.

The total intensity of holothurian bioreworking of deposited material
in coastal temperate waters is higher than in tropics. This is caused primarily
by the difference in the water temperature which results the individual rate
of reworking of sediment by deposit-feeders in tropical waters more than 4
times higher compared to temperate waters (Thayer, 1983). However, despite
alow individual rate, the cumulative intensity of
holothurian bioreworking of sediment in temperate waters — zones with
a large OM content — is higher than in regions with a small content of OM.

The other cause underlying differences in the intensity of bioreworking of
sediment is the peculiarity of the very process inherent in various functional
groups of shallow-water holothurians. Thus, the conveyor as compared to the
funnel-building individual, is 2-3 times more effective in transferring whole
sediment. At the same time, the former ingests a portion of food with one act
of bioturbation, while the latter with two acts. That is why the total intensity
of the holothurian effect on sediment depends to a large extent on the rela-
tionship of functional groups,i.e. their taxonomic structure in the region.

Using the available data we can estimate the total amount of deposited
material reworked daily by shallow-water holothurians in the main biotope of
the tropical zone — coral reefs. Using the area of coral reefs in Indo-West
Pacific (IWP) as 520-10? m?, and West Indies (WI) as 97-10° m?(Smith, 1978),
average biomass of holothurians in IWP reefs 29.3, and in W1 reefs 7.0 g-m™
(see Table 6.7); and a average individual feeding intensity of holothurians of
0.52 cm3-g '.day™!, the total daily volume of material reworked by holothuri-
ans in coral reefs is the enormous value of 8.8-10° m®. For a unit of the reef
area, this is equivalent to 13.8 cm?®-m=2-day’!, or 4860 cm?-m™2-year™'. These
values are in good agreement with data on the feeding intensity of some
species of tropical holothurians (Thayer, 1983).

Concerning this activity of shallow-water holothurians outside the tropi-
cal zone, information is available only for A. japonicus. The data for other
species are too fragmentary to make a reliable calculation. The total biomass
of A. japonicus over the whole area is 200—-260 thousand tons (Levin, 1982a).
Proceeding from the minimal value 0.3 cm?g!-day™ taken as the average
individual rate of bioreworking, the amount of sediment reworked by holothu-
rians daily is 0.06 — 0.08-10° m?®.

Holothurians like such groups of invertebrates, as Spatangoida, Calianassi-
da, and Arenicolida are the most efficient reworkers of sediment, «champions
of bioturbations (Thayer, 1983). Paleontologists obtained evidence about biore-
working activity of holothurians since the early Devonian, i.e. this group
belong to the most efficient ancient bioreworkers. Thayer (1983) showed that
evolutionary bioreworking of sediment first appeared in shallow-water areas
and then reached deeper water. This gives grounds for suggesting that ho-

8 B. C. Jlennn
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lothurians are not only the most efficient but evolutionary the earliest partic-
ipants in the process of reworking organic matter by benthic animals in the
coastal zone of the World Ocean.

Conclusions

1. Holothurians nhabiting the coastal shelf have a common morphological
feature and type of feeding. The structure of the tentacles, and the way
of using the substrate by shallow-water holothurians can be divided into
trophic groups: epibenthic deposit-feeders, infaunal deposit-feeders (convey-
or, funnel-building, tunnel-building) and suspension-feeders.

2. The particles ingested by epibenthic holothurians from the bottom, irre-
spective of its type, are relatively constant in size with a median diameter
of 0.13-0.19 mm. All holothurian species are alike in catching sediment parti-
cles of small size but differ if the particle size is more than 2 mm. The size of
ingested particles of different composition in different areas is similar.

3. The general level of food selection in shallow-water holothurians is not
high. Pre-capture selection is based on behavioural adaptation, which allows
use of the «external» selective facilities: water-bottom interface (epibenthic
species); funnels and burrow in sediment (infaunal species). Selection in the
process of foraging is determined by physical interaction of tentacles with
food particles. Chemoreception of OM-rich material is absent. The wide-spread
view about the partici pation of chemoselectivity in feeding of these animals
is a result of inadequacy of the methods of sediment sampling.

4. Feeding specialization in the Aspidochirotida and Dendrochirotida
is due to differences in their morphological structure. In the former it mainly
concerns the tentacle structure and size. In the latter, the form of the holothu-
rian’s body. It is most evident in the Holothuriidae where its development is
connected with progressive branching of the tentacles so the latter acquires
a «tree-like» look with an increase in the size of the tentacles of typical form.

5. The foraging strategy of epibenthic holothurians consists in maintain-
ing a maximally high stable level of the amount of ingested material regard-
less of material composition. Such a strategy does not agree with the theory
of optimal foraging. The volume per unit time of ingested material is main-
tained stable due to the inverse relationship of the rate of movement animal
and the thickness of the food layer.

6. In epibenthic holothurians the rate of food consumption depends on the
parameters of animal movement, the rate of replenishing and spatial distribu-
tion of food material. A peculiarity of feeding of shallow-water holothurians
is the rapid replenishment of food resources compared to the rate of consump-
tion. This is mainly achieved by horizontal transfer of food material.

7. The main routes by which epifaunal and infaunal holothurians effects
on the environment are a directional transport of food material and an in-
crease of horizontal and vertical heterogeneity of physical (density, moisture,
permeability) and mechanical (resistance to shear, internal friction angle)
characteristics of sediment.

8. In tropical shallow-waters the average biomass of holothurians deposit-
feeders is much higher than that of suspension-feeders. In temperate waters
most of the biomass is due to suspension-feeders, followed by infaunal deposit-
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feeders. Epibenthic deposit-feeders are not numerous and at high latitudes
are practically absent. A specificity of the trophic structure of coastal ho-
lothurians is accounted for by latitude-dependent changes in the abundance
and composition of food material, hydrodynamical and sedimentological gra-
dients, as well as by a direct biotic interaction of representatives of different
trophic groups.

9. The environment-modifying activity of shallow-water holothurians has
a clear relation to the latitude-geographical zonation. In the tropical and
subtropical zones the effect of these animals on the environment is evident
mainly as intensive horizontal transfer of material; bioturbation is practical-
ly absent. At temperate latitudes the effect is most intensive and diverse, and
includes bioturbation of all layers of sediment, plus deposition of organic
matter. In the ice zones, biodeposition plays a leading role.
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EPEAHCJIOBHE

TonoTypuu pacupocTpaHeHHI IO BceMy MHpPOBOMY OKeaHY; OOMTas HA PA3HMX
YHnax IPYHTa OT JMTOPaiu A0 abuccaabHBIX IIyOMH, OHM 3aHHMAIOT BO MHO-
X cooGIIecTBaX BeJyllee MO YKUCJEHHOCTH, GHOMacce M DKOJOTHYECKO 3Ha-
wAMOCTH nojoxenue. CrenuanbHOro BHMMAHUSA 3aCTYKMBAIOT rOJIOTYPHUH, Ha-
cenawoinre Haubojsiee MPOAYKTHUBHYIO NMPHUOPEKHYI0O 30HY MOpA; B aTOoH 30He
0co0eHHO CyIieCTBeHHA HX cpeAoo0pasyioman pojb.

HecmoTpa Ha aosonbHO 60ab100i#1 065eM HHPOPMaUNH, OTHOCALIEHCA K OH-
TANMIO HEKOTOPHIX BMAOB roJIOTYpHMil B OTHEeJABHRIX PermoHax, obobmalommue
weciefoBaHUA TpodhMUecKoil PoaH 3TOi rPyNNEI B IPUOPEIKHBIX S9KOCHCTEMAX
A0 CHX IOp OTCyTCcTBYIOT. HecoMuenHo, B 3HAYHNTENLHOM CTEIEHH 3TO OO BACHSA-
erca 6HOJIOrHYeCKHNM CBoeoOpas3ueM roJIoTypuit, 4acTo He HMO3BOJAIOIIUM HC-
WOJABL30BATH IPH MX M3YYEHHUH TPaJUIHOHHEIEe Tpodosoruyeckne metoAsl. I1pe-
OROJICHHE METOAUYECKHUX TPYAHOCTeH — 00A3aTeNbHOE YCJIOBHEe Ka4YeCTBEHHO-
1O CABHra B NO3HAHHMU GYHIAMEHTAJBHBIX 38KOHOMEPHOCTell INMUTAHUA 3TOH
rpyunsl JXHBOTHBIX.

Ilepen aBTOpOM HacTosIedl KHUI'M CTOAJM 3ajayn paspaboTaTs cHcTeMy
WETOAUYECKHUX MPHEMOB HCCJeJOBAHHA, HanGoJiee MOJHO OTBEYAIOIIUX CHeIlH-
@PHKe pPACCMATPHBAEMOM TPYNIbI; BHACHUTH OCHOBHBlE 3AKOHOMEDHOCTHM WC-
BOJIL30BAHUA TOJIOTYPHAMH MHIIEBBIX YaCTHI; ONHUCATH NIPOCTPAHCTBEHHLIE Xa-
PRKTEPHCTHKM NMOTPe6JeHNA 3TUMH XHBOTHBIMH IIHIEBOTO MaTepHaia; BhiA-
suTH HauboJiee 3HAYMMBIE NJIA NUTAHMA MOPGOIKOJOrudecKne oCcoOeHHOCTH
PONIOTYPHIl; OEHNTH BIHAHNE TPOPHUUECKOH AeaTeTbHOCTH IOJIOTYpPHit Ha cpe-
Ry oburanus.

f nckpenne npusHaTeneH KoJueraMm u3 THxooxkeancKoro MHCTHTYyTa GHO-
epraaudeckoit xumnu [[BO PAH, WHcTMTYTa 6HOJIOTHH MOP#, 300JOrHYECKOTO
amcTuTyTa, AHcTHTyTa OKeaHosornu, MuctuTtyTa GHosorry 0:KHBMX Mopeit, MB-
€TATYTA dBOJIOIUOHHON MOPGOSOTHH U SKOJOTHH KUBOTHBIX, THX0OKEaHCKOTO
m Bcecolosnoro HayuHO-uCClIeA0BATENbCKMX HHCTUTYTOB PHIGHOrO X03AHCTBA
®m oKeaHorpagHMu 3a BHUMaHHEe ¥ IOMOIIb B BHIMOJHEHUH MCClAefOoBaHMii, IeH-
msle KOHCYJbTalyy, CTPOT'YIO, HO Beerja A06poKenaTeJbHYIO KPUTHKY.

B paGote MHe momorajiu BOAOJa3bl M CHOPTCMEHHI-MOJBOAHWKH H3 MHOI'MX
ropoioB cTpanbl. OHH JKe YUACTBOBAJIM B BHITIOJHEHHM CHOKHBIX MOXBOJHBIX 3K-
€WepHMEeHTOB, TPe6OBABHIHX OTINYHOI BOAO0JIa3HOH MOATOTOBKH, TOYHOCTH H 8K-
xypatHocTH. IIpu sTOM 6BLI IOSTyYeH OTPOMHBIH «(pOHOBBIII» MaTEepHAJ, BO MHO-
POM CIOCOOCTBOBABUINIA PA3BYITHIO MOMX Hay4YHBIX B3risgoB. I Graronapen BceM,
N B NEpPBYIO ouepellb CHOPTCMEHAM-MOABOAHMKAM M3 KiayGa «Crars r. Tomcka,
WOTOPEIE IPHHMMAJIM y4acTHe B paGore ¢ 1967 r.

O6paiaio BHUMaHHe YuTaTejJei Ha TO, YTO PUCYHKH NpeACTaBI€Hbl B YACTH,
BANHCAHHOM HA AHrJIUIICKOM A3LIKe.




T'aasa 1. MATEPHAJ H METO/bl HCCJIEJOBAHUA

1.1. PAMOHR B IEPHOJ PABOT

OcHoBHOH MaTepuas 6w11 cobpan aBTopoM B 1971-1995 rr., mcnosb3oBaHBI
TaKIKe OTHeJIbHEIe pe3yasraThl 6ojee pannux Habaogennit (¢ 1967 r.). Pacno-
JIO}KeHHe GHOJIOrMYecKHX CTaHIMI nmokasaHo Ha pue. 1.1.

Ha6monenusa ¥ moJieBble aKCIIEPHMEHTH HAJl CEBEPOTHXOOKEaHCKHUMU BHA-
MH ToJIoOTypuii nmpoBognau B 3aa. Ilerpa Beaukoro fimormckoro mopsa. JlaGo-
paTopHbie SKCIIEPUMEHTHI BLITOJIHAJIN Ha MOpCcKoil 9KCIlepUMeHTaJIbHOM CTaH-
nuu TuxooxkeaHCcKoro nHeTUTYTa 6HOOpranndeckoit xumuu (6. Tpounsr, 1967-
1975 rr.), 9xcnepumenTaibHo 6a3e THX00OKEAHCKOTO HHCTUTYTA PHIGHOTO XO-
3aiicTea 1 okeaHorpaduu (o. Ilonosa, 1975~1978 rr.) u Mopckoii akcnepuMeH-
TaJbHoM 6a3e THX0OKeAHCKOTO OKeaHOJOTHYeCKOTo HHCTUTYTA (6. Butass, 1978
1986 rr.).

TponuuecKUx roJoTypuil nayuanu Bo speMd 6-ro peiica HUC «[Im. Menpe-
aee» (1971 r., roro-sanaguas yacts Tuxoro okeana), 4-ro peiica HUC «Hsym-
pyA» (1974 r., Uuauiickuii okean), skcneguuun TUBOX na Ky6y (1972-1973 rr.),
axcneguuuit HHcTHTYTa 6Mosiorun Mopa [IBO AH CCCP Bo BreTnam (1985
u 1987-1988 rr.).

Briau 0o6paboTaHbl M KOJJIEKIIMORHbIE MaTepuanasl: c6opel akcreguuit UBM
B fnonckoe, Oxorckoe 1 Bepunroso Mopa (1976—1993 rr.) u Bo Brernam (1980-
1985 rr.), THHPO B Sluonckoe mope (1970-1974 rr.), TUBOX B passununbie
paiionsi Uupo-Bectrnanudurkn (1978—1987 rr.) u na cesepuble Kypuisr (1981-
1982 rr.), a Takske kotexkuu UucrutyTa okeanonornu AH Ky6s1 (1962-1972 rr.)
¥ UHcTuTyTa MOpCcKkux mccaegopanuit HITHWA CPB (1980-1985 rr.).

O6pasus! NsTH BUAOB roJIoTypuii ¢ BaraMcKHUx oCTPOBOB M COAEPHHMMOTIO HX
KHIIeUYHNKOB GBLIM Ji06e3Ho npefgocrasienbl K. Moiep (Oaiorepa, Baramar).
O6pasust Stichopus californicus us 3an. Ppaiigu-XapOop u SKCTPAKT TKaHeH
3TOro BHAA JJIA XHMUYECKOTO aHATH3A 6B1IM M106e3H0 npenoctasaeHs! C. CMai-
an (Kanudopuuiickuii yansepcurer, Jloc-Augxenec, CIIIA).

Belty TakKe OpPOCMOTPEHE! BCe AOCTYNHEBIE JUTepaTypHbIe HCTOYHHUKH, CO-
JAepaKaliue CBeJleHUA 110 KOJOIMH M ITHTAHMIO IeasdoBLIX rojotypuii. Hekoro-
phle NeYaTHbie ¥ PYKOIMCHbIE MaTePHAJBI, OTCYTCTBYOIIMe B 6ubianorexkax CCCP,
6b111 J106ea3Ho npefocrapieHsl aBropy M. [locoHom (CMHTCOHMAHOBCKUM HE-
cturyr, HanuonansHeiit Myseit ecrecrseHHOM uctopuu, Bammmnrros, CIIA), d. Poy
(Ascrpanuitckuit myseit, Cunueit, Ascrpannsn), K. Konany (YHuBepcuTeT 3anmaa-

Prc. 1.1. Pacnosoxenne paiioHoB pa6or ¥ c6opa MaTepnasa

KBagparaMu 0o60o3HAUEHLI MECTA BLINOIHEHUS CTAITMOHAPHBIX OXBOAHBIX Habxo-
JeHH# H BKCNepHMEHTOB, TEMHBIMH KPYXXKaMH — cobcTBeHHbIX HabmiozeHnit u
¢60poB, CBeTARIMH — ¢6opad KOIEeKUMOHHBIX MaTepuanos. Ha A — C mokasasbt
paitoHs! Hanbosiee HHTEHCHBHBIX paboT
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wo# Bperanu, Bpecr, ®panuusa), M. Morrer ([lenapraMeHT prIGOJOBCTBA IITATA
Bamusnrron, CIITA), I'. lllep6onse u k. Pepa (HanuoHanbHbI#t My3el ecte-
erpeHHOI ucTopuy, Ilapmk, Ppasumsa), A. Mackar (Mopcekoit Hay4HBI LEeHTp,
Asasnon, CIITA), I'. ®eaepoM (YHusepcurer Aasackn, Pepbenke, CIIIA) u apyrn-
MM 3apyOeKHBIMH KOJLJIEI'aMH.

1.2 OBBEKTHI HCCJAELOBAHHUA

B pa6ore mpuBeseHHl pPe3yJILTATH COOCTBEeHHBIX HccleaoBaHuMA 90 BHMAOB
Holothurioidea (57 — Aspidochirotida, 21 — Dendrochirotida, 10 — Apodida,
2 — Molpadiida) (Ta6xa. 1.1). Bce ompegenenna BHAOBOH NPHHANIEKHOCTH
PONIOTYPHIT BRINOJHEHBI ABTOPOM. B pabore Mcross30BaHa OGIENPUHATAA CH-
cremaruka ronorypui (Clark, 1922; Heding, 1928; Deichmann, 1930; Panning,
1949; Heding, Panning, 1954; Pawson, 1963; Rowe, 1969; Clark, Rowe, 1971) ¢
BeKOTOPHIMH U3MEHEHNAMHU M AOMOJHEHUSIMH, PACCMOTPEHHBIMH HUXKE.

Tabaunua 1.1. Mccaenosannule BUAK roJOTypHUH

| TakcoH ] Paiion XapaxTep HCCAEROBARUA

Orpan ASPIDOCHIROTIDA

CewmelictBo Holothuriidae

Actinopyga agassizi (Selenka) K, B P,CK
echinites (Jaeger) UBIL, B P,CK,M
lecanora (Jaeger) HBII, B P,CK, M
mauritiana (Quoy et Gaimard) WBII, B P,CK,M
miliaris (Quoy et Gaimard) UBII P,CK,M
obesa (Selenka) UBII P,CK
plebeja (Selenka) UBII P,CK,M
serratidens Pearson HNBII P,CK,M
BPohadschia argus Jaeger HUBI1,B P,CK,M
marmorata Jaeger HBII P,CK,M
paradoxa (Selenka) HBII P,CK,M
tenuissima (Semper) HBII P,CK,M
vitiensis (Semper) MBI P,CK,M
Pearsonothuria graeffei (Semper) HBII, B P,CK,M
Labidodemas rugosum (Ludwig) HNBII P,CK,M
semperianum Selenka HBI1 P,CK
Rolothuria (acanthotrapeza ) coluber Semper MBIl P,CK
pyxis Selenka HBI1 P,CK,M
H. (Cystipus) cubana Ludwig K P,CK
pseudofossor Deichmann K P,CK
H. (Halodeima) atra Jaeger MBI, B P,CK,M, T, DM
edulis Lesson HBII, B P,CK,M
floridana Pourtales K P,CK
grisea Selenka K,B P,CK
mexicana Ludwig K,B P,CK
pulla Selenka HBII P,CK
H. (Lessonothuria ) pardalis Selenka UBI1,B P,CK,M
H. (Mertensiothuria) fuscocinerea Jaeger HBII P,CK,M
leucospilota Brandt HBII P,CK, M
B T, ®M
pervicax Selenka HEBI, B P,CK,M
H. (Metriatyla ) martensi Semper HBEBII, B P,CK
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Taxcon Pafion Xapaxrep ucc. 1
scabra Jaeger HMBII, B P,CK,M
H. (Microthele) nobilis (Selenka) MBI, B P,CK,M
H. (Platyperona ) difficilis Semper HNBI1 P,CK,M
H. (Selenkothuria) erinaceus Semper HNBII P,CK,M
glaberrima Selenka K P,CK
moebii Ludwig HBIL, B P,CK
H. (Semperothuria ) cinerascens (Brandt) HREIL, B P,CK,M
flavomaculata Semper HBII P,CK,M
surinamensis Ludwig K P,CK
H. (Stauropora ) discrepans Semper HBII P,CK
H. (Theelothuria) spinifera Théel MBIL B P,CK
H. (Thymiosycia) arenicola Semper HBIL B,C,B P,CK
gracilis Semper HBII, B P,CK
hilla Lesson HRBIL, B P,CK,M
impatiens (Forskal) HBIL, B,C P,CK,M
strigosa Selenka HBII P,CK
Cemeiicreo Stichopodidae
Apostichopus japonicus (Selenka) aB P,M,CK,M, T, 3, &M
Astichopus multifidus (Sluiter) K P,CK
Eostichopus regalis (Cuvier) K C
Isostichopus badionotus (Selenka) K, B P,CK
Parastichopus californicus (Stimpson)* CIIA CK,M
Stichopus chloronotus Brandt HBIL, B P,CK,M
horrens Selenka HBII, B P,CK,M
variegatus Semper MBII, B P,CK,M
Thelenota ananas (Jaeger) HBIL, B P,CK,M
anax H. L. Clark HBII P,CK

Orpag DENDROCHIROTIDA

Cemeiictso Cucumariidae

Allothyone longicauda (Oestergren)
Cucumaria japonica Semper
Cucumaria(? ) vegae Théel
Eupentacta fraudatrix (Djakonov et Baranova)
Ocnus glacialis (Ljungman)

surinamensis (Semper)
Pentacta sp.
Pentamera calcigera (Stimpson)
Stolus cognatus (Lampert)

Cemeiicrso Phyllophoridae
Actinocucumis typicus Ludwig
Afrocucumis africana (Semper)
Cladolabes aciculus (Semper)
Duasmodactyla kurilensis Levin
Mensamaria intercedens (Lampert)
Neothyonidium magnum (Ludwig)
Ohshimella ehrenbergi (Selenka)

nhatrangensis Levin et Dao Tan Ho*

Phyliophorus cebuensis (Semper)

CeneiicTeo Psolidae
Psgolus regalis Verrill
Psolus sp.*
Semperiella sp.
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IIpodoaxcenue mabax. 1.1

r Taxcon T Pafton + ] Xapaxcrep oo j

Orpan APODIDA
Cemeiicrso Synaptidae
Buapta godeffroyi (Semper) HBIL, B P,CK
lappa (J. Miiller) C P,CK
Opheodesoma spectabilis Fisher HBII, B P,CK
grisea (Semper) MBIIL, B P,CK
Synapta maculata (Chamisso et Eysenhardt) HBII P,CK
Synaptula macra (H.L. Clark) HBII, B P,CK
recta (Semper) B P,CK
Cemeiicrso Chiridotidae
Chiridota rigida Semper B P,CK
Polycheira rufescens (Brandt) B P,CK
Scoliodotella lindbergi (Djakonov) B P,CK,H, 3, DM
Orpax MOLPADIIDA
Paracaudina chilensis (J. Mialler) B CK
ransonetii (Marenzeller) aB CK,3,OM

Mpumeuauue. JIB— nansHeBooroannie mops Poconn, B — Brernam, HBII — Hnzxo-Becrnannduxa
(merxmouan Boernam), CITA — aanagnoe nobepesxne CIINA, K — Ky6a, B — Baramckue octposa. P — uaydenme
pecnipefieleHHsA, HAGNIOeHUS 38 NMOBEACHHEM B 6CTOCTBEHHLIX yciaoBuAX; M — Haydenne mopdoaoruueckux
erpyxTyp (nomumo HHpopmanuu, Heobxogumoit Aas TakcoHomuueckux neaeli); CK — ananus copepxumoro
smmedHnka; U — mayuyeHMe MHTeHCHMBHOCTH NMTAHHA; T — AHAJIHM3 TPAGKTOPHH KOPMOBLIX Nepemeinenni;
9 — 3KCNEePHMOHTANLHLIE HCCACAOBAHUA NUTAaHHA; PM — HCecneAOBAHHMSA BAMAHHA JKHSHORGATENLHOCTH HA
$MEHKO-MeXaHHIECKHE CBONCTRA {OHHBIX 0CALKOB.

—
*® HenonbaoBaHb! TONBKO KOJLIEKIMOHHLIE MaTepHaXnl.

Orpan ASPIDOCHIROTIDA. B macTosIllee BpeMA OPMHATO AejleHHe cy6-
AETOpPaJILHBIX NpefcraBureeiil Aspidochirotida na gsa cemeitcTra: Holothuriidae
u Stichopodidae. B npeaesnax mepsoro yamnte Beero BAeAAIOT poAR Actinopyga
Bronn, 1860; Bohadschia Jaeger, 1838; Labidodemas Selenka, 1867 m
Holothuria L., 1867. IlpoBegennoe namu (Jlesun u gp., 1984) nccaepopanne
odeHb oObnIuHOM Aua Nugo-Bectnannduku rosorypun Bohadschia graeffei mo-
X834J10 HeOGXOJMMOCTE [IePeCMOTPA TAKCOHOMHYECKOro CTATyCa 3TOr0 BHAA H
sMjieJIeHns ero B OoTAeJbHBIA pox Pearsonothuria. Onnkcarne BHOBp YCTAHOB-
BeRHOrO poja M nepeonmucanue P. graeffei npusenenst B pabore: JleBun u ap.,
1984; cMm. Takxke: Cherbonnier, 1989.

B cem. Stichopodidae K HacTosileMy BpeMeHHM BBIfIeJIEHO BOCEMb POJOB:
Stichopus Brandt, 1835; Thelenota Brandt, 1835; Astichopus Clark, 1922;
Parastichopus Clark, 1922; Neostichopus Deichmann, 1948; Eostichopus
Deichmann, 1958; Isostichopus Deichmann, 1958; Apostichopus Liao, 1980.

K umciy HeACHBIX BONPOCOB B CHCTeMATHKe ceMeiicTBA OTHOCHTCA YCTAROB-
BeHHEe TaKCOHOMHYECKOIro cTaTryca Hanbojsee MacCOBOTO M KOMMEPUECKH BaK-
Boro BHAA — AajJbHEeBOCTOYHOro Tpenasra Stichopus japonicus. JIso ¥0-nuns
(Liao, 1980) Beizenny 9T0T BUA BO BHOBb YCTAHOBJEHHEIH UM pox Apostichopus.
K coxaneHuio, NpH 9TOM KHTANCKWUIl HCCJeJOBATENb BBIIIOJHWI CpaBHeHHe
8. japonicus Tonbko ¢ TunossiM BugoM S. chloronotus, He paccMoTpeB cTaTyca
APYTHX «COMHHMTEJLHBIX» HpeAcTaBUTeNeil ceMeiicTBa, B HEPBYI0 OYe€peAbr —
P. californicus u P. parvimensis, oGHTAIOIMX ¥ THXOOKEAHCKOIO NoGepebs
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CIHIA. 3. [eitxmann (Deichmann, 1937) oTHecna yrasaHHBIE BHABI K POIY
Parastichopus, ycranosnennomy X. Knapkom B 1922 r. gna S. tremulus (ce-
pepHaa ATaaHruka) u S. nigripunctatus (Anonusn).

VYcranosnennoe nHamu (Jlesun u ap., 1985, 1986; Kanuuug u ap., 1994) ana-
yuTeaLHOe MOpPGOJOruidecKoe U XUMHUYECKOoe CXOoACTBO S. japonicus u S. ca-
lifornicus u cynjecTBeHHOe OTJIMYME MX OT TUIIOBOTO BHAA NMOATBEpP)KAAIOT He-
06XOMMOCTh BEIJIeJIEHMsI 8THX BHAOB M3 poja Stichopus. IloaTomy, HecMOTpA
HA& OTMeUYeHHLIe Bhillle NOrpelIHOCTH, ACNYIUIeHHHIe JIfAo mpM ycTaHOBIEHHH
poza Apostichopus, g cunTaio npaBUILEBIM paccMaTpuBaThk Stichopus japonicus
(1, BO3MOXHO, S. californicus) B cocraBe poxa Apostichopus.

Orpag DENDROCHIROTIDA. B npegenax atoro oTpaza ONHCAHBI HOBHIE
sugbl: Duasmodactyla kurilensis (Jleeun, 1984) u Ohshimella nhatrangensis
(Jlesun, ao Tau Xo, 1988).

Otpax APODIDA. BHeceHbI H3ME@HEHUSA B TAKCOHOMHYECKHII cTaTyC OZHOTO
Buga. Brino nokasano (Jlesun, 19826), uro Scoliodotella lindbergi Djakonov,
1958 u Scoliodotella uschidae Oguro, 1961 — ogun u ToT Ke BUA. I npucoemn-
HAIOCHh K MHeHUI0 X. Orypo, 4To OTJIMYHA B PacCHOJIOKE€HHH CHUKYJ U ¢popma
najoyex IIynajel, MMelOT CYIeCTBeHHOe 3HAYEHHe W ONucaHHbIM [prAKoRO-
BBIM BHJ CJIeAyeT OTHEeCTH K pomy Scoliodotella Oguro.

1.3. OCHOBHBIE METOJAbI

KauecTBeHHOE BHINOJIHEHHE 3KOJOTHUECKOro MCCAEAOBAHUS BO3MOKHO TOJBKO in
situ mpM HemOCpPEeACTBEHHOM KOHTAKTe HMCCJEAOBATE/A C M3YYAEMEIM OOBEeKTOM,
no3ToMy GOJBIIMHCTBO IOJIEBBIX HAGNIOACHHUH M SKCIEPHMEHTOB BHIIOJHEHE
aBTOPOM C MCHOJb30BAHNEM JErKOBOJOJAa3HOro cHapsikenuna. Ilorpyxenus mpo-
BOAMJIH IIPEUMYIeCTBEHHO I0 rayounst 40 M, B oTAeAbHBIX caydyaax (Ha KyGe
u B 3aia. Ilerpa Beaukoro) — mo 70 m. C 1967 r. no 1972 r. norpyxeausa B
saJ. Ilerpa BeJtMKOro BHINOJHSIN KPYIJIOTOAMYHO; B JaJbHEHIIEM BOROJNIA3HEIE
paboTBHI POBOAMIM MPEMMYIIECTBEHHO ¢ MafA IO CeHTADODPh, a SUMHUE CIHYCKH
BRITIOJIHAMH dnusoaudecKku. B 1968—-1972 rr. noMuMo BOAONA3HBIX NOTPY KeHHUMH
HCIIOJIF30BAJIACh H3TOTOBJIEHHAS II0 MOEMY IPOEKTY CTAIMOHADHAA IMOABONHAA
HabalofaTe bHAA KaMepa, yCTaHOBJaeHHaA Ha riayousne 5 M B 6. Tpouup: (Lebedew,
1969).

Pacunpefiesenye rojoTypuil H3yyaan NPeHMYHIECTREHHO IO PE3yJHTATAM Ka-
YeCTBEHHBIX COOpPOB. B OTAEABHBIX clyuaax MPOBOAWIM KOJUYECTBeHHBIH yuer
MeTOAaMH CBOGOJHEIX rajicoB, MO BeJHYHHe cOOpa Ha eAUHHUIY YCHJIMA U C HC-
moJib30BaHHEM MHoToceKIuonHoi pamin (Jlesun, 1970; Jlesun, lllenpepos, 1975).

AHasn3 pacnpelejleHNA TPONHYECKHX TOJIOTYDPHH BBITIOJHAIH IIO Pe3yJIbTa-
TaM KOJHYECTBEHHOro y4erta, nposeaenHoro B 1971-1974 rr. (Jleeun, 1979a),
a Taxkke gaHEHbIX J. Heitxmann (Deichmann, 1958, 1963). Brli1o npuHATO NOA-
pasaenenne Uapo-Becrnanuduxy na 16 pailoHoB, npuBeieHHOe B MOHOTpadHH
A. Knapk u ®. Poy (Clark, Rowe, 1971). [lanHbIe 0 pacnpocTpaHeHHH ABYX
BHIOB OBLIJIH JOTIOJHEHE B COOTBETCTBUM C cOGCTBeHHBIMHU Habmogennamu (Jle-
BuH, 1979a).

CrenuasasHble MeTOAB! AHAJH3A COCTABA ITHIIE€BBIX YACTHUII, MHINEBOTO MoBeJe-
HHUA roJIOTYypHUil, H3MEHeHHNS MMM CBOMCTB MOBEPXHOCTHOrO OCAJKA M ApPyTHe
AaHHbIe MPHUBEJEHBl B COOTBETCTBYIOIMX pasfesiax KHHUIH.




T'aasa 2. OBIIAA TPOPOIOKOJIOTHYECKASA XAPAKTEPUCTHKA
MEJKOBOJHBIX I'OJOTYPUHI

B nmpubpesxHoii 30He meabdha OOHMTAIOT MPeJCTABHTENH MNATH OTPAROB
Holothurioidea: Aspidochirotida (cemeiticTea Holothuriidae u Stichopodidae),
Dendrochirotida, Apodida, Molpadiida u Dactylochirotida (cBegenus o6 akoo-
MM IpeACTABHTeJEd noclefHell rpynnel NPaKTUYECKH OTCYTCTBYIOT). O6mniee
9HCJI0 BUAOB MEJIKOBOJHBIX FOJIOTYPHI ONPEAEeSUTh TPYAHO, TO-BHAMMOMY, OHO
ppubiamxaerca K 400, us koToprix okoso 300 BujoB o6uTaior B rponukax (Féral,
Cherbonnier, 1986).

IIuraHnio MENKOBOAHLIX TOJIOTYPHMIl NOCBAIEHa OGIIMpHAS JIUTEpPaTypa
(cM. 0630opei: Hyman, 1955; Anderson, 1966; Massin, 1982a, b; Lawrence, 1987),
TeM He MeHee HEKOTOPHIE BajKHEBIe aCMEeKTHI 3TOH mpobieMEl HccjlieOoBaHI
meaocraToudHo. Huske paccMoTpeHBI KOJOrHYECKHE U MOpPJOIOrHUeCKHe 0Co-
6eHHOCTH rOJIOTYpHil, HanboJiee 3HaUUMbIe JJIA MOHUMAHUA PYHKIHOHANLHOMN
POJIN 3TUX JKMBOTHBIX B IPUOGDEKRBIX HOHHHEIX COOOIIECTBAX.

2.1. 9KOJOTHYECKAA KJACCHOPHKANIUA

O6BeKTOM 9KOJIOrMYeCcKoil KJIacCHMMKANUN ABJISETCA KATEropHA «’KHN3HEeHHAA
¢opmas. OcHOBHbIe NpobJieMEl, CBA3AHHBIEe C BRIJEJICHHEM SKH3HEHHBIX ¢GopM
» Tune Echinodermata, paccmorpenst A. B. 'e6pykom (1992). YkasauHbIH aB-
T0p onpefeiAeT KU3HEeHHYIO (POPMY KaK THUII OPTaHU3IMOB, 06he JUHAEMBIX CXO-
xeit GopMoil MPOABICHHNSA SKOJOTHYECKHX OTHOLICHHI, BRIpasKalolieiica B CXo-
cTBe 00pa3a JKXHU3HHU U criocoba MUTAHUA.

OTpenbHBIE TAKCOHEI JKHBOTHBIX CYIECTBEHHO Pa3JIMUAIOTCA pA3MAXOM BaphbH-
poBaHUA MOPGOJIOTHUECKHX M S9KOJOIHYECKHX XaPAKTEPHCTHK H, COOTBETCTBEHHO,
CneKTpoM KusHeHHbIX dopm. Hapsgy ¢ «6narofapHriMHM» IPYIIAMH, TAKHMH,
BANIpUMep, Kak roJIOBOHOTME MOJLIIOCKH, AEMOHCTPHpYOIHe Sorateinmmuii Habop
300p}OJIOTMYECKHX, (PUIHONOTHUECKHX N MOBEACHUYECKHX AJANTALUH K YCIOBHAM
CpeAibl, CYIeCTBYIOT M TDYHIB — K HHM OTHOCHTCA M paccMaTpUBaeMas, —
3 KOTODHIX BADBHPOBAHME TAKMX XAPAKTEPHCTHK BHIPDAYKEHO 3HAYHMTENLHO CJIA-
6ee. EcTecTBEHHO TIO3TOMY, YTO ¢ Pa3pelIAIOIas CIIOCOOHOCTE » DKOJIOTHYECKHX KJIAC-
enduralnii pasHbIX TAKCOHOMHYECKHX TPYHII He MOXKeT ObITh OJUHAKOBOH: BO
PTOPOM ciIydae BO BHUMaHMe IPUXOANTCA NPHMHAMATS 6ojiee MejJKHe, JeTalbHble
XAPAKTEePHCTHKH, YeM B NEPBOM.

ITocTpoerne HepapxuuecKoil aKoJiorudeckoit kKiaccupurauuy (OHH MOTy-
Ty HauboJpIee pacnpocTpaHeHye brarozapa HarJIAAHOCTH) CTAIKMBAETCA C
OO beKTHBHBIMM TPpyAHOCTAMM. IIpu BHIAENeHNH JKUIHEHHBIX GOPM KaaccHPH-
EApPOBaHHE OCYHIECTBAAETCA N0 HECKOABKHM, OOBIYRO HEe MEHee YeM TPEM, OC-
BOBaHHUAM JIeJIeHHA, ¥ IOCTPONTH CUCTEMY, OXMHAKOBO XOpOLIO ¢«paboTalomyios
EA BCeX YPOBHAX, HEBO3MOXXHO B NpHHLUIE: HeudbeXXHO 38 0CHOBY bBepercs
gaaccubUKaIMIORHEIH IPHSHAK KAKOTO-TO OJHOTO YPOBHA, & OCTAJIbHBIE  IOATH-
reBaioTcA» K Hemy. IlostoMy Bce U3BecTHbIe HepaAPXHYECKHe 3KOJOTHYECKHEe
xaaccndUKanyy, B TOM 4HC/ie M Hanbojiee npogymaHHpie (cM. Hanpumep, Hecnue,
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1985), yA3BMMEI C IOSHIMH COONI0AeHUA (POPMANLHBIX NPABHA KAacCHPHUIHPO-
BapnA. OfHAKO C 3THM IPUXOAMTCA MHDHUTHCA PaiM yA0OOCTBA MOJB30OBaHHMA.

10. !. Yepuos (1975) o6paTiyI BHUMAHHE HA TO, YTO 3KOJOTHUYECKAA KiaccH(pH-
Kanyd NPHHIHIAAIBHO OTIMUYAETCH OT TAKCOHOMHHYECKOM, IIOCKOJLKY Y BTOpOM
uMeeTCA eJMHLII KPUTepPHH HA BCEX CTYNEHAX TAKCOHOMHMH — (QHIoreHes, Toraa
Kax KOHBEPIeHTHOE CXOJACTBO, JieXKalllee B OCHOBE IIPeACTABJIEHHM O JKM3HEHHEIX
dopmax, He3aBMCHMMO M HECONOCTABMMO IO PasHbIM HpH3HaKaMm. IlosToMy paHr
(YpoBeHb) TAKCOHOB, YCTAHORIEHHKIH O Pa3HHIM 9KOJOIHYECKHM IIPU3HAKAM, MO-
JKeT 3HAUMTEJLHO pasjudaThcA. TeM He MeHee B GOJIBIIMHCTBE SKOJOMMUYECKHMX
KJIacCH(pHKaIuii, B TOM YlcJje ¥ B IPUBeIcHHOM HIDKe, 32 OObEKT JeIcHUA IPHHH-
MaeTCA TaKCOH (rPYNIa TAKCOHOB), HO STOT BAPUAHT TOJILKO «JIYUIITHI U3 XYAINHX ».

B mpepnaraemoil KiaccudMKauuyd B KaYecTBe OCHOBHOIO KPHUTEPHUA BHIOPAHO
CTpOeHHe mynanel, olpefe/iaoliee IPUHIMITHANbHBIE OCODEHHOCTH IIMTAHUS aHa-
JM3HPYEMBIX IpyIn, B CBOK OYepelb TECHO CBA3AHHBIE ¢ OCHOBHBIMH MOP(OJIOru-
YeCKMMH XAPAKTEPHCTUKAMH KMBOTHRIX. CIEAYIOIMINM MO BAYKHOCTH KPHTEpHEM
omnpeaeNeH o6pas KU3HH, B HEPBYIO OYepeAh XapaKTep UCIONL30BAHUA YKPBITHIA.

IIpuanManm TakKe BO BHMMaHHe 0cOGEHHOCTH BHeIIHe# MOp¢OJIOTHH ro-
JOTypHil, POpMy CKeJIETHEIX 3JIEMEHTOB, faHHBIE 06 yCJIOBUAX OOMTaHNA, CYTOY-
HOM AKTHBHOCTH, I'PAHYJOMETPHYECKHIT U BEIECTBEHHBIH COCTAB COAEPKUMOTO
KMIIeYHUKA, paclpeAesieHHe.

Crenens Mopdoaornyeckoil ¥ sKoJMOrnYecKoil BapuabeJJLHOCTH B mpefesax
OTAEJbHBIX OTPSJ0B TOJOTYypHil pe3Ko pasanvaeTrca: tak, Molpadiida — rpyn-
na, HecpaBHeHHO 6oJiee ogHOpoAHasA, yeM Aspidochirotida, Dendrochirotida u
Apodida. Pasnuuaetrcs M cTelleHb H3YUYeHHOCTH TAKCOHOB; AOBOJBHO IOJHO
HccaeoBaHEI MopdosKosoruyecKkue ocobenHocTu Aspidochirotida (Jlesun, 1981,
19876, B), Toraa Kak skogorudeckas ungopmanua o Dactylochirotida npakTu-
YeCKH OTCYTCTBYET. OTO ABWIOCH IPMYHHOMN TOI'O, UTO TAKCOHOMHUYECKHIT paHr
KJaccuMIMPyeMBIX O6beKTOB BapbHUPYETCA OT BHAA IO OTpAAA.

3aech MCOOaB30OBAHA CJAEAYIOIIAA KacCHPUKaUMA KHU3HEHHHIX GopM MeJ-
KOBOJHBLIX TOJIOTYPHH.

A. TosoTypun co UIMTOBHAHBIMY Iy NaNbIlaMHU
Orpag Aspidochirotida

Pasmep oT cpeguero no oueHp KpymnHoro (gauea 10 cMm — 2 m). Teso kpen-
KOe HJIK BHITAHYTO€, B Ce4eHHMH KPYIJoe HJIH C XOPOIIO BHIPAsKeHHOHN HOoJi3a-
TeJabHOU moaomBoii. AMOyIaKpaJbHbIe HOKKH Yallle pacnojaraloTca mo pag-
ycaM. O6HTalOT HA MOBEPXHOCTH FPYHTA HJIHM HCHOOJB3YIOT YKPBITHA Pa3HOIO
tuna. IIuraoTesa nponycKkas Yepes KHIIeYHUK YaCTHIbI TPYHTA HIH, PeKe, CO-
6upas B3BelleHHEIe B NDHUJOHHOM CJIo€ BOJALI OPraHHYEeCKHe YaCTHILHI.

Al. Ilymanpna THOMYHOrO CTPOSHUA

Pasmep u ¢opMa Tesa 3HAYUTENBHO BapbUPYIOTCA. CIHMKYAB KOXKH — 6a-
IIeHKH, IPAKKH, ICEeBJONPAKKHY, poseTKH, C- u S-o6pa3Hblie Tesia. O6GUTAIOT OT
JuTopay (IpeMMYIIECTBeHHO HAa S3AUHINEHHBIX OT IPAMOIO BOJHOBOrO BO3-
JeiicTBHA yuacTKax) Ao rayouHsl 50—-100 m. IInTaoTcs Ha NOBEpXHOCTH M B
Tonme rpyHTa. IlunieBsle yacTUIB NpeACTABJeHbI NIPEHMMYLIECTBEHHO KOpaa-
JIOBRIM M MHHEP&JbHBIM IECKOM, 8 TAKKe CKEJETHBIMH OCTATKAMH pasJiHd-
HBIX >KMBOTHBIX ¥ M3BECTKOBHIX BOROPOCJEH.

Al.1l. Begyuime oTKphITHI# 06pa3 JKH3HH
Pasmep oT cpefjHero fo oueHb KpynHoro (anuHa o 80 cMm, mupuHa fo 16 cM).
Teso HUIMHAPHUYECKOE FIH C XOPOIIO BhIpasKeHHOI 6piomHoi nogomeoii. O6ura-
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0T HA MOBEPXHOCTH cyOcTpaTa, He NPAYYTCcA, KAK NPABHJIO, NOJ rJIBOH H 06-
JOMKH, He 3aKanniBaiotcd. IIuTajoresa Ha moBepXHOCTH I'DYHTA.

Al.1.1. O6uTalomme Ha IOBEPXHOCTH HEOPraEMYeCKHX M OMOreHHBIX CyGCTpPATOB
Popzi: Apostichopus; Astichopus; Eostichopus; Isostichopus;
Stichopus (6oasmuncreo Buuos); Thelenota; Actinopyga
(GonpmmmHCTBO BHAORB); Bohadschia (dacTh BHAOB); MOAPOMKI
pona Holothuria: Halodeima (60nbmHHCTBO BHIOB),
Holothuria (6onpmuncTo BUI0B), Mertensiothuria (6oan-
IMUHCTBO BUJOB), Microthele, Theelothuria (4acTh BUIOB)
Pasmep cpeanuil, KPYNHEIN MIIK OYeHb KPYIHbIA. AMOyJaKpaibHble HOKKH
pa3bpocaHr! MmO OpPIOHIHON NMOBEPXHOCTH, peske pachnpefeneHsl pagamu. Ily-
najbia HeGOJbUINE MM CPeJHHMX PasMepOB. BATJATHIBAIOT YACTHIIHI OCARKA
PasiMYHLIX pasMepoB. OGHMTAIOT HA Pa3JIMYHBEIX MATKMX K TBePALIX I'PYHTaX.
HexoTtopsre BuAbl, HanpuMep A. mauritiana, 6ojtee TeCHO CBABAHEI C JXHBBIMH
KOJIOHMAMH KopasaoB. OTAesabHBIEe BUAB MOTYT SIH30JAMYECKH MCHOJIb30BATH
YKPBITHA: 3aKanbiBaThcA (B. argus), UCIonb30BaTh HEPOBHOCTH TBEPAOro cy6-
crpata (H. edulis), coxpaHATH Ha NOBEPXHOCTH TeJIa YACTHUILEI TPYHTA, He 06pa-
3yommue, oJHaKo, CIIOIMIHOTO ciod (A. echinites).

Al.1.2. PakyssTaTHBHO OOHTAIOLINE HA MOBEPXHOCTH JKHMEBIX KOPAJJIOB ¥ I'yGOK
Pearsonothuria graeffei
Paamep cpegumit (gauaa o 30 cm). Teno cunbHO BhITAHYTOe. Bprommakbie
BOKKY PACHOJIOKEHEI TpeMa NpaBWiIbHBIMM pagaMH. Hlynansna ouens kpyn-
Hele. 3arJaThlBalOT OYEHb MeEJIKHMe NHINeBble YacTHILI. lIpeamounTalor GHo-
YoOs! ¢ HMHTCHCHUBHBLIM DA3BMTHEM JKHBBIX KODAJJIOB, 4YacTO M B OOJBIIHNX
KOJIMUYECTBAX BCTPEYAIOTCA HA MOBEPXHOCTH JKHMBBIX KOJOHUII KOPAJJIOB.

Al.2. YacTUUHO MM LEeJHUKOM YKPHIBaKOIHeCHd

Pasmep uamge Meakuii u cpegani (aiuaa 10—-20 cm), perke kpyussiil (60 cm),
¥ OJHOTO BHJA — OueHb KPYNHHMH (5o 2 m). Teso o6EIYHO KPYIJjoe B CEeUYeHMH,
pe’ke yILIOIeHHOE MJIH ¢ IOJ3aTeJbHOH nofgomBoii. IlocTosnno niu mepuosH-
9eCKH HCIOJb3YIOT YKPHITHA PA3HOro THIA.

Al.2.1. C HaxopaumeHica B YKPRITHH YacThiO Teja

Teso CHIBHO BEITAHYTOE, KPYIJIoe B cedeHHH. IIpAYYT YacTh Tesa MOK KO-
PaJLJIOBbIe IJILIOBI, KOJOHHAJBHBIX )KMBOTHBIX WIM B PaciieJMHBI cyGeTpaTa.
BenyT MalonmoABHAKHEIHN 06pas KHU3HM.

Al1.2.1.1. TIpauymuecd nox KaMHH, TIBIOHI, JKHBOTHBIX
Iloapoxn poaa Holothuria: acanthotrapeza, H. (Mertensio-
thuria) leucospilota
Y H. (acanthotrapeza) mynansua Kpynusie, y H. leucospilota cpegaux pas-
mepoB (annHa 10-60 cM). Yame npAdyT 3aAHIOI0 YACTH TeJia MOJ KOpalJoBbie
06JIOMKH ¥ I'JIBIOK, KPYIHEIX ryOOK H Ap., HO MOTYT OOHMTaTh ¥ H& OTKDBITHIX
yuacTkax. H. (acanthotrapeza) mcnonpsyioT NpeHMYIIECTBEHHO MEJKHe IH-
mesbie yactunpl; H. leucospilota vMeer odeHb LIMPOKHMH IMILeBOH IpaHyJIO-
MeTPHUYECKUI CIIEKTP ¥ U3 BCeX mccleloBaRHbIX BuAOB Aspidochirotida cmoco-
GeH KCIIOJIb30BATH CaMble, O-BUAUMOMY, KPYIIHEIE YACTHILHI.

Al1.2.1.2. TIpayyiuuecsa B pacuieJHHBI
Holothuria (Thymiosycia) thomasi
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Pasmep ouens KpynHsii (10 2 M), TECHO CBA3aH C pacIieMHAMH B KOPAJJIO-
BuIX pudax. B HHX 3TOT BHA NPOYHO BaKPEIJINETCA M MCHOJb3YyeT AjadA cGopa
nUM CBOGOAHYIO HEPERHION YacTh TeJla.

Al.2.2. VkprIBalOmueca HeJHKOM

Tesio yame BHITAHYTOE, KPYIJIOE B CEYeHHH, PesKe VILUIOINeHHOe MJIH C [0JI13a-
TensHOM mogowmsoil. CremeHb MOABM/KHOCTH 3HAYMTENBHO pasiamdaérca. Ilo-
CTOAHHO WIM HEPHOAWYECKH HMCIOJb3YIOT YKPHITHA PASHOIO THHA: NPAYYTCA
noj 06JIOMKH, 3aKaNbIBAIOTCH, MOKPHIBAIOT TEJIO CJ0eM HmecKa.

Al1.2.2.1. IleprognuecKH 3aKaNBIBAIOHIMECHA MM NpAYYIHecS MoJ oO0JIOMKH

OTraenpHBIe BUABI HAXOAATCA B YKPBITUAX IIPEMMY HIECTBEHHO B HOYHOE HJIH
IHeBHOEe BpeMA. KOHKpeTHbIE CPOKM NpeGLIBAHUA B YKPBITHAX MOTYT HECKOJb-
KO pasjuYaThCA B Pa3HBIX pailoHax.

Al.2.2.1.1. 3akansiBaloliBeca B PHIXJBIN IPYHT
Bohadschia bivittata, B. tenuissima, B. vitiensis; nogpon

pona Holothuria: Metriatyla
Pasmep kpynnsiil (giuna go 50 cm). Tesno kpenkoe, B ceueHun 6osee WiIH
MeHee Kpyrjoe, peXe ¢ YILUIOUeHHOM 6pIomiHOi cTropoHoit. 3aKkankBaHKe OCYy-
IIeCTBJAETCA B TOPH30HTAJILHOM IIOJIOKEHUH H3IMEeHeHHWeM npodura mnomne-
pe4YHOro cedyeHHA Tejia — JKWBOTHOE KaK OBl ToHeT B mecke. Imraiorcs mpe-
MMYIUECTBEHHO HA MOBEPXHOCTH FPYHTA, & TAK)Ke YACTHIAMH M3 IIOBEPXHOCT-
HOTO CJIOA TOJIIHNHON B HECKOJHKO CAaHTHMETPOB B HAaYAJbHBLIN NepHoj 3aKa-
NBIBAHUA M Hepei NOABJeHUEM Ha IOBepXHoCcTh. Ha moxposax Tesia HEKOTO-

poe BpeMs MOTYT COXPAHATHCA YACTHILI T'PYHTA.

Al1.2.2.1.2. llpayymuecs noJ 06JIOMKH KODAJIJIOB, IJILIGHI B IP.
Actinopyga agassizi; nopponsi poaa Holothuria: Platyperona,
Holothuria (uacts BujoB); Stichopus horrens; S. chloronotus
Pasmep menknit mian cpepnuil (aauna 5—45 cm). Tesno ¢ xopoio BeIpaykeH-
HO#Ml ymjioueHHoi mopomBoii. AKTUBHM B HouHoe (A. agassizi, H. difficilis,
S. horrens) unu auesnoe (S. chloronotus) spems.

Al1.2.2.2. YxpeIBaionuecs NOCTOAHHO
Pasmep Mmenkmii u cpepuuit (mrura 10-30 cm). Teno oOBIYHO BBITAHYTOE,
B CEYEeHUH Kpyrioe, pexe YILIOUEHHOe.

Al1.2.2.2.1. 3akanpIBalOIMecsa B PHIXJBIHA TPYHT
Tloapoas: poga Holothuria: Cystipus (601sIINHCTBO BUAOB),
Theelothuria (4acts Bunos); H. (Thymiosycia) arenicola;
H. (Mertensiothuria) pervicax
PoioT HOpHI pasHoobpasHoil (hopMBI B BepXHeM c¢Jioe TPYHTa, OOBIUHO IOX
KAaMHAMH H KODaJJIOBHIMHU TJbIGaAMH, peke B CBOGOJNHOM IpyHTe. 3aKalbIBa-
HHe OCYL{ECTBJSIETCA 34 CYeT PAasJBHraHUA IIeCKa IepedHHUM KOHIIOM TeJa.

Al1.2.2.2.2. TIpauymniyecsa NOX KAMHH, 06JJOMKH, KHBbIe OPTAHU3MbI
Pop Labidodemas; noxpoas! poaa Holothuria: Thymiosycia
(6opmHCTBO BUJOB), Lessonothuria, Irenothuria, Stauropora,
Vaneyothuria; H. (Cystipus) rigida; H. (Meriensiothuria)
fuscocinerea

O6UTAOT B MOJOCTH NOJA KAMHAMH, KOPAJJIOBEIMH TJIBIOaMH, JKMBBIMH Mac-
CHUBHBIMH KOJIOHHIMH KOPAJJIOB, KPYIHLIMH I'yOKamMH, a TaK)Ke B CAMOM Bepx-
HeM CJIO€ DBIXJIOTO ocagKa NOoX YKa3aHHbIMH cyﬁc'rpa'ramn.
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A2. Hmeromue Mynajbna ApeBOBMAHO-PA3SBETBICHHEIE (IICEBAOAPEBOBHIHBIE)

Paazmep cpepuuil mun kpynHuii (aauna 15-60 cM). Teso uaize BaITARYTO®,
B ceueHMH Kpyrioe. CHUKYIRI KOXKH Tela — YHAJOIeHHbIe IIMIOBATRE NaN04-
KH H DaTOYKH B KOMOuEaumy ¢ 6amenkamu. O6HTAIOT IPeHMYIHECTBeHHO B6IM3H
ypesa BoAbI HA DOJABEPKEHHBIX CHJIBHOMY BOJHOBOMY BO3AEHCTBMIO YUACTKAX.
IIuraroTca coGupas ocaKJAeHHBEe M B3BeIIeHHLIe YacTHIBI. B cocrase nmme-
BBIX YaCTHI] HMEETCH 3HAYNTENbHAA ROJA TEPPHUTEHHOIO MaATepuaia, dparmen-
TOB MOPDCKHMX M HaA3€MHBIX pacTeHWii.

A2.1. O6uraromue Ha TBEPARIX I'PYHTAX
ITogpox poxa Holothuria: Selenkothuria
Paamep cpeguuit (a0 20 cM). Coukyasl — ynAcLIeRHbIe NAJIOYKH, HHOrAA
B KOMOMHAIVM C O4YeHb CHJIBHO PeAyIMPOBaHHBIMM Gamenxkamn. THonuuyHOe
MECTOOOHTaHMe — KOPAJIJIMTOBLIe CTEHKM M IJIBIOH Ha NPUOOMHBIX ydacTkax
auropamn. Ilxorro 3axkpenasiorcsa B pacijeluHax u yriaybienusax cyberpara.
CnocobHbI IepeHOCHUTH OOChIXaHHe IPH OTJAMBE.

A2.2, Obutaomie Ha CMEIIaHHBIX M MACKUX FPYHTaXx
Toapox pona Holothuria: Semperothuria
Caonkynsl — yIJIOILIeHHEIE MAJOUKH KB GalleHKH, AUCK KOTOPBRIX OORIYHO
penyuupoBaH. O6GUTAIOT OJ KOPAJJIOBEIMM O6JIOMKAMH M IILIGAMH, & TAKKEe B
ocajKe IMoJ KOJOHUAMHY M B CAMHX KOJOHMAX YKUBLIX Kopasutos (H. surinamensis).
MoryT 3aKansIBaThCA B ECOK, OCTABAAA HAJ HOBEPXHOCTHIO I'PYHTA NepeaHHMR
KOHeII, TeJla C PAaCHPaBJIeHHBIMH LIYIAJIbLIIAMH.

B. FosoTypun ¢ APeBOBHUAHLIMM IIyHaJbIlaMH
Orpan Dendrochirotida
Paamep oT Meakoro Ao cpegHero (minHa 2—20 cm), peako Kpyuubii (1o 50 cM).
Popma Tesa CHILHO Bapbupyerca. OGUTAIOT HA TOBEPXHOCTH U B TOJIIe MpyH-
ta. MajsonoABHKHbIe HIH ceAeHTapHble yKuBoTHble. IlurTaroTca B nogapasio-
meM 6oJBIIMHCTEE CIyYaceR OPraHNUEeCKIMH YaCTHIIAME, B3BEIIeHHBIMM B NIPH-
JOHHOM CJIO€ BOJEI.

Bl. Beayuiue oTKpbITHIi 06pas KU3HU

TeJio KpelnKoe, peske HECKOJIbKO BEITAHYTOE, B CEYeHMH OKPYTJIoe MIH ¢ XOPo-
mo pasBuTol GplomHo#t mogomsoi. IloBepxHOCTH Tesa rojas HMAN CBEPXY H
c GOKOB IOKpLITA YepenuIeobpasHEIMH M3BECTKOBBIMH Yellyiikamu. Bexyr mo-
YTH HeNnOJABVKHbII 06pas :xu3Hn. CBOGOZXHO JIeKAT Ha NOBEPXHOCTH I'PYHTa WIH
NPUKPEILIAIOTCA K KAMHAM, CTBOPKAM MEPTBBIX WIH, PEiKe, *KMBBIX MOJLIIOCKOB.

B1.1. Teno okpyrJoe, 6piomnas DOAOIIBA He PA3BUTA
CemetictBa: Cucumariidae (uacte Bujgon), Phyllophoridae
(JacTh BHOB)

B1.2. Teso ¢ xoponio pa3BuToi 6pOIMHON MOAOIIBOM

B1.2.1. Teno nmoxpeiTo Yelnyiikamu
CemeiicTso Psolidae

Paamep cpepuuit (miuHa go 20 cm). Teno mupoxoe, B nXaHe OKPyrJoe, yuao-
IIeHHOe WJIH BHIIIYKJIOe, peke BhITAHYTOe, IMINHApNYecKoe. PoToBoe M aHANBHOE
OTBEPCTHA PACIOJATAIOTCA Ha CIIMHHOM cTopoHe. Yellry 06bIYHO KPYIIHbIE, XOPO-
IO 3aMeTHBIe, peaxe meaxue, Ilonomipa saTanyTa MATKOM Koxell. AMOyIaKpan-
HBI€ HOYKKH PACHOJIaraloTcs Ha MOJAOIIBe TPeMA PAJaMH, HHOTAA CPeAHMIA Psaj He
NDETNAMIOH |
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B1.2.2. Teno Ges yemyex
Poant: Pentacta, Loisettea
Paamep Menkuii ¥ cpegauit (anuna 5~10 cM). BHemHe JKHBOTHEIEe HAOMH-
HaloT cTuxonoaui. Telo B ceueHUH YeTHIPEXyroJbHOE, HeCeT KPYIHbIe KOHYCO-
BHJHEIe BHIpoCcThI. POTOBOE M aHaJIBHOE OTBEPCTHA PACHOJIATAIOTCA IOYTH TEP-
mMuHaabpHO. Koska Tesa nioTHO Ha6UTA CIMKYJIaMH, OTYEro NOKPOBH HA OIYIIb
IJIOTHHIE H LIEPOXOBATHIE.

B2. Beaymue yxkpmBaomuiica obpas JXU3SHHA

Paamep menkuii u cpegauii (quaa 2—20 cM). Teno Gosiee Wil MeEee BHITAHY-
TOE, MOYTH NPAMOE WIM B PA3THYHON CTENeHH M30rHEYyTOe. 3aAHUIl KOHeI OKpyT-
JIBIH WUIH BEITAHYT B 380CTPEHHEIN XBOCTHK. McHONB3YIOT YKPHITHA PA3HOTO THIIA.

B.2.1. IIpsauyuinecsa nox KaMHH, 06JJOMKH KOPAJJIOB, JKUBOTHBIX
Cemeiicta: Cucumariidae (uacts Bugos), Phyllophoridae
(1acTe BUAOB)
Pasmep Meinkwuii win cpegunii (qnauHa 2—20 cm). Teno npamoe uim cierka
us3orayroe. AMOysaKpajJbHble HOMKKH pacnpefiesieHH IO paguycaM HJIM pas-
OpocaHBl IO BCEMY TeJy. ’

B2.2. 3akanpBaoNecs B PHIXJIBIA IPYHT
B2.2.1. #usymue B U-06pasHbix HOpax

B.2.2.1.1. Teno ciaerka 3arHyToe Ha CIMHHYIO CTOPDOHY
Cemeiicrea: Cucumariidae (uacrs BugoB), Phyllophoridae
(uacTs BUAOB)
Pasmep menxkunit u cpeauuit (gauaa 10—20 cm). Temo BeITAHYTOE, 3agHHH
KOHeEIl OKPYTJIBMA WIHN BRITAHYT B XBOCTHK. OOGHTAIOT B CAMOM IOBEDXHOCTHOM
cJI0e TPYHTA.

B2.2.1.2. Teno nourn U-o6pasuoe
Cewmeticrsa: Heterothyonidae, Placothuriidae; ponst Neothyoni-
dium, Neopentadactyla
Pa3zmep ot Mesikoro Jio KpynHoro (ainmHa 5—-40 cM). Ilepennsasa yacTs Tesa MOXKeT
OYEeHBb CHJIBHO OTJIMYATHLCSH OT OCTAJHHOIO TeJla OKPAaCKOM M PacHoJIoKeHHeM aMby-
JaKpaJbHBIX HokeK. H{uBoTHEIe pacnosaraiorces B GoJiee IIIyGOKMX CIOAX TDYHTA.
W3 HOPELI BRICOBHIBAIOTCA WM TOJBKO IMYMAJIbIA, WM BCA NEPeAHAA YaCTh TeJa.

B2.2.2. JKuBymue B Hopax HOA YIJIOM K IIOBEPXHOCTH
Leptopentacta elongata
JKuBoTHOe pacmoJiaraeTci B HOpe NepefHHMM KOHIOM BHHM3, cobupadA my-
naJblaMM OpPraHMYeCKHe YaCcTHMIBI M3 TOJINHM ocafka. MHpopmanusa o ToM,
AIBASIETCA JH TAKOM THN NMUTAHHMA OGJMTaTHBRIM IS AAHHOTO BHAA MU XKe
CBA3aH ¢ KAKMMH-TO JIOKAJbHBIMH YCIOBHAMH, OTCYTCTBYET.

B. T'onoTypun ¢ nepUCTHIMH Iy IAJBILAME
Orpaa Apodida (yacTuuno)

Pasmep oT MeaKoro fo odeHbp KpynHoro (qauHa 5 cm — 2,5 M). Teso cuas-
HO BBITAHYTOEe, NIIHHAPHYECKOe NN YepBeoGpasHoe, Ha 3aJJHEM KOHILE OKPYT-
Jce. AMOyJaKpalbHBIe HOMKKH OTCYTCTBYIOT. OOHTAIOT Ha MOBEPXHOCTH TBEP-
OBIX cyOCTPaTOB, HA KOJOHUAX JKUBBIX OPTaHM3MOB MJIH HCHOJIb3YIOT YOeKuIns
pasHoro tumna. IInraiores opraHnuecKHMH YaCTHILAMH, COOMPAEMBIMH C IIOBEPX-
HOCTH cy6cTpaTa MJIH M3 TOJIUIH I'PYHTA.
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Bl. Begymue npeAMymecTBeHHO OTKPHITHIN 06pas sKHUSHH

B 1.1. OGxTaOImHe Ha TOBEPXHOCTH HEOPraHHYECKHX H OMOreHHEIX cyGCTpPaToB
Poansi: Synapta, Euapta, Opheodesoma (uacTh BHAOB)
PasmMep oT cpesHero A0 ouYeHb KpymHoro (AjauHa 5 cM — 2,5 m).

B1.2. OGuTraomue nperMyIecCTBeHHO Ha ry6kax ¥ MaKpoduTax
Pox Synaptula (uacrs BHAOB)
Pasmep Meaknit (qnuea zo 10 cMm).

B 2. Beaymue yxkpmsalomuiics o6pas uA3HHA
Pasmep oT Menxkoro ao cpexsero (o6wiynHo pamHa fo 10 cm).

B2.1. Yxpsipaomueca Nojg KaMHAMH, 00JIOMKAMH KOPAJIJIOB
CemeiictBo Synaptidae (uacTh BHAOB)

B2.2. Crpoamue U-o6pasHble HOPEI
Pox Leptopentacta

T. FomoTypuu ¢ majJbyYaTHIMH M NAJBUEBHAHBIMH IIYIaJbIlaMH
Otpaarpi: Apodida (uactuuno), Molpadiida, Dactylochirotida
PasMep oueHs Mejkuil M cpegHuM (gauHa 1-15 cm). PopMa Tena CHIABHO
BappupyeT. AMGynakpanbHbie HOXKH (Kpome Dactylochirotida) orcyrersysor.
BenyT TOABKO YKphIBAOmUiicA o6pa3 ;kusHu. ITUTal0TCA OPraHMYecKMMH YACTH-
DAMH U3 NOBEPXHOCTHOIO CJIOSA MJH TOJIIH FPYHTA.

I'l. YkpsiBaiomuecs noj KaMHAMH, TJIbI6aMi, 0GJIOMKaMHi KOPaJLJIOB.
Cewmeiictpo Chiridotidae (uacTsr BHIOB)
Paamep Menkwmit (mHa 10 10 cM). Testo CHIBHO BHTAHYTOE, IIIHHAPAYECKOE
mH yepBeoGpasHoe. IIHTaloTCA U3 caMOro BEepXHEro CJI0A TPYHTA.

I'2. 3akansiBaommecs B PHIXJBIH IPYHT

I'2.1. Pooniye ropH3oHTajJbHEIE HOPEI
Popgr: Chiridota (uacts supos), Polycheira (uacts BHIOE),
Scoliodotella
Paamep menkuit (anuHa o 10 cM). Teso cHIBHO BHITAHYTOE, HMWIMHAPHYECKOE
mau YepBeobpasHoe. Hophl 06KIYHO He CBABAHBI ¢ IIOBEPXHOCTHIO, MHTAHAE H
medeKanya NPOMCXOAAT B TOJINE FPYHTA.

I'2.2. Pacnosaraiomjuecss B rpPyHTe Nox GOJBIINM YIrJOM K NMOBEPXHOCTH HIAH
PEePTHKATBHO

I2.2.1. C poTossIM OTBepCcTHEM, pacHoJaralOMinMca B TOJILE TPYHTa
Otpaa Molpadiida
Paamep menkuii u cpeguuit (qauna 5-15 cm). Teso BepereROOGpa3HOE HIH
OKpyrjoe, 3aJHUIl KOHel BRITAHYT B AIMHHBIA 3aocTpeHHEIH XxBocTHK. IlHTa-
PTCA NPONycKas Yepes KHIIeYHHK YACTHUIBI MPYHTA M3 MIyGOKHX CHOEeB.

F2.2.2. C poToBBIM OTBEPCTHEM, PACIOJATAIOUINMCHA HAJ HOBEPXHOCTHIO FPYHTA
Otpag Dactylochirotida
Paamep meakwnit (gauua go 10 cM). Temo kon6oobpasHoe. PoToBoe H aHAb-
@0e OTBEPCTHA CHUJIBHO cOiMKeHBi. OOHUTAIOT B TOJIIIEe TPYHTA, BHICTABHB Ha
WOBepXHOCTh Iynansna. O cnocobe MUTAHUA NOYTH HUYEro He U3BECTHO.
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2.2, CTPOEHHE IHIMEJOBBIBATEJIBHBIX OPTAHOB

3axBaT roJIOTYpUAMH IHIEBAIX YACTHIL OCYINECTRIACTCA COIJIACOBAHHBIMM Aeii-
CTBMAMM CHCTEMH CTPYKTYp, 06'beANHEHHBIX B aKBadapHUHTHANBHBIA KOMILIEKC.
Ero ocHOBHBIM (PYHKIHOHAJILHBIM DJIEMEHTOM ABJSIOTCH OKOJIOPDOTOBBIE IIY-
najsna, Apyrve CTPyKTYphl — M3BECTKOBOE IJIOTOYHOE KOJBIO, PAAHAJIBHBIA K
KOJBLUEBO# KaHajbl aMOyJaKpajJbHON CHCTEMBl, AMIYJILI I{ynajerl (ecjid OHHU
HMEIOTCS ), NMMOJMER NY3hIPh U AP. — 0becmeunBalOT paboTy niynaner.

Crpoenue akpadapMHIHaJIbHOIO KOMILIEKCA B IPHHIHIIE CXOQHO ¥ BCEX I'O-
JIOTYpPHit, HO ero KeTajy MOTYT 3HAUNTEJbHO BappupoBaThcad. OYeHs M3MeHYH-
BLI X pasMepbl KOMILJIeKca: B GOJIBIIMHCTBE TPYNI IOJOTYPHIl OHM OTHOCH-
TeJIbHO HEBEJHMKH, TOTAA KAK Y HEeKOTOPBIX AEHAPOXHPOTHA KOMILJIEKC MOJKeT
3aHUMATh JO TpPeTH 00beMa NOJIOCTH TeJja, 8 NJIMHA — MPEBHIIATH MOJOBHHY
ero anuabl. O K pasMep KOMILJIEKCA MPSAMO CBA3AH C pa3MepOM HIyIajer, B
CTEIeH! JK€ PA3BUTHUA ONOPHBIX CTPYKTYP TAKAas 3aBUCHMOCThH HE IIPOCJIEXKH-
BaercA. ¥ Phyllophoridae uacro pasBuBaeTcs MolijHOe TPpy64aTOE rJIOTOYHOE
KoJBIO, 8 Y Cucumariidae npu Takux ke pasMepax HIynajel KOJbIO PA3BHUTO
oueHb cJaabo.

CBA3p cTeNeHN pa3BUTHA axBadapHHIHATBHOTO KOMILIEKca ¢ oGuuM ImJia-
HOM CTDOE€HHA TeJia U 06pa3oM XHU3HU OCOOEHHO HATJIAAHO IIPOABASETCH
y durodopua. ¥V HEKOTOPHIX BUAOB 3TOr0 ceMeicTBa MepeAHAs YacTh Teja He
CIoCOOHA BTATHBATHCH, II03TOMY OHA MOJKeT OLITh HA3BAHA ¢« MHTPOBEPTOM» JIMILB
ycaoBro. ¥ Neothyonidium magnum, HampuMmep, OHA OTHeJieHA Y3KOH mepe-
TAMKOH, & OKPACKA M CTPOCHUE HOMKEK CTOJIb Pe3KO OTJIHMYAIOTCA OT TAKOBBIX
OCTaJBHOTO TeJla, YTO JKHBOTHOE BBHIIVIAAUT KaK Obl COCTABIEHHBIM M3 ABYX
ocobeit pa3HBIX BHOB.

Hlynassna rogoTypuil no ¢gopmMe NoapasfeaslOTCA Ha YeThIPEe XOPOIO pas-
JIMYAIONINXCA THIIA, KAXAbIH M3 KOTOPBIX XapaKTepeH AJS onpee/leHHOHN TaK-
cornomurdecKkoil rpynnsl (Hyman, 1955; Pawson, 1966; Féral, Massin, 1982; Massin,
1982a; Roberts, 1982). Bce Dendrochirotida uMeroT gpeBoBHAHEBIE IIyNAIBLIA,
nojzaspafawllee coapmubcTBo Aspidochirotida — muToBHMAHBIE (B 3THMX ABYX
rpynmnax cTpoeHue mHiymnajel ABIAeTCA KJIaCCHM(UKAIMOHHHIM NPH3HAKOM OT-
pana), Molpadiida u uacts Bugor Apodida (cem. Chiridotidae u HeckoJBKO po-
noB ceM. Synaptidae) — nanbneBHgHBIE, OCTAJIBHBIE ANOJUILI — II€PHCTHIE.

ITpu egnuCTBE O6IIErO NIaHA CTPOeHUA GOpMa LyNaJel MOABEPKEHa 3HA-
YUTENBHOH MEKBHAOBON H3MEeHYHBOCTH. TOYHAA OIleHKA TAKOU M3MEHYHUBOCTH
3aTpyZAHeHAa H3-3a CHJIBHOH PACTS)KHMOCTH ILIyIlajiel], TeM He MeHee ee MOXKHO
Ha6J1I04aTh BO BCeX IpyInax roJoTypuil.

B npegenax orpaga Dendrochirotida npociesknBaetcs TeHAEHIINA K YCIOXK-
HEHHIO BeTBJIEHMSA Iynajel y [COJUX MO CPABHEHHI0 ¢ KYKyMapHMHJaMH H
dunnodopunamu. Ouenp UsMeHUHBA GopMa <«JaZOHN» W NPHAATKOB Iajbya-
THIX HIynajen (Cpegy MOCJeAHHX BHIACJIAIOT TAKXKE MaJbIEeBUAHBIE U IIPOCTHIE),
0COOGEHHO CHJILHO OHH pasjiuyvaloTca y anoausa U moabnnagunzi. Heckoasko 6o-
JNee crabuiabHa ¢popMa NepPHUCTHIX L{yIIaJell,.

CnenpalbHOrO BHUMaHUA 3acayxuBaloT mynansia Aspidochirotida. ¥V mo-
JaBaswoIiero 60JLIINHCTEBA NpeJCTABHTENEH 3TOro OTPAAA UX BeTBJIeHHE HAET
HOYTH NOJ IIPAMBIM YIJIOM K CTBOJY B OZHOM IJIOCKOCTH, 00pasyd XOopomo
pasBuUTHIl mMUTOK (puc. 2.1). OCHOBY IIUTKA COCTABAAIOT YeThipe NEepPBHYHKIE
BeTBH; OHH JUXOTOMHYECKH JeJATCA HECKOJbKO pa3, o6pas3ysa BeTBH BTOpPOIV,
TpeThero M MHOrAa yeTBeptoro nopsaaka (Cameron, Fankboner, 1984).
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Prc. 2.1. BEemHH# BHA HEKOTOPHX THOOB IynaJjel, roJOTypHii:

A — muroBupHble (Apostichopus japonicus); B -- apesosnausie (Eupentacta
fraudatrix); C — ncesgoapesosuausie (Holothuria cinerascens)

B asyx noapoamax poma Holothuria — Semperothuria u Selenkothuria —
IMynaasla 3HaYUTeJbHO OTINYAIOTCA OT OMHCAHHLIX Bhure. OHH, 1O onpexeJie-
B0 J. Jeitxmans (Deichmann, 1958), ¢nywmmncreies [bushy], uMelor yainaen-
HBble BETBM M BHelllHEe HANIOMHMHAIOT Miynaasua geHapoxuporug (puc. 2.1). Xa-
paKTep BeTBJIECHHS Y HCCAE€JOBAaHHBIX MHOIO BHAOB CXOHAEH: OT OCHOBHOTO CTBO-
Jia IIynajiel ¢ BHyTpeHHe# (o6palieHHOM KO PTY) CTOPOHBI OTXORAT ABe Hosee
HJIHA MeHee cOJM)KeHHbIe BeTBH, Aajiee O6WIMil CTBOJI JAeT elle ABe KPYMHhle
BETBH, JeJsLNecs, B CBOIO O4epelb, Ha MeJIKHe OTPOCTKH.

«JIpeBOBMAHOCTB» Iymajien, NPOABIAETCA Y OTAEJbHBIX BHJOB YIOMAHY-
THIX HOAPOJIOB B pasHoi cTenenu. Ilpunaro cuurars (Rowe, Doty, 1977; Sloan,
1979; Roberts, Bryce, 1982), uto ona HauGonee Bripaskena y H. (Semperothuria)
cinerascens. OgHAKO BBHITIOJHEHHEIH MHOIO AHAJINS MOKAa3aj, YTO 3TO He COBCEeM
Tak. [leficTBHTE/IBHO, IIyIANbIA YKA3AHHOrO BUIa UMEIOT HauboJsiee MOIHEIE H
MHOTOKPATHO AeJIALNeca OTPOCTKH, 0Opasyouine pa3BUTYI0 «KPOHY . B TO xe
BpPEMSA 9TH OTPOCTKH OTHOCHTEJHLHO KOPDOTKH, & MepBafd napa BeTBeil HACTOJBKO
pa3dHeceHa, YTO 06pasyeT COBMECTHO CO CTBOJIOM 3aMETHYIO (0OCOGeHHO HA MOJy-
BTAHYTOM HIynaiasue) miuomaxky. Takum o6pasom, mynansua H. cinerascens,
HECMOTDP#A Ha OYE€Hb PA3BUTOE BETBJEHHMEe, BecbMa GJIHM3KH K THNHYHBIM OIMTO-
BHAHEIM mmynanbuaM. CXo[CTBO yCHIMBaeTCA 3aMeTHOH MexXaHHYecKOH xecCT-
KOCTBHIO UIyHaJien, B TOM YMCJe TePMHHAJLHBIX BeTBeil, 4ero HUKOrja He Ha-
6aonaeTca y AeHAPOXUPOTHUA.

¥ apyrux mucciefoBaHHBIX BHIOB 9THX HOAPOAOB BETBJEHHE LIyIajel Pa3BH-
10 ciabee, HO LUAT BeTBJIeHUA GoJbllle, CAMU OTPOCTKH AOBOJIBHO AJTHHHBIE, OY€Hb
TOHKME H 3jacTuuyHble, TakuM o6pa3oM, IIyHaiablla 3THUX BHAOB 3HAYHUTEJLHO
cuabHee, yeM ¥ H. cinerascens, HanoMUHAIOT IIYNAJIbIE AeHAPOXUPOTHA.

TeMm He MeHee MMEHOBATH UIyNAJbIA CEJEHKOTYPHI M CeMIIepOTypHMH Ape-
BOBHHBIMH, KaK 9T0 JeJIalOT MHOr'He aBTOphI (Hanpumep, Lawrence, Cafri, 1979;
Sloan, 1979), HenmpaBMJIBHO. ITH CTPYKTYPHl MMEIOT HOCTOAHHYIO, cnenuduy-
HY10 Juda Kaxaoro Buaa ¢dopmy. Bce BeTBIeHHMA AMXOTOMHYECKHE, OTPOCTKH
pepBOro MopAAKAa pPacnoyaraloTcA CTPOro CHMMETPHYHO, B OTJIMYHE OT Iyna-
aen gengpoxupotrup (cm. puc. 2.1). Heynauen U TepMUH «IIPOMEXYTOUYHHES,
mconoabayemslit II. Po6eprcom (Roberts, 1982). I cuutalo, uto B JaHHOM caYy-
w8e npeANoYTHTE/SbHee TePMUH <IeJbTofeHapudeckues (Massin, 1982), uan
¢IICEBAOPEBOBUAHEIC .

KosnudecTBo 1 pacmojioskeHue mynajer, roJOTypPHil BapsUPYeTcAa B PasHbIX
rpyunax. Tak, y aCIHAOXUPOTHR OTHOCHTEJIbHAA MAcca BTHX CTPYKTYP MOXKeT
peanuuaThesi Ha ABa mopaaka (Jlepun, 1980). Hanbosiee kpynHble mMynanbna
saperucTpupoBanbl MHoIO ¥ Pearsonothuria graeffei — no 3,1 % or Maccu
vena. B crenkax uiynajen 3ajeraloT H3BeCTKOBBIE CITHKYJIbI, GOopMa KOTOPBIX
ob6nyYHO oTaHYaeTcs OT GOPMEI CIIHMKYJI KOKH Teja. KosndecTBO ciuKys miy-
sajiell, NOABEPIKEeHO CHIBHON MeXBHAOBOH M3MeHUHBOCTH. MHOI0 6B1JIO TOKA-
sano (Jlesun, 1980), uTo MX KOAHMYECTBEeHHOe PA3BHTHE Yy ACIMAOXHPOTHA He
€BA3aHO ¢ OCOGEHHOCTAMM HMTAHMA KUBOTHBIX, a 3aBUCHUT TOJbKO OT obimero
YPOBHA DA3BUTHA CKEJETHBIX SJIEMEHTOB Yy JAHHOTO BHMIA.
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Tonkoe cTpoeHMe mynaJien H3yUeHO Y HeCKOJbKHKX NpeacraBureneit Aspido-
chirotida, Dendrochirotida u Apodida (Fankboner, 1978, 1981; Roberts, 1979,
1982; Bouland et al., 1982; Hammond, 1982b; Smith, 1983; Cameron, Fankboner,
1984; McKenzie, 1985). Brto mokasaHo, YTO MOBEePXHOCTH NAJbYATHIX IIyHa-
Jer, o6bIYHO I'JIafKafd, Yy HNePUCTHX mYynalen BHYTPEeHHSA IOBEPXHOCTH BeTBeil
M HEeHTPAJbHAA OCh HOKPHITHE B3XYTHAMH — HOAYJAMH; HOAYJAaMHU 3aKaHYNBA-
IOTCA M BeTBJEHHA IMHTOBHAHKIX IMynajien. JpeBoBHAHEIE Iynaidbla cHabxe-
HBI 0OCOOBIMY 06pa30BaHNAMH — NouKaMH [bud], KOTOpHe OTIHYAIOTCS OT HORYJI
TeM, YTO IOBEPXHOCTh NePBhIX HeCeT MHOIOYHCJIeHHbIe BTAKHbIe manwiianl. Ila-
IHJILI OOHAPY KeHbI ¥ Ha HOAYJIaX [ICeBAOPeBOBUAHBIX mynasen H. cinerascens.

HecomHenHO, YTO TOHKAA CTPYKTYpa IOBEPXHOCTH Lynaiel B TON Wi HHOK
Mepe CBA3aHa ¢ CHICTeMaTHYEeCKOil IPHHALIe;KHOCTHIO JKNBoTHOTO. OHAKO B IIO-
ciegHee BpeMsa nonxyuensl AanHnle (McKenzie, 1985) o Tom, uro cTpoeHne nmosep-
XHOCTH 3THMX OPTAHOB B 3HAUYHTEJIBHON CTEIIeHH 3ABMCHUT OT MOTEPH YACTH KYTH-
KYJbl ¥ CTeIleHN pereHepanuM. Bojee CIOKHBIM OKasajloCh M YCTAHOBJIEHHE
BH0BOM cenipUUHOOTH TOHKOTO CTPOeHHUA wynanel,. Beinosnennoe [3x. Mak-
Kenan uccienosanue mopdosioruu mynajen 11 BHLOB ceBepo-eBpONEHCKUX JeH-
APOXHPOTH] ¢...NMOKA3AJIO CTPYKTYPHbIe PasjN4NA TaM, I'ie OHN He OXKHAAINCH
¥ He MOKAa3aJI0 MX TaM, I'lie UM cJjeAoBajo ObIThs (TaM xe, c. 449).

I'pynnocnenuduyeckne pasauyua INPOABJAAIOTCA U B CTENeHM Pa3BUTHA
B IqyHajbnax aMOyJakpaJbHBIX MOJIOCTeH. AMOyJnakpaJibHble KaHaJNbl Haubo-
Jiee pa3BeTRJEHE! B I{UTOBHAHBIX MIYNAJbIAX, TJe OHH BXOAAT HEIIOCPEJCTBEHHO
B HOZLYJIBI; B JPEBOBUAHEIX, IEPHCTHIX M NANBYATHIX IyNAJLIAX aMOyJaKkpassb-
Hble KaHAJIBI Pa3BUBAIOTCA TOJABKO B riaaBHbIX BeTBAX (Roberts, 1982).

2.3. TPOPOIKOJOIrHYECKHE OCOBEHHOCTH

O6Gpa3 mu3an. Bce MeJIKOBOAHEBIE TOJIOTYPUM — HKOHHBIE JKMBOTHBIE, H TOABKO
HECKOJbKO BHOB 3Nu3oandecKH MoryT nmiaasath (Costello, 1946; Glynn, 1965).
OcuoBHoil cybGeTpaT, Ha (B) KOTOPOM OHHM OGHTAIOT, — AOHHBIH OCAZIOK, & TAKIKEe
MIOBEPXHOCTH TBEPALIX rpyHTOB. HekoTophle mpeicTaBHUTEIN ACIMAOXUPOTHN, AIIO-
AUA U (peke) AeHAPOXMPOTHA BCTPEYAIOTCA HA MOBEPXHOCTH CeA€HTAPHBIX KOJIO-
HH&JIBHBIX OPraHM3MOB — MaPEeNopoBbIX KOPAJLIOB, roproHapuii u ryb6ok (Hyman,
1955; Sloan, 1982; Féral, Cherbonnier, 1986; co6cTs. Ha6a.). Pag BuaoB TecHo
CBsI3aH C 3apOCJIAMH BOZOpOCJeil ¥ MOPCKHMX TpaB, o0HTaA Kak Ha I'DyHTe, Tak
M HeI[IOCPEJCTBEeHHO HA pacTeHHAX (mpeMMyIecTseHHo Synaptidae).

HHora roJIoTypHM CeJIATCA Ha IOABIKHBIX JKMBOTHEIX. Tak, sxcnemumm TUBOX
B 1981-1982 rr. o6uapy:xuin B nputpesxse 0. Onerkoran (Kypuisckue octpoa)
MaccoBoe mocesieHHe KpynHbiX Psolus fabricii Ha cTBOpKax NIPOMBICJIOBOIO rpe-
6emxa Chlamys rosealbus (B. M. Kanuuun, muun. coobm.). Ilo-eugumMomy, coBMe-
CTHOe OGHTAHME I'OJIOTYPHIA ¢ APYTrEMHM JKHBOTHEIMM HOCHT GaKyIbTaTHBHBIH Xa-
paKTep, XOTSI B HEKOTOPHIX CIyYaaXx (acCOLMAIMU CHHANITHA C IyOKaMM) CBA3H 9TH
IoBoabHO TecHbIe. Ilapasutuueckue Buasl cpeau Holothurioidea memaBecTHEL.

Cpenu Aspidochirotida, Dendrochirotida u Apodida nmelorca o6auraTso or-
KPBITO JKMBYIIHe, 06JMraTHO YK PHIBAIOIIHECS (3aKanbiBaiomyeca U IPAYYOIH-
ecs), a TaK)Ke HCIOJNB3YIOIIHe YKPBITUA Nepuoaudecku; Molpadiida u Dacty-
lochirotida BegyT McKIIOYKMTEARHO 3aKankBaOUINICA 06pa3 KHU3HU.

Xorsa Bce BHABI roIoTypHil (BosMoxkHO, Kpome Dactylochirotida) cmoco6am
nmepeBUTATECA, HEKOTOpPHIe OYEHBb IOZOJIIY M Aa)Ke B TedyeHHe Bceil 'KM3HN
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no4YTH He NepememaiorcA. OTPAAN TOJOTYPHH 3HAYMTENFHO PA3JIHYAIOTCA IO
YMCJHY BXOAALIMX B HHUX BHJOB C PasHLIM ypoBHeM moasuikHocTH. Hamnbosee
uoxaBr:KHEI Aspidochirotida u Apodida (Sloan, 1979; Hammond, 1982a), xots u
cpeld HMX BCTPeYaloTCA IOYTH cefleHTapHEIe NpeACTABHTENH; HaHMMeHee IOX-
sikHELI Dendrochirotida, Dactylochirotida u Molpadiida. Muorue suam akTus-
HbI TOJIBKO Y8CTh CYTOK — B LHEeBHOE MJIH B HouHoe Bpema (Yamanouti, 1939,
1956; Hammond, 1982a; Féral, Cherbonnier, 1986; Ong Che, 1990; Uthicke, 1994).

Hapsany ¢ rpynnaMs, o6auMraTHO IPHACP/KUBAIOIIUMHUCA ONpeAeJIeHHOro obpasa
JKHSHH, CYIIECTBYIOT M Gojlee JaOWIbHbIE B 3TOM OTHOIICHMH BHABI. Tak, HeKOTO-
phle aCIUIOXHPOTH/IBI, OOBIYHO NIPAUYIUECA NOJ KAMHAMHE M I'ILICaMH, B pase pai-
OHOB CTAHOBATCA THOMYHKIMHI HOpHHUKaMH (Mosher, 1980). Tpommruecko-cybTponn-
yecKaA roioTypusa Neothyonidium magnum o6bIMHO 3aKanbIBAETCA B CBOSOAHMIH
necok (Féral, Cherbonnier, 1986). OagHaxo B 3as. HauaHr 3TOT AOBOJLHO PacHpPOCT-
PaHeHHBI TaM BUJ OOUTaeT B BeChbMa CBOEOOPASHBIX YCJOBUSX, IPOYHO 3AKPeIUI-
ACh B 3AIIOJIHEHHEBIX IIECKOM ILIEJISIX MEKJy KPYNHBIMHM BAJIYHaMW M rJIBIGaMH.

Onua u3 HamnGoJiee pacnpocTpaHeHHHX B 3ai. Ilerpa Beamkoro romorypuit
Eupentacta fraudatrix BechMa OGBIYHA B 3aWJIEHHBIX OCHOBAHHMAX APY3 MHAHH
I'pes, rae BeTpeuaseTcs efMHUYHO. B TO JKe BpeMsA Ha HECKOJIBKMX JIOKANBHBIX
y4acTKax KaMeHHCTHIX CBAJIOB OOHADY)KeHBI OUeHb IUIOTHBIE CKOIUIEHMSA 2TOIO
BHUAA; B 3THX YCJOBHAX TNOJIOTYPHH XKMBYT IOJ XOPOILIO OTMBLITHIMM KaMHAMH Ge3
cjiefila 3aWIMBAaHMA. 3aMeYy, YTO Bce TAKHE YYaCTKM CXOAHBI B FHAPOSMHAMMYEC-
KOM OTHOILIEHMM: OHH PACIIOJIATAIOTCA 34 BHIXOJHBLIMM MBICAMH MOJ CTPOIO OHpese-
JIeHHLIM YTJIOM K IIPeMMYILECTEeHHOMY HAIIPABJIEHMIO IIOAXONAIINX K Oepery BOJIH.

Herounuru numa. OCHOBHAA OHINA MOJOTYPHUit — OpraHMYecKHe OCTATKH,
acCONMUPOBaHHLIEe C MUKPOOPTraHH3MaMH (IeTPHT), & TaKKe MeJKHe IJIaHKTOH-
Hule u GeHTOCHble OPraHH3Mbl, 3aXBaThIBaeMEle BMecTe ¢ AeTpHToM. CoBMecTHO
¢ OPraHMYEeCKHMH KOMIOOHEHTAMH B COJAEPXMMOM KHINEYHHKa Bcerfia NPHCYT-
CTBYIOT (4acTo B npeobJafalomeM KoJIu4YecTBe) MIUHepaJbHble YacTunki. Bonpoc
0 TpodHUYeCKOo# POJIH OTJAeJbHBIX KOMIIOHEHTOB IHIEBOrO MaTepHajla — CTe-
PHJILHOTO JeTPHTA, MUKDPOOPraHM3MOR, Melio6eHToca — IO CHX Op He PemieH, H
MHeHHA HCCJeAOBaTeIeH 1o 3ToMY BOIIPoCy cyLiecTseRHo pacxoaatca (Renaud-
Mornant et al., 1971; Iluxon-Jlykaunna, Connarosa, 1973; Yingst, 1976; Jle-
BuH, Boponosa, 1979; Cammen, 1980; Moriarty, 1982; Hammond, 19883).

Crioco6HOCTB ro/IoTypuit K HeKpodarus, AoMycKaeMasa HEKOTOPBIMH ABTOPAMH
(Dayton, Hessler, 1972; Arnaud, 1970), npeacrapiasercsa KpaiiHe COMHHTENb-
HOM: 3a MHOrMe rofikl IOJIeBRIX M JaGOpaTOPHHIX MCCleNOBaHUH A He Habiogan
HM OJHOTO cJy4Yas moTpeblieHMA roJoTypMsaMH kuBoTHOM mumu. Hecommenmo
TaKiKe, YTo 3arvaThiBaHHE I'OJOTYPHMAMH KPYHHBIX ($parMeHTOB MaKpopHTOB
(Pawson, 1963; cob6cTB. HabJ1.) o6BACHAETCA HU3KOM N30 PaTeIbHOCTHIO IHTAHHUA
STHUX JKMBOTHEIX (cM. II. 4.1) ¥ He MOXKeT pacCMATPHBATHECA KaK COOCTBEHBO pac-
THTENbHOAAHOCTbD.

T'onoTypum crioco6HEBI 3axBaThiBaTh yacTHIH OB, B3BeleHHEE B IPHAOHEOM
cJioe BOABI, OCEBIIHE Ha IOBEPXHOCTH FPYHTA M 3aXOpOHEHHEIE B €ro roame’.
OprauvyecKHe YAaCTHUH MCHOJB3YIOTCA B IHINY JHGO HENOCPEeACTBEHHO MHOCJe
uxX GopMHpOBaHHA, JHUOO0 HOCJEe HPOXOXKJAEHHA 3THX YACTHL Yepe3 IHIeBapH-
TeJIbHHA TPAKT Pa3/IMYHBIX NJAHKTOHHBIX M GeHTOCHHIX OpraHu3MoB (B TOM
gHciie KOHEcHenuGHUUHRIX), T. €. B meJlJIeTUSNPOBaHHOM dopMe.

! CnenyeT npHEHNMATH BO BHHNAHME IPHEIHIHANLHYIO TPYAHOCTH Padanuenna OB, ocaxaenso-
TO HA NOBEPXHOCTH OCAJKA M B3BeIIeHHOro B BOje HeIoCPeACTBOHEO HAX rpaBnNell pasfesa BOAA—
zuo (Cadee, 1984).
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CaeanyeT cnenHaJbHO BBIJEJHNTh NHUTAHHE I'OJOTYPHH HAa KOJOHMAX SKHBBI
KopasuioB (P. graeffei n sexoTophie Actinopyga) u ry6ok (Synaptidae, P. graeffei)
B nepsoMm ciayuae, 1o MOMM HabGJIOJEeHUAM, BMECTE C OCeBIINMH HA MOBEPXHO:
CTH KOJIOHHUN YacTHIAMH 3aXBAThIBaeTcs H CJAH3b, OOMJIBLHO BRIZEJNAEeMAA KO
pangamu. IIpu nUTaRNM FONOTYPHIl IpeHMYIeCTBEHHO U3 ceM. Synaptidae me
ry6rax (cobcts. nabi.; Féral, Cherbonnier, 1986), HecomEeHHO, NCHONB3YETCS
B3BeCh, KOHIEHTPHpyeMas Ha MX NOBEPXHOCTH MOILHLIM (HIbTPAIMOHHBIN
annapaToM 3THX YKMUBOTHBIX.

OTzenbHBIE FPYIINIB TOJOTYPHH aZanTpoBaHbl K Mcnojb3osanuio OB onpe-
zenenHoro renesuca. Tak, ocHoBHOM HcTounuK nuiu Dendrochirotida — opra.
HHAYEeCKHe YacTHIbI U3 NpUAOHHOrO cJjod BoAsl (Hyman, 1955; Massin, 1982a, b;
Smith, 1983; Costelloe, Keegan, 1984; Keegan et al., 1985). B anteparype sBe-
JEeTCA MHOTOJIETHAS AHUCKYCCHS O CIOCOGHOCTH JeHAPOXHPOTHJ HUCHOJIH30BATE
OB c nopepxHOCTH H fa’ke U3 ToJI{u ocagka (Orton, 1914; Hunt, 1925; Coxo-
Josa, 1958, 1986a, 6; Fankboner, 1981; Massin, 1982a; Cameron, Fankboner,
1984; McKenzie, Picton, 1984; McKenzie, 1985). IlpospeaeHHbie MHOIO IONEBbIE
u nabopatopusie HabmogeHna 3a Cucumaria japonica 110Ka3mBaOT, YTO 3Ta
roJIOTypHUA YACTO UCNOJB3YET IYNANBIA AJIA «I0JMETAHUNA» ITIOBEPXHOCTH JHA
BOJIHM3HM poToBOro orBepcTuA. S ybeskleH, YTO TakKo# crocob0 MUTAHUA He HC-
KJIOYeHHe — ero MCIoJb3yIOT U APYrue BUAH AeHAPOXHPOTHA.

OcHoBHoO# ucrounuk nuu Aspidochirotida — uactunsl, pacnoaarawoniuecs
Ha IIOBEPXHOCTH MATKHX H TBEPAbIX IPYHTOB, A TAK)Ke 3aXOPOHeHHBIE B TOJIIIE
ocajKa; TOJbKO NpeicraBurenu nopponos H. (Semperothuria) u H. (Se-
lenkothuria ) apanTHPOBaHEI K UCNIOJB30BAHMIO OPraHMYeCKHUX YACTHI, B3BEllIeH-
HBIX B NPHAOHHOM cJioe BOAEI. Ilo-BMAMMOMY, K AEeHAPOXHPOTHHAM, & TaKiKe
K CeMIIEpOTYPHAM H CEJIEHKOTYPHAM MOKHO TOJHOCTHIO OTHECTH KOHIEIIHIO
OMMNOPTYHHUCTHYECKOTO MUTAHUA: CIIOCOOHOCTH B 3aBUCHMOCTH OT YCJOBHIl ITe-
peKJodaThcA ¢ NUTaHMA ocakleHHbIM OB Ha BapemenHoe n o6parhHo (Cadee,
1984). UmeroTca eanauunnie ykasanua (Da Silva et al., 1986) na To, uro uHOr-
A8 HCHOAB3YIOT B3BelLleHHBIEe B BOAe YacTHIH M apyrue Aspidochirotida.

Apodida ucmoassyoT OB, cocpexoToueHHOEe Ha IOBEPXHOCTH AHA (KM HA KO-
JIOHHANLHBIX KHBOTHEIX M MaKpodHTax) M 3aXOPOHEeHHOe B TOJIIe OCAJKA,
Molpadiida — Tonbko 3axopoHeHHOe.

B oreuecTBeHHOM JHTEpAaType MIA TPOPHUIECKON XapaKTEePUCTHKH acCIIHIOXHPO-
THH, a0 U H MOJhOaANHZ OOBIYHO MPHUMEHAIOT TEPMUH «geTpurodars. OgHaKko B
TIocJIeAHUE TOAbI HAKAILINBAETCA Bee DoJIbIe JAHHBIX O TOM, YTO TaK HaskIBaeMble
JeTpuTodary He criocoOHBI YTIWIMSHPOBATE JETPHUT per se, OSTOMY KCIIOJIb30Ba-
HHe 3TOT0 TePMHHA CTAHOBUTCA HeonpasAaHHLIM. OOCIeNPHHATOMY B AHTJIOA3BIY-
HOI1 IuTeparype TepMuHy deposit feeder B KaKkoii-To Mepe OTBEYAIOT PYCCKHE 40Caj-
Koel» H «rpyHToes». OAHAKO IepBhIi U3 HUX HebJarospydeH, BTOpPOM yAa4HO Xa-
paKTepHuayeT JKMBOTHBIX, IMTAIOIINXCSA B TOJIIUE FPYHTa, HO €ro pacIupHTeJIbHOe
TOJKOBaHHE HeLeIecoo0pasHo: HEKOTOphie THIIHI OCAKJAEHHOTO MaTepuaja, KOTO-
prle noTpebasaioT 3NHOeHTHYEeCKHe JKUBOTHEIE, HEJIB3A Aake C HATIKKOM HA3BaTh
rpynaToM. IlosTomy s Beaen sa H. 10. Munosuzoroit 1 JI. H. Kuproxunoii (1981),
a takoke A. I1. Kysnenossim (1982) ncnosisayio 3ech TePMHH ¢ Jero3uTodars .

IInmeBoe noseaenne. O6Ie 3aKOHOMEPHOCTH ITHILEBOTO MOBEACHHUA IIpea-
CTaBHTeJel KPYIHbIX TAKCOHOMHYECKHNX I'PYII TOJOTYpPHil BRIACHERH AOBOJIb-
Ho moyHo (063opei: Hyman, 1955; Massin, 1982a; Lawrence, 1987). Ograko
MHGOPMALHS O IIJACTUYHOCTH MHIIEBOro MOBEAEHNA OTAEHBHBIX BUJIOB, €r0 CBA3H
¢ KOHKPeTHHIMH YCJOBHAMH y4YacTKa OoOMTaHMA MOKAa JOBOJBHO OTPHIBOYHA H
IIPOTHBOPEYHEA.
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HecoMHeHHO, OY€HDb NIACTHYHO OHIOIeBOe NOoBejieHne ReaapoxupoTun. O pas-
HOTJIACHIAX B OLeHKe BO3MOYKHOCTH c60pa STHMM JKHBOTHHIMH OCEBIIMX YaCTHIY
ye ropopmwiocs. B Hekoroprix paborax (Fankboner, 1978; Velimirov, 1985)
yKa3plBaeTCs Ha MOCTOAHCTBO PACHOJOMKEHHA Ifynajel AeHAPOXHPOTHX MPH
nurapayu. OfHEAKO MOH noJeBbie U AabopaTopHble BAGNIOREHUA U AHAIH3 MHO-
ro4YKCJieHHbIX NMOABOAHBIX $OTOCHUMKOB NOKASHBAIKOT, UTO XapaKTep Pacmoso-
JKEeHUA mMynanen u gake DOJM0oXKeHHe Teja STHGeHTHYeCKHX BHAOB BO MHOTOM
onpeAeaAIOTCH TMAPOAKHAMIYECKOM 06cTaAHOBKOM. 3TO COpaBeTUEO AaKe AN
ICONYCOB C MX OTHOCHTEJBHO HOCTOAHHOM (POpPMOIl Tejla — BONPEKH MHEHMIO
I1. Pauxbounepa (op. cit.); B OTHOMEHUH NOABMMKHOCTH IIYHANBIEBO# KOPOHBI
9TH rOJIOTYPHH He YCTYNAaloT, HalpUMep, KYKyMapHuaM.

Mowu nabmionenuns o Brername Hag N. magnum noxkasajiu, Y10 B NITOPMOEBOH
nepHOA HPH HAJXHUYMHK B Boje GOJIBIIOro KOJWYECTBa B3BECH INYNAJILIA BTOFO
BHA PACIIACTAHBI IO IOBEPXHOCTH I'PYHTA, TOrZA KaK B TUXYIO OTOAY BHITATH-
BAIOTCA TIOYTH BEPTHKAJILHO.

HakxanauBaioTcA cBeleHUA U O IJIACTMYHOCTH NUIKEROTO MOBEeJEeHU aCHAO-
xupotis. Hanpumep, Bo MHorux paitonax Unno-Bectnanuduxku u Ha KyGe, rge a
rabmionan Holothuria arenicola, ara roloTypusi 3aryiaThIBa8 TOREPXHOCTHHIN
cjoit mecka moj oGJIOMKaMHM KOPajJoB, TOrAa Kak Ha BaraMcKux ocTpoBax oHa
Haxoxuiaa nuiny B Tonaue rpyara (Mosher, 1980). Pasauuaerca B pasHbIX paiio-
HAX M NHINEeBoe NOBeJeHNe allogu]l, OCOGeHHO KPYIHBIX CMHANITHA.

Bripeneaue exannii. CeefieHNA 0 BhIZEJEHUH I'OJOTYPHAMH deKagnil no-
BOJIbHO OTPHIBOYHBI ¥ pa3bpocaHbl 10 paGoTaM, 3aTPArMBAIOIIUM 3KOJOTHIO OT-
meabHBIX BUROB. TeM He MeHee MOXHO yKa3aTh HEeKOTODPHIE XapaKTepHble 0CO-
6eHHOCTH AedeKanuy B PASHBIX Ipymnax.

Hanb6osee nayueHs! pexaniny acnuFOXHPOTHY, UTO, HSCCOMHEHHO, 06'bACHA-
eTcs JIerKOCThIO UX HaOMIOAeHHUA Yy 9THX KUBOTHBIX (Arakawa, 1971; Jlesun,
1982a). Perannu npeAcTaBAAOT co6Goil Gojiee MIN MeHee MPOYHBIE KPYTrable
B CEYEHMM IIHYPHI ¢ MepeTaAKKaMu. ['1y6uHa nepeTAKeK, COOTHOIIIEHHE JINHEI
M aMaMeTpa OTHAeJbHBLIX riaobys, ofljas AJMMHA BhIJeNeHHLIX IIHYPOB HMEOT
YCTOMYHMBBIN BujocnennbNYHEIH NpusHaK. PeKalnu KaKk sSNUGeHTUYECKHX, TAK
¥ MHGAYHHBIX ACOMAOXHMPOTHJ OTKJIAABIBAIOTCA HA IOBEPXHOCTH IPYHTA ¥ OORIY-
HO MMEIOT NOJAKOBoo6pasHyio dopmy (puc. 2.2). ¥ BHAOB ¢ HEMpPEepPHIBHAIM MH-
raHueM (PeKaJINH BHIODACHIBAIOTCS Yepe3 NPUOIHSHTENbHO PABHBIE IPOMEXYT-
KM BpeMeHM (KpaTHble DUTMY AbixaHudA; Jlepun, 1982a) u B 3aBHCHMOCTH OT
KOPMOBBIX YCJIOBHII yUacTKa PacIioiaraloTes MIOOAMHOUKe HAY KyuKaMu. Buas,
NUTAIecs NMEePUOANYECKH, MOTYT HM3Beprarh GOJILIIOE KOJHYECTBO ¢eKa-
Auil efUHOBpeMeHHo; TaK, y Isostichopus badionotus nedexanmusa ocymecrsis-
eTCS B COOTBETCTBUM C PUTMOM IMTAHUA — OOBIUHO ABakAbl B cyTKH (Crozier,
1918; cobers. Habia.).

Puc. 2.2, Pexanuy JaNbHEBOCTOYHOrO TPEHAaHTra Ha MPyHTe

Pexanny JeHAPOXHPOTUL OOBIUHO IIPeACTABARIOT o060l HempouHBIe M HH-
APH WJIM BUCKDeTHBIE IejeThl. IINOTHOCTE TAKMX HeJleT, KaK UPaBMioO, He-
3HAYHTEJNBHO NpeBbILIAET eAHHUIYY, & HHOrAa, HanpuMep y Neopentadactyla
mixta, OHN MMEIOT NOJOKHUTEABHYIO NuaBydecTh (Konnecker, Keegan, 1973).
Pexanuu OTKAAABIBAIOTCA H& AHO HJIH BHIOPACHIBAIOTCA B TOJINY BOZBI.
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Y moasnaguup dexasnn o6HIYEO He 0(pOpMIIEHH! M B BHAE KYUYeK mecKa BHI-
GpachIBalOTCA B BOAY Hepes onpeAesieHHbBIe NPoMexXyTKH BpeMeHH (Yamanouchi,
1927; Rhoads, Young, 1971).

Buaenenune ¢exanuit y EeKOTOPHX 3aKANBIBAIOIIUXCA aNOAMA H3YYEHO HO-
BoAbHO AetanbHO (Myers, 1977; Powell, 1977 — Leptosynapta tenuis; Jlesus,
19826 — Scoliodotella lindbergi; Féral, 1985 — L. galliennei). 3tu ronorypun
06pa3yoT oueHb HempouHble (peKaNbHbIe MIHYPH WIH ke odopMIEeHHEIe mmeJLIe-
THI BOBce He obpasylorca. Brigenenmne dekanuit npoucxogur aubo B6amu3n mo-
BEpPXHOCTH ocaAka, 1u6o B ero ToJe. CeefieHuit o nedpexanuu snUGeHTHYECKHX
anoauz MOYTH HeT, B YACTHOCTH H3-38 TOI0, YTO PeKaIMM 3THX JKHBOTHHIX OYEHb
HENpPOYHH M Ha T'PYHTe IOYTH He HabGIIOZAIOTCA.

Ce3sonuas sucuepanus. Kpaiise cBoeobpasHasa oco6€HHOCTDh IOJIOTYpHiT —
Hab110/jaeMble B HEKOTOPHIX IPynnax nepuogndecKkue MopdodyHKIHOHATLHBIE
M3MeHEeHHUA MHUIEBAPHTEILHOTO alapaTa, o6bIYHO 0603HAUYAEMEIe KAK Ce30HHASA
spucnepanusa. Cpean Aspidochirotida aTo siBJIeHMe 0OTMeYeHO Y CTHXONMOLHA:
Stichopus regalis — npu6pesxxbe Uranun (Bertolini, 1932), Apostichopus japoni-
cus — fnoauna u mopa Jaavaero Bocroka (Tanaka, 1958; Choe, 1963; Jleit6con,
1981; Jlesnn, 1982a), Parastichopus (=Stichopus) tremulus — CxaHgUHABUA
(Jespersen, Liitzen, 1971; Hauksson, 1979), P. californicus u P. parvimensis —
sanagHoe nobepesxnse CIIIA (Swan, 1961; Dimock, 1977; Yingst, 1982; Muscat,
1983; Fankboner, Cameron, 1985).

CesonHas apuciepauna Habiiogaerca H y AeHAPOXMPOTHA. Brllo mokasaHo
{Byrne, 1982, 1985), uro B nonyaanuu Eupentacta quinquesemita y Geperos
Bpuranckoit Konym6un B cenrabpe—Hoabpe sHAUNTEIbHOE KOJTHYECTBO ocobeit
JHIIeHO KHIIeYHHMKA; B MOCJeAyIomie Mecsnsl oH pereHepupyer. HesicHo, BhI-
SHIBAETCA JIM NOTEPA KHIIEYHHUKA ¥ 9TOTO BH/Ja AYTOTOMHel, KaK IpeAnojaraer
M. BupH, uau xe 3fjlech MMeeT MeCTO ATPOdDMA HHUIEBAPMTEJLHOIO TPaKTa
(Fankboner, Cameron, 1985).

Haubosee HHTEHCHBHEBIE MCCJIEJOBAHHA CE30HHBIX MOPGOJOrMUECKHX H3Me-
HEeHNH NUINeBapHTeJbHON TPYOKHM BHIMOJHEHH HA AAJbHEBOCTOYHOM TPENaRTre
H. JI. Jleit6con. Ona nokasana, yro MopdodyHKIMOHANLHAA MepecTPoiiKa KH-
meYHHKA BKJIOYAET aTpodHIeCKN-ReCTPYKTHBHEIE H BOCCTAHOBHTEJbHBIE IPO-
neccel. ¥ HEKOTOPHIX ocobeil Ha 3ToM doHEe HNPOMCXOAUT HOJHEIM BHIGpOC (ayTo-
ToMuA) kumeyHoit Tpy6oku (Jleit6eon, 1981; Leibson, 1992).

B monyasumax rpenanra u3 6yxr Tpomnst 1 Burass B mione—cenTatpe y 607b-
IIMHCTBA YKMBOTHBIX MAcCa KHIICYHHKA CHISKAJIACH, YTO MOMKHO OTHECTH 38 CYer
aTpodHUeCKUX M3MEeHEeHHUH ero creHKH. B To 'Ke BpeMa npHMepHO y TPETH OCO-
Geil muIeBapUTEJSbHAA TPYOKA WM OTCYTCTBOBAJA BOBCEe, WM ORLJIA IpejCcTaB-
JieHa MoJIofioil pereHepupyiomeii KumKoi. Ilo-BuauMomMy, B NepHOJ 3CTHBAMHA
B IONYJALKM OIPUCYTCTBYIOT OJHOBPEMEHHO KaK ocobu ¢ arpodHpoBaHHOM mH-
IEeBAPUTENILHOM TPYOKOIi, TaK M }KUBOTHBIE, BOCCTAHABJIHBAIOLME KHIIEYHHUK, YAA-
JeHHB# ayToTomueit. IToka HesicHO, KaK codeTalOTCA MEXKIAY COOOM ymoMAHY-
ThIe IMPOLECChl M CBASAHO JIM MX NpEeHMYyIIeCTBEHHOe PasBHUTHE ¢ BHEIIHUMH yc-
JIOBUAMH.

HecmoTpsa Ha ROBOJBbHO OOMIMPHYIO MH(POPMAIIMIO, KACAIOINYIOCS 3BHCIEpA-
IMH y PASHBIX BHIOB IOJOTYpHil, 3HaUYeHHEe 3TOTO ABJCEHA OCTACTCA HeBbIACHEeH-
auIM. [IInpoxo pacnpocTpaHeHHOE MEHEHHE 06 HCIIO/Ib30BAHNH T'OJIOTYPHUAMH BHYT-
PEHHHX OPraHOB JJIfA 3alTUTH OT XHIHHUKOB JIMIIEeHo ocHoBaHMii (JleBun, 1982a).
Ilokasano (Jespersen, Liitzen, 1971), uto mpMuMHOII Ce30HHOH SBHCHEDAIlAN
y P.(=8.) tremulus Mo:xeT GEITh MIPHCYTCTBHE B CTeHKE KHIICYHUKA ADPA3HUTOR.
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Tabauna 2.1. BHoneHOTHYECKH 3HAYHMNEIEC XAPAKTePHCTHKH MEJKOBOARKX IOJOTYPH

[ HapameTp Aspidochirotida Dendrochirotida Apodida Molpadiida
3oua oOHTANESA:

HOBepPXHOCTHL I'PYHTA ++ ++ ++ -

BepxHuit ciolt rpyrTa ++ ++ ++ -

TOJNWiA FPYHTA + + ++ T
3oma 3axmaTa IEIM:

OIpHAOHHAA BOAA + +4++ - -

HOBEPXHOCTh I'PYHTA ++ ++ +++ -

BepXHHM caoif rpynTa ++ - ++ -

ToJIA TPYHTa + + ++ T
3o0ma pedexanum:

OpHAOHHAH BOAA - + - -

NOBEPXHOCTH I'DYHTaA T +++ +++ T

TOJIAa TPYHTA - - ++ -
MoaBHXHOCTH:

HeNOABHUXKHLIE H Masjo- + T ++ T

HOABHIKHBIE

DOABHIKHLIE +++ - +++ -
Xapaxkrep dexanmii:

opopMIeRHLIe T T T -

HeodopMNEHELIE - - - T

ODOpr Medad u e Haruune B orpafe BHIAOB C COOTBETCTBYIOIHMM XAPAKTEPHACTHKAMHA
BOKAIAHO BHAKAMU: ¢—% — OTCYTCTBYIOT, ¢+% — €AUHMYHN, ¢++% — 3HAUUTENLHAS YacTh,
e+++» — npeobaagaior, ¢T» — Bce BHALL.

B nexa6pe 1987 r. s HaGaonan moutn y TpetH ocobeit S. chloronotus, oburan-
mux ¥y o. Pome Hyap B san. Havaur, perenepypyomue nepejHMe U 3ajHHe
KOHIB Tesia. B Toii ke BRI6OPKe B KHIIeYHHKe BOCHMM 0cobeil GrlIM 0o6HADY-
MeHEI ToceJIeHNA NapasuTHYeCKON racTponosl, 3/1ech e HaXOAWIMCh B KJIaJ-
XH MOJLTIOCKOB. CTeHKM KHMIDEYHMKA B MeCTaX IPHKPEIJIeHHs MOJTIOCKOB OhLIH
cunbHEeRMKUM 06pasoM jebopMmMpOBaHbl, ¥, HECOMHEHHO, STOT OPraH He MOT
@YHKIMOHUPOBATS.

51, xax 1 HekoTOpHIe Apyrue uccienoparenu (Jleit6corn, 1981; Byrne, 1985),
BPHUAEDPKUBAIOCH MHEHHA, UTO 9BHCHEpalid, B TOM YHC/Ie Ce30HHAA, — CBOe0s-
Ppe3HHI cnoco6 NONHOTO WM YACTHYHOTO «OOHOBJICHHS® OPraHOB ITHIIEBADH-
YeAbHOI, KPOBEHOCHO M ABIXATEAbHOH CHCTEM FOJIOTYpHil. 3aciysKHBaeT BHH-
maEMA n TouKa 3peEHdA k. Jloypenca (Lawrence, 1987), mosarapigero, 4To
arpodua KHIIEYHUKA CBA3aHA C Ce30HHHIM CHH)KeHHMeM OOWIMA MHUINM M Bbi-
FOAHA JKHBOTHOMY, ITOCKOJIBKY S9HEpPreTHYeCKHe 3aTPATH HA NOLJEPKaHHEe KH-
EBeUYHHKA BBHILIE, YeM Ha €ro pereHepaimio.
0606menmm TPOOIKOIOTrHIECKAS XAPAKTOPHCTHKA OTPAOB MEJIKOBOXHBIX
oTypuii npeacrapieHa B Tabia. 2.1.

9BOJIOIIAA TPOPHYECKH 3HAYHMBIX
MOPOOPYHKIIHOHAJBHBX XAPAKTEPHCTHK

HEb 60JIblIIOE 3HAYEHHE 1S NOHHMAHMA OCHOB TPOMPHKH IoJOTypHil mMeeT
M3 IyTeil pasBUTHA MOPPOJOTHYECKHX CTPYKTYP, ob6ecIeunBaIOmUX THATA-
, H CTAHOBJICHHA TpodHuecKux afgantanuit. Hanbosee nokazarenbHrle cBe-
HA IO STOMY BONPOCY OTHOCATCA K IIHPOKO PACIPOCTPAHEHHOMY B TPONIH-
orpany Aspidochirotida.
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YcranoBnenne nyreii akosorudeckoro passuTtus Holothurioidea — coosx-
Hasa npo6nema. IIpaMeie JOKa3aTeabCTBA XOAA 3BOJIONMU OPraHU3MOB MOJKET
NPeACTABHUTS: TOJBKO HaJeOHTOJIOTHYecKaa jaeronuck. llensle ocobmu rosory-
puii oTHOCATCA K UMCIy HanboJjiee pefKHNX HAXOJOK MCKOIaeMBX 5ecli03BOHOY-
BEHX (Smith, 1988). H3BecTHEI TOABLKO JBe Mae030iCKHe HAXOAKH TeJl IOJOTY-
pHil — M3 BepxHero KapGoHa M Bm:KHero AepoHa (Seilacher, 1961). Haxoaxn
HauboJiee pacnpocTpaHEHHLIX (GOCCHIBHHX OCTATKOB IOJIOTYDHMH — OTHEJb-
HBIX CKJIEPHTOB — TOYKe HeMHorovucjeHHr (Frizzell, Exline, 1966). Onucanmn
naxoaxu cnukya Dendrochirotida i Elasi podida us gesBonckmMx oTaoeHHiA,
Aspidochirotida u Molpadiida — m3 1opckux. OgHako aTH cBeJleHHA B HEKOTO-
PHIX CAy4YasiX BBISHIBAIOT COMHEHMA, M HM)KHeNANIeo30HCKHe HAXOAKH, 10 MHe-
Huio CMuTa, MOTYT NPUHAAJECKATE APYTHM IPYyNIaM HUIVIOKOXHX. Takum o6-
pPasoM, MaJIeOHTOJOrHYeCKHUX JAHHBIX CTOJb M&JIO, YTO UX KCNOJIB30BAHHNE NIA
MOCTPOEHUA PHUIIOTeHUH HEBOSMOXKHO, X 06 9BOJIIOIIMOHHOI MCTOPHH ACTIHAOXH-
poTHR (BOpoueM, KaK M APYTHX I'PYNI roJOTypPHil) IPUXOAUTCA CYJUTh MO JaH-
HBIM, OTHOCAIIUMCH K COBPEMEHHEIM BHIAM.

PujIoreHeTHYECKOe HCTOJNKOBAHNE TAKNX CBEJeHNH 3aTPYAHAECTCA TEM, YTO OCO-
GeHHOCTH PELEHTHHIX NPHMHTHBHBIX GOPM MOrJIHM GHITH He YHACJIEAOBAHBI OT
MpeJIKOB, 8 BOSHUKHYTh CAMOCTOATE/bHO. TaK HA3bIBAEMBIE ¢«HOBHIE», B YACTHOCTH
6HoxXMMIYECKIe, IIPUSHAKK HE COCTABJIAIOT B 9TOM OTHOLIEHMM HCKJIIOYEHUA, YTO
HepeAKo HeJooleHUBaeTcA NPH UX (HIOreHeTHYeCKOH MHTepOpeTalyi; TeM He
MeHee TAKHWE JaHHbIe MOT'YT ObITh BAYKHBIM apryMeHTOM IIPDH OLEHKEe aJIbTEepHA-
THBHBIX BADHAHTOB XOJa pa3BUTHUA Tex win uHbIX rpynn (Kamuaun u xp., 1994).

O wanpasieHnu MOPGODYHKIMOHANBHOM 9BOMIONNH TAKCOHA MOKHO CYLHTH,
COIIOCTABJAA IKOJOrMdYecKyio Kaaccupuranmio ¢ dmioreneruueckoii. OgHako
B OLIEHKAX HAINPABJEHHA (PHUIoreHe3a HEKOTOPHIX IPYNI I'OJIOTYPHH HMEIOTCA
cephesHbIe pa3HoIIacuA, 6e3 paspellleHNA KOTOPhIX HeJb3A COCTABUTH IIPABHAL-
HOTO NpefcTaBleHuA 0 reHesuce MopdodYHKIMOHAILHBIX XapaKTEePHUCTHK.

OauH M3 KJAIOYEBBIX BOIPOCOB 3BOJIIOLHMOHHON MOpPQdOSOrHM TroJOTypHH —
3BOJIIONMA UYIAJLLEBOro anmnapara B npejenax kKiaacca. B pa6ore [I. Po6epreca
(Roberts, 1982) paccMOTpeBH ABe aNbTePHATHBHBIE 'HIIOTe35! HJIOTeHeTHYeC-
KMX OTHOIIEHHH OCHOBHBIX THHOB wiymnaJjern (puc. 2.3).

Purc. 2.3. TunoreTnyeckre pHIOreHeTUYECKHE OTHOIIEHUS OCHOBHBLIX TH-
OB IIynanen roJoTypHii:

A, B — 1o Roberts (1982), C — no Jlesuny (1982a). * B opurunane (Roberts, 1982,
puc. 2) crpenka omn604HO (KAK MOJKHO CYAHTh M3 TEKCTA) HANPABJIGHA B IPOTHBO-
TIOJIOAKHYIO CTOPOHY

HIupoxo pacnpocTpaHeHHOe B PaHHHX paboTax HmpeACTABJIECHHE O TOM, HTO
nepBMYHBIN THI W{ynaJen — ApeBoBuAHbIe (puc. 2.3, A), BRISHIBAET Cephe3Hbe
poapakeHus. CoMHeHMe B TOM, UTO CTOJb CJIOKHEIE CTPYKTYDhI, KK IIyIaJbos
JEeHAPOXHUPOTHA, MOIVIX BOSHHUKHYTH de novo, seickaasisaet [I. ITocon (Pawson,
1966). Ilpeanosaraercsa, YTO TAKHe IXyNAJbIa MOTJIH OOPa30BaATHCSH MYTEM MO~
BTOPHOH ANXOTOMHE IIPOCTHIX aMOYIaKpaJbHbIX HOJKEK opasbHoro paitona (Fell,
Moore, 1966). OgHaxo nanpueBHANBIE IIyNANbIA COBPEMEHHEIX I'OJIOTYPHR
ABIAKIOTCA UPEAKOBEIMM CTPYKTYPAMH M BOSHHKJH, 110-BUAXMOMY, B Pe3yJb
Te BropuuHOil peaykuuu (Pawson, 1966).
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. Pobeprc nonaraer, 4To «CTapTOBOM TOUKOI® Pa3BUTHA NHNIEAO6BLIBATEb-
HBIX CTPYKTYP MOryT ObITh IJHTOBHAHBIe Mynaiasna (puc. 2.3, B), DOCKOJIBKY,
nO ero MHEHMIO, JJIA MX 06pasoBaHmMsa Tpebyercd MHHHMANLEOE BHAOM3MEHe-
HHe aMOyJaKpaNbHBIX HOKeK. OT HAX MOTJIM BOSHHKHYTH HePHCThIe IIyIAJb-
Ua, a yBeJHMUYeHHe CAYy4YallHKIX BeTBJAEHHIl npuBesio (Yepes mymaiapia THIa
H. cinerascens) K o6pa3soBaHHIO APEBOBUAHLIX IIyIaJieil.

MosxHOo BHgETh, YTO OAHO M3 OCHOBHEIX MOJIOMKEHHUM, NPOBOJHMBIX ABTOPaAMM,
PacCMATPHBAIONIMMH SBOJIONMIO I{ynajen, roJoTypuil, — IPOUCXOMKJEHHe dTHX
CTPYKTYP OT aMOyJaKpaNbHHX HoXeK. OAHAKO BOIPOC O TOMOJIONMM ITyHaier,
roJIOTYpHi BeChMa CJIOJKEH, U IOJIeMHUKA IIo HeMy BeZleTcs yie croJjerue (Semon,
1888; Bury, 1895; MacBride, 1914; Upanosa-Kasac, 1978; Smiley, 1986; Smith,
1988). llokaszaHo, UTO OKOJOPOTOBEIE IyNANBIA TOJOTYPHI 3aKJIaABIBAIOTCA He-
38BHCHMO OT PAaAHAIbHBIX KaHAJIOB aMOynakpaabpHoil cucreMnl (Edwards, 1909;
Newth, 1916; Ohshima, 1918, 1921; Usanosa-Kazac, 1978; Smiley, 1986) u, raxkum
06pa3oM, He TOMOJIOFHYHEI aMOyJIaKpanbHEIM HoxckaM. IloaTroMy mpu amaause
nyTeil SBOJIIONUM INYIIAJIENl TOJOTYPHIl COIIOCTABIEHHEe MX CTPOCHHA CO CTPOSHH-
eM aMOyJaKpajJbHBIX HOXEK He fABJIAETCH CKOJb-HHOYIL CePbe3HbIM JOBOROM.

Hammy mabaiogennsa sa passutHeM Apostichopus japonicus (Jlesun, 1982a)
u Cucumaria japonica (Haiinenxko, Jlesnsn, 1983) noxasasu, 4yro HA PAHHUX CTa-
AMAX MIYOAIBLUA 9TUX IPEeACTABUTENel PASHEIX OTPAAOB MMEIOT CXOAHYIO BHIb-
yatyio ¢opmy. Bonpexy BhICKa3sIBa€MOMY B JIMTE€PATYPEe MHEHHIO CTPOGHHE IIyna-
Jell, ACIIHAOXHMPOTHA BOBCE He IIPOole, YeM Y HeHAPOXHUPOTHHA, CKopee HAoBOpOT.

CyMMHPYS RAKOILICHHEIE K HACTOALIEMY BPEMEHU JaHHbIe, MOXKHO IPH3HATD
Hanbojiee 0GOCHOBAHHBIM HE3ABUCHMOE NPOHUCXOKACHNE OCHOBHLIX THIOB INY-
naxen (puc. 2.3, C). [llynannna celeHKOTypUil K ceMIIepoTypHil, KAK TOKA3aHO
B . 2.2, 0 CTPOEHHIO OYeHb CXOAHHI C IUTOBHAHBIMH H UMEIOT CYLIECTBEHHEIE
OTJIMYHUA OT APeBOBUAHEIX. IIoaTOMY OHH paccMaTpMBAIOTCA MHOIO He KaK IIpo-
MeXXyTOoUYHbIe GOPMBI MEKAY LIUTOBUAHBIMH H APEBOBUAHBIMH IyNajibmAMH,
a KaK IPOHM3BOAHEIE OT L[HTOBHAHBIX.

Hpu o6eyxaennu sonpocos puiorennu cemeiictsa Holothuriidae nanGons-
MYy TPYAHOCTH MNPeACTABASET ONpefielsieHHe MOJIOXKEHUS BHAOB NMOXPOAOEB
Selenkothuria u Semperothuria pona Holothuria. Ux ocobeHHOCTHIO (IOMHMO
OTMEUCHHBIX paHee aTHIHYHEIX LIyNaJen) ABJAETCA CTPOeHHME CIMKYJI, HMelo-
mux GopMy NIACTHHOK HJIH NAJOYEK. »

OTHOCHTENBHO IKOJOTHYECKOH POJIH CIIHKYJI KOXKH TeJia TOJOTYPUM HMEIoT-
¢ pasHorjiacus. Ilo MouM JaHHBIM, BhICKasbIBaeMoe B gutepatype (Deichmann,
1958; Rowe, 1969; Thandar, 1995) mBEeHue 0 TecHo# cBA3H 9Komoruu Aspido-
chirotida co crpoenmem ux cnukya HesepHo. Ilpenmonosxenne yKasaHHBIX aB-
vopor, uro H. (Selenkothuria) u H. (Semperothuria) uMeioT ynpomeHHbe
CIMKYJIbI, OCKOJBKY SKHBYT OTKPBITO y ypesa Boxsl, He o6ocHoBaHO. Hanpo-
THB, OOBIYHEIE YCJIOBNA ODUTAHUA 3THX BHAOB B TMAPOAUHAMHUYECKH HAIPAYKEH-
®nIX OHoTOmax TPeOyIOT HAAE/KHBIX CPEACTB 3aKpeiieHuA. YCTapesio M MHe-
mme 00 OOMUraTHO OTKPHITOM o0pase MX KHIHHW: MHOTOUMCJICHHBIe Haba0fe-
BHA NOKAa3hIBAIOT, YTO M CEJIEHKOTYpPHH, H, 0cO0eHHO, CeMIePOTYPHH BCTPEYAloT-
€% B pacleJIMHAX CKaJl, 10J KOPaJUIOBLIMH 06JIOMKaMH, H fia’ke 3aKalbiBAIOTCA
8 cBoGOgHBIIT mecoK (co6eTB. Aannble; Féral, Cherbonnier, 1986).

P, Poy (Rowe, 1969) nosaraer, 4To crelleHb Pa3BUTHSA CIIOCOOHOCTH K 3aKAINBIBA-
EMIO HaXOJWITCA B IPAMOH CBA3M CO CTENEHBIO CJAOMKHOCTH CIMKYJ rOJIOTYPHMH.
QAHAKO MOYKHO NMPUBECTH LA PAL MPUMEPOB, B KOTOPBIX CXOAHBIM Habop cou-
RyA HMeeTCA Y OpeAicTaBUTeNei 9KOJIOrYecKH pas/INYAIOIIXCA IPynn 1, Haobopor,



160 O0wa’a mpooaKoAOLUYECKAR XAPAKMEPUCUKG MEAKOBOTHBIX 20R0mypuli

BHABI C CYLIIeCTBEHHO Pa3JH4alOmMMHCA COMKYJIaMH OTHOCATCA K OJHOM dKOJO-
" rudeckoii rpynne. IlpoTHBopeuaT YKa3aHHOMY MHEHHIO M HAKOIMBIINECA CBeAe-
HHS O DHPKAJHKIX PHTMAX NOBEACHHUA MHOIHMX BHJOB — B 3TOM CJYYAe CIMKYJIB
ORHOTO THIA ¢00ecmeuYHBAIOTs ¥ OTKPHITHIM, M 3aKaIBIBAIOIMiiCA 06pas KUIHH.

HagexxHoCTh 3aKpenJieHHA roJIOTypHilt B YKPHITHAX BooGIDe MajO CBSA3aHAa
CO CTPOEHHMEM COMKYJ H 00YCJHOBIHMBAETCH YBeJIMUYeHHEM MONEePeYHHMKA TeJa
IIPH ero IPOoAOJIbHOM coxpameHuu. S BcTpeuan xkpynuuix Holothuria edulis,
HACTOJBKO INPOYHO ¢BOMTHIX® B YriayO/JleHMA KOPAJITKTOBOM CTEeHKM, UTO M3-
BJeYb MX YAABAJIOCh TOJBKO ¢ MOMOINGIO JIOMHKA. B TO Ke BpeMs 3TOT BHA
MMeeT CHHKYJH B ¢opMe 6alIeHOK ¢ NOJHOCTBHIO PEAYIMPOBAHHEIM ZHCKOM,
TOorAa Kax ZHCK GameHok GimsxopoacTeeHHoro suza H. atra, HUKoraa He HC-
NOJIB3YIOIIEero BHEIIHUX YKPHITHI, peAyIHPOBaH B 3HAYHTEIbHO MeHbIeH cTe-
neru. OueHr HAEXKHO 3aKpenjiseTcd B IeJAX B MePHOJA JIeTHEro runobuoza u
Ia1bHEeBOCTOUYHBIH TpellaHr, MMEIOLMil MATKHEe NMOKPOBHI Teja U (Y B3POCJIBIX
ocobeit) peaynupoBaHHble cuuKyJan (Jleun, 1982a). Takum o6pasoM, cBA3h
CTPOEHMA CIUKYJ roJoTypHii ¢ 06pasoM Ux JKU3HHU, HECOMHEHHO, He TAK OgHO-
3Ha4YHAa, KakK 3To npejgcTaBaAl0T J. Helixmann u @. Poy.

9. Heiixmann (Deichmann, 1958) nosarana, uro npumurusasie Holothuria
MMeJIH Habop CIMKYJ U3 MHOIMOYNCJEHHBIX IPAaBHJIbHLIX 6alleHOK M IpPaBWIb-
HBIX I'VIaIKNX OPAKEK, & IVIACTUHKH CeJIEHKOTYPHH H CeMIepoTypHil — pe3yJib-
TAT PeAYKIMH 3THX CTPYKTYp. B nmporusonoaoxuocTs eit ®. Poy (Rowe, 1969)
CYMTAaEeT, YTO YIPOIIEeHHbIe CIUKYJIbl — NPUMHTHBHEIA NpHSHAK B uTo uore-
He3 roJIOTYPHil 1IeJI B HANPaBIeHHH YCIOXKHEHHNA CKEJIeTHRIX 3JIEMEeHTOB KOXKH
resaa. Iloatomy Poy nomemaer Selenkothuria m Semperothuria y ocHOBaHHMA
dunorenernyeckoro gpesa poaa Holothuria (xoTa M aonycKaeT BO3MOMKHOCTB
BTOPHYHOT'O YIOPOIEHHS CIMKYJ B 3THX TAKCOHAX).

W3 paBnanIx 0 ToHKOI cTpYKTYype mynauen H. (Semperothuria ) cinerascens,
NpeACTABJEHHEIX B M. 2.2, MOXXHO 3aKJIOYHUTh, YTO H[ymajblla 3TOro BUJa He
TOMOJIOTMYHEI TAKOBRIM JIeHAPOXHPOTHA; HO3TOMY HET OCHOBAHMI CUMTATH MX,
Kak ato genaer Poy (Rowe, 1969), npumMuTuBHRIMH ob6pasosanuamu. To, uto
onpeAeNieHHOE CXOACTBO CEJeRKOTYPHI M ceMIepoTypuil ¢ feHAPOXHPOTHLAMEA
He ABISETCH Pe3yJbTATOM POACTBEHHON 6JIH30CTH, HOATBEP)KAAIOT JaHHLIE XH-
MHYECKOro UCCJIeA0OBaHMA, NIOKA3aBIINe, YTO IPEJCTABUTEIH 3TUX MOAPOJORB 06-
Jaial0T HaGOPOM TPHTEPIEHOBHIX INIMKO3HUJOB, THIIMYHBIX JJIA OCTAJBHHIX Mpef-
crasureseilt poga Holothuria v cynieCTBEHHO OTAMYAIOUIHXCA OT IIHKO3HAOR
neappoxuporus (Enaxkos, Croauk, 1986).

Ormeuy Tak:ke, uto H. cinerascens, obnanalomuit B npefenax IOAPORA
Semperothuria nantosnee «AeHAPOXUPOTHAHBIMHY IYOAJBIAMHK ¥ COOTBETCTBY-
OLIUM CNI0CO60M OIHTAHHUSA, MMeeT THIHYHOE JJIS AeNo3UTOdAaroB Cy6BeHTpa b
HOe pacmoJIo;KeHHne pTa, He Habiiofqaemoe y geHapoxupotus. KocBeHHBIM f0BO-
JOM B IOJb3Y TOTO, YTO CEJEHKOTYPHH M CeMIEePOTYPHH — 3BOJIIOIHOHHO Mpo-
JABHHYTHIE TPYIILI, ABNAKITCA M JaHHbIE O BO3PACTHBIX M3MEHEHMAX CIHKYA.
Y HccJeKOBAHHEIX B 9TOM OTHOIMEHHMH BHAOB ACIHAOXHPOTHA M JEHAPOXHPO-
THA C BO3pacToM HaOJIOfaeTcsa TOJBKO YIPOINeHHe WIM PeAYKIOHMA COUKYA B
HHKOTZla — ycJoxkHeHHe. BecbMa mpHMeuaTeJpHO, YTO, ¥ MOJOABIX ocobed
H. (Semperothuria) surinamensis qucKu GallleHOK XOPOIIO Pa3BHTHI, & C BO3-
pacToM oHM peaynupylorca (Deichmann, 1926). Ecan npusaaTs, uro oniorenes
CKeJIeTHHX 3JIeMeHTOB XOTA GH B NPHHIMNHANLHHX 4ePTax PeKanuTyIupyer
OHTOreHe3, BBOJIOLHA I'OJIOTYPHIA ACIKHA CONPOBOKAATHCA ONpeAeeHHLIM YO+
POILIEHHEeM HMX CHHKYJ.
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ITokaszaTesibHO, UTO OAHH N3 HauboJee JPeBHUX, IO-BUANMOMY, BHAOB ceMeii-
crBa — H. impatiens (cM. HMXKe) — obGsanaer HauGoJIee NPaBIJILHBIMM COHKY-
xamu (Kak 6almeHKaMH, TAK H IPAXKKAMHK) U3 BCeX IMpPeAcTaBHuTe el cemeiicTra;
DpaBHJILHBIMH CIOMKYyJaMu obJjafiaeT M Apyroil aApesEmit sua — H. arenicola.
CyMMupys BHIIIEH3JIOXKEeHHOE, clleyeT NPHM3HATh 60Jjiee 0G0CHOBAHHOM TOUKY
spenus J. JlefixMaHH, uTO, NO-BHANMOMY, CeJIEHKOTYPHH H CeMNePOTYPHH AB-
AAIOTCA 3BOJIONMOHHO NPOABHHYTHIMH FPyNNaMH, IPHCOOCOOUBIINMHCSH K CBO-
e06pasHHM TPOPHUECKHM YCIOBUAM I PUGOHHOM JUTOPANH, rIe uMeeTcH 6ob-
moe KOJHUYECTBO B3BEIIEHHHX H JebHMIMT OCAKAEHHBIX YACTHL,. ¥ OCHOBAHMA
me HIoreHeTHYECKOTO ApeBa posa Holothuria ciaegyeT pacnojioXuTh BHABI
© OpaBWIBHBIMH CIIMKYyJaMH, Takue kak H. impatiens w H. arenicola.

Jlna BrisicHeHusa HanpaBJieHUi Mopdoakosoruyeckoit sposonu Holothuriidae
HeoOXOAHMMO TONMBITATHCA yCTAHOBHTH MCXONHBIN AJIA ceMeiicTBa MOP(POIKOMIO-
raveckuit Tan. Ilo-BuamMoMy, sl roNOTYypHii eAMHCTBEHHBIM NPHEMJIEMBIM
enocofoM onpeziefleHUs BO3PACTA TAKCOHa ABJIAeTcs GHoreorpaduueckuit aHa-
AW3, BeCMOTPA Ha N3BECTHHIe orpaHnyedus atoro meroxa (Kpacuios, 1977).

PaccmaTpuBaeMas rpynna >XKHBOTHHX — I[IPEHMYINECTBEHHO TEIJIOBOAHAA.
Mpoasm:xerue Ha or cemelictBa Holothuriidae orparndeno 35° c. m., Ha cesep
yoabKo ofMH Bux — H. (Panningothuria) forskali mogauMaeTcsa ¢ BETBBIO
Toasderpuma 10 Arraun B Crapguaasu. IIoaToMy apeasibl 3THX T'OJIOTY pHH
pas3nHyalTCA IJIABHHM 06pasoM MPOTSAMKEHHOCTHIO B ITMPOTHOM HANpaBJlie-
mau. UasectHO 12 BHAOE, o6uTaomux 6osee ueM B 0gHOM 6HoreorpadguiyecKon
obnacru (raba. 2.2). Hna BeIACHeHUA MyTel MOPPOIKONOrHYECKOH 9BOJIOMUH
manbossmuil HHTepeC NPeJCTABAAIOT ABA& CBEPXIIHPOKO PACIIPOCTPAHEHHBIX HaH-
yponuyeckux Buna — H. (Th.) impatiens u H. (Th.) arenicola. 3TH BHAKM
obuTaloT no obe croporsl IlanaMcKoro mepemeiika, 4To 4aeT BOSMOMXHOCTH OIle-
EETh UX MAHUMaIBHBIHA Bo3pacT. IlockoabKy sakpeiTHe IlanaMcKOro mponusa
WPOM3OLIIO He NO3AHee CpeJHEr0o MMOLIeHa, MX BO3PACT, 10 MeHbINell Mepe, He
sonoxe 3—5 MiH seT. MHeHNA O APEBHOCTH YKa3aHHBIX BUAOB MPHIEPKHUBA-
sach B J. [leiixmann (Deichmann, 1957).

Tebanna 2.2. JxojormyecKas XapaKTePHCTHKA Hanboslee IIHPOKO PacmpOCTPaHEHHHX BHAOB
Bolothuriidae

PacnpoeTpanenne
Bax Hupo-Beerna-| Bocrounas HKuanennan Gopua*
undura Manndura Beor-Hupma
Bolothuria (Cystipus) rigida + + - Al.2.2.2.1
M. (C.) inhabilis + + -~ Al.2.2.2.2
M. (Halodeima ) atra + + - Al.l1.1
M. (Lessonothuria) pardalis + + - Al.2.2.2.2
M. (Mertensiothuria ) leucospilota + + - Al.2.1.1
(M.) fuscocinerea + + - Al.2.2.2.2
(Platyperona) difficilis + + - Al.2.2.1.2
(Semperothuria) flavomaculata + + - A2.2
(S.) imitans + + e A2.2
(Thymiosycia ) arenicola + + + Al.2.2.2.1
(Th.) hilla + + —~*kk Al.2,2.2.2
(Th.) impatiens + + + Al.2.2.2.2

HanMoHOBAHHE JKHBHEHHBIX POPM, COOTBETCTBYIOIHX KOAOBLIM HOMEPAM, CM. B TOKCTe.

Toxsxo y BepMyackux octposos (Panning, 1934).

Huewimsocs B aureparype (Rowe, 1969; Clark, 1976) ykasauns Ha HaxomAeHns B Becr-Wuauu Holothuria
'er (=H. hilla ) annsworca outnboannimu (Pawson, Caycedo, 1980).

B. C. Jlesun
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®. Poy (Rowe, 1984) coMHeBaeTcsi B clIOCOGHOCTH JHUHMHOK HIJIOKOMHX
TIpeooJieTh OTKPLITOE NpocTpancTBo Tuxoro okeana u o6'bACHSIET aMpUIany-
¢uyecKoe paclpocTpaHeHHe MIJIOKOMKKX HPOHUKHOBEHHEM HX M3 3amajHON M
nenrtpaisHoil [Tlanudbuky 3anagHeiM ODyTeMm, Yepes ATHAAHTHKY. Ecau ata ru-
noTesa MpPaBHJIbHA (& OHA O4YeHb Haje:KHO 06OCHOBaHA, IO KpaiiHeit mMepe IJa
MOPCKHX 3Be3J{, HeOHTOJOIHYECKHMH M NaJeOHTOJOTHYeCKHMH AAHHBLIMH), K
YHCJY OYEHBb ¢CTaPhIX» BUJOB ciexyeT otHectu U H. (Th.) hilla, xoTopmi pac-
mpocTpaHeH Kak B MHJ0-Bectnanuduxe, Tak ¥ y sanagaoro nobepexsa Fx-
HOIt AMepuKH. MHEeHHe 0 TOM, YTO 3TOT BHJ MOT paHee obutats 8 Becr-Unnnu,
NOATBEep)KAaeT OOHAPY)KeHHe B 9TOM permoHe TMraHTCKoil roxorypuu H. (Th.)
thomasi (Pawson, Caycedo, 1980), rakconomuuecku oyenn 6auskout k H. (Th.)
hilla. Taxum o6pasom, noapon H. (Thymiosycia ) Mo:HO, BUAMMO, PACCMATDH-
BATh KAK ¢«MCXOAHBII» TAKCOH B MOPGOIKOJOTHYECKON SBOJIONUH POJA.

O6paTUBIINCh K 9KOJOrMH NDEACTaBHTeJeil 9TOro TAKCOHA, OTMETHM, YTO
H. impatiens, H. arenicola n H. hilla — o6auratHo yKphIBalOIIHecHd BHABI
(cm. m. 2.1). Tabxn. 2.2 nokassiBaeT, YTO U APyTrHe reorpacdUYecKH MIKPOKO pac-
IIpocTpaHeHHEIEe BUAB! FOJOTYPHHA OTHOCATES K YKPBIBaloiuMesa popmam. Eaun-
CTBEHHBIM IIPOUBETAIOIIIHM BHJOM, HE HMCIIOJB3YIIIUM BHEIIHUX prHTHﬁ, AB-
agerca H. atra, HO 9Ta roJoTypusa BbIpaboTasa cBoeoOpa3HBbIH CIOCO6 IAIUTHI
Tena, yACP)KMBAA Ha er0 NOBEPXHOCTH TOHKUM chroit mecunHoK. Taknm o6pasoM,
HECOMHEHHO, YTO CIIOCOGHOCTH MCIOJB30BATh YKPBITHA — BAXMHAS 3KOJIOrMYec-
Kas 0COGeHHOCTD, MOBHIIIAIOIIAA 3BONIOLHOHHYIO IPUCIIOCOBIEHHOCTS.

Mopdoskosnoruueckyio apoaronuio cemeiictsa Holothuriidae moxso npeacra-
BHUTEH cJeRyomuM obpasoM. Ucxonuuiii MopdosKoJIOrudecKHil THII — KHUBOTHEIE
C BBITAHYTBHIM KDYIJIBIM HJHM MEHTAI'OHAJBHBIM B CEYEHHH TEJIOM, HOMXKAMH,
PacnoJIOXKeHHBIMH IO BCEM pajycaM, H CIIHKYJaMH KO)KHU Tejia B (popMe mpa-
BWIBbHBIX OallleHoK. OTH YKHBOTHBIC YKPBIBAJHCH B TIOJNOCTAX MO KOPAJLJIOBEIMH
objoMKaMH M riabI6aMHM WJIM 3aKANBIBAJIACH B CAMBIM BepXHHH CJIOH pBIXJIOro
TecKa MOJ TAKUMU YKPEITUAMHI. Bauke Bcero K 3ToMy TUITY CTOAT NPEACTABUTE-
au noapoaa Thymiosycia pona Holothuria n cBoeo6pa3Horo, 06/1aAa10LIero oUeHb
HPHUMHTHUBHBIMHU MopdosiorndyecKUMH ocobenHocTamu poaa Labidodemas. Nans-
Helillee pasBUTHE IPYNNBI IO IO JBYM OCHOBHLIM HAIPABJICHUAM.

1. O6pasoBanmue TpodUUECKH reHepaIu3oBaHHBIX GOPM, BEAYIIUX MOABUKHBIH
OTKPBITHIH 00pas KU3HM, UYTO CONPOBOXKAANIOCH YILIOMIEHUEM GpIONIHOI CTOPOHKI
TeJla M IoTepeil HOXKKAMH CIIMHHBIX AMOYJIaKpoB JIOKOMOTOPHOMH GyHKIMH.

2. BripaboTka cnenuaansupoBaHHbIX GOPM, OCBOMBIINX, & BEPHee, 1O TIyso-
KoMy sameuanuio C. C. lIsapua (1980), co3 f1a B M X SKOJOTHYECKYIO
HAIIY HEKPYINHBIX ACTHAOXUPOTH] ¢ JPEBOBHAHO-PA3BeTBACHHBIMM N{yHIAIbIA-
MH, CIHOCOOGHBIX OOHUTATH B YCAOBHAX NPHOO#HOM JHTOpANH M MOTPeGIATH He
TOJIBKO OCeBIIIKe, HO M B3BellleHHbIe YacTHIEI. OTMeuy, YTO CeIeHKOTYDHM H ceM-
MEepOTyPpMH — HOPeKpacHblil npumep ¢«jokaabHoil» (IIIBapm, 1980) sposomuu,
IUIA KOTOPOHM XapaKTepHO NOABJIEeHHEe CBOeOOPa3HBIX YKM3HEHHbIX (JOPM B OTHO-
CHUTEeJILHO Y3KHMX TAKCOHOMMYeCKHX paMKaXx. [leficTBuTennHO, B Ipefenax p o A&
a Holothuria Bo3sHNK npusHak (JpPeBOBUAHO-Pa3BeTBICHHbIE LYNATbIA), ABIA-
JOLIHMICA OCHOBHBIM TAKCOHOMMYECKHM NMPH3HAKOM HA YpPOBHe O TP A J a.

MopdodpyHkuuoranpHaR 9BONIONNA SINOEHTHYECKUX I'OJIOTYPHUL HE COIIPO-
BOXKAAJIACH KAYECTBeHHBIMM MOPPOJIOrMUYeCKUMH nepecTpoiikaMy ¥ MoIjia no
YHCTO KOJHYECTBEHHOMY IIYTH — YBEeJHUYeHHIO pasMepa mynajael]; peaJu3oBal
STOT MYTh B IOJHOI Mepe TOJBKO B OJHOM (XOTA M NPOIIBETAIOIIEM) BHAE —
Pearsonothuria graeffei.



60AI0YUR MPOPUUECKU FHAUUMBX MOPDODYHKUUOKARbHBIX XAPAKMEPUCMUK 163

Stichopodidae, mo cpasaenmio ¢ Holothuriidae, saxonar Hecko/aBKO Rajbme
B yMepeHHbIe Bogbl. Ecin He yuursiBaTh Parastichopus tremulus, KoTopblil IOAHH-
MaercA 1o BapeHueBa Mops, HO obuTaeT Ha riyounax o6sluyHo He MeHee 100 M,
HaunboJjiee ceBepHBIMH IPEJCTABUTEIAMHU ceMeiicTBa ABAAIOTCA A. japonicus (oko-
a0 47° ¢. w.) u P. californicus (oxoyo 55° c. 11.), caMBIM I0KHNM — S. mollis
(46° 10. m.). Cpeau CTHXONOAHNA OTCYTCTBYIOT BHABI ¢ OYEHDb OGIIMPHBLIM apea-
aom. Han6oasmmuii no nuoumiagu apean nmeet S. chloronotus, Ho M 3TOT BHJ He
Beimen 3a npepeasl Uugo-Becrmannduxn. Tonasko aABa npeAcTaBuTensa cemeit-
crea, Eostichopus regalis u Isostichopus badionotus, ormedeHs! B AByX 6Horeo-
rpadudeckux obnactax — B Becr-Uaaum u y sanaguoit AGpuxku, HO apeassl
HMX HeBeJHKH MO IJIOLALH.

51 nonaraio, YTO OTHOCHTEJNBHHO Y3KHE apeasibl CTUXOMOAUL MOXKHO CBA3ATh,
B YACTHOCTH, C TEM, YTO B OTJIMYHE OT FOJIOTYPHMJ SKOJOrHYECKH 3TO OUEeHb OXHO-
poanas rpynmna. B ee cocTaB BXOAAT TOJBKO OTKPHITO JKUBYHIHME HJIH [IEPHOIH-
YeCKH NPAYYLIHecH NPEeACTABUTENH; CpeAy HUX HeT Ja’ke BPEMEHHO 3aKalhiBa-
omuxca popMm. Kakue-To pakTOpH NoOMeIlalu NpeAcTABUTEAM 3TOTO ceMeil-
CTBA HKOJOIMYECKH AUBEPrHpOBAThH. OTO HE CBA3SAHO C TAKCOHOMHYECKHM pa3-
HOOOpasueM, KOTOpoe 34eCh AOBOJBHO BEJIMKO, AeficTBUTENbHO, ceM. Stichopodidae
BKJKOYaeT BoceMb poaoB, Toraa Kak Holothuriidae — Ttoarko nare. B Becr-
Hugun, rge Ha OTHOCHTENBHO HeGOJBIIONH IJOLIaAAM OGMTAIOT IPEACTABHTENH
Tpex PojOB, He BcTpeueHHHBIX B UHA0-BecTnanmudurxe, HeCOMHEHHO 1110 AKTHB-
HOe BHAOOGpA3OBaHMe CTHXONOAUA. B To sKe Bpems Bce 9TH BUALI rabUTyanbHO
JOBOJIBHO CXOJHBI M OTHOCATCA K OAHO 'KU3HEHHOH ¢opme.

MopdodyrkumoranbHan 3BoaOnusa B orpagax Aspidochirotida u Dendrochi-
rotida mpoxoguna, No-BUAKMMOMY, PASHBIMH OYTAMH. ¥ ACHHAOXHPOTH] OCHOB-
HBIM HallpaBieHueM MOpdojorudyecKux npeobpasoBaHHUil, obecreuynBamux
TpodHUUECKYIO CIeNNANH3ANNIO, OBLIO U3MeHeHHe (GOPMHI LIyIajell, TOrAa Kak
CTpOEHMe TeJla BapbHPOBAJIOCH OTHOCHTENbHO Majio. MHaue o6cToAno Aeno
y AeHApOXUpOTHA: GopMa LIynajel] BO BCeX Ipymnmax 3Toro orpaaa 6meliaa jgo-
BOJILHO IIOCTOAHHA, & CTpOeHMe Teja (KaK BHENIHee, TAK U BHYTPeHHee) GBLIO
MOABEP>KEHO BechbMa CHJIbHON M3MeHYHBOCTH.

Bce muoroo6pasue ¢popM Tena aCIMAOXMPOTH] MOMHO BHICTPOHTH B PAA OT
Labidodemas (resio BRITAHYTOE, B CEUEHHH NIEeHTAroHaJbHoe, aMOyJaKpajJbHbIe
HOKKH CTPOro mo pajuycam), ¢ oZHoH CcTOpoHbI, 1o Stichopus (Teso Kpenkoe,
C NOKPHITOM HOMKaMM GPIOIIHOH IOJOMIBOH, 110 CIMHHBIM PaHyCAM TOJbKO
OanMJUJIbl Ha KOHMYECKHX BhIpoCcTax) — ¢ Apyroi. Cpeau JeHAPOXMPOTH] MOXK-
HO YKa3aTh GOPMEI, COOTBETCTBYIOLHE BCEM YWieHaM 3Toro psaga. KousepreHT-
HO€ CXOJACTBO JeHAPOXUPOTHA H ACHULOXHPOTHJ 3aXOJHT OUYEHb AANEKO; ONHH
H3 HanboJiee APKMX IPUMEPOB — YAMBUTEJIbHHIH NapajljieIN3M BHeIIHel GopMBI
Tesa npeacrasureseil poga Pentacta n cruxonogua. Ho Hn3aMeHYHMBOCTS B mpe-
neaax orpaza Dendrochirotida sgaunrensHo HiMpe: OH BKJIIOYAET H TAKHe pe3-
KO YKJOHAKIIHeCS M He MMeKI[He aHAJOTOB B APYTHX oTpAzax GopMbl, KaK
Psolidae u Neothyonidium.



T'aasa 3. JOHHBIE OCAAKHA KAK HCTOYHHK
IIHITEBOI'O MATEPHAIJIA

3.1. CTPYKTVYPA H COCTAB JOHHHX OCAJKOB

ITosepxHOCTHBIH CNOil JOHHBIX MOPCKHX OCAAKOB HCTIONB3YeTCA BCeMH GeHTHYeC-
KHMH OpraHu3MaMi KakK CyOCTPAT JJIS IePeABIKeHNS U NPHUKPeILIeHUA, & HeKO-
TOpHIMH — B KauecTBe y6Gexkuma. JKuBoTHBe-nenosurodaru, B TOM HHCHAE
H roJIOTY PHH, MCHOJB3YIOT €ro TAK)Ke H BeChMa cHenudpHYHLIM 06pasoM — Kak
IHIIEBOi MaTepHAaJ.

Conep:kaHue NOHATHA ¢IOBEPXHOCTHHIM CJIO# 0CAAKOB» HEOQHOSHAYHO, OHO
B 3HAYHTEJIBLHOH CTemeHM 3aBHCHT OT TOI'O, YHOTPeGJaAeT JH ero reojior MJIH
OKeaRoJor, MHKeHep Wian 6uoor. C ToukM speHus 6muosora aTo cjof TonmuHok
MAaKCHMYM B ABa-TPH AECATKA CAHTHMETPOB HeIIOCPeACTBeHHO ¥ rpaHHIbI pasje-
Jna Boja—aHO. Ero HIXKHAS rpaHuia onpegesdercs riay6nHoH NPOHNKHOBEHHS
OCHOBHOI{ MacCH! 3aKANBIBAIOIIUXCA JKHBOTHRIX, 00YCJIIOBINBAIOIINX 6HoIOrHyec-
Koe npeo6pa3oBaHUe 3TOTO CJHOA.

IlockoabKy pasauuHBe BHALL I'OJOTYpPHii-Aen03NTOdaro AOGHIBAIOT IHIIIe-
BBle YacTHIbI C Pa3HBIX F'OPHU3OHTOB TOJIIM ocajKa, Heo6XORHMMO paccMoOTpeTh
BepTHKANbHEIe H3MEHEHUA COCTABA, CTPYKTYPH M pacnpefiejieHHUss HEKOTOPhIX
IHUIeBRIX KOMIIOHEHTOB OCAlKA.

Hcnonn3oBanye oCaskAGHHONO ¥ 3aXOPOHEHHOI'O OPraHMYecKoro BemecTsa —
OAMH M3 IIMPOKO PACIIPOCTPAHEHHEIX Y OJIOTYpHii cnocoboB nuranua. IIuranue
JAeno3nuTodaros NpUBJIeKaeT BHUMaHNe MEOTHX HCCIeJoBaTeNied, ¥ CTaThH, pac-
cMAaTpHBaoIe KOHKpeTHRIe TpodHUECKHe NapaMeTphl OTAeNbHBIX BUJOB, HCY¥IC-
JIAIOTCA MHOTHMH AecATKAMH. B 10 ke BpeMa Teopus aToro nmpoiecca paspa6o-
Tana BecbMa caabo (Hughes, 1980; Pyke, 1984). A. Baykot (Boucot, 1981) ouens
TOYHO ONpPeACIHI OCHOBHYIO IPUYMHY TAKOTO OTCTABAHUA 3HAHMA 3a KOHOMEPHOC-
Teil TUTAHUA AeTO3HTO}AroB — «OOMAHYHMBYIO IPOCTOTY TOTO IpOIEccas.

HeiicTBUTENBHO, HOCAaAHUE JXUBOTHBIMHM YACTHI JJOHHOTO OCAJIKA CTABHT Hepel
HncciaenoBaTesIeM NpobJieMbl, KOTOphle He BOSHUKAIOT WIH JIETKO pellaloTcsd npu
aHAJHM3e NHTAHUA NpeJCTABUTeell ApDYrux TpodudyeCcKNX rpynmn, u Tpebyer c.ie-
NUANLHBX HOAXOAOB K M3YYEHHUIO KAK COCTAaBA NMUINEBHIX O0bEKTOR, TAK M Wo-
mecca UX NoTpebiieHns.

3.1.1. METOAbI HCCJIEAOBAHHS

MeToasr uccae0BaHHA COCTABA H CBOMCTB JOHHBIX OCAJKOB HeTAJBLHO OIHCAHBI
MHOIO B cnienMajibHO#M MoHOrpadun (JleBun, 1987a), mosToMy HMKe 0 HUX IIPHBO-
OATCA TOJBKO caMble HeoOXoAuMEle cBeAeHHA. Bce mcmosib3yeMbie MeTOIBI
MOKHO PA3ACHUTH HA ABe FPYINEI: BKIKUaKIIue c6op ocagka npoGooTGopHHU-
KOM TOTO MJIX MHOTO THIIA ¢ Iocjexyioigeil JabopaTopHoii 06paboTKoii npo6, u
in situ. PasyMeeTca, TaKkoe AeJleHHe JOCTATOYHO YCJIOBHO, IIOCKOJBKY H OTOOPD
mpo6 BOZOJIA30M-HCCJIeAOBATE/IEM IIPOBOANTCA B NOJIEBBIX YCAOBHAX.
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Hcrons30BaaH HECKOJBKO THIOOB BCACHIBAIOITNX TPoBG0oTOOPHHKOR (pHc. 3.1).
Ha TBepABIX IPYHTaX B Npo6y BXOAWIN BCe OCAMKACHHBIE YACTHIH, KOTOpPHIE
3acachIBAKOTCA 6e3 oTAeneHusn o6pocTa; Ha HecKax cCOGHPATH MOABHIKHYIO XJIO-
NbLEeBHAHYIO HJIEHKY N0 BU3YAJbHO XOPOIIIO PasJIMYHMOM PaHHUIIBI ¢ OTHOCHTENb-
HO KOHCOJIMAMPOBAHHBIM OCAJKOM; HA WJaX rpaHHIA pasiea NOBEPXHOCTHOH
IUTeHKH ¥ OCHOBHOIO Cy6GCcTpaTa BhIpaskeHa He pe3Ko, IoaToMy IpH c6ope opHeH-
THPOBAJIMCh MCKJIIOYUTEJIbHO HA CTENeHb JIETKOCTH YBJEYEHHMA YACTHI, TOKOM
BOAB NPY CTAGHIBHOI cHJle BCACKIBAHUS.

Pre. 3.1. Verpoificrsa paa or6opa mpo6 NOBEPXHOCTHOrO CJIOA AOH-
HhIX OCajKOB:

A — seacwiBaloinU BaKyyMHBIH oxHokaMepuslil; B — ¢ rubkumM orcekarenem; C —
s nocaolisoro orGopa npob; D — apandrubtit

TonuiuHEy 0TOHPAEMOTrO CJI0A ONPeAessaJN PACUETHHIM IyTEM KaK YaCTHOE OT
AeJieHuA oO0'beMa Mpobkl mocje OTCTANBAHKA Ha IIomanb coopa. Bpema orcran-
BaHUA, HeoGXoAuMoe I TOro 4Tobhl 06’beM 0TOGpaHHON MPOGH COOTBETCTBO-
BaJI 06'heMy €CTEeCTBEHHOI'O ocaJKa, ONpeAedy IpeJBapHTeJbHO ¢ HOMOIIbIO
«MHKPOTOMHOIo» 3a60pHOro ycTpo#cTBa, M03BOJIAIOIIEro COGHPATh CI0H ocaika
tukcupoBanHoit TonmuHsl. Hanbosee 6bICTphIi MeTOA ONIpe/ieJICHNA BhIPasKeH-
HOCTH MOBEPXHOCTHOTIO CJIOS — KCIOJb30BaHMe GpaKIHOHHPYIOIEro npo6ooT-
6opuuka (Jesnn, 19888). Ilpukugounas oueHKa o6'nema dbpakumii BO3IMOKHA
M OOJ BOJOH, 4YTO NpHOJIM)KaeT JAHHBIN MeTox K MeToAaM in situ.

Cocras ocaara. IIpo6r1 ocagka nogseprajiin MOKpoMy pacceBy Ha HaGope CHT
0,125; 0,25; 0,5; 1; 2; 4 u 8 MM ¢ AoGaBjJeHHEM B KadecTBe AMCIEpraTopa
rexcametadocdara HaTpud. IlosyueHHbIe padMepHEIe PpaKIMK BHICYIIUBAH IPH
105 °C u BssemmBanu ¢ ToyHocTsio fo 0,01 r. U3 ¢ppaxkomit mearue 2 MM
oT6upasn o nATh napruit u3 100 yacTun, nocsie B3BEIIMBAHNA KOTOPHIX O pe-
JAeJISLIH CPeAHIOI0 Maccy ofHoM yacTunsl. Yucso yacTun, B 6ojlee KpynHBIX dpak-
DUAX OMpeAesiN NPAMBIM CUETOM.

HsyueHre MCXOJHOTO MaTepHasa IPOBOJHIOCH C NCHOJb3OBAHHEM METOJA
KYMYJSTHBHBIX KPMBBIX, TApaMeTPhl KOTOPHIX ONpeAeJANNCh ¢ IOMOIILIO KBAH-
TUIBHBIX XapaKTePUCTHK. TaKkHe KPUBLIe paclpelieieHNA Ha HOPMAJbLHOM Bepo-
ATHOCTHOM rpaduke CTPOMJIKCH II0 Pe3yJIbTATaM B3BeIIMBAHMA U CYeTa HYacTHIL.
Jna aHanu3a pa3MepHBIX pacHpefeeHHil YaCTHIL HCII0JIb30BaJIach ¢p-IIKajla, HpH-
aatag B CIIA u gpyrux crpauax. [InA Hee fgeTalbHO paspaGoTaH ammapaTr
KBAHTHJIBHBIX OLIEHOK, H OHA HCIOJb3yeTcA B 6oNbInHCTBe paboT no 6MoTpaHc-
dopmanun ocagkoB. IIpy 9ToOM BEIMHCIIAINCEH CPeIHUIT MeAMaHHBIH AHAMETD qu,,
cpeAgHu fHAMETpP Mq,, AHCHEPCHA Oy, KOIDPHIMEHTE! ACHMMETPHH 0., X Oy KO-
adpdHIUEeHT 3KcIecca Bq, (Illenapa, 1976). Ilpu oneHKe COPTHPOBKH YACTHIL BhI-
QHCJIAIN TaKKe HOPMUPOBAHHYIO SHTPOIMIO I'PAHYJIOMETPHYECKHX pacHpexene-
unit H (PomaHOBCKMit, 1977).

Jlu1a onpepnesieHNs BEIIECTBEHHOTO COCTaBa YaCTHL KAXKAYIO pasMepHYIo dpaK-
nH0 (B 6oapmux npo6ax — yacTh ppaknuu) pa3sbupasy Ooj cTe pPEOMHKPOCKO-
nOM M CTPOMJIM AHATDAMME paclipeAesIeHUs OTAeJbHBIX THNOB 4acTHm. Ilna
BHICHEHHSA CXOACTBA BEeLeCTBeHHOIO COCTABA COAECPKMMON0 KHIIeUHHUKA ocobeit
OHOTO BH/A ¢ PA3HBIX YUYaCTKOB BRIMUCIAIH KoadPpunueaTn Kaxkapa u Cepen-
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ceHa-Yexanosckoro (Ilecenxo, 1982). CpaBrenne paamepHOro coctapa npo6 npo-
BOAMJIHM METOAOM KJIACTEPHOTO AHAJHM3A ¢ HCIOJb30BAHHEM KpHTepusa X°.
Crpyxrypa nosepxHOCTEOTO ciaos. Hcesejopanue NoBepXHOCTHOTO CJIOS OCAIKA
in situ npoBoAWIM cIeIMANBHOIN npoduiabHON doToKaMepoil, MO3BOIAIOLLEH BHI-
MOJHATH MaKPOCHEMKY BEPTHKaJbHBIX Ipodmieil ocajka, ero HOBEPXHOCTH
H JIOOBIX APYTHX 00'bEKTOB B NMJIOCKOCTH HIIIOMHMHATOPa. TOJNIIHHY U COCTAB
TIIOABHMKHOTO HOBEPXHOCTHOIO CJOA H3YYaJIH ¢ HOMOIIHIO ClIeHaIbHOTO (ppaKIi-
OHHMPYIOIero BCachlBaOIiero npoboorbopuuka (puc. 3.2). B sabopaTopHBIX yc-
JIOBHMAX CTPYKTYPY MCCJEAOBAIHN HA NOCTOSHHBIX MpenapaTrax ocajKa, Mpu Haro-
TOBJICHHH KOTOPhIX B KadeCcTBe 3allOJHAIOLIEro MaTepuaa ucnoians3opanu IIBA.
Du3HKo-MexaHHIecKHe XxapaKTepucTuru. J{Ia Ux onpefesieHUA UCIONb30-
BaJI¥ CIelMaJIbHO CKOHCTPYHMPOBaHHBIe st paboThl in situ ycrpoiicrea (JleBun,
1987a; puc. 3.2). ConpoTuBieHHe CABUrY ONMPERENANN PYUYHON KPHUIbYATKOIL;
yroJi BHyTPEHHEro TPeHUA — HNOABOLHEIM 9KJHMETPOM; YAeJbHOe CONPOTHBIIe-
HY€e NeHEeTPAIMH — IeHeTPOMETPaMH: PYUYHBIM, C IPY30BOMH MJIomaaK0ii, BHHTO-
BBIM; IPOHHIAEMOCTH — BIAABJIHUBAEMBIM B OCAJOK KOJIOKOJIOM C yCTAHOBJIEH-
HBIM Ha BepXHeil CTeHKe KPAaHOM AJA BRINYCKa Bo3gyxa. MeToguKa npoBefeHUs
9KCNEPHMEHTOB 10 ONPeieICHUIO BIUAHUA KHU3HEAeATEILHOCTH roJIOTYPH Ha
dH3UKO-MeXaHHUYECKHME XapaKTePHCTUKH OocaAKa onucaHa B . 6.3.1.

Puec. 3.2. YeTpoiicTBa Aaa UccaefOBAHKHA (GUINYECKHUX CBOHCTB M CTPYK-
TYphl AOHHBIX OCAJKOB:

A — ycraHOBKA Aas nafopaTopHOro onpejesieHus mpoHuIiaemoctn; B — npubop s
onpejeaedns yria sHyrpeHHero rpeuus; C—E, G — nenerpomerprt (C — ¢ rpyaosoit
naowaakoit, D, E — pyuuste, G — BuHTOBOI); F — pydHASA KpPhUIbYATKA

Conepxanue B ocagre GAKTepHi M TMATOMOBBIX Bogopociaei. Ero nsyuann
B 6. Burass Ha rny6une o 27 M (Jlepun u ap., 1991). Ilpo6s ana uccirefoBa-
HUA BePTHKAJBHOTO paclpefiesieHusa 6aKTepuii B rpyHTe oTONpasiu 6-KkaMepHBIM
BaKYYMHEIM NPOo600TGOPHUKOM, CYMMAPHBIE MPOGEI MIOBEPXHOCTHOTO CJIOA — 3P-
audTHEIM mpobGooTbopuukoM. IIpu oTrbope cymMmapHbIX npob6 ob6beM ocajka
onpejeJaANH IOocje OTCTAMBAHHA B TedyeHue 2—3 cyr. Maccy ocaaka B Baky-
YMHOM IIpo6OOTOOPHHKE ONpeAesIAaM B3BeIINBaHUeM TPoOst Ha GHIBTPe € ANA-
MeTrpoM mop 2,0 MKM, KOHTPOJEM CHYXXKHJIH Npobbl NpUAoHHOH Bogbl. O6beM
oCcajKa BRIYHCJIAIN IIpH 06 beMHON Macce MOBEPXHOCTHOTO XJIOMBEBUAHOIO CJIOA
1,1 r-em™®, a nomsexkamux ciaoes — 1,8 r-em™3,

3.1.2. COCTAB OCAIKA

BepTukannHad reTeporeHHOCTh COCTABA M CBOMCTB — 00A3aTeNbHAS XApaKTEp-
Haf 4YepTra JOHHEIX OCAAKOB, XOTA ee BHIPayKeHHOCTh MOYKET B 3aBHCHMMOCTH OT
KOHKPETHBIX YCJOBHH 3HAYNTEILHO BaphbHpOBaThCA. | €TepOreHHOCTHh NOBEPX-
HOCTHOTO CJIOA MMeeT BasKHoe 3HaYeHMe KaK ANA SMNGEeHTHYECKHX, TaK M I
MHUTAIOUIUXCA B TOJIlE IPyHTa roJoTypuil. OcobeHHO BeJIMKa TpodHudecKkad POJIb
oboraieRHOro opraHMYeCKHUM BelecTBOM HOBEPXHOCTHOTO CJIOA, PACHOJAral0-
merocA Haj KOHCOJNAUPOBAHHBIM ¢60JIee CTAaPIM» OCAAKOM. JINOeHTHYECKHe
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roJIOTYPHH HCHOJB3YIOT STOT CJOI HemocpeACTBEHHO, MHGAYHHBIE — TeM WIH
MHBIM CIIOCOBOOM <¢mOrpyskasi» ero B TOJINY OcaaKa.

YxazaHHBIN cAOHl — OYEHB CJOKHAA CTPYKTYypa, YTO HAIILIO OTPAKEHHE
B Pa3sHOO6Gpa3NH OTHOCAIIMXCA K HEMY TEPMMHOB: KHCeJIeo6pa3HbIi NOrpaHNy-
melit caoii (Cokonosa, 1977); HaunoK (MHOrHe OTedyeCTBEHHEBIE PabOThI); XJO-
nbheBUAHBIN c/I0il; reneobpasuslii caoii (AugpeeBa, Aratosa, 1982); cioit u3 ToH-
KOAMCIIEPCHBIX, JIETKO BSMYUYHBAIOIIUXCA YACTHIL; MOJYKUAKNHA MOBePXHOCTHR I
cnoii (f6monckan, 1969); HeKoHCOMMAMPOBAHHKIHN QIOKKYNEHTHBIN BEepXHHIA CJIOHK
(Sieburth, 1965); nogem:xHLIH opraauyecknii wi (Hayes, 1964); ninenka us opra-
audeckoro seigecrsa (IIapconc u ap., 1982); npeuMyIecTBEHHO OPraHMYeCKHH
ocafok (Mukpobuanbsuslit Mat) (Revsbech et al., 1986); rpanyaapubie cTpyk-
TYpPBI (IIeJLIeThl ¥ arperaTsl INTMHHUCTHIX YACTHL ecdaHoi pasmeprocTH) (Rho-
ads, Young, 1970); neanerusiii cnoit (Rhoads, 1974); noBepxHOCTHAA OKHCJIEH-
Has IJIeHKa, TECHO CBA3AHHAS C B3BelIeHHBIMM BelljecTsamu (I'epmanosmy, I'pyH-
ayasc, 1969).

B nepeuncieHHEIX onpeJeseHUAX HAIILJIN CBOE OTpaKeHHe OCHOBHEIE XapaK-
TepHBIe OCOGEHHOCTH PACCMATPHABAEMON 30HBI OCAJIKA: PHIXJIOCTH, BRICOKAA BJIAYK-
HOCTbH, IPUCYTCTEBHE ArPEraToB YacTHI], IpeskJe Bcero heKalbHbIX KOMOYKOB (1eJ-
JieT) JOHHBIX OPraHHM3MOB, BricOKoe cojepxkanne OB, MaccoBoe pasBuTHE MHKPO-
OpraHU3MOB, TeCHas CBA3b ¢ HAAJOHHOM B3Bech0. Ilo MoeMy MHenuIO, OJHO H3
onpeAeaAOmMUX CBOHCTB 9TOro CJI0A — €ero BRICOKAA HOABHKHOCTE M JIEFKOCTD
B3MY4YHBaHHuA (pecyCcOeHIUPOBaHUA), IO3TOMY B JaHHOU! paboTe OH 0603HaYaeTCH
KaK «IOABMIKHBIN NoBepxHocTHEIN choii» (IITIC).

Pasmepuslii u BemecTBeHHBIH cocTaB. Onpeje/ieHHYIO HHPOPMALHIO O BHIPA-
sxeHHOocTH M cTpyKType IIIIC maioT KayecTBeHHBIe GOTOCHHMKH NMOBEPXHOCTH
OHA, BHIIOJHEHHBIe NOABOAHON Kamepoil Jwboro tTuna (puc. 3.3). Oguaxko aasa
neTanpHOro agajausa cocrasa H csoiicts IITIC Heo6xXoAMMO MCIIONB3OBATH COEIH-
anpHY0 PoroTexHUKY (Rhoads et al., 1978; Menzie et al., 1982; Rhoads, Germano,
1982, 1986).

Puc. 3.3. IosepxHocTh pHXALIX rpyHToB 3ain. Ilerpa Benumkoro ma
YYACTKAX C DPA3HOH BLIPAXKEHHOCTLIO NOJBHIKHOrNO NOBEPXHOCTHOrO
cnos

Cepus CHHMKOB, BBINOJHEHHEBIX ClenualbHON mpoduabHOH doToKaMepoi
B 3a). Ilerpa BesnKoro Ha yuacTKax ¢ pasHEIMH THNAMU FPYHTA, IOKasaja, YTO
Tonmuua IIIIC moxeT BapsHPOBATHCA B OYE€Hb IIMPOKUX mpeAenax (puc. 3.4).
PaBHOMepHOCTH pacrpe/eIeHMs 3TOTrO CJIOA IO HJIOUIaAH 3aBUCHT B OCHOBHOM
oT MHKpoTonorpadun JHa: Ha TPyHTe ¢ OOJBIIMM YHMCJIOM HOP M BOPDOHOK TOJI-
ImMHA HAaKAMJINBAEMOH B HMX OceBIIeil B3BecH Moixker Aocturats 30 mMm. Ha
¢$OTOCHHMKAX XOPOMIO BUAHO, YTO B HEKOTOPBIX CHYUASX B3BECh MOJKET OTKJIa-
ABIBATHCA Ha MOBEPXHOCTH CO CJAOKHBIM MUKpopesibedioM, 06pa3OBaHHEIM XOJI-
MHKAMH ¥ YIIyOJeHUAMH B IPYHTe, YKMBEIMH PACTEHUAMH U MX OCTATKAMH, TPYO-
KAMH MOJHUXeT U Ap. ITH CTPYKTYPHI CO3AAIOT KAPKAC, PE3KO YBeJIHYHBAIOLIMIA
COHNPOTHBJEHHEe YaCTHII OCAJKa NepeMeIleHUI0 JBH)KeHHeM BoAbl. YeTKo pasim-
YHMBI HeJUIeThl JOHHEIX JXUBOTHEIX, 06pas3yolie Ha OTAEJbHBIX YUYaCTKAaX AHA
cao# ToaiuHoi po 15-20 mm.
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Puc. 3.4. lIpodusbanie padpeshl NOBEPXHOCTHOrO CJOS JAOHHLIX OCAj-
xoB 3aj. Iletrpa Beaukoro ma yuyacTKax ¢ pasHON BLIpasyKeHHOCTHIO
NOABHIXHOTO LOBEPXHOCTHOrO CJIOR

MenkomacmTabable H3MEeHEHHA PA3JIMYHBIX XAPAKTEPHCTHK AOHHBIX OCAJKOB
IO BEPTHKAJH ABJIAIOTCA O0BeKTOM HHTeHCHBHBIX MccegoBaHuii (0630pkr: Ilap-
COHC H Ap., 1982; Rhoads, Boyer, 1982; Aller, 1982 u ap.). B oraeasHsix pabo-
Tax (Rhoads, Young, 1971; Harvey et al., 1984) npuBoaaTca creieHUA 06 Hame-
HEeHHMH pasMepoB YaCTHIL 10 TOJNIMHE OCARKa, OZHAKOC MacIuTab GUKCAUK TAKKX
M3MEHeHMIl HeIOCTATOYEH AJA MCIONb30BAHUA B TpodosormiecKux meiaax. an-
HBIX O BapHabeJIbHOCTH 110 BEePTHKAJH BeIIeCTBeHHOI'O COCTABA YACTHI, OGHADY-
JKHMTH B JIATEPATYpe He YAaI0Ch.

Hna nonyuenns Takoil nHGopManHy GBI HCIIOJIH30BAH CHENHATBHBIA ¢ MUK-
POTOMHEI##» BcachIBaOIIui 1po6ooToopHUK (cM. puc. 8.1). IIpoba I (Tpu caos)
B3ATA HA 3aMJIEHHOM rpyHTe HA raybune 0,5 M, upobwr 11, III u IV (no mects
CJI0eB) — HA NMEeCYAHOM rpyHTe Ha riaybune 3 M (puc. 8.5). OpuerTHpOBOUHAS
TONIMHA KasXXKAOro cJ10sa oKoao 1 MMm.

XapakTep pacunpefieJieHUs pasMepoB YACTHI] KAK B OTAENBHBIX mpobax, Tak
M B Pa3HBIX CJOSAX B Ipefdesnax oAHON Mpo6sl JOBOJABHO cxoAeH. I'paduKu KPHBHIX,
IOCTPOEHHBIX MO CYEeTY YaCTHII, CABHUHYTEHI BIIPABO 10 CPABHEHHIO ¢ KPHBBIMH, OTpa-
JKAIOITUMH Pe3yNbTaThl B3BeINNBANNA. KpHBble TOKASKIBAIOT IPHCYTCTEBHE OfH-
HOYHHIX YacTHI oT —2,5 210 1¢ ¥ HesHauNTENBHOE NpeobiiaaHNe YacTHL, MeJbye
3¢; B npobe I orcyTeTBYIOT HacTUIE KpynHee 1¢. Cpepunit MegnanHbIit fHaMeTp
yacTHn, (10 cYeTy) B noAmpobax mHecHYAHOTO ocafkKa Kojebaerca oxono 3,39,
a pasMax 3HauyeHMit He npesuimaet 0,5¢. Hekoropsie npobul (Hanpumep, I1.5 u
IV.5) uMeroT npakTHYeCKH OSMHAKOBbIE IapaAMETPhI PacIpeReICHMSA.

Pue. 3.5. KymynsaTuenne KpHMBHE pacupejieleHHsi pasMepa YACTHI
no cj0sN B YeTnpex mpobax JAoHHOro ocajgka u3a 6. Burasp

B m3yueHHBIX NOCJOMHBIX mpobax ocagKa BHAENEHE! CJeAYICHIIHe THIEI Yac-
THI: MUHEpaJbHbIe; PAKOBHHBI ¥ (parMeHTHl paKOBHH MOJIJIIOCKOB; (hpparMeHTH
MaKpodHTOB, CKEJIeTOB HIVIOKO¥KHX, HOKPOBOB PAKOOGPA3HEBIX, TPYOOK IOIMXET;
dopaMuHHdepsl; AUATOMOBLIE BOAOPOCAN; MIIAHKH; HeMIeHTHDNIIUPYyeMble Yac-
THIBI M XKHBOTHEIE.

BemecTBeHHBIH COCTAB YACTHI, Pa3jinyeH KaK B pa3HbIX Npobax, TaK M B pa3-
HEIX CJI0X OfHOM mpo6el. Haubosiee pacnpocTpaneHHBIH THII GMONEHHBIX YACTHIL, —
¢parMeHTHl paKOBHH MOJLIIOCKOB H MaKpoduToB. B mesioM cocraB yacTHL
¢ r1yOuHol ocaika U3MeHAETCA He3aKOHOMEPHO.

Hdona MuHepaJbHBIX YacTHI, B mpobax ¢ mecka cocraBiser 60-90 % or
obmzero yMcia YaCTHI, U He 3aBHUCHT OT IVIYGMHEI 3ajileraHus cjiod. B Menakux
dpakIHAX TAaKHe YaCTHLLI NpeobaanaioT, B 60Jee KPYNHBIX MOTYT JOMUHHPO-
BATH K&K MHUHepaJbHble, TaK U GHoreHHnle yacTHnbl. B npoGe I.1 (3annenHbli
TrPYHT) AOJA MUHEDPAJBHEIX YacTHI He npesblmaet 20 % oT ux obmiero cocTasa.
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TaxuM o6pa3oM, BepTUKaJIbHAA MHKPOMAacIITabHaA BapHabeIbHOCTh pasMep-
HOI'O M BeIeCTBEHHOIO COCTaBa HOBEPXHOCTHOTO CJIOA KOHCOJHAXPOBAHHOIO Hec-
4aHOro OCajKa ToJAmuHOK 3—6 MM mo ray6uHe He3HAYHTeJbHA M NPH aHAIH3E
3aKOHOMEPHOCTe MUTAHNA SNUOEHTHYECKUX I'OJIOTY PHIt-eI03HTO(ATOB MOKeT
He NpUMHMMATHCA BO BHUMaHMe. Ha samyleHHEIX rpyHTaxX, KAK OTMEUaJoch, I'pa-
runa IITIC ¢ nomiexanum ocafkoM He BEIDAYKEHA, YTO YBeJHYHBAET Heonpege-
JIeHHOCTb OIEHKH JOCTYIHBIX JJIA 3aXBaTa roJIOTyPHUIMH YaCTHI,.

PasMepHEIi 1 BelecTBEHHBIH COCTAB IOBEPXHOCTHOTO CJIOA JORHOIO TPYHTA
6hl11 leTasibHO HccjiefoBaH B 6. BuTtass u y 6eperoB ocrposos ITomosa 1 Pyccko-
ro; OJHOBPEMEHHO aHAJIHN3HPOBAJIH COAEPyKHMOe KHIIIeUHNKa COOPaHHBIX HA 3THX
yyacTKax ocobell fajpHeBOCTOYHOro Tpenanra (cMm. nm. 3.2.2 n 5.1). Ha TBep-
ABIX FPYHTax oT6upaemsle npober coorsercToBanu IIIIC, ra ranpke H mecke
B HUX NPHCYTCTBYIOT M YaCTHIBI M3 NOAJEKAIIIUX CJIOEB OCATKa.

XapakTep pacnipefie/leHAA pa3Mepa YacTHIL B IIpo6ax ¢ Tpex OCHOBHBIX THIOB
TPYHTa — BAJYHHOI'O, FAJIEYHOTO H NECYAaHOTO — PABIMYAJICSH, IPHYEM Pa3IHIHA
MeKJy IIePBEIMH ABYMA THIAMH BHIpaskeHHI caabo (puc. 3.6). IIpu ucmoap3oBa-
HUM B3BEITMBaHUA GpaKIUii KDHBEIe, XapaKTepH3YIOINe pasMep YacTHI, C BATY-
HOB, OTPa’sKaIOT Pe3KHIl CABUI B CTOPOHY KPYIHO3E€PHUCTOCTH, 00yCJIOBJICHHBIH#
IPHCYTCTBHEM 3HAYUTENbHOMN AosH YacTuL KpynHee —1,25¢. Cpegunii Mmeauasn-
HBIH AuaMeTp YacTHIi, oTOGpaHHBIX Ha BaJyHaXx, cocraBiaser 0,29¢, Ha ranbke
0,960, Ha mecke 2,53¢.

Puc. 3.6. KymyasiTuBHEIe KpHMBLle pacnpefielleHHsl paaMepa UACTHIL
B IIOBEPXHOCTHOM CJIo€ I'pyHTa (caeBa B Kax Aok nape rpadukoB)
M B COACP)KMMOM KHIHIEYHMKa AaJbLHEBOCTOYHOro TpenaHra (cuopasa):
A — Baayusr; B — necok; C — ranska (npubpexsbe o. Pycckuit); D — raxnka
(6. Buraas)

IIpu ucnosb30BaHUM METOAA CUeTa YacTHIL Pa3JHYNA B pa3MepHOM COCTaBe
npo6, oTOGpaHHBIX HA BAATYHHOM H IaJIeYHOM IPYHTAX, 3HAUNUTEIbHO CHHIKAKOT-
ca. B aTux npobax npeobiaasaior sepHa cpefreit kpynrocTH. IIpo6s! ¢ necuaHoro
FPYHTA OTJHYAIOTCA HECKOJIBKO 60Jiee BRHICOKHMM COJIEPIKAHNEM MEJIKHUX YacTHI,.
Cpennuit MeAMaHHEBIA AUaMeTP YaCTHI], OTOOPAHHBIX Ha BaJYHHOM, FajIeYHOM
H IleCYaHOM IpyHTaXx, cocrasider 2,59, 3,08 u 3,10¢ coorBeTcTBEeHHO.

AHaJIN3 Bell[eCTBEHHOTO COCTABA IOKA3AJ, YTO HanboJsiee pacnpocTpaHEHEM |
THI GHOreHHBIX YacTHI, B FPYHTaX HCCJACJOBAHHOTO paoHa — PaKOBHHEI MOJI-
JIOCKOB M UX ¢parmeHTH (puc. 3.7). PasHooOpasneM THIOB 6MOreHHBIX YaCTHL,
BBIAEJNAIOTCA NPo6hI M3 6. BUTA3H, COgep)xaHne PAKYIUHM B HUX COCTABJIAET MeHee
50 % . B npo6ax ¢ npubpexnsa o. Pycckuii HanGoJiee pasHoo6Gpa3eH BelleCTBEH-
HBII cOCTaB OcajKa ¢ BAJIYHOB. 34eCh B 3aMETHOM KOJIHYECTEE NPHCYTCTBYIOT
TaKHe OTHOCHTEJLHO peAKHe THIHI OHOreHHBIX YACTHI, KaK TPYOKH HOJIHXeT
M (pparMeHTH JOMHKOB GananycoB. Pakymiu cpaBaurenbHo Maio — meree 50 %
or ofmiero uucyaa 6GuoreHHnIX yactuy. CaMbiMu GeJHHIMHM B 3TOM OTHOIIEHHH
OKasaJiuch IpoOHl ¢ rajJleYHHMKa — paKylla B HUX cocrasaseT 70 95 %. Ha
mecYaHBIX TPYHTaX 3HAYUTEJIBHYIO POJIb, IOMHMO PAKYIIEYHOTO MaTepuaja, Hr-
PAIOT OCTATKHU 30CTEPEL.

I1po6s1, oTOOpaHHEIE HA BAJIYHAX M raJIbKe, CXOAHEI IO pacnpe/eIeHHI0O MHHe-
PAIBHBIX M GMOreHHBIX YacTH,. o/ MUHepaJibHbIX 3€PeH B KasKJoi pasMepHOH



170 Honnbie ocadru Kax UCMOYHUKU NUWEB020 MamMepuana

Puc. 3.7. BemecTBennuIl cocTas npoS AOHHOrC OCAJKA H COAEPIKHMMOIO
KHIIeYyHMKA JIaJIbHeBOCTOYHOIO Tpenanra;

A — panysu; B — pecok; C — ramska (npubpeskwe o. Pycokuidt); D — ramnka
(6. Bursiab)

Jlnsa KaxAOro THIA TPYHTA cjieBa — NPolsl 0cALKE, OITPABE — COAePIKHMOe KHIned-
Huka. HuKHHe NPAMOYTrONLHHKH -— COJOPKAHHE MUHEDANLHBIX YaCTHI B OTAe k-
HLIX pasMepHBIX ¢pakunax (cresa) H B npobe B 1{6JIOM (clpase), BepXHHe NPAMOY-
TONLHHKH — COREePIKAHHe YacTHIl B GHorexHol noAnpobe B OTAGILHEIX PA3MEPHBIX
dpakuuax (cheBa) H B noanpobe B nesou (cnpasa). 3xeck H HA PHC. 3.9 IPHUHATH
caeayoLgHe 06« HY PanbLHLIG T8 1; 2 — rpy6bkn noanxer; 3 —
PAKOPHHBI B PPArMOHTHI PAKOBHH MOJLIIOCKOB; 4 — H3BECTKOBble BOXOPOOIM; 5 —
HeHaBecTKOBhLIe Bogopocau; 6 — muanku; 7 — dopamunndepsi; § — arperaTnt
MENKUX 4ACTHIL; § — CIMKYNLI HITIOKOKHX; 10 — HeMAeHTHGHLMpYeMEIe YE8CTHIILL;
11 — guaToMossele; 12 — ansumMoHapum; 13 — fOMHMKM ycoHorux; 14 — dparmenrst
Kopannos; 15 — dparmenTs naHiupeit pakoobpasHbix; 16 — ry6ku

dpakumMu moutH oAMHAKOBEL — 70-90 % . B mpobax ¢ mecyaHoro rpyHTa Kpymn-
Hble ¥ MeJKHe PPAKIMH 3HAYHTENBHO PA3JIHYAIOTCA 10 COLEPKAHUIO MUHEDAJIb-
HbIX YacTuL,. Tak, Bo dpaknuax Kpynuee 0@ MHHepalbHbIe YACTHUIHI IPAKTHUYEC-
KM OTCYTCTBYIOT, TOrja Kak B 60Jiee MeaKux ¢ppakuuax ux 80-90 %.

Pacnpenecaenne 6axkrepuit ¥ auaTomoBsiX. IloBepXHOCTHEIN o ocagKoB
npefcrasiser coboit Mmerabosnyecku HauboJiee BASKHY IO YACTh BCEH MX TOJIIH.
3nech cocpefioToueHa OCHOBHAA Macca GaxkTepHuil, MUKpoduToGeHTOCA, MUKDO-
¥ MeliopayHel. B uncie opraHu3MoB, HaceAAIOIIUX BePXHUIA cJIoit ocaska, HaHbGo-
Jiee IpeACTaBUTEIbHBI 6AKTEPHUH M AHMaTOMOBBIE BoZiopocau. HecMoTpsa Ha TO 4TO
3TH OPTAHU3MBI B 3HAUMTEJILHOM CTENeHHU ONPeAeaIOT TPOPHUECKYIO HEeHHOCTh
cybcTpaTa, AaHHBIe 06 X NPOCTPAHCTBEHHOM DACIPEfeJeH NN B HIOBePXHOCTHOM
NJIeHKEe 0CaJKa B JUTEepaType OTCYTCTBYIOT.

HccaemoBanue B 6. Butases noxkasaio, uro 6uomacca 6akTepHit ¥ HATOMOBBIX
pogopocJeii B IITIC, paccuuTanHAA Ha eTHHUILY IJIOIIALHM AHA, PasJHUYaJIachk Ha
Pa3HBIX cTaHUMAX Ha 3—4 nopsazaka (Jleeus u ap., 1991). Buomacca 6axkrepuit
Ha NecyaHbIX FPYHTAX OKA3aJIaCch HECKOJBKO BhIIIIE, YeM Ha KAMEHHCTHIX, TOTAA
KakK Ha WIHCTBIX Pe3KO, Ha MOPAAOK, Bosdpactana. Cogep:rxaHNe TUATOMOBEIX Ha
HJIe TaK)Ke BeJIHKO, OHAKO HA KAMHAX OHO B O0IIleM CHM)KAeTCH He3HAUHTEIbHO
(Ha OZHOM M3 CTAHLUI 3apEeruCTPUPOBAHEI Jajke MAKCHUMAJIBHEIE 3HAYCHHA); Ca-
Mad HU3KafA OHoMacca OTMeYeHA Ha mecYaHBIX FPYHTAaX.

ITOT JKe MOKa3aTeJb, HO PACCYUTAHHLIH Ha e{lUHUILY 00'heMa COOpaHHOTO OCaaKa,
OCTaeTcA HA PA3HbIX CTAHUUAX OTHOCHTEJHLHO CTAOHMJIBLHBIM, XOTS M TIpOCJie-
SKHBAETCA HEKOTOPAA TEHACHLHA K €T0 YBeJIHYEHHIO AJA 6aKTepHil B paAxy KaM-
au—necok—wi. Cofepixkanue guaTomeil B efunune obbemMa ocaka Ha MecKe
M MJIe MPAKTHYEeCKH He PasjINuaeTcs, Ha TBepALIX 'PYHTaX OHO HECKOJIBKO BEIIIE,
HO DOPAROK BEJHUYHH TOT JKe.

Ha 6oabpmunncTBe cTanmuil HAGaOAAIaCh ONIpe/leJIeHHAA TeHACHIUA K o0parT-
HOM 3aBUCHMOCTH MeXAY 6uomaccoii 6aKkTepuil H fuaToMeii; B peayabrare BeJIH-
YMHBI CyMMapHO#1 6roMacchl ABYX paccMaTPHBAEMBIX I'PYIII OCTAIOTCS AOBOJIbHO
6AM3KHMMH — KpaiflHHe 3HaUeHUd JIeKaT B npegeaax 3,6—25,4 mr-mun i,

3aperucTpHpOBAHHBIE BEJIMUYMHEI IVIOTHOCTH DaKTEpHii B IOBEPXHOCTHOM ILIEHKe
IPYHTA OTHOCATCA K MAKCHUMAJbHBIM BeJIMYWHAM, OTMEUYEHHBIM JJIA MOPCKHX
ocagkos (Dale, 1974; Copoxun, 1977), nmnoTHocTh ¥ GHOMacca JUaTOMOBBIX ObLIa
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Ha YPOBHe CPeAHHUX AJA npubpeyxabix o snadenuii (Bogany, 1979; Taasen,
Hoisaeter, 1981).

Yuer yHCIeHHOCTH GaKTepHi IO TOJLIHHE IOBEPXHOCTHOTO CHOA HECYAHOrO
rpyHTa Ha Tpex CTAEIMAX AAJ CReAYIOLIKe BeTHYNHBI:

Cnoit ocaaka, MKM Yueno 6akrepnit, 10° xa-ma!
0-20 12,5 10,8 11,8
20-50 7,6 — 15,5
50-200 2,9 10,6 13,8
200-500 - 10,5 —_
500-1000 0,1 —_ —

Takum 06pasoM, Ux coflepkaHue HauboJIee BRICOKO B MUKPOCJ0E TONMMHOMN
20 MKM, COOTBETCTBYIOLIEM HA AAHHBIX CTAHUMUAX HOLBHXKHOMY IMOBEPXHOCTHO-
MY CJI010. YiKe B pacrojaraiieMca HeoCPeACTBeHHO o4 HUM MHKPOCJOoe COo-
Iep:xkaHHe DaKTepuHil CHH:KaeTca BABoe, a Ha rayonae 100-1000 mxm — B 20—
100 pas.

HecMoTps Ha To 4TO B Moc/IeAHME OBl OABHINCH JaHHBIE O pPacrnpefieJleHUuH
6aKTepHil B PYHTe, «paspemauas CIIoOCOOHOCTh» MCIONb30BAHHBIX B 3THX pa-
60oTax METOJOB JeJIeHUA OCAJKA IO TOJIUHEe HeJocTaToyHa. CTaHAApPTHEIE CHIO-
cobbI oTOopa NMpob6 TPyGKaMH HO3BOJAIOT OIIEPHPOBATH BEPTHUKAJIBHOM mMKaJOM
€ rpajialsAMH B CAHTHMETPaX, TOJIbKO B HCKJIIOUHTEIbHEIX COAYyIaaX — B MHJJIH-
MeTpax, TOTRa KaK ¥ ITIOBEePXHOCTH FPYHTA BbIpa’KeHHbIe H3MEHEeHHUA B KOJIHYe-
cTBe DaKTepHMil MOTYT HabaIOAaTHCA YiKe Ha riIyOnHe AeCATKOB MHKPOMETPOB.
IIpuBeseHHbIe Pe3yAbTATH YKA3HIBAIOT HA BAYKHOCTH NOJyYeHUs1 HHbopManuu
O BBIPA’KEHHOCTH NOABHKHOTO MOBEPXHOCTHOI'O CJIOA T'PYHTA M COAEP)KAHHH
B HeM OaKTepHil K OPraHH3MOB MHKPOOUTOOEHTOCA IPH MCCJIeJOBAHHHN ITUTAHMA
SKMBOTHHIX -fleno3uTodaroB.

3.2, COCTAB NHIIEBHIX YACTHIY

Cogep:KuMoe KHIIeYHNKA I'OJIOTYPHH IPUHATO MMEHOBATH MMUIIEBLIMH YaCTHIIA-
MM; YKA3AHHBIH TepMHUH NIDUMeHAETCS H B Hacroameil pabore. Oquako Heobxo-
JHMMO MMETh B BUAY, YTO SHAYMTEIHHYIO, & HHOrJa U MOAaBAAIOLIYIO A0JIO MOR0H-
HEBIX ¢OHIIEeBEIX» YACTHUIL POJOTYPHH He CIIOCOOHBI epeBapuBaTh U YCBAHBATS,
CJIe[IOBATEJILHO, OHU He ABJAIOTCA nuueil. TeM He MeHee H3YyYECHHE COLAEPIKHMO-
ro KHIIeYHUKa — OCHOBHOM MeToJ Tpo¢0JIOTHYECKOr0 AHAJIN3A M 9TOH rpynmsl;
OH IO3BOJISIET OLEHUBATH TAKHE BajKHEIe IapaMeTPhl, KaK CKOPOCTh IlepeBapHBa-
HUA AN, U30HPATeIsHOCTh NUTAHUS M IP.

ITockonpKy MOHATHE «IIHLIEBLIe YACTHILI» B IPHUMEeHEOHHNH K JermosuTtodaram
HOCHT BeChbMa YCJOBHBIH XapakTtep, COAepPKAHHE NOHATHA «IHILCBOM COEKTP»
roJIOTypHii NPMHUUNHWAJBHO OTIHYAeTCA OT CMBICJ]Aa, OGLIYHO BKJIAALIBAEMOTO
B Hero B Tpodosornu. Hanpumep, BUX, CIOCOGHBII MCIOIB20BATh OYeHD MM PO-
KWii PASMEPHBIMA CIIEKTD «ITMIIEBLIX » YACTHIL OCAJIKa, BOBCe He 00A3aTEIbHO JIOJI-
JKeH MMETh M UIHPOKHIH MUIIEeBOH CHeKTP B OOLICHIPHHATOM CMBICJIE 3TOro Tep-
MHHA.

Jn4 rpaHyJIoOMeTpHYECKO XapaKTepHUCTHKH HeGOIbIINX 0 06beMy mpob co-
IEPKHUMOT0 KMINeYHHKA CTAHAAPTHbIE METOAbI CHTOBOrO U CEAMMEeHTAHOHHOTO
aHaIu3a HeIPUMEeHUMBI, I03TOMY HeOGX0JUMO UCIIOIB30BaTh MUK POCKOIIMUECKHe
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MeToasl. Ho nake ecaiu pasmep Npo6Gsl MO3BOJASET BHIIOJHUTH CATOBOM aHAJIMS,
AJIA CDAaBHEHHA pacnpefie/IeHHA YaCTHIL, IO pasMepaM ¢ HCIIOAb30BAHUEM CTATH-
CTHYECKHX METOZOB (Hampumep, KpuTepus X2) BOGHNKaET HeOGXOAMMOCTh H3Me-
peHHA He MAaCChI, & KOJHMYeCTBA YaCTHI, B PA3MEePHHNX (paKmuaXx, UTO TAKIKe
TpebyeT HCIOAB30BAHMSA CHIeMHAJHEIX [IPHEMOB.

3amMeuy, 4TO B GOJIBIIMHCTEE CJHydaes, Koraa Tpebyercs rpaHyJIOMeTPHUECKAS
XapaKTepHUCTHKa ocafKa (B reoJIOTHH, CeJMMEHTOJIOTUH, JUTOJIOrHH H AP.), UC-
moJb3yeMble METOALI HAPABJIEHE!, KAK IPaBUJIO, HA HUCC/IeJOBAHUE eCTECTBEHHO-
ro KoMILJIeKca YacTHil, GopMHPYIOUIUXCS NOJ BIUAHHEM ONpeReJieHHBIX PUIH-
YeCKHX yCJOBHUH B mMecTe orGopa mpobel. B Takux ciayyasx KOHKpPETHBIN THI
KPHBOIl pacnpefieIeHUs YacTHI 110 KPYNHOCTH MOKHO pacCMaTpHBaTh KAK WH-
TerpMpYyIOILIY IO XapaKTePUCTHKY HCTOpHH obpasosaHus JoHHOro ocagka (Koue-
MacoB, Iloapkor, 1980). Comep:xuMoe ke KHIIIEUHUKA TOJIOTYPHIl, AayKe cobpaH-
HHX H8 OZHOTHIHEIX YYACTKaX, TOJbKO ¥ HEKOTOPHIX BHAOB OTPAXKAET COCTAB
6JM3KOro mo reHe3HCy M YCJOBHAM oOpazoBaHHUsS ocafka. ¥ 3HAYUTEILHOIO
YuCaa BUAOB, B YACTHOCTH OGIaAAIOLINX CYTOYHOM PHTMHMKOMN IHMINEBOro moBeje-
HHUA, COAEeP)KMMOe KHIIIeYHHUKA ITPeICTaBIAET COG0H o0 beAMHEHHYIO POy pasHo-
PORHBIX YaCTHH, cCOOpaHHBIX, HAIIpMMeD, Ha BepIINHe KOJOHHH KOPaJLJIOB U Y ee
OCHOBaHWS, HA MOBEPXHOCTH U B INIyOMHe ocagKa, U T. [I.

38.2.1. METOAbl NCCIEAOBAHHMA

AHAJIN3NPOBAIN COJEpP)KMMOe KHIIEYHUKA CBEKEOTJOBJEHHKIX JKMBOTHHIX
¥ B Ipobax, dukcupoBaHHkIX 70% -HBIM 3TaHOIOM MM 4% -HBIM hOpMaNTHHOM.
IIpeaBapuTensHo npoby npocMaTpHBAIH 0K GMHOKYJIAPOM MM MOABEPrasy ar-
perataomy aHanuay (Jlesun, 1987a). IIpo6s1 maccoit cerime 10 r oGpaGaTriBann
no MeToguKe, onucanHoi B 1. 3.1.1. ITpn ananuse npo6 MeHbIIero o6’beMa HX
nocJjie o6paboTKH AUCTIEPraToOpPOM PABHOMEDHO paclipefiejidji Ha NPeAMETHOM
CTeKJIe; COCTAB M PasMep YacTHI] ONPeReJAIH HOA MHKDOCKOIIOM.

HAnHaMHKY YHMCHE€HHOCTH GAKTEPHUANBHBIX KJIETOK B KMIIeYHMKe AaJbHEBOC-
TOYHOIO TpenaHra onpeAeasaan y ocobeit, cobpannsix B mpoJ. Crapka sanx. Ilerpa
Besukoro. HemeasieHHO ocje IOMMKHM y B3POCHBIX KMBOTHBIX BHI3bIBAJIH 3BHC-
LepanuIo HHbeKIyei B IOJIOCTh Tesla mpecHOM BoAbl. BrIGpomeHEbIi KHIIEUHUK
JeJIUIN Ha TPH OTAeNA M MIOMeIaiy B cTepuibHble haakonsl. He nosxHee aAByx
YaCcoB MOCJe MOMMKH M3 COREPXXUMOTO0 NepegHero U 3aJHero OTAeJIOB OTOHpaIH
HABECKY AJIA IPAMOIO cYeTa MHKPOOPraHM3MOB Ha duiasTpax. MoJsoab Tpemasra
BCKDBIBAJIH, M COACP/KIMOe KHIIEYHHUKA PABHOMEDHO pachpejiejiAly Ha IpeaMeT-
HOM CTeKJle, 3eCh JKe NPOBOAIIM OKpalINBaHue ¥ MOACYET.

3.2.2. TATBbHEBOCTOYHEIN TPEIAHT

JanbHeBoCTOYHBIH TpeNaHr B mpejejax CBOero oOIIMPHOro apeaJa o6uTaeT Ha
Y4YaCTKaxX PasHOIO THIA; COOTBETCTBEHHO BeChbMa Pa3HOOGPA3EeR M COCTAB MC-
MoJb3yeMBbIX 9TOH roJioTypHeii yacTum ocagka. Tpenanr norpebifer pasHOPOAHHM
o TeHe3NCy M pa3sMepy MaTepHall, caMble KPYIHbIe YACTHOH M3 KUIIETHUKA
MMeJIH XapaKTepHblil pasmep xo 12 mMm (Jlesun, 1982a). IlapameTpsl pasmepHo-
ro pacupeaeseHNs YACTHIL U3 KALIEYHUKA IOJOTYypHil, 0OTOGpaHHBIX HA IPYHTaxX
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pasHOro Tuma (BaJlyHHM M CKAaJbl, FajlbKa, IECOK), HECKOJBKO pasIHYalOTCs
(cm. puc. 3.6).

Kpusnie pacnpezesieENs pasMepoB YaCTHIL OCAAKA ¢ TBEPALIX 'PYHTOB, IOJY-
YeHHBIE IO Pe3yJIbTATAM B3BEIIHBAHNA, OTPAKAIOT HEBHAUNTEIHHOE IPHCYTCTBHE
yacTHI KpynHee —1,25¢ ¥ HeKoTOpoe npeobajaHue 3epeH cpelHell KPYIHOCTH.
OTHOCHUTEJBHO MeJIKHe YacCTHIH OTMEe4YeHH U B mpobax ¢ mecka. Ha rameunom
rpyHTEe KPpHMBEIe CABHHYTH B CTOPOHY CPelHEpPa3MEPHBIX YaCTHI IPH SHAYMTEb-
HOM cofiep»KaHuM KpynHeix. Cpegauil MeAMaHHEI [UAMETP YACTHIL B KMINEeUHH-
Ke TpelaHra ¢ BaJyHOB cocTaBider 2,25¢, ¢ ranbku 0,609 u ¢ necka 2,28¢.

Pasanuna B xapaxTtepe pacupefie/ieHNaA YaCTHI B Ipo6ax ¢ rpyHTOB PA3HOIO
THIA, 38PETHCTPHPOBAHHBIE METONOM CuUeTa, BRIPasKeHbl 3HAYHUTEHHO caabee.
Cpeanuii MeaguaHHBIA ANuaMeTD IS MOJOTYPHUi ¢ BAJIYHHOI'O 'PYHTA COCTABJSET
3,11¢, raneunoro 2,50¢ 1 necuanoro 2,96¢. IIpn ucnonssosaruu cuyeTa HaGIIO-
AaeTtcs pe3koe (B 2—3 pasa) cykeHHe 060011leHHOrO pa3Maxa BapbHPOBaHHA paa-
Mepa YacTHI] B Ipo6ax mo CPaBHEeHHIO C BeINYHMHAMH, 3aPer¥C TPHPOBAHHBMH
B3BewIMBaHHeM ¢paxkuuii (Taba. 3.1).

Ta6auna 3.1. OcHoBHLIE XapaKTePUCTHKH TPaHYJOMETPHUECKOrO cOCTABA NPOG COREPIKHNO-
ro KHIIEYHHKA JaJbHEBOCTOYHOIO TPENaHTa H NOBEPXHOCTHOTO CJOS HOHHOTO OCAAKA

g Md, G,
Paiton Tlpo6ut Koanvecrno g Kpaitaue A Kpaiiuue A
3HAYEHHA JHAYEHH A
O. Pycckuit, Knineunuk 310 M -0,44-8,55 3,99 0,49-2,15 1,66
o. KapaM3uHa C 2,10-3,18 1,08 0,10-1,26 1,16
I'pynr 12 M -0,50-2,93 3,43 0,39-1,62 1,23
C 1,75-3,07 1,32 0,28-1,20 0,95
B. Burass KuimeuHnk 8 M -0,40-1,70 2,10 0,68-1,92 1,24
C 2,00-3,50 1,50 0,55-1,17 0,62
Ipysr 12 M -1,16-1,50 2,65 0,60-1,67 1,07
(o} 2,30-3,30 1,00 0,64-1,20 0,56

IlpumMewanne. M — no pesyanraram paseinuBaHusa; C — no peayabrataM odera.

OTMmeuy, uTo HHAUBHAYAJbHAA MACCA YACTHI[ ONpeJe/ieHHOro pasMepa (xa-
PAKTEPH3YIOMIAA MX IJOTHOCTH) B KPYNHBIX PPAKIUAX COAEPIKMMOro KHImey-
HHKA JalbHEeBOCTOUHOTO TPEeNaHTra CyHeCTBeHHO BHIIIE, YeM yKa3aHHBIH IOKa-
3aTeJb YV TPONHYECKHX rojorypuit (cMm. Hmxke). Tak, cpesHsia macca ogHOM
YACTHIB CHTOBOrO pasMepa 1 MM B KnlleyHuKe TpenaHra us 3aj. Ilerpa Bean-
Koro coctasiaser 1,9 = 1,5 Mr, a y naATH BuoB rosiorypuit us san. Hauaar —
1,4 + 0,3 Mr. B menxnx ¢ppaknuax 3HAUUMON Pa3HUIBI B IVIOTHOCTH YACTHIL HE
obHAPY’KEHO.

B cozepKHMOM KHIICYHUKA TPellaHra B MCCJIEJOBAHHBIX paiioHaX BRIACIEHH
cJAeqyIOLMe THOBl YACTHI: MHHepaJbHbIe; DAKOBHHEI M (parMeHTHl PAKOBHH
MOJLJIIOCKOB; (pparMeHThI BOJOPOCaeil ¥ MOPCKHX TPaB, CKeJETOB MIVIOKOXKHX, JO-
MHKOB 6asanycoB; dpopaMHHENGEDPH; JUATOMOBBIE BOJOPOCIH; MEJKHE PAK006-
pa3Hble ¥ MX HOKPOBBI; TPYOKHM IOJHXET; U3BECTKOBHIE BOJOPOCIH; MIIAaHKH;
arperaThl MeJIKMX YaCTHI]; HeHJeHTHOHIMPYeMble YaACTHILLI ¥ OPraHu3MBbI.

BemecTBeHHBII cocTaB YacTHI B KMIIIEYHHUKe TPenaHra pasjndeH KaKk B OIpo-
6ax ¢ pa3HOTHUITHOrO IPYHTA, TAK U B IpedesiaxX KasKAoi u3 Tpex rpynn npob (cM.
puc. 3.7). B 6oabuinHcTBe cayyaes npeobaanaomuii THI 6HOTeHHBIX YaCTUL, —
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PaxoBUHH M GparMeHdTH PAKOBHH MOJLIIOCKOB. B mpob6ax u3 6. Burtask B 6oJee
MeJIKMX (ppaKIUAX IO CPABHEHHIO ¢ KPYIHBIMH CHH)KAEeTCA coflepsKaHue PAKOBHH
MOJIJIIOCKOB M YBeJIMYHUBACTCA J0JA AMaTOMe M HeMAeHTUPHUOUPYEMEIX YACTHIL.
B npyrux npo6ax cOOTBeTCTBYIOMYIO 3aBHCHMOCTS NPOCIOANTD He YARNOCH, HO-
CKOJIBKY Pe3Ko npeobJiajalolie pAKOBHHB MOJLIIOCKOB ¢3a6MBAIOT» JPYTHE THIILI
YaCTHI,

Paznuunsa B cocTaBe YacTHI, B KUMEYHHKAX T'OJIOTYPKil C 'DYHTOB PA3HOro
THANA NPOABAAITCA K NIPH AHAJHN3E COOTHOLICHUS MUHEPAJbHBIX H GHOT€HHBIX
yactun,. B npob6ax, oTOGpaHHEIX ¢ TBEPAOro IPYHETa, HabJAIOAaETCHA TeHASHIMSA
.. K. AeQUIMTY KPYIHOPa3MEPHEIX MHHEPaJbHBIX YaCTHIL. KoanuyecTro MuHEpah-
HBIX YACTHI, IOBBIIIAETCA OT KPYMHBIX dpaKknuii K MeakuM. B nesom comepaxa-
HIe MMHEePAJbHBIX YACTHI, B KHIIeYHUKe 3jiech HeBeaukKo — 27-50 % oT obuie-
ro KOJHMYeCcTBa YaCTHUI B Ipobe.

B kmineunuke rosoTypuii ¢ rasieyHoro rpyaTa MUHEpaibHbIE YACTHILEI COCTAB-
aa10T 60jee MOJOBHHBI 00mero ux Koanmdecrsa. Kpynusle dpakoum (cBelme
1 MM) npeacTaB/JIeHBl B OCHOBHOM OHOreHHBIMH dacTHIaMH, 6ojiee MeIKHe —
MOYTH NOJHOCTHIO MUHepaJbHbIMUA. B npobax u3 6. BurAss yBennyenue copep-
JKaHUA B KMIIeYHHKe TpermaHra 6MOreHHBIX YacTHIl HabJIoxaeTca Jubo B KPYyII-
HBIX QpakumMaAx, JnGo B MEJKUX, JUDO B TE€X U APYTHUX OZHOBPEMEHHO.

B npo6ax, oTo6paHHBIX Ha IecKe, MUHepaJbHble YacTHLH KpynHee O orcyT-
CTBYIOT, a pa3mepa 1,3¢ npeacraBieHbl He3HAYHTEIbHO. Bo dppakuuax Menbue
2,3¢ MHHEpaJbHbIE YacTHLEl peaKo npeobaagaior (80-90 % ) Hax GHOreHHBIMU.
B cpegaem B mpo6ax aTOro rpyHTa MHHEPAJbLHBIE YACTHUIHI COCTABISIOT OKOJIO
50 % oT obmmero KoJau4ecTna.

3.2.3. TPOIIMYECKHUE ASPIDOCHIROTIDA

¥ rosorypuii, o6uTaONMX Ha KopasijaoBeix pudax Unxo-Bectnanuduknu, Han-
60JbIIaA OTHOCHTEJABHAA MACCA COAEPKHUMOro KHIIeYHHKA 3apericTPHPOBaHa
y Labidodemas rugosum n Holothuria atra — coorsercrsenHo 243 u 105 %
MAcChl KOYKHO-MYCKYJBHOTO MeIIKa. ¥ APYrUX BHJOB 3TOT IIOKas3aTe/b 3HAYH-
TeJsHO HMKe — oT 10 no 80 %.

IIupnua numesoro rpanyxomerpudeckoro cunektpa (IIT'C) y orebHBIX BH-
IoB Aspidochirotida smaunrtensno pasnuuaercd (Taba. 3.2). Haubonpuimit me-
AMaHHBINA auamerp dactun —2,6¢ (6,1 mm) saperucrpupoBan y H. aira, Hau-
menswnit —3,3¢ (0,1 mm) — y A. lecanora, B. argus n P. graeffei n S. variegatus
Makcumanbsubii pasmax M d (4,9¢) uactun ot™meueH y H. atra, HanMeHb Ui
(0,2¢) — y H. strigosa.

Ta6auna 3.2. Illupnboa nunieBOro rpaByJIOMEeTDHYECKOTO CHEKTpa M paclpejfieneHHe TPONH-
yeckux Holothuriidae

Moo | e | e, | ama, | Pz | P
Actinopyga echinites Cn 3 0-2,3 2,3 11 I
Rob 1-9 0-1,3 1,3
Mas - 2,8
A. lecanora Cn 18 0,7-2,3 1,8 10 i1
Yam 20-30 3,3
Rob 1-9 3,3+0

A. mauritiana Cn 19 0,7-2,2 1,5 14 I
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IIpodoaxenue maba. 3.2

oo | Suere [ wa, | awa, | Benms [ Premperesene
Lawr 5 2,3
Bohadschia argus Cn 12 0,9-2,1 1,2 8 o
Rob 1-9 3,2+0
Mas - 0,3
B. bivittata Yam 20—-30 1,3 3 -
Rob 1-9 0,7-1,7 1,0
B. tenuissima Cn 15 0,2-0,5 0,3 9 I
B. vitiensis Ca 1 1,7 7 1
Yam 20-30 1,0
Parvimensis Ca 24 2,1-2,3 0,2 5 1
graeffei Rob 1-9 2,3-3,3 1,0
Labidodemas Cn 5 -1-1,8 2,8 6 I
semperianum
L. rugosum Ca 4 -2,9-1,1 4,0 7 I
Holothuria (A.) Cn 3 0,8-2,3 1,5 3 I
coluber Rob 1-9 0,7-2,3 1,4
H. (A.) pyxis Cn 2 -1,0-0,7 1,7 3 I
H. (H.) atra Cn 21 -2,6-2,3 4,9 15 m
Yam 160 0,2-1,3 1,1
Rob 1-9 1,0-1,7 0,7
Lawr 17 -1,6-2,3 3,9
Mas - 1,5
H. (H.) eduiis Cn 11 -1,0~-2,8 3,3 11 oI
Yam 20-30 1,3
Rob 1-9 1,7-2,3 0,6
H. (L.) pardalis Cn 9 1,0-2,3 1,3 15 14
H., (M.) [uscocinerea Cn 1 0,5 10 I
Rob 1-9 1,7+0
H. (M.) leucospilota Ca 13 -1,7-1,0 2,7 16 1
Rob 1-9 0,3-2,3 2,0
Lawr 10 -2,0
Sl 8 1,3
Mas - 2,2
H. (M.) pervicax Cn 8 0,3-2,3 2,0 12 I
H. (S.) cinerascens Cn 14 -2-0 2,0 13 m
S1 50 0,4
H. (S.) flavomaculata Ca 1 2,3 4 I
Yam 40-60 1,7-2,3 0,6
H. (Th.) arenicola Ca 14 1,3-2,6 1,3 12 ¥¥¥x 1
Ham 5 1,3-2,3 1,0
Ham 5 1,2-1,9 0,7
H. (Th.) hilla Ca 10 -0,8-1,0 1,8 15 1
H. (Th.) impatiens Cn 12 1,1-2,2 1,1 15 % i
sl 14 2,3
H. (Th.) strigosa Cn 2 0,5-0,7 0,2 2 1

Mpumeuanue. Ca— cobersernnie fanubie; Rob — Roberts, 1979; Mas — Massin, Doumen, 1986; Yam —
Yamanouti, 1939; Lawr — Lawrense, 1980; Sl — Sloan, 1979; Ham — Hammond, 1981, 1982b.

* Yycno paitonos Hugo-Becrnaundiku, rge otmedero npicyrersue Buia (Clark, Rowe, 1971, ¢ fomonHeHnaAMH).
** Yyeno soH (nogaon)puda: [ =1+3;11=4+6; 11 =7 +10.
**% O6uTaeT TaKkKe B ATIAHTHISCKOM OKeaHe.
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OCHOBHYIO AOJIO 3arJaTHBAEMBIX YACTHIL COCTABIAIOT 00JIOMKH KOPaJlJIoB,
KOPAaJLJIOBBI i ITeCOK, WIOHMKHU H3BECTKOBRIX BOJAOPOCIeH, PAKOBHHK 6pPIOXOHOrHX
MOJLIIOCKOB, (hparMeHTsl DaBROUpeil U Uras MopcKuX exeli (Jlesun, 19796). Pexxe
BCTpPe4aloTCH TePPHUIreHHBEe YacTHI, ()paArMeHTH HEeM3BEeCTKOBBIX Bojopoceii
4 ApyrHe KOMNOHeHTHI. IIpH MUKpOocKONIHYeCKOM HCCIeA0BAHNN TOHKHX QpaK-
nuit B 6GoapmnHcTBe Npob 6bLAM OGHAPYKEHBI CHHKYJIH Iy0oK H TOJOTYPHH,
c¢opamuHnpepbl, YACTHIN ASTPHTA.

BemecTeennniii cocTaB MakpoyacTHL B 560AbIIMHCTEE IPYNN IM'OJIOTYPHIA 3HA-
YHTeJBHO BAPbUPYeTCA He TOJHKO Y PasHHX BHAOB, HO H y ocobeii ogHOrO BHAA
M3 pasHKX MecTooOHTaHN. OcobeHHO pasHOOOPA3HO COAEPKHUMOe KHITeUHHUKa
rojioTypuii, coOpaHHBIX B IpWieranux K 6epery sonax puda, B IepByIo oue-
penb B nmpubpeskHoil yacTH 3apudoBoil naryHsl. B cocTaBe MHUIEBRIX YaCTHII
obGHTaromux B aToit 30He H. cinerascens, H. flavomaculata, H. leucospilota scTpe-
YaJOTCSA KPYIHble TePPUreHHbIe YacTHIIbI, PAsJMYHbIe OCTATKN HA3€MHOTO IPOMC-
xoxpenna. B kumeunuke H. erinaceus ¢ 3salUIeHHOTO KAMEHHUCTOrO IIAXKA
o. ddare (Horsie I'e6pugni) naiinensr kpynusie (12x2 MM) GparMeHTH 3eJIeHBIX
BOZOpOCeit.

[ BEIsICHEHHUA 38BUCHMOCTH PasMePHBIX XapaKTepHCTHK M COCTABA HHIIe-
BBIX YACTHI, OT pa3Mepa roJOTypuii 6u1J10 HPOAHATHU3IUPOBAHO COAEPIKHMOE KH-
meurnuxka H. (Th.) hilla (rabx. 3.3). l'onorypuit cobupanu B ZBYyX paitoHax,
PE3KO PasIHYAKIIUXCS 110 YCHOBHAM: B IPHGPeXHOM YacTH 3apHdOBOH JaryHbl
okaiimasiomero puga o. Yrnoay (3anagHoe Camoa) # B HoJ1y3alMIeHHON BHYT-
perHe#t naryHe atosna KOxuni Hunanny (MaasguBCKHe 0CTPOBA) C YHCTO KO-
pPaJaJOBRIMH ocagkaMu. BuaHO, YTO Ha paHHHX CTAJMIX POCTA I'OJIOTYPHM Ha-
6aronaeTca yBeJimdeHHe pasMepa NOTpebaAeMbIX YacTUIl, TOrAa KaK NPH Jajb-
He#lIeM PoCTe JKMBOTHBIX PA3MEP MUUIEBHIX YACTHIL MOXKET JaXKe CHHKATHCH.

TaGamna 3.3. CocTae numesnlx yactull (%), BcnonassyeMumx ocobamy Holothuria hilla pasnoro
pasaMepa

Paamep wacTiU, P-eZHHHUBL
Cyxas Macca M dv KonmnoHeHTH
Tena, r <-1,0 -1,0~-4,0 >4,0

0. Yuoay, 3anagHoe Camoa

2,6 0,5 9,4 89,7 0,9 M,H,T
6,2 -0,3 30,1 69,9 0 T, M
13,4 0,3 13,7 86,2 0,1 K, H
18,2 0,8 10,1 89,6 0,3 X, K, 11
18,9 0,1 5,8 94,2 0 K, II
19,1 -0,7 41,0 58,9 0,1 X I

B cpeauem 0,1£0,5 18,3+14,0 81,4%1,4 0,2+0,3

0. IOxumit Hunaugy, MaxsauscKkue ocTposa

6,1 1,0 4,2 95,8 0 X,
7,5 -0,5 39,6 60,4 0 X, I
10,9 -0,7 39,7 60,3 1) X, 11
26,1 -0,1 26,5 73,3 0,2 xn

B cpeanem -0,1+0,8 28,0x1,7 73,0+18,7 0,1+0,1

NI puMeuanue. M — pakosuHut Mormockos, H — neugenrudmnmpyembie sactuubl, T —TeppHreHHble TacTHINN,
K — obaomxu kopannos, X — xanumeza, [T — HapecTKoBLIN necok.
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HeranbHoe mccleRoBaHEKe COCTABA MULIEBHIX YACTHI| HATH BUAOB aCIHIAOXH-
poruz u3 3ai. Hauanr nokasano, 4To xapakTep pacnpejesieHnA pa3MepOB YaCTHIT
B nmpo6ax, ompejeJIeHHBIH IO Pe3yJbTaTaM B3BeLIMBAHHMA GpaKkmuil U mo cyeTy
YacTHI, pesko paaiaudaercda (tabxa. 3.4). Eciu B nepBoM ciyyae pazMax qu,
coctaBaser 3,83¢ u Cp— 1,69¢, To Bo BTOpoM 0,68 1 0,35¢ cooTBeTCTBEHHO.
B HekoTOpHIX NpoGax pasHHIA B XaPAKTEpe pa3MEepPHOro pacnpelejieHUA YacTHII,
ompegenAeMoro AByMs coocobaMu, 0COGEHHO CYIIeCTBeHHA.

Tabasna 3.4. OCHOBHbBEe XapaKTePHMCTHKM pacunpejejeHHs Pa3MEPOB YACTHIl B COJAEPKHMOM
KHIIeYHHKA roJoTypuil M3 3aj. Hauanr mo peayanTaraM BaemnpaBds (M) u cuera uvactun (C)

N
npo- Bug Paifon Meropa Mdg M, Uy Uog Be o, H
6ut

1 Actinopyga 6. Kayna 1,43 1,561 0,24 -0,35 1,44 0,33 0,50

lecanora 2,06 1,98 -0,14 -0,09 0,43 0,58 0,42

2 Holothuria » -0,14 0,06 0,14 0,11 0,50 1,44 0,94
atra 2,32 2,45 0,33 -0,08 1,28 0,39 0,26

3 To e 3 1,00 0,43 —-0,34 0,38 -0,30 1,69 0,985
2,47 2,62 0,34 0,38 0,99 0,44 0,19

4 » o. Toptio -0,26 -0,20 0,04 -0,02 0,67 1,49 0,92

2,32 2,34 0,04 0,37 1,09 0,50 0,29

5 H. leucospi- o. Pome 0,62 0,11 -0,26 -0,49 0,36 1,95 0,89

M

C

M

C

M

(o}

M

C

M
lota Hyap C 2,47 2,62 0,34 0,08 0,85 0,44 0,14
8 To xe To ke M 0,07 0,18 0,07 -0,09 0,48 1,56 0,91
C 2,32 2,45 0,33 0,04 1,24 0,39 0,20
7 » » M -1,77 -0,84 0,46 0,65 0,22 2,02 0,95
C 2,25 2,06 -0,38 -0,38 1,24 0,50 0,34
8 » o. Toprio M 0,07 0,12 0,05 0,16 1,02 0,89 0,72
C 2,18 1,83 -0,55 -0,83 1,19 0,65 0,44
9 H. edulis o. Pome M 0,86 0,71 -0,12 0,26 0,39 1,29 0,85
Hyap (o] 2,32 2,34 0,04 -0,28 1,00 0,50 0,34
10 » o. Toprtio M 1,29 0,74 -0,36 0,44 0,40 1,51 0,90
C 2,40 2,53 0,32 0,27 0,63 0,41 0,15
11 Pearsonothuria » M 2,06 1,49 -0,53 -0,67 0,61 1,07 0,75
graeffei C 2,74 2,69 -0,14 -0,62 0,81 0,37 0,18
12 Stichopus o. Pomie M 0,42 0,29 -0,08 0,14 0,27 1,55 0,96
chloronotus Hyap C 2,40 2,50 0,23 -0,39 0,88 0,44 0,26
13 To xke To ke M 0,86 0,46 -0,25 0,49 0,46 1,60 0,91
C 2,18 2,12 -0,08 0,39 0,44 0,72 0,41
14 » o. Toptio M 0,51 0,64 0,08 0 0,27 1,49 0,84

C

2,40 2,50 0,23 -0,39 0,89 0,44 0,22

NIpameganne. H — HOpMHPOBAHHAA SHTPOITHS IPAHYIOMETPHYECKOrO pacrpefenenns (Pomanopeknit, 1977).

B menaporpaMme, OCTPOSHHOM 110 Pe3yJIbTATAM KJIACTEPHOTO aHaMM3a (puc. 3.8),
M3 LIECTH BhIZEJEHHHX IPYNN YeThbipe o0beJUHAIOTCA N0 MecTy cbopa. OgHAaKO
cJIeyeT YYUTHIBATh, YTO IPH 9TOM MeTofe o6paGoTKH NPaKTHYeCKU He IPUHH-
MAaJOTCA BO BHHMaHUe YACTHUIEI KPyIHee 2—3 MM; TAKHMe YACTHILBI COCTABJIAIOT
CYLIIECTBEeHHYIO AOJIIO MACCHI IIPOOHI, HO X YHCJIEHHAA AOJA NPpeHebpesKuMo MaJa.

12 B. C. Jleaun
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Puc. 3.8. Juarpanma CXOACTBA PASMEPHOTO pacnpefieleHMA YacTHI
M3 KHIIeYHMKA rojoTypuit u3 asan. Hauasr

I{ndpul 10 rOPH3OHTANLH COOTBETCTBYIOT HoMepaM npob B Ta6a. 3.4

IIpn cpaBHeHMH NpeAeJbHBIX PA3MEePOB MHIEBHIX YACTHIL, KADTHHA HHaA
(raba. 8.5). Tak, y A.lecanora u P. graeffei MakcuManbHEII pasMep 3arJaThIBa-
embIx yacTuu, 2 MM, y H. edulis u S. chloronotus — 38 mm, y H. atra — 5—-7 MM,
a HauGosee KpynHble YacTULHI (7-8 MM) oTMeueHbl B Kumeunnke H. leucos-
pilota.

Hcnonb3oBaHHBIE IOKA3ATEH COPTUPOBKM — RUCIEPCHA X BHTPONUA — XO-
pOIIIO COTJIacyIOTCA IPYT ¢ gpyroMm (cm. taba. 3.2). BmecTe ¢ TeM oleHKa cop-
THPOBKH IIO Macce U CUETY YaCTHIL AAeT CYLIECTBEHHO pasjinyaloluecs pesyib-
TaThl: MO0 NpuHATOH KIaccndukauuu (PomaHosckuit, 1977) B mepsom ciayuae
6OJIBITMHCTBO NPO6 OTHOCHTCA K HeCOPTHPOBAHHBIM, TOTAA KAK IPH aHAJN3E
1O CYeTy YacTHIL MX CJIefyeT PACCMATPHBATH KAK XOPOIIO ¥ YMePEeHHO COPTHPO-
BaHHBIE.

B copep:xMOM KHINIeYHUKaA pPacCMaTPHUBaeMbIX BUAOB ObIJIM BBIAEJIEHBI CJIe-
JAYIOIHe THIHI YaCTHUI]: MUHEPAJIbHBIE; H3BECTKOBBIII TEeCOK; (pparMeHTH KOpaJ-
JIOB, PAKOBHH MOJIJIIOCKOB, JIOMHKOE GalaHycoB, MaHIMpei KpaboB, MILIAHOK, TPY-
60K MOJINXeT, H3BECTKOBBIX ¥ HEM3BECTKOBHIX BOAOPOCHEi; UIIBl M GparMeHThI
CKOPJYIIbI MOPCKHUX €e’Kell; CHUKYJH albIMOHapHii u ry6ok; dopamunudepsr;
HeUAeHTHDUIIMDYEeMBble JKUBOTHbBIE H UX OCTATKH.

CocTaB 4acTHIL B COAEPIKHMOM KHIIEUHHKA PA3HBIX BUAOB I'OJIOTYPHH CXOJEeH
BO BceX npobax, coOpaHHBIX Ha ogHOM yuacTke (puc. 3.9). lna npo6 u3 paiioHa
o. Pomie Hyap xapakTepHO 3HauuTeJbHOE KOJHYECTBO CIMKYJ AJbIMOHADHH
¥ 06JI0MKOB AOMHKOB GajlanycoB, 0. TopTio — dopamMurundep U 06JOMKOB KO-
panyoB; npo6a m3 6. Kayaa pesko Beimensierc mnpeoGaagaHueMm cdopaMHUHH-
dep. Honsa nasecTKOBOro necka Hanbosee BricoKa B npobax ¢ o. TopTio (65,8—
99,0 %), HecKoabKO HHKe — ¢ 0. Pomme Hyap (41,9-99,8 %) 1 us 6. Kayaa (50,0
99,6 %).

Puc. 3.9. BenlecTBeHHBIN COCTAB COACPKHMOIO KHIIEYHHKA TOJOTY-
puit u3 3an. Havanr:

A — Holothuria leucospilota; B — H. atra; C — H. edulis; D — Stichopus chloronotus;
E — Actinopyga lecanora; F — Pearsonothuria graeffei

Jina kaxgoro Buja ciepa — npobel ¢ 0. Pome Hyap, cnpasa — ¢ o. TopTio (kpome
npobsr D na 6. Kayaa). OcransHsie o6oanageHns kak Ha puc. 3.7

HuauBnayanpHble MacChl YaCTHIL COOTBETCTBYIOIMX PA3MepPOB B OTAEJIBHBIX
npobax JoBoJibHO 6an3KHu (cM. Taba. 3.5). UckawueHne cocTaBiasioT A. lecanora
u P. graeffei, y xoToprix (oco6eHHO y BTOPOro BHAA) YACTHILEI B KUIEUHHKE
CYILIECTBEHHO Jierde, YeM y APYTHX HCCJEeJOBAaHHBIX BUAOB. JTO, NO-BUAUMOMY,
CBSI3AHO C TEM, YTO CPEAH 3aXBATHIBAEMbIX 9THMU rOJIOTYPHAMH YaCTHIL oOcagKa

npeobsanaioT popamMuHudeps.



Tab6auna 3.5. Uncio uacTnI (BepXHHe NHGPLI) ¥ CPeAHAA Macca OFHOM yacTHN B! (MT, HUKHHe BHGDE) B PA3MePHEIX PPaKIHAX CONEPIKNMO-
ro KMIIeYAHKA TOJOTYpHHA.

CuToBoit pasMep 4aCTHIl, MM

Bug Paiton
° <0,26 0,26 0,6 1 2 3 I 5 8
Actinopyga lecanora 6. Kayzaa 390372 299348 10323 499 19 1 0
0,014 0,061 0,23 0,9 3,6 14
Holothuria leucospilota o. Powe 970021 77705 14285 2644 433 60 9
Hyap 0,005 0,070 0,28 1,7 6,4 26 102 407 1360
316832 95045 47785 11028 581 67 5
To e o- Toprio 0,009 0,073 0,44 1,9 5,7 23 ol 360
H. atra o.Pome 450068 57950 9318 2495 326 59 5
: Hyap 0,005 0,064 0,27 1.4 8,2 25 91
To e o. Toomio 590316 119613 28588 7987 1323 223 21
- Lopr 0,006 0,69 0,51 1,6 7,0 28 110 450
H. edulis o.Pome 72086 13692 3371 386 29 3 0
Hyap 0,006 0,065 0,26 1,3 4,3 17
597008 32679 6331 946 124 12 0
To e o- Toprio 0,005 0,070 0,28 1,5 64 26
832650 46174 6648 696 238 0 0
Pearsonothuria graeffei » 0,005 0,032 0,18 0.8 2,8
o.Powe 303311 59811 10677 1422 195 48 3
Stichopus chloronotus Hyap 0,004 0,062 0,28 1,6 6,3 26 92
To e o. Tooro 1244842 139600 24429 5255 537 27 1
- Hop 0,008 0,050 0,37 1,6 6,0 24 96

hnwopr x19amMnu 9DwWI0H
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3.3. THAPOJHHAMHAYIECKH 3HAYHAMBE OCOBEHHOCTH NNHIIEBHIX YACTHIL

Copep:KHBMOe KMIIeUHAKA ACONAOXHPOTHZ NpeCTaBAsdAeT cob0ii B 6GONbITHHCTRE
cay4yaeB OTHOCHTENHbHO HeGoabIIne mo 00'beMy HabopPhI YACTHIL ¢ PA3JIHYHOM cTe-
NeHBI0 COPTUPOBKHM; CPeAM HUX MOTYT BCTPEYATHCA eAUHUYHEIC OYeHDb KPYIIHEIe
3epHa. PeayibTaThl rpaHyJIOMEeTPUYECKOTO AHAJIHN38 MOKA3BIBAIOT, YTO B 3TOM
ciaydae OpeANoYTHTEeNbHee onpeJejieHue Macch dYactun. Hampumep, B mpobe 5
(cMm. Tabu. 3.4) Macca Bcero ABYX <KaMHeil» pasMepOM CBHIIIE 7 MM KaXABIM
cocraBiser 21 % or MaccH HPOGH M, €CTECTBEHHO, 3TH ABA 3ePHA ONpPeAeadIOT
BeCh «O0JIMK» pacupenesieHUA.

HasecTHO, YTO MEpexXo] OT MaCCOBHIX JOJIeil K YHCJY 3€PeH NPHBOAHUT K pagH-
KaJIbHOMY HU3MEHEHHIO rpadHKOB paclipefleIeHHA: DU 3TOM CTATHCTHUYECKAA
3HAYWMOCTH MEJIKMX 3€pEeH BO3pacTaeT, a KpynHbIX cHmkaerca (Mertoasl..., 1984).
K coxxanenuio, Bce M3BeCTHbIE PAabOTHI IO FPAHYJIOMETPHYECKOMY COCTABY COAEP-
JKHMOT0 KHIIEYHHKA M N36HUDPATEILHOCTH MHTAHMA IOJIOTYPHH BHIIMOJHEHBI BECO-
BBIM METOJIOM, KOTOPEIil, KaK MOKa3aHO BhIlIe, IPH PelIeHHH HOJAOOHEIX 3ajay
MasoadppexTnBeH. MCKIIIOUeHNe MOr'YT COCTABJATh HEKOTOPhIE CIeIMaIbHbIe CIIY-
Yyau, TaKHe KaK NCIOJb30BaAHME HCKYCCTBEHHLIX cCMeceil FPaHyJl ¢ H3BEeCTHHIMHU
rpaHyJoMeTpUYeCKMMU ITapaMeTpamMu (Hanpumep, Hammond, 1981), niu uccJe-
JOBaHUe MUTAHMSA I'OJIOTYPHIl Ha JIOKAJBHBIX YUYACTKAX AHA C 3aBeZIOMO OLHOPOA-
HBIM OCAIKOM.

Hcoonp3oBaHKe METOAA CUETA YACTHI, TP aHAJIU3E COAEPKUMOTO KHIIeYHH-
Ka MOKa3aJo, YTO pasMax MeJIMaHHOTO ANaMeTpa NoTpebaeMbIX snubeHTHYIeC-
KHMH TOJOTYPHAMH YacTHI[ HEOXXKHUJAHHO MaJ: JJIA TPONHYECKHX BHJOB 3TO
2,06-2,74¢, cpenuee snauenue (2,35+0,16)p; n1a KaarHEBOCTOYHOIO TPENAaHTra
2,00-3,50¢, cpennee snauenue (2,87+0,37)p. Crons yskmit Auanas3oH BapbUpoO-
BaHMUSA OJHOTO M3 Haubosee 3HAYMMEIX MTOKa3aTejieil padMepHOro pacupeaeseHus
YacTHIL, K TOMY JKe COBIAaJalOIuil y BUAOB, OOMTAIOIIMX B COBEPIIIEHHO PAa3HBIX
YCJIOBHAX, HEe MOXKeT GhITh CaydailHBIM.

91O CTAHOBHTCA OCOGEHHO OYCBHAHLIM, €CJIH YYECTh, YTO XAPAaKTEePHBIH Meau-
aHHBIH AMAMETP HCIOJb3yEeMBIX TFOJOTYPHAMH YACTHI] OCALKa O4YeHb GIH30K
K Beauuune 2,47¢ (0,18 MM); 3epHa e TaKuX pasMepos o6JafalOT cBoeobpas-
HBIM THAPOAMHAMHYECKHM KadeCTBOM: NS HUX NOpPOroBad CABHUraiomjas CKo-
pocTh MuauMaabHa (Inman, 1949; Sanders, 1958). TakuM o6pasoM, OCHOBHASA
Macca UCIOJb3YEeMBIX I'OJIOTYPHAMH YaCTHIL OTHOCHTCA K pa3MepHOH KaTeropus,
HauboJiee JIerKko nepeMeniawoileiicsa NpUJOHHEIM oToKoM (puc. 3.10).

Puc. 3.10. F'uapoarHaMHYECKHE XaPAKTEPHCTHKM YaCTHIL M3 COJie PAKH-
MOTO KMIlIeYHHKA roJoTypuii

CroIIHLIMHY JIMHASIMH [TOKA3AK JHANA30H MeJHAHHOI'C JHAMeTpa YacTHll (o pe-
3yJBLTATAM CYeTa) H3 KHIIeYHHKA rosiotTyphit Ha san. Hauaur, wrpnxosBeiMu — T0
e JaNbHeBOoCTOYHOro Tpenanra. I'padbuk KPHTHYIECKOR CABHIAIOLIeH CKOPOCTH pa3-
HOPa3MepPHBIX YACTHIL 0CAIKA 3AHMCTBOBAH U3 paborsl Inman, 1949

B 10 %e BpeMsa HeoGXOQMMO MMETh B BUAY, UTO Bell[eCTBEHHKIII ¥ padMepHBIH
COCTAaB COAEP’KUMOro KHIIeYHNKa roJIOTypHUii, opefeaseMslil rmocJe Jesarperu-
poBaHHA Npob (a UMEHHO TAKKM MeTOJOM OBLIM IOJyYeHHI Bce obcyikaeMble
BBIIIE PE3YJbTATHI), B 3HAYHTEJbHON cTeneHH GOPMaJbHO XapaKTepH3yeT HC-
NoJB3yeMBId 3THMHM JKMBOTHBHIMEH MaTtepuai. IIpuMeHeHue MeTONOB aHaiW3a,
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MO3BOJAIOIIUX COXPaHATH arperaThl yacTui, (Jleeux, 1987a), naeT BO3MOMKHOCTH
CYIIEeCTBEHHO JOLMOJHHUTh NPHUBEficHHEIE CBeJeHKA.

Buusio ycraHOBJIeHO, YTO HanboJjiee PACIPOCTPAHEHHEIH B COAEPKHUMOM KH-
mMeYHHKA roJIOTypuil THIN arperaToB — (QeKanbHbIi MaTepuan. Yaie Apyrux
BCTPEeYalOTCA OBaJbHBIE HEJJIETH B MATKOH HJIM OTHOCHTEJbHO JKEeCTKOH 00o-
aouke. Takue meslteThl OOHApPY)KEeHBI MPAKTHYECKH BO BCEX MPOCMOTPEHHBIX
KHIIeYHUKAX FOJIOTYpHil H3 BceX paiionoB. OGEIYHO MX YHCJIO HEBEJIHKO, OGXHAKO
B HEKOTOPHIX CJAYYAsX OHO MOMeT OhITh BechbMa 3HauMTeabHBIM. Tak, y H.
edulis, coGpanHoii y nogHOXHsA 0. Pome Hyap serom 1985 r., oBasbHBeE mese-
Thl cocTaBIR 56 + 8 % (mo 06beMy) COZEPKMMOro KHINEUHHKA. J[0BOJIBHO
MHOTO #X OBLJIO JIeTOM M B HHIe APYIHX BHUJOB rojotypmii us san. Hauasr.
3uMOii y Tex Ke BUAOB M3 TeX JKe PaifloOHOR MeJJIeThl BCTPEYAJHCh e JUHHHYHO.

B comepxuMOM KHIIEUHHKA FOJOTYPHIl U3 YMEPEHHBIX BOJ MOMHMO OBAJIb-
HBIX MeJJIeT, 06pa3dyeMbIX B OCHOBHOM ILIAHKTOHHBIMH OPTraHM3MaMH, BCTpeda-
I0TCA ¥ Apyrue Tunsl ¢eKajlbHOTO MaTepualia — IIapUKHU NOJNXeT, IHIHEADPM-
yecKue GpeKaJNH JBYCTBOPUYATHIX MOJIIIOCKOB H AP., YTO COOTBETCTBYET 3HAYH-
TeJIbHOMY KOJIHYECTBY 3THMX oO0OPA30BAHHI B NOBEPXHOCTHOM CJIO€ OCAAKA
(cm. m. 3.1.1). HecomaenHo, uTo deKajbHbIe KOMOYKH ILIAHKTOHHKLIX (B TpoO-
nHUKax) ¥ 6eHTOCHBIX (B BBICOKMX HIMPOTAaX) OPTAHM3MOB — OYEHb BAXKHEIH, a
B HEKOTOPHIX CJHYYaAX OCHOBHOM MCTOYHMK moTpebisemoro roxorypuamu OB.
Bricokoe cogep:kaHue 3THX 0oOpasoBaHMii, HMEIONIUX PA3BUTYIO NMOBEPXHOCTH
M ouYeHb HeGOJILIIOM OCTATOUHEIM Bec, HOBBIIIAET THAPOAMHAMHYECKYIO IIOABHIK -
HOCTH IIMIEBOI0 MaTepHaJa.

TaxuM 06pasoM, 3HAUHTENLHYIO YACTh NOTPEGIAEMOro roJIOTYPUAMH KU BHIBO-
AHUMOTO ¢ X eKaJIuaAMM MaTepHala COCTARIAIOT YaCTHIEI, CBOGOTHO MepeMelna-
olIHecd Mof AeiicTBMeM CaMOro He3HAYUTENILHOTO ABMYKeHUA HaNAOHHOIO CJIOA
poAsl. CaM mpomecec MUTAHUA I'OJOTYPHil-AeNo3UTO(ArOB He IPHUBOAUT K 3HAYH-
MOMY M3MEHEHHIO 'HJIPOAMHAMHUYECKHUX XapAKTEePHUCTHK NOTPebJIsIeMOro MMM Ma-
TepuaJia M He OTpa’kaeTcd Ha JIETKOCTH ero nepepacnpejie/IeHUs 0 MOBEPpXHOCTH

AHa.
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4.1. KOPMOJAOBBIBATEJIbHOE IOBEAEHHUE

4.1.1. METO1bI NCCIENOBAHNA

B xone moABOAHEIX HAGMIOASHUH OTMEUATH KOPMOBEIE IepeMeIle s, NN03bI, IIPH-
HUMaeMble JKUBOTHBIMH DY MHTAHMH, QYHKIMOHHPORAHHME NIHIIe 0GB BATENb-
HBEIX OPTraHOB M Apyrue oco0eHHOCTH NuIiesoro noseaeHus. OcHosHOM 06beM
Ha6JIIOJeHUH BHINIOJIHEH Ha JaJIbHEBOCTOYHOM TpemnaHre Apostichopus japonicus
(Jlesuu, IlInnmnos, 1982).

Jnsa usyuenus nepemewjeniLs mpenaH2a B €CTECTBEHHBIX YCJIOBAAX HA NEBATH
ITOJIMTOHAX, PAa3INYaIOLINXCA THAPOJIOTHYECKHMH YCJIOBMSAMH H XapaKTepoM I'PYH-
Ta, nogobpanu rpynnsl u3 3—4 roJoTypHii, pacnosaralolHxcsa Ha pacCTOAHHH
1,5-3 M apyr ot apyra. IIoNHUroH TiaTebHO OYHCTHIAM OT MMEIOIUXCA (eKa-
JIAI TpemaHra ¥ OTMETHIH MOJOKeHue JKUBOTHBIX HA IPYHTe, BTHIKAA B IECOK
MapKupoBaHHEIe ITHIpU. Yepes 1-8 u Bof01a3 0OTMeUas HOBOE NOJIOXKeHHe roJIo-
TypHil Ha TPYHTe IITHIPEM K HAHOCHJI €ro Ha MJIAHIIET, NOACYUTHIBAT KOJINYe-
CTBO M M3MepsAJ AJAUHY BbBIAeIeHHBIX dexanuil m cobupan ux (pasfesibHO OT
Kaykgoi ocobu). ITocsie okoHYaHMA HAGTIOACHHI ¥ HBOTHBIX C MOJHUIOHA cobupa-
JI¥, B3BEIIMBAJIH M ONPeJeJANIH 06beM CORePKUMOro KHIIeYHUKA.

Hansa npamozo onpedenenus ckopocmu dauicenus [aIbHEBOCTOYHOIO TPemaH-
ra Ha y4acTKaX C pa3jiMyalouiMMHCcA KOPMOBBIMH YCJIOBUAMH Gb1JI0 paspaboTaro
YCTPOHCTBO, MO3BOJIAIOIIEE BHIHYAUTH I'OJOTYPHIO MOBTOPHO MPOMTH YYACTOK
C ¢BBI€JICHHBIM» KOPMOBBIM cjoeM. [losroe BpeMst TaKve NONBITKY GBIIH 6e3yc-
MeIIHbl, MOCKOJBKY He yAABAJIOCh NOAOOpaTh MaTepHas CTEHOK anmapaTa, He
obrapaloniuii «KpaeBsIM a¢deKkToM». ONBITH ¢ MaTepHAZAMH, KOTOPbIe, [IO JINTe-
patypHbIM KaHHHIM (Thomas, Hermans, 1985), npensiTcTByIOT NPpUKpeNIeHUIO
aMOyIaKpajbHBIX HOMKEK HIVIOKOJKHX, — 9TO HECKOJILKO THIIOB BHHHILIACTA, TEK-
CTOJIAT, OPICTEKJIO, IOJIUITHUIIEH, APYTHe IVIACTMACCH], PA3JIMYHbIC CHHTeTHYECKHE
MJIeHKY — OKa3aJINCh HeyAaYHBIMHU. Dol 0opoGOBaH TaksKe pAl OTIYTHBAIOIIMX
CPeACTEB, HO oHH, 3)dEeKTHBHO IPEIATCTBYA 3alI0JI3aHUIO I'OJIOTYPHIl HA CTEHKY,
CYIIECTBEHHO BJMAIH HA NOBeJeHHUE KXUBOTHBIX.

BosHuKja uiesd co3faHUA CTEHKHM U3 OUYeHb TOHKHX <4NPYTHEB», TOJIIWHA
KOTOPHIX MEHbIIe NONIePeYHMKa MPHUCOCKH aMOyJIaKpajJbHOH HOMKKH, YTO HE IOo3-
BOJIAET HOYKKe 3aKPenUThCA Ha cyOcTpaTe. OCHOBOM HUSrOTOBJEHHOTO € HCHOJb-
30BaHMEM 3TOi MAeMn ycTpoHcTBa (puc. 4.1) ABiIsleTcss KOPHIOP, CTEHKH KOTO-
poro o6pazoBanbl I1-00pasHBIMH paMKAME ¢ HATAHYTHIMM HA HUX FOPHU3OHTAJb-
Ho yepes 10 MM HuTAME (KanpoHoBasn JiecKa). ['osoTypun, Aaske KpynHEle, Jer-
KO MOTYT IIpeofloJieTh WIejb, PaBHYI0 PACCTOSIHHIO MEXKAY HHTAMH, HO H3-3a
HEeJOCTATKA TAKTHJbHBIX pasfpaskutesieil OT HUTEeH KUBOTHHIE, IO-BHAKMOMY,
He BOCIIPHHUMAIOT HUTH KaK NpPeNATCTBHE M He NBITAIOTCA IPOXOAUTH MEKAY
HuMH. JlocTOMHCTBOM yCTpOIicTBa ABJAETCA M TO, UTO M3-3a ¢FHAPOAMHAMHYEC-
KO NMpPO3PAYHOCTH» CTEHOK IOJHOCTHIO OTCYTCTBYeT KpaeBoil addeKT — Ha-
KOIIEHNe B3BeCH B yrjaX, o0pazoBaHHBIX CTEHKOM M I'DYHTOM.
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Puc. 4.1. Cxena 3KCHepHMEHTA IO ONpefieIeHUI0 CKOPOCTH TOBTOPHO-
Iro OPOXOXKJEeRHsA TOJOTYPMAMM Yy4YacTKa JHA C <¢BhIeJICHHLIM»
IHUIEBLIM CJIOeM:

1 — craprosbiit 3 & — pH TANBHBIR KOPHAOD; 3 -— KOPHAOP BO3BpA-
Ta; 4 — BLIXOAHOM (KOHTpOALHLI) KOPHAOP; 5 — ABepLa KopHJOpa BoaBpara; 6 —
BepLIA MaHexA

Cnesa Hanpaso — nocaefoBaTeNALHbIE OTAAMH SKCIISPHMeHTa. CILTOIIHLIMY AMHUAMH
MOKA3&HLI PAYXHE CTOHKH, IITPHXOBLIMH — CTeHKH M3 HuTelt. OTHOCHTeAbHASA LIH-
PHHA KOPHIOPA /UISl HATIAAHOCTH NpeyBeuYeHa

OcHoBHas MeToaHUYecKasd 0COGEHHOCTh DKCIIepUMeHTa — obecnieueHHe ¢106-
POBOJIBHOCTH# JEHCTBHIl roJOTypHil. YCTPOMCTBO pasMewialOT Ha LHE, M He-
CKOJIBKO TOJIOTYPHil NOMeIIaloT B CTAPTOBHIII MaHe:X; ABepla MaHeXKa OTKPhI-
Ta, ABEPLA SKCIepHUMEeHTAJbHOro Kopuaopa 3axkpeiTa (cMm. puc. 4.1). Ilocae
TOro KaK OJHO M3 JKHUBOTHEIX BXOAHMT B dKCII€pHMMEHTAIbHBIN KOPUAOD, ABEPILY
MaHeXa 3aKpBIBAIOT. ['0OJOTYpHA, PO 9KCIePUMEHTAJLHbIA YYacTOK, HO-
najaeT B IOBOPOTHBIM KOPHAOD, OTKPHIBAET ABEPIy M BHOBb NONAajaeT Ha 3K-
CHepUMeHTAIbHBIH yYacTOK, & 3aTeM B BHIXOJHOM (KOHTPOJIBHBIH) KOPHAOP.
OKCIepUMEHTATOD OTMeYaeT BPeMs MPOXOXACHUA S9KCIIeDUMEHTAJTLHOTO B KOH-
TPOJILHOTO KOPHJOPOB (HA3HAYEHHE IOCJeJHero — OLEHKA BIAHUAHMUA ¢IPHBHI-
KaHHMA» JKHBOTHOrO K AINApaTy).

Jna evlacnenus MexaHU3IMa 3ax6ama Yacmuy mynaablaMH FoJIOTYPHH Ha
JHO AKBapHyMa OMENAJH CMEeCH YacTHI, pasjndHoro pasmepa u ¢opmat. He-
IOJIb30BAJH €CTECTBEHHBIH IeCOK Pa3JIMYHOM KPYITHOCTH, MOJIOTHIH KUpIIUY, rpa-
HyJbl cuiankarejs. ['oToOBHMIM cMecH ABYX THUIIOB: &) YACTHILI B OTAEJbHBIX
dpaxuuax MMesn OANHAKOBEIM CUTOBOM pasMep, HO PA3JINYAJINCH IO NJIOTHOCTH;
6) YaCTHUBI PA3JIHYATKCH IO Pa3Mepy M IJIOTHOCTH, HO MMeJIH OQUMHAKOBYIO IHJ-
PaBAHYECKYIO KPYIHOCTH (CKOPOCTH OCa)XAeHUA B CIIOKOHHOM BOAKEe). «Mnapoan-
HaAaMHYECKH O,llHOpOJIHbIe) CMeCH I'COTOBHMJIH, BLICEINIaAA B BLICO}CHﬁ IOHJIRHAD C BO-
Jo# CMeCh YacTHL, ¥ [lepHoAuYeCKH oTOMpas YaCcTHILHI, OCEBIINe 33 OMMHAKOBOE
BpeMA.

B xauecTBe eCTeCTBEHHOTO KOPMA MCIIOJIL30OBATH JETPUT U3 HECKOJBKHUX BH-
JoB MakpoduTos U 6mooTnokenua (dexanun, ncesfodexaann) AByCTBOpUYA-
THIX MOJLIIOCKOB, NPEHMYINeCcTBeHHO MHAMN I'ped M mpuMopcKoro rpebemka.
BHMOOT/IOKEeHHUA HAKANJIMBAJK B CHEIHAJbHBIX YCTAHOBKAX.

ITumanue 3axanvidarowuxca audos — Scoliodotella lindbergi n Paracaudina
ransonetii HabJOAAIH B BEPTHKAAbHOMH KIOBeTe H3 NapajlieIbHO PAacHol0KeH-
HBIX CTEKOJI, PACCTOAHUE MEXAY KOTOPhIMH PEryJIMPOBAJIK B COOTBETCTBHH C pas-
MepaMH KHBOTHbIX (puc. 4.2).

TpaeKTOPHIO ABHM)KEHHUA aHANIU3UPOBAIU y A. japonicus (6. Burasp) u y
H. atra n H. leucospilota (3an. Hauaur). IlepeMenieHus perNCTPHPOBAJIN ABYMA
Metonamu: 1) pacnmosaras HaJl JKUBOTHBEIMH KBaApaTHYIO pamMy 1x1 M ¢ HOXK-
KaMu BbIcoTOi 10 ¢cM H OTMeuada H3MEHEHHMS IMOJOXKEHHS JXMBOTHBIX OTHOCH-

Puc. 4.2. HecaefoBanne nponecca nutanua Paracaudina ransonetii;
A — BOpoHKa, 0Gpasyloinanca B xofe nutaund; B, C — pasHble cTaqHK 3aKaNbLIBAHHA

12%
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TeJILHO KOOPIWHATHON CeTKH, 0O0pa3oBaHHOIl HATAHYTHIMHM HA& pPaMy INHYPAMH
(Levin et al., 1987); 2) o603Hauas TpaeKTOPHIO MapKHPOBAHHLIMH IUTHIPAME (Ha
MATKOM IpyHTe) Wi 6upxamu (Ba TBepaoM). Iloso:KeHue dKUBOTHBIX OTMEYAIH
yepes 10-30 mun; npogoaxuTeasHOCTh HabMIOKeHNit 4—18 4,

JlaHHbie o6paGaTHIBAIM ONIEHUBAA OTKJIOHEHMS NOJYYEHHBIX XAPAKTePHCTHK
IBWKEHHUS OT NPeAyCMATPHBAEMBIX MOJAENBIO CAYUAMHBIX TepeMelieHU# mo me-
ToAMKe, npeaaoxenHoit A. Yuzaepsyiaom (Underwood, 1977); npu anaamuse yrio-
BBIX AAHHBIX YIOTPeGNANM Tak:Ke HEKOTOpble MeHee MOIIHbIe, HO YAOOHBIe 1A
BBIYHMCJICHHA TECThI, HCIOJb3yeMble B KpyroBoiil ctaructuke (Batschelet, 1981).

ITomumo aHANIN3a 3JIEMEHTOB TPAGKTOPHMH OIIpejesiany oGoGIeHHbIH MOKa-
3aTeJ]b ee HM3BHIMCTOCTH. PopMasin3oBaHHAS OIEHKA TPAGKTOPHH ABHKEHHUA
JKMBOTHHIX HpEACTABJSgeT coboii YaCTHHIA ciiydyail XapaKTEPHCTUKH TIeOMeTpH-
YecKHX ¢uryp HenpaBuiasHON GoOpMEI, KOTOPad MHTEpecyeT CHemUaIHCTOB CaMo-
ro pas"oro npoduiada — reorpados, JaHaMadTOBEIOB, I'€0JIOTOB, METAJLIIOBEIOB,
THICTOJIOTOB ¥ Jip. BoJBIIMHCTBO NpeIOKeHHbIX MK NIPHEMOB — HEOJHOKPATHO
M He3aBHCHMMO «BHOBb OTKDHIBAEMEbI€#® 3aBHCHMMOCTH, B 0o6ljeM BHJe BBeleHHBIE
B MPaKTHKY Hay4YHBIX HcciaegoBaHu# eme B 1933 r. reosorom A. A. T'narose-
BbiM U B 1950 r. meramnorpadom C. A. CanteikosbiM (Jlesun, 1987a).

MeToapl, KOTOPBhIe HMCIIOJAB3YIOTCA (MM MOTYT HCHOJB30OBATHCA) AJNA 06006-
IMIeHHOM XapaKTEePUCTHKH TPACKTODHH JBMIKEHUA IOJIOTYPHil, MOXKHO YCJIOBHO
pasfleINTh Ha JBe TIPYNIBI: BKJIKOUAKINHWE NPAMOe H3MepeHHe TPAeKTOPHH
niau ee usobpaskenus (Aradounos, 1982; Bukropos, 1986) u He npeaycmaTpu-
Bajomue rakoro mamepennd (Hammond, 1982a; Reddings et al., 1983; Bep-
nsaaT, 1986; Buxropos, 1986).

B HacToAweit paboTe HCIOJIB30BaH CNIOCO6 OUEHKYM M3BHUJIHCTOCTH MOKA3aTe-
xem T (Koehler, 1984), xoTopslil MOKHO OTHECTH K TEPBOil rpymnme MeTOAOB.
KoaddpuiumneHT MHTeHCHBHOCTH, HIH «TIIaTeabHOCTH» [thoroughness], noucka
BEIYMCJIAJIHY IO popMmyIe

T = 1- exp [-4LW/(TtD?)],

rae L — pauHa TpaeKTopMH ABM)KeHUsA; W — IIMPHHA IOJIOCHI BhIelaHMA;
D — guamMeTp HauMMeHbIIIeH OKPYKHOCTH, OIMCAHHOU BOKPYT M300paskeHus Tpa-
eKTopHH (BCe U3MEPEeHHUA B OOHUX eAHNHHIAX).

4.1.2, MEXAHHU3M 3AXBATA ITHIOEBBIX YACTHI]

K uncay npobrem, Hanbojee cyeCTBEHHBIX A1 IOHMMAHHA 3aKOHOMEePHOCTeH
MHIIeBOr'O NOBEJEHUs ToJIOTYpHii-Aenio3uTodaroB, cjiefyeT OTHECTH BHIICHEHHe
cnocoba 3axBaTa 3THMH JKMBOTHBIMHM NHUIIEBHIX yactun. IIpu ero onmucaHuH
y pasnsix asropoB (Webb et al., 1977; Massin, 1979; Bouland et al., 1982;
Roberts, Bryce, 1982) umetoTcs cepbesHbie pasuorjacusa. Ilo Moum HabnioaeHH-
AM, IPH HaKJaABIBAHUH IHUTKA NyIAJbla Ha cyOCTpaT 3aXBAYEHHBIMH OKAa3H-
BAKOTCA HAXOQAIIUECA HA HAPY)KHOM IOBEePXHOCTH I'PYHTA YaCTHIEI, pasMep Ko-
TOPHIX He IPEeBHIIIAeT Ol pefeJeHHOM BeJIMYHMHbI. Pelnalomiee 3HaueHye IIPH 5TOM
MMeeT MMEHHO pasMep, a He Macca yacTuu,. 51 HeogHOKpaTHO Habiai07a, HANPH-
Mep, KaK ¢pparMeHThI BOAHBIX PacTeHHi, nMeIolMe B Bofie HUUTOXKHBIH 0CTATOY-
HBIH Bec, ocTABAXUCH Ha JHE Nocje MoAbheMa Iynajel, Torja KaKk SHaYUTeILHO
6osee TAKeJble YaCTHIBl FPYHTA 3aXBATHIBAJIHCH.
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M#uoo 6n1a nupepnoxer (JleBun, 1982a) caegyomuit npocroii MexaHM3M
saxsaTa dacTui (puc. 4.3). IIpu HakIagbIBAHUN HA CyGCTPAT IIUTKA HOLY AR
Ha ero NOBEPXHOCTH NPOHMKAIOT MeXKAY YacTHIaMH. IIpu cokpameHHH my-

' paJbIa YacTHILhI, OKAa3aBIINeCA 3allleMJCeHHBIMH MeXAY HOAYJIaMH, OTPHIBA-
0TCA OT cybcTpaTa, 4eMy ciocoGCcTBYeT CoKMMaHHe IMTKA «B KyJaks. Ecian
naomAajhb GUIeBoro 06'’beKTa NpeBhIlaeT O pefeJeHHYIO BeJIHYHHY, O[yIalb-
ne Kak 65 CKOJB3UT MO ero NOBepXHOCTH U 00BeKT He 3axBaThBaercia. He
38XBATHIBAIOTCS TAKIKE ¥ YACTHIbI, OCTATOUYHLINA BeC KOTOPHIX NPEBLIIIaeT ¢Tpy-
S0MOAHEMHOCTh» IIynaibna. PeajhrHOCTh OIMCAHHOIO MEXaHHU3MA MOATBEPIK-
AaeTcsI OOPATHOM 3aBHCHMOCTHIO MEJKAY Pa3MepOM I[ylajel aCHHuA0XHPOTHA
M pa3sMepoM KCHoJb3yeMbIX MMM yacTHL rpyHTa (Jlesnu, 1980) — ee Jerko
06BACHUTH TeM, YTO ANA cGopa paBHOro ob6'reMa 60Jiee MEJIKMX YacTHIL HEO6-
XOJHMO co6HpaTs UX ¢ 6oJblIell moWagn.

Puc. 4.3. CxeMa MexanH3Ma 3aXBATAa NHIIEBHIX YACTHI, IyNaJbmaMH
roaoTypuii-aeno3utodaron

Y)xepxmmuue mynajableM YacTHLbI 3a9epHeHbl

Ornocureasno HeaasHo (Cameron, Fankboner, 1984) na mynansmax acuu-
ROXHpOTH] Oblyia OGHAPYIKEHa KJeilKaA CIN3b, HAJNYNe KOTOPOH paHee OTPH-
manock. PoJIb affre3un B ylepKaHUH 3aXBATEIBAEMbIX 06'€KTOB ¢ ONpe/ieIeH -
BOCTHIO He BBIICHEeHA; IIO-BHAUMOMY, O MeJKOpasMepPHLIX YACTHII, U arpera-
¥0B OHA MOXKeT ObITh cylmecTBeHHoi. Takum o6pasoM, cnocob zaxBaTa MHIe-
BHIX YACTHIL L[YNaJdbIaAMH aCIUJOXHUPOTHS MOKHO ONPEAeINTh KAK KOMOMHH-
poBaHHBIH MeXaHMKO-aJre3HOHHBIMN.

B npyrux rpynmnax rojotrypuit MeXaHM3M 3aXBATa YACTHIL MOXKET OTJIHYATE-
€s OT ONMCAHHOro. ¥ KPYNHEIX CHHANTHX OTMedeH CBOeoOpasHBIil cmocob
@YHKIHMOHMPOBAHUSA IIyNajel, HOArpebalInX YacTHI(l IPEMMY L[eCTBeHHO
eYBRLIBHOM» cTOpoHO# (Lawrence, 1987). 'onorypun, mynaabuna KOTOPHX JIH-
meHbI HOYJ (3aKansIBaloIHeca amoqUb H MOJBIASHHAL), 3aIIEMJIAIOT YacC-
YHOE <¢OaJbLAMHMS, & TaKKe 3arpebaioT Mx B poToBoe oTBepcTHe. Hemocpen-
eTBeHHEIe HabJII0AeHNA 3a NUTAHNEM 3aKalkiBalomeiica rojorypun Scoliodotella
lindbergi nokasanu, 4To ee IyNaabia 3a6MPAIOT YACTHIBI CBEPXY, CHH3Y H IO
€TopoBaM, 00pa3ya nepel POTOBHIM KOHIIOM MKHBOTHOrO IOJIOCTh, B KOTOPYIO
©HO 34TE€M M IepeMeniaeTcs.

ToJLIKHA CI05 OCAJIKA, 3aXBATEIBAEMOT0 SITHOEHTHYECKMME I'OJIOTY PUAMM, AJiA
SHMBOTHBHIX OZHOI'O pasMepa 3aBHCHT OT THIIa M pa3Mepa YaCTHIL, Ha IOBEePXHOCTH
ey6erpaTa. Pasossiil 065eM 3aXBaTHIBAEMOTO IYNANbLAMH OCAJKA OTHOCHTE/b-
®o crabusnen. O6mas TOJAIMHA BEIEZAeMOro OCAJKA HA KOHKPETHRIX y4YacTKax
SApLIPYTa ompejesifeTcA TOJINUHON muTaTeNbHoro cjof. Ecom oHa MeHbme
SOAIUHB PA30BOT0 3aXBaTa, IyNaibaa CHUMAIOT TOJABKO OJWH CJI0M cybcTparTa;
H 6oJNbIIe — 3aXBAT MOBTOPAETCA HA TOM JKe YUYaCTKe H CHHMAETCS CJAeRYIO-
mmit caoit.

IIpn OTHOCHTENBPHOM M3MEHEHHH TOJIIMHE! NMUTATEJIBLHOIO CJOS IIPHHUIMIIH-
HO BO3MOKHEI JBA BapHaHTa M3MeHeHHMA MHUINeBoro mosefeHus. Ilo meppomy
HHA 36XBaTa YMEeHbInaeTcA (yBeJMYMBAEeTCH) HA NPONOPIUOHANBLHYIO BeJIH-
, & OTHOCHTEJIbHAA CKOPOCTh ABH)KEHUS He MEHSeTcH; IO BTOPOMY — TOJ-
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U(MHA CHUMAEeMOTO CJIOA OCTAETCA HeH3MEHHOM, TOrja KaK CKOPOCTh CHHYKAeT-
cA (BospacTaeT). Kakoif M3 3THX BADHAHTOB NOBEACHUA PEATU3YETCH, 3ABHUCHT
OT KOHKPEeTHBIX YCJOBUH yUyacTKa (OAHAKO HETPYAHO YOEAUTHCSA, ITO MOMEHT-
HBbIi 00'beM 3arjaTeBaeMoOro Marepuaja B o60MX ciaydyadx OZUHAKOB).

4.1.3. INIEBLIE NNEPEMEIMEHNA

O6mue 3aKOHOMEPHOCTH IepeMel[eHuil roJoTypuil, CBASAHHBIX C KOOBIBAHHEM
oM, yro6HO paccMOTpeTh Ha pHMepe Han6oJiee MOJHO H3YYEeHHOro BHAA —
AaJIBHEBOCTOYHOIO TpenaHra.

JanbHeBOCTOYHRIA TpemaHr OTHOCHTCA K YHCJY BHJAOB IoJIOTypHii, MUTAIO-
IUXCA B TeYeHHe CYTOK HempepbiBHO. CpaBHeHMe HAIIOJHEHMS KHMIIEYHUKA
B pa3Hoe BpeMs y OGHOM M TOH ke 0cOOM BBIMOJHHUTH NPaKTHUYECKH HEBO3MOXK-
HO, IO9TOMY HPHUXOJUTCS UCHOJb3OBATH JaHHBIE, OTHOCAIIHECH K PA3HBIM JKH-
BOTHBIM M3 ofHOI BhiGOpKH. TeM He MeHee MOKHO C AOCTATOYHOMN yBePEeHHO-
CTHIO YTBEDPXKJAATb, UTO HAIMOJHEHHE KHIIEUYHNKA B TeUeHHe CYTOK OCTaeTcs
cTaGHUJIBHBIM; CJIeOBaTeJbHO, HHTEHCUBHOCTD IEPEMEIIICHUH TpenaHra He MMe-
eT OMPKaJHON M3MEeHYHMBOCTH. lIpHMepHO HOCTOAHHYIO B TeYeHHEe CYTOK JBH-
raTeJibHyI0 aKTHBHOCTH 9TOro BHUJA NMOKA3AJH M NPSAMble HaGJIIOAEHUA 38 ero
nepemelmienuem (tabua. 4.1).

Ta6amuya 4.1. Paccrosane, npoiiiecAHOe NATLI0 OCOGAMM JajibHEBOCTOYHOIO Tpe-
naHra B pasHoe BpeMsl CYTOK, CM

3a BpeMsa Mex Ay HabaOAeHUAMH

Macea Tena, r

Bpens cyTox 150 | 100 [ 140 | 130 ] 160 3alu
O6beM COZEDPIKUMOTO KHILEUHHKA, CM*
80 | 90 ] 88 | 50 | 96

12,20-14,00 25 40 40 25 7 16x 8
14,00-15,30 20 (] 43 33 7 15+11
15,30-17,00 50 5 25 23 0 14+13
17,00-18,30 35 15 25 35 4 15%9
18,30-20,00 20 20 39 20 7 1448
20,00-21,30 20 18 50 5 9 1412
21,30-01,00 62 8 66 40 29 12+7
01,00-02,30 35 21 3 35 31 17+9
02,30-04,00 7 40 5 25 5 11=11
04,00-05,30 43 59 13 17 19 2013
05,30—-07,00 31 34 10 31 16 177
07,00-08,30 0 2 16 42 2 8+11
08,30-10,00 18 3 40 82 6 20+22
10,00-11,30 35 0 38 32 0 14+13
11,30-13,00 64 0 55 18 0 18+20
OGumiee paccro- 465 271 468 463 142 —

AHHMe, CM
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Ha poBHOM rpyHTe ABMXKEHMA IOJOTYPHIT HOCAT, IIO-BUAXMOMY, HOJHOCTBIO CJIY-
yaiiHeI# xapakTep (cM. Hioke). Ilonap Ha BEITAHYThIE HEDOBHOCTH peJibeda —
BRICTYNAIOLINE U3 IeCKa KAMHM, TPEIMHEI B CKaJle ¥ AD. — JKMBOTHbIE HEKOTOpOe
BpeMs ABIIKYTCA BAOJDb HHX, HO 3aT€M, KaK IIPABHJIO, PE3KO OTKJIOHAIOTCA B CTO-
poHy. M3-3a M3BIWINCTOCTH TPAGKTOPHM HECMOTPA HA JOBOJBHO 3HAYHUTEJNHHBIH
OyTh, IPOXOKUMBIH JKUBOTHBIMM, CYTOUHBIH apeas oco0M OTHOCHTEIBHO HEBEIHK
M OBLIYHO He IPEeBLIIIAeT HECKOJABKHX NECATKOB KBAJPATHBIX METDPOB.

IIpu nHTAaHKH Ha OTHOCHTEJIHHO POBHOM Cy6GCTpaTe roJIOTYPHM 3HAUYHTEJND-
HOe BpPeMs OCTAIOTCS HA OAHOM MeCTe, H3rmbas TOJBKO MEepPeAHIOK MOJOBHHY
resia. OYNCTHB yY4acTOK AHA nepex coboil, TpenaHr mepeasuraercsa Ha 1/3-1/2
JUIMHEI TeJa, ¥ MUK noBropAerca. IIpy nuTanuy B menax, TpeluHAX, & TAKKe
Ha POBHOM TIPYHTE C OYeHb HeGOJIBINOM TONI[HMHOM MUIIIEeBOro CJI0A, OYNINeHHAA
naomans, umeet bopmy 6oJiee MM MeHee U3BUJIMCTOM IOJIOCH, ITUPHUHA KOTOPOH
NPHUMEPHO PABHA IUHPHUHE Tejia JXUBOTHOTO.

MuoronerHie nogBoAHbIEe HAGMIOACHHA MOKASAIH, YTO HHINEBOE NMOBEJeHHUe
TpelnaHra MaJiO 3aBHCHT OT ILIOTHOCTH ero mocejeHusa. I'pynmel, Ham ¢ctragas
SKMBOTHBIX 3TOTO BHA BO MHOIMX CJAy4YadX COBEPIIAIOT COIJIacCOBaHHEIE IIepeMe-
MEeHHsA, CBA3AHHbIE ¢ JOOBIBAHMEM IMINHM, — KOPMOBhIe MHUrpanuu. Medyenue
roJIOTYPHii IOKA3aJI0, YTO MUrpalii HanboJjliee BIpaskeHbl B IPyINax, 3aHUMAaio-
DIMX CKAJIbHEBIE BBIXOABI Y OTKPHITEIX MBICOB, YYACTKH [1€CYAHOTO I'PYHTA C HEBHI-
COKOM CTeeHbIO 3AMIMBAHUA U APYyrue paiioHBI C OTPAHMYEHHBIMHA KOPMOBRIMH
pecypcamu. Ha yuacTkax ¢ He60apLION TOJIIHEON NNTATEIBHOTO CJIOS YKHBOT-
HBbI€ IIepeABHTralTCA HHOI'Ja HAa OYeHb 3HAYHTEJIbHBIe DACCTOAHHNA, HO 3aT€M
BO3BpAI[AIOTCHA; TAKMM 06pa3oM, paiiloH, 3aHHMaeMbIil CTaJJoM, OCTAETCA OCTO-
AHHBIM.

ITorpeGasieMslit TpennaHroM BepXHHUH cJI0i OCajiKka HJIN B3BeCh, OCEBIAA HA
OOBEPXHOCTH TBEP/ABIX CYOCTpPATOB, Uepes onpefeleHHOe BpeMs IOJHOCTHIO BOC-
cranaBauBaioTcA. CKOPOCTh BOCCTAHOBJICHHUA ONpeJie/iAeTc HHTeHCUBHOCTBIO OCa-
KOHAKOILJIEHUS M GHOMOMUDPHKAIIMM OCEBIIMX YACTHI[, A TAKNKE IIPOIECCAMH Je-
CTPYKTYPHPOBaHUA eKalbHbIX IIHYPOB roJIOTYPHil U PEKOJIOHU3AIUY UX MHK-
poOpraHU3MaMHu.

AHaaus JNUHH ¥ OPHEHTAIIMH OTPE3KOB TPAECKTOPHH ABHMIKEHHSA NMPH Ipym-
NOBHIX NepeMellleHUAX TPONHNYeCKUX BHAOB H AaJbHEBOCTOYHOTO TPENaHTa HOo-
Ka3aJ, 4To BO BceX HabJIoKaeMBbIX CJIy4asaX BHINOJHAJUCH JBA OCHOBHBIX YCJIO-
BHA MOJEJH CJAYYaMHBIX MIepeMEIeRHil: caydyailHbIe YIIbl H 9KCIOHeHIIUAJbHOE
pacnpefesenue aucranuuil. B GoabiHHCTBe cilydaeB OTMeYeHH M He3aBUCH-
MOCTD JJIVH M HaIpabBjeHu nocaeAoBaTe/IbHEX NepeMenienuii. OTCyTcTBHe OT-
KJOHEHUH XapaKTepUCTHK ABHKEHUS OT IMpe[yCMaTPUBAEMBIX MOZAEJBIO CHyYai-
HLIX ITepeMelleHHil MoKasal X aHAIM3 HHANBUAYAJIbHEIX TPAeKTOPH roJIoTy pHit
(puc. 4.4).

Puc. 4.4. Kpyroeule auarpaMMhEl TPaeKTOPHH ABMIKeHUA Apostichopus
japonicus (A) m Holothuria atra (B)

To4UKH COOTBETCTBYIOT OPHEHTAIMM OTPe3KOB TPaeKTOPHH 4epea 30 mun (A) n 2 1
nabaiofenus (B). Crpenxoit oboauaueH cpefHuit peaynsTupylomuil Bekrop. Pacrnipe-
JeJieHHe HA BceX AHAIPAMMAX He OTKJOHAeTCA Of paBHOMepHoro npu a=0,05
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HaMepeHVe H3BMIKCTOCTH MAPIIPYTOB TPOIMMYECKUX BUAOCB OGHADYIKHIO TeH-
AeHIMIO K YBeJIHYEHHUIO MOKASATENA HHTeHCHBHOCTH NMoucKa T ¢ yBeJHYEeHHeM
TOJIIHHEI TOBEPXHOCTHOIO MHKPOCJIOA, HO CTATHCTHYECKH Pa3JHUYUA HEeJOCTO-
BepHBI. 3HAYHNTENLHO APYE 5TA TeHACHIUA BhIpasKeHa ¥ JaJbHEeBOCTOYHOIO Tpe-
naHra. Ha ¢<nATHaxXs ¢ DOBLIMEHEHKIM COJepPsKaHNEeM NUIeBHX Yactun T’ aocTH-
raer 0,69. B peaynbTaTe CHM’KEHHUA CKOPOCTH M YBeJIMYEHUA YHUCJIA IOBOPOTOB
BO3pacTaeT BpeMs NpeOhIBaHMA roJIOTYPHI B Ipefieiax KOPMOBLIX NATEH; B JiAa-
60pATOPHOM SKCIOEPHMEHTE ¢ AAJbHEBOCTOYHBIM TPEMaHIOM IPH OTHOCHTENb-
Hoit gose Takux usTtedH 50 % oT obmieil naouwag BpeMsi npeChHIBAHMA HA HHX
SKHBOTHBIX AocTuraio 88 %.

B To ke BpeMsa JJIA TOJOTYDHIl XapaKTepHbI ¢HEOXKMRAHHBIE» (BHEIIHE He-
MOTHBHUPOBAHHBIE) H3MEHCHUA HAINIPABJICHHUA ABHKE€HMA H BBIXOABI 3a Ipelebl
KOpPMOBOTO nATHA. XapaKTep ABU)KEHUA HA «GeJHBIX» YUACTKAX OUeHb HEYCTOM-
uyne. Yale 3To HampaBJeHHble NePeMEImEeHHUA ¢ OYeHb BHICOKON CKOPOCTBHIO
(Y Aa1pHEBOCTOYHOrO Tpenanra — Ao 7,2 M-MHH 1), HHOrZla — aKTHBHbIE IIONC-
KOBbIe AeiicTBHA (u3rubaHMe Tejla, OEPeBOPOTHI), Pe3KO MmoBhImaiomue T —
mo 0,86 m-mur"1l, Bo BpeMa nuramua T B TaKMX cayuasax cocrasiaser 0,08—
0,30 m-Mun"1,

CayuyalHBIN XapaKkTep nepeMellleHnii 10 HOBEPXHOCTH JHA OTMEUYEH U Y Apy-
rux BUjOB: Igostichopus badionotus u Holothuria mexicana (Hammond, 1982a),
Parastichopus (=8.) californicug (Da Silva et al., 1986). Ilo-Bugumomy, 3T0
XapaKTepHO AIA BCeX MOABMKHBIX FOJIOTYPHIMA.

IToasoAHbIe HAGIIONEHHA 38 KOPMOBBIMH HePEeMEIIeHUIMH JaTbHeBOCTOYHOT'O
Tpenanra DOKa3aJiM, YTO Ha MJIHNCTHIX 'PYHTAX C XOPOILIO BhIPayKeHHLIM IHIIe-
BEIM CJIOEM CKOPOCTH ABHJKE€HHSA JKHBOTHBIX AOCTOBEPHO HHMJKe, YeM HA Iecua-
HEIX M CMEIIAHHBIX, TJie 3TOT CJIOH ToHbIIe (Tabu. 4.2).

PesyasTaThl, HoJNy4YeHHEIE B aKcIiepuMeHTe (Tab/. 4.3), MOKa3LIBAIOT, YTO CKO-
POCTL ABMJKEHHA TPeNaHra NPH HOBTOPHOM IIPOXOXKIEHHH DKCIEePHUMEHTAILHOTO
KOPHAOPA 3HAYKMMO BhIIIe, YeM NPH ABIYKeHHH TI0 HeTPOHYTOMY YYacTKy. 3aMephsl
CKOPOCTH B KOHTPOJBHOM KOPHAOPE IMO3BOJAIOT YTREPIKIATE, UYTO H3MEHEHHE CKO-

Ta6anua 4.2. HETeECHBHOCTL NHTAHUA RATbHEBOCTOYHOrO TpellaHTra H& IFPYHTAX pa3HOro THIoa

N Macea xoxHo- Crxopocts Obnem conep- DeKanuu, BhijensieMule 3a 1 1
nuﬁmone}mn Tun ocaaxa MhlllIeqHOr 0 ABHEHH A, HHUMOrro KHUI1eq- N
MelKa, I emea? HEKa, cM® O6beM, eN Macea, r
1 Hn 117+2 4,3%+1,2 11,6+2,8 2,6+0,3 3,6+0,4
2 128+11 9,6+1,3 7,56+0,1 3,0+0,4 2,3+0,4
B cpeanemM ma Hie 8,2+1,2 9,9+1,8 2,7+0,2 2,8+0,3
3 Ilecox 188+17 16,8+3,5 10,7+1,4 3,1+0,4 2,9+0,3
4 150+10 30,3+6,1 8,56+2,0 2,1+0,4 3,0+0,4
B cpeaseM Ba necke 21,8+3,4 9,8+1,2 2,7£0,3 2,9+0,2
5 Ilecok ¢ 16527 3,3+0,3 8,2+1,7 3,2+0,8 3,0+0,3
68 KaMHAMH 11019 6,7+1,8 6,7x1,2 2,4+0,6 3,8+0,3
7 143%21 10,1+2.0 6,9+1.4 2,1x0,3 3,1x0,5
8 137x3 25,8+3,7 7,9£2,7 4,2+0,4 3,5+0,3
B cpeaHeM Ha Necke ¢ KaMHAMH 11,6+1,6 7,0+0,8 3,0+0,2 3,4+0,2

B cpesseM Ha Tpex THmax rpyata 14,3%1.5 8,3+0,7 2,8+0,2 3,2+0,1
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Tabauuna 4.3. CKOpPoCTL ABMMEHHA AAaNLHEBOCTOUHOI'O TPEeNAHTa B 3KCHEePHMEeH-
TAX ¢ NOBTOPHHIM NPOXOXKACHMOM YdYacTKa AHA, CM-4 !

N onmiTa | Maoca Teaa, r 1.% npoxox 2-#% npoxox KonTpoabunif npoxoa

Onusa xopugopa 0,3 M, TeMnmepatypa BoAwm 18,3—-18,4 °C

1 410 11,6 14,6 8,4
2 320 8,9 16,6 8,2
3 306 8,1 15,2 7,2
4 290 10,2 16,8 11,6
5 210 7,4 10,5 6,1
6 320 8,7 12,9 8,8
7 215 9,8 11,9 4,2
B cpegaeM 9,2+1,4 14,1+2,4 7,1+3,5
HJnuaa xopujaopa 1 M, TeMneparypa Boanl 17,1-18,1 °C
1 265 8,7 8,4 7,1
2 310 11,8 14,7 12,0
3 320 14,9 16,7 15,1
4 215 8,3 10,3 6,1
5 160 9,2 14,6 7,6
6 170 7,1 9,9 5,7
7 205 9,0 11,2 10,9
8 310 9,6 11,3 6,4
B cpennem 9,6+2,7 12,1+2,9 8,9x3,4

POCTH He CBS3aHO C «IPUBHIKAHWEM» SKHBOTHBIX K SKCIEpUMEHTAJIbHOM ycTa-
HOBKE H, TAKHM 00pas3oM, IEeJUKOM o0yCJAOBJieHO TPOGHYECKHMH CBONCTBAMH
cybcTpaTta. Pasinuyuusa B CKOPOCTH MPOXOMKACHUSA YCTAHOBKH IIPH JAJIHHEe KOPHAO-
pa 0,3 M BrIpasKeHH! cUJIbHee, YeM B MeTpoBoM xopugope. Ilo-BuauMomy, BoO
BTOPOM cJiydae H3-3a 3HAYMUTEIbHOCTH BPEMEHH IPOXOXKJEeHNA AJIUHHOTO KOPH-
zopa (#o 15 u 3a TPOxoA) CTAHOBUTCA CYIIECTBEHHBIM BINSHHNE €CTECTBEHHOIO
BOCCTAHOBJICHHUA NMIXEBOro CJOA.

BBIBOA O 3aBHCHMMOCTH CKOPOCTH ABHKEHHUSA TPeNaHra OT KOPMOBLIX YCJOBHIA
y4YacTKa NOATBEPKAaeTCA U XapaKTepoM PacNOJIOMKEeHUA Ha TpyHTe GeKalbHBX
xomoukoB. IIpaBsza, cam no cebe nocaeAHNH He IO3BOJIAET BHABHATE YKa3aHHYIO
3aBMCHMMOCTh; HETPYAHO YOeAUuThCA, UTO TaKas jKe KapTuHa Gyaer HabaioaaThca
H B cJIydae paBHOMEPHOTO JBILKEHMA roJoTypuit. OZHAKO N3MepeHNA IOKA3aIH,
YTO PH MHTAHUH TPEIlaHra Ha PasHEIX I'PYHTAX YACOBOH 00'beM MPOIYCKAEMOTO
Yyepe3 KMIEYHHUK IPYHTA OTHOCHTEAbHO NMOCTOAHEH (CM. Tabua. 4.2), a 3TO BO3-
MOJKHO TOJIBKO IPH YCKOPEHHH JABUKEHHA JKHBOTHOIO Ha +6eHBIX» yUACTKAX C
TOHKHM ITHIIEBLIM CJIOeM H 3aMeJJIeHNH Ha «GoraThiXs.

CBefieHuit 0 CKOPOCTH ABMMKEHHMA APYTI'HX BHAOB TOJIOTYPHH B JIMTepaType
HemHoro (Tabi. 4.4), a cpaBHeHHe CKOPOCTH MHUIIEBHIX NepeMellleHHH Ha pasJin-
YalOUMXCA NHUINEBOM IIeHHOCTHIO CcyGCTpaTaxX BBINIOJHEHO TOJABKO A. Mackar
(Muscat, 1983) nana P. parvimensis. Ona noxkasaja, YTo Ha KAMEHHUCTOM IrpyHTe,
rae copepsanue Cy,, B ocaykaeHHO# B3BecH cocrapisier 12-14 %, ckopocTsh
ABH)XEHHA ocobeil 9Toro Buja MOUTH BTPoe HHXKe, YeM Ha necke (C,p,.= 6,6 %).
TaxkuM 06pa3oM, B COOTHOIIEHNH MTHINEBLIX YCJIOBHI Y4aCTKA H CKOPOCTH mepe-
MemeHnsa ocobeil 3TOro BUAa IPOABAAETCA Ta jKe 3aKOHOMEPHOCTh, KoTopasd OT-
MedyeHA Y JaJbHEBOCTOYHOIO TPENaHra,
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Ta6aauga 4.4. CKOpPocThL ABHXKEHHS HEKOTOPHX BHAOB Aspidochirotida

Cxopoc'rb ABHIKEHHA

Bun B ©AHHHIIAX, YKASAHHBIX - Herounux
B HCTOUYHHKeE
Holothuria atra 04 M-cyT! 0-18,7 Yamanouti, 1939
3,5—-52 M-cyr?! (necok) 14,6-216,7
12,9 Uthicke, 1994
H. mexicana 8-40 cM-y? 8-40 Hammond, 1982
H. thomasi 26 cm-MuE? 1500
Apostichopus japonicus 4-26 cM-y! 4-26 CofcTB. naHHBIE
12 cM-mMup™? 720 Co6cTB. AaHHbBIE
Astichopus multifidus 0,25-1,86 M-mMmun~! 1500-11160 Glynn, 1965
Isostichopus badionotus 5-40 cm-u’! 5-40 Hammond, 1982
Parastichopus californicus 0,75-9,6 M-cyr! 3,1-40 Da Silva et al., 1988
P. parvimensis 4 My? 400 Parker, 1921
45-53 cM-u”! (mecok) 4553 Muscat, 1983
15,3 cM-u!  (KaMHH) 15,3
Stichopus chloronotus * 8,2+3,9 cm-Muu’! 492+234 Kropp, 1982
39,2+4,6 cM-MuH! 2352+342
27,2 Uthicke, 1994
S. horrens * 13,7+5,7 cMm-Mun~! 822+342 Kropp, 1982
69 cmM-MuH"! 4140
S. variegatus 0-6,56 m-cyr! 0-27,1 Yamanouti, 1939

9-50 M-cyT™! (mecok) 37,5-208,3

I PHMeYaHH®SO. I'Iozmeplmy'rue BeJIHYHHbI — HEeKOPMOBbLIe NepeMellleHns.

* B na6opaToOpHbLIX OnbiTax.

O6paTHasA 3aBHCHMOCTb CKOPOCTH ABMIKEHHA OT OOMJIKA MUIEBbIX 06BeKTOB
CBOMCTBeHHA, N0-BHUMOMY, He TOJBKO I'OJIOTYPHAM, HO M JPYTHM UIVIOKOMKHM
(Russo, 1979). Ins MOpcKHX 3Be3J, MOPCKHUX eJkeil 1 B MeHbIIeH CTeneHH AJs
roJIoTypuii-Aeno3uTo¢aros BeChbMa XapaKTepHEI Nay3Hl B ABUKeHUH. O6bACHe-
HHe YKA3aHHbIX NepephIBOB NIPUMEHAEeMON HEKOTOPHIMM XHIITHUKAMHU TAKTHKOM
«asmKenne—ocTtanoskas» (Campbell, 1984) copepiienno ne yoeaureasno. OnHa-
KO OHA TIOJHOCTBIO COTJIACYETCS C TEOPETHYEeCKOH MOJesIbIo MUTAHUA *KHBOTHBIX
B YCJIOBHMAX HeROCTATOUHON obecnieyeHHOCTH mumieil (Xanun u ap., 1978).

4.2, AHTEHCHBHOCTb H JHHAMHMKA ITHTAHHUA
4.2.1. METOABI NCCJIENOBAHHNA

ITokasaTesneM MHTEHCUBHOCTH IIUTAHHUA ABJAAETCA BeJHYHHA PAIMOHA (B 3KOJIO-
FHYEeCKOM IIOHMMAHHUH 3Toro repmuHa; Usaes, 1955). 3gecs nox pantoHoM mo-
HUMaeTca obmjad Macca (06beM) 3arjaTnIiBAEMBIX YACTHI, HE3ABUCHMMO OT HMX
reHesHca.

Paumon ompesenaany B NOJIEBHIX M JAaGOPATOPHBIX YCJOBHMAX IO oOBeMYy
U (WIN) Macce BhIZIEICHHBIX B €IUHUIY BpeMeHH deKkanuii. Ce30HHBE H3MeHeHUA
MHTEeHCHBHOCTH IIUTAHUsA AAJbHEBOCTOYHOTO TPEMAHTa OLEHWBAJIHU Ompefeias
OTHOCHTEJIbHYIO MacCy KHIIEYHHKA H €r0 COJEePKHUMOTo.
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CKOpOCTh IPOXOKACHUSA NHILHU Yepes KUIIeUHHUK TPEeNaHTa OnpeAe Al ABY-
Msa Merodamu: 1) Ha AHO mepeA NMTAIOIIMMCA JKHBOTHHIM HAHOCWJIH TOHKHIA
cJofl YacTHI, OTJIHMYAIOIIHXCA OO NBETY OT OCHOBHOTO TIPYHTA; 2) BBIUMCAA-
JH OTHOIlleHHe o0’beMa (Macchl) BRIJeJICHHBIX 38 €QUHHUILY BpeMeHH (deKaruit
K obmemy ob6beMy (Macce) cofepsKMMOro KHme4YHuKa. BeimosHeno 36 cepuit
3aMepoB.

Hanuuue y roJoTypuil BOAHEIX JIETKHX MO3BOJAET HCIOJBL3OBATE HJIA KOHT-
pOJs 3a MX AKTHBHOCTBIO METO/AH, HeIPUMEeHHUMBIe K OOABNIMHCTBY rpynn bec-
HO3BOHOYHBIX. MHOIO MCIIOJIL30BAH METOJ, PETHCTPAIIMH 06'beMa NPoKaunBaeMoi
yepe3 BOJHEIE JIeTKHe BOJbI ¢ NCHOJb30BAHMEM KOJIIIAaUKa, HAJieBAeMOro Ha 3a]-
HIOK YacTb Teja rojotypun (Jlesun, Fouakos, 1979; Jlesun, 1982a). ITockoasKy
YKpelisieMas Ha JXMBOTHOM alllIaDATypa OTPA’KaeTca Ha ero I0BeJeHUH, B AaJb-
HeilmeM 65171 paspaboraH 6eCKOHTAKTHBIH MeTOM, OCHOBAHHEBIH Ha ONMTHYECKOI
PerucTpanyy BI3SBAHHBIX AbIXATEJbHBIMH JABUKEHHUAMH IroJIOTYpHil Kolebanuii
IIOBEPXHOCTH BOJALI B aKCIIepuMeHTaabHOM cocyhe (Jlepun, Xmens, 1988).

Beanunna HeobxoqnMoii Jia obeclieyeHUsT HOPMAJIBHOIO TUTAHUSA STHOEHTH-
YeCKHUX roJIOTYPHIl KOPMOBOi IJIoIagH olpefiesisieTcss KOMILIEKCOM GaKTopoB,
H3 KOTODBIX OCHOBHBIE — pDa3Mep TeJia JKHBOTHOIO, IIIMPHHA ITI0JIOCHI 3aXBaATHIBA-
eMoro cybcTpaTa, CKOPOCTh NepeBapHBAHUSA MULIH, TPAEKTOPHUA U CKOPOCTH JABH-
JKEeHH, IJIOTHOCTH NOCeJeHHs JKMBOTHBIX HA YUYACTKE, XapaKTep pacipefe/ieHusa
MMM, CKOPOCTh BOCCTAHOBJEHHA MCIIOJb30BAHHOTO pecypca, obmas cTpaTerus
NUTAHHUA OTAEJbHBIX ocobeil u rpynnsl B 1esoM. HekoToprle U3 3THX mOKa3aTe-
Jei JOCTYNMHBI A NIPAMOro U3MEPEeHHs, TOrJa KaK O APYTriX MOJKHO MOJYYHTh
TOJILKO KOCBeHHYO MHGPOPMAIMIO.

JlutepaTypa 0o HPOCTPAHCTBEHHOI OPraEU3a MY THTAHHUA JXUBOTHEIX, B YaCT-
HOCTH 00 HCIIOJIB30BaHUHM MMM pecypca KOPMOBOii mjomanau Boobine, KpaiHe
CKy/AHA. JKCIIePUMEHTEI, IOATBEPHKAAIOIINE 3aBUCHMOCTb HHTEHCHBHOCTH MOTPe6-
JIEHMA MHIH OT €€ 3aIacoB, BHINOJHEHBI IPEeMMYLIECTBEHHO HA MO3BOHOYHKIX.
B. C. UBaes (1955) noxkasan, 4TO HHTEHCHBHOCTD ITUTAHUA M 3ATPATHI 3HEPIUM
Ha c6op KopMa y pPHI0 OTYeTJHMBO 3aBHCAT OT €ro KoHUeHTpanuu. Ha MHOrKMx
BHJiaX TPABOAAHBIX MJICKOMUTAIOIIKX ycTaHOBJIeHO (AGaTypos, 1979), uyro xoiu-
YeCTBO KOpMA, KOTOPLIH YCIEBalOT coGpaTh JKMBOTHbIE, YMEHBIIAETCA IOYTH NIPO-
OOPIMOHAJIBHO YMEHBIIEHHIO 3amaca KopMa.

Ha roaotypuax, Kaxk 1 BooOllle Ha MOABHKHBIX JenosuTodarax, rakue pabo-
THl He NpoBoAmaNch. MHOIO OblJIa IpeANPUHATA HONBITKA BRIACHHUTH HEKOTO-
pble 3aKOHOMEPHOCTH NOTpebJeHUA roJOTYPHAMH paclnpelfeJ€eHHOro Ha ILJIO-
maay MHIEeBOro MaTepHaJa.

4.2.2. 3BABUCUMOCTHh MHTEHCUBHOCTH ITUTAHUA
OT IAPAMETPOB JIBUKEHUA I'OJIOTYPUN M PACIIPEAENEHHA NTHMIOH

Kak 651710 moKa3aHo BhIllle, JBH)KEHME BCeX HCCIEJOBAHHLIX IpefcTaBHTeNek
3MHOEHTHYECKHX T'OJIOTYPHI COOTBETCTBYET MOAEIH COYUaiHBIX NepeMelleHH.
9TO AaeT BO3MOKHOCTH MCIIOJIH30BATh NPH aHANN3e 3PpPeKTUBHOCTH NUTAHUA
roJIOTypuil Ha pasJINYHO paclpee/ieHHOM TUIIeBOM MaTepuaje HEKOTOphie 06-
mye 3aBHCHMOCTH, B YaCTHOCTH ycTaHoBJeHHBIe B. Beitin u A. Hukosncorom
(Bailey, 1931; Nicholson, 1933; Nicholson, Bailey, 1935).

OcHOBHOI1 pe3yJIbTAT MCCJIENOBAHHUSA ABCTPAJIHNIICKUX ABTOPOB — BBIBOJ COOT-
HONIeHHA



192 IIpoyecc numanus zoaomypuii-denosumopazos

U,-U)U=1-¢8

rae U, — 4ncJo HauaNbHO IPHCYTCTBYIOIMX HA y4YacTKe 06beKToB; U — umcno
o6rx>ewron, He HalZIecHHBIX 0cO6BhI0 moc/ie 06C/IeJOBaHMA YYacTKa MIOIMaxbio S.

CBasb 3PeKTHBHOCTH HNUTAHHUA JKMBOTHHBIX C paclpefeieHHEM IIHINEBOTO
MaTepHaja TeOPeTHYEeCKH H 3KcIepBIMeHTaJbHO HecaenoBa B. C. Uenes (1955).
CBsi3p panoHa 7 ¢ INIOTHOCTHIO MUIIEBRIX OPraAHN3MOB P OH OINCAJ BHIDAYKEHH-
eM, IPpUHIMONAIbHO CXOAHKM ¢ ypaBHeHueM Beitin u Hukonacona,

rae R — MakcuMaabHbiit panuon; { — cTemeHb arperupoBaHHOCTH MHINEBHIX
06beKTOB; € U B — KoadPUIKHEeHTH TPONOPIUOHAIBLHOCTH.

Bnauskoe k ypaBHennio UBiepa sripaskenne BoiBesa M. B. Ilponn (1971) gaa
JWHAMHMKH BhleJJaHVsA 3aM1aCOB MMIM MODCKMMH €3KaMu:

P = e~MuwbT/S,

rge P — ocraBmasici HeTPOHYTOH Iomaib AHa; M — KoJAMYeCcTBO KHBOT-
HBIX; U — CPeJHAA CKOPOCTh HmepeMellleHnA; b — IMpHHA NOJOCH BHICAAHHUA;
T — Bpemsi; S — mJjoiaab, 3aHUMAEMasa TPyNNoi X HBOTHBIX.

Ecau niomazns, Ha KOTOPOil IHTaeTCs JKUBOTHOE, OrPaHNYeHa, CYIIeCTBeHHOE
3HayeHUe IPH pacdeTax NpHOOpeTaeT mepeceyeHHe UM cOGCTBEHHBIX MapIIpY-
TOB. I[Jm xcpyronoﬁ NJIOIAZKH 3aBHCHMOCTh OTHOCHTEJLHON NJIOmagy mepece-
yeHH# ¢ — Sne /b2 or oTHOCHTeNBHO# NIHHBI TpaeKTopuH 1 — L/R (rpe L —
o6n1aa AJIHHA ny'm R — paauyc mioljagKH) BRPaXKaeTCA CTeIeHHOM GyHKIH-
eit (Jlesun, lUleapepor, 1975).

AHanuTHyecKHe 3aBHCHMOCTH OY€HbB MIOJIE3HBI IPH TEOPETHYECKOM HMCCIeH0-
BaHUH Ipoliecca Z0OBIBAHUA KOPMa YKHBOTHRIMU. QOQHAKO AJIA AeTAJILHOIO BEIAC-
HeHUA BIHAHUSA XapaKTepa pacnpefejeHUA NHUILEBOTO MATepHANa HA HHTEHCHB-
HOCTb HDUTAHHA roJIOTypHUil 60Jiee mepCHneKTUBHO HMHUTAITHOHHOE MOAETHPOBAHHE
Ha 9BM.

Briau paccMOTpeHBI ABe MOJIe/IH MTHTAHUA MOABHAKHBIX 3MTHOeHTHYECKHX TO-
JoTypui (Ha IpUMepe AaJbHEBOCTOYHOIO TpelaHra), paspaboTaHHble HA OCHOBE
obcy:KRaeMoil B IpPeABIAYIMX pasfelaX MHPOPMALHH 0 KOPMOAOGKIBATEILHOM
JeATeIbHOCTH 3THX KMBOTHHIX (JleBMH, Crasenkas, 1981). PesyasraTH Ma-
IIMHHOTO 9KCIIEPHMEHTAa CBUAETEJbCTBYIOT O TOM, YTO HanboJee cTabMIbHEIE YC-
JIOBHA MUTAHHNSA JAJbHEBOCTOYHOI'O TPeIaHra CKJIANLIBAIOTCA HA Y4YacTKaXx, rje
sanachl MHIGH paccpeJOTOYEHL! OTAEJbHBIMH IATHAMM Ha GOJBIION IJIOIIagH.
AHanus pacnpefieJIeHUA 3TONO BUAA HA AOHHEIX YYACTKAX MOKASKIBAET, YTO MMEHHO
TaKoe pasMellleHHe OCaKAeHHOM OpraHMKH HabaIofaeTcA B TeX THIaX JaHamadg-
Ta, HA KOTOPBIX OTMEeUYeHHI HanboJee CTabNIbHEIe CKONJIEHNA AAJIBHEBOCTOYHOTO
TpellaHra.

4.3. YCJIOBHJ IIHTAHHUA H PACIPEJEJEHHE TOJOTYPHH-AENO3UTO®AIOB

Kpaiine cBoeo6Gpa3HBIi N8 KPYIHBIX MOABHXKHBIX SKMBOTHBIX CIOCO0 NUTAHHUA
FOJIOTYPHii-Aen03NTOdaros, CBA3aHHbIH ¢ IPONYCKAHHEM Yepes KHIIeYHUK 3Ha-
YHTEIBHOTO KOJHWYECTBA AOHHOrO ocajKa, o6ycioBauBaeT o4eHb TECHYIO CBA3B
3TOM rpynnbl OPraEM3MOB C XapPAKTEPOM paclpefieiIeHHA Ha LHE OCAKAeHHOIO
maTepuana. OTheNbHbIe BUAN TOJOTYPHI CYIECTBEHHO PasjHYaloTCA CIocob-
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HOCTLIO MCIIOJIL30BATH NUINEBEIe 3allacHl Ha YUACTKAX AHA ¢ PASJIHYHLIMH TOMOT-
padpUUECKHMH, CeAMMEHTOJOTHYECKMMH U 'HAPOANHEAMMYECKMMH YCIOBUAMU, UTO
IpPOABJAETCA B XapaKTepe paclpejejieHUA 9THX JKMBOTHBIX Ha y4acTKaX JHA
PasHOTO THIA.

3aKOHOMEPHOCTH CBA3H pacCpeje/IeHUs ToJOTYyPHii-Aemo3uTodaros ¢ ycjo-
BHAMH JIOHHBIX YYaCTKOB yJo6Hee BCero mpoCJeZHUTh HA KOPaJUIOBBIX pHdax
€ MX YeTKOH 30HAJBHOCTHIO, HATJIANHO HPOABJIAIOMeNcA B Tonorpadum, cocrase
ocaAKOB M Hacejenusa. g aHa/lM3a MCHOOJB3OBAHB IPEACTABHTENH CEM.
Holothuriidae — rpynns roaorypsii, no KoTopoii uMeloTca HauboJiee IPeACTABH-
TeJbHBIE JAHHBIE.

Jla1s oneHKH CBA3HM IMINEBOro rpaHyJIOMeTPHYECKOTO CIIEKTPA TPONHYECKHX
BHJOB C reorpadpuuecKUM PacHpPOCTPAHEHHEM U PACHpeNeJIeHMEeM MO MPOGHITIO
puda OLLIM NCHIONB30BaHbI cobcTBeHHbIe cbophl 1971-1974 rr. (Jlesun, 1979a, 6)
M auTepaTypHble fagHble (Yamanouti, 1939, o. ITanay; Lawrence, 1980, Map-
maJjaosel ocrpoBa; Roberts, 1979, Muaonesus; Sloan, 1979, Ceitmmensckue oct-
posa; Hammond, 1981, 1982b, Amaiika; Massin, Doumen, 1986, Hosas I'sunes).
TIpu o6paboTke aasumx k. Jloypenca u H. Ciroana ucnonn3osanu cpefHue
3HAYeHWdA BeJIMYUH, He IPUHUMAs BO BHMMaHME UX OTKJOHeHMi. Bolin npoana-
JAM3NPOBAHEI AaHHBIe, oTHocAnHecA K 24 suuam Holothuriidae.

Mexxay pazMaxoM pa3MepOB MCIOJIb3YEeMbIX MOJOTYPHAMH MHIIEBBIX YACTHIL
(cm. Taba. 3.2) u pacnpenesieHHEeM 3TUX OPraHU3MOB NIPOCJEKMBAETCA OTYETIH-
Bad cBaA3b. MccienoBaHHEIe BUABI 3BHAUNTE/IBHO PASINYAIOTCA pa3MepaMM apeaia
M KOJHUYECTBOM CTPYKTYPHO-(panMATbHBIX 30H, B KOTOPLIX OHHM 06uTaoT. B 60aE-
HIMHCTBE CJydaeB MeXKAY 9TUMM OKASATEJAMH HabII0AaeTCA NpAMAA 3aBHCH-
MOCTbB; B TO JKe BpeMa oOHapy KeHB! BUABI, KOTOPHIM CBOHCTBEHHO pacmpegeie-
HUe B He6OABIIIOM ynce 308 puda IpM odeHb oOIIHPHOM apease. IosoTypum,
uMelolne HeOOJBIION BUAOBOI apeai, HO NpPeACTaBJ€HHLICE B SHAUYNTEAbHOM
yucJje CTPYKTypHO-danuanbHEIX 30H pudoB, MHOIO He BecTpeueHHl (puc. 4.5).

Pue. 4.5. Tunu pacnpefieNleHUs TroJIOTYpHii Ha KODANNOBHX pudax:

A — Holothuria strigosa; B — H. fuscocinerea; C — H. leucospilota; D — Actinopyga
lecanora; E — H. atra; F — «3anpeltneHHblils THI pacnipeieIeHns

ITo mepe yBennuenua pasMepa apeaja M YNCJHa CTPYKTYPHO-GanHalbHBX
30H puda, B KOTODBIX paclpefeseHbl ToJIOTypHH, HAONIOfaeTCA TeHAEeHINA K
YBEJIHYCHUIO UTHPUHEI MHAIeBOro rpanyjoMerpudeckoro cnexkrpa (III'C). Buam,
MMeIHe OOITHPHLIH apeas ¥ B TO K€ BpeMs NpefcTaBleHHbIe B Pa3/IMYHBIX
THIIAX MECTOOOHTAHMH, HMEIOT, KaK IIOKa3biBalOT COOCTBEHHEIE H JINTEPATYDHEIE
AaHHbIe (cM. Taba. 3.3), n mupoknii II'C, U3 yero MOXXHO 3aKAIOYHUTH, UTO HX
pacipejeieHne B 3HAUNTENbHOMN CTEIeHN KOHTPOJAUPYETCA PA3MEPOM IHINEBHIX
yacTull. B T0 jKe Bpemsa caegyer uMeTs B BHAY, uTo muupokuii IINC sBuaa Moxer
OBITH CAEACTBHEM ABYX NPHHIMIHUAJBHO PA3JINYHKIX (PAKTOPOB: HIHPOKOIO pas-
Maxa cocTaBa YacTHIL B JOKAJIbHOM MecTOOOMTaHUH HIH Ke CHOCOGHOCTH BHAA
HCIIOJbL30BATH CYOCTPATH, XApAKTEDHBIE AJIA YUYACTKOB PA3HOTO THIA.

I'pynna BumoB, XapakTepUayIOUMXCA OOIIMPHBIM apeajyioM, HO obMTalOmUX
B HeGOJIBIIOM YmcJle 30H, HMeeT OOUIYIO S9KOJOTHUYEeCKYI0 OCOGEHHOCTh — YKPHI-
BaoOIMiica o6pas xusHn. HecomuenHo, 4ro AnA npAYyIUXCA ¥ 3aKAIBIBAIOIINX-

13 B. C. JleBun



194 IlIpoyecc numanus zoromyputi-denozumoghazos

Cs FOJIOTYPHIA CBS3h COCTABA MHINEBLIX YACTHI, ¢ PACIPOCTPAHEHHEM BhIpaKeHa
ciaabee, yeM ¥y OoTKpHITO KuBymux: H. impatiens, sanuMalomas «cpepxoSmmp-
HBeliis apean, umeer yskuii III'C (pasmax meamaHHOro amamerpa 1,0¢),
H. leucospilota — BanpoTus, BecbMa mupornii (4,3¢). YKpHIBAIOIINMHUCS ABJIA-
10TcA ¥ BUAN poja Labidodemas, saneMuunoro ana Uapo-Tlonunesuiickoi npo-
BHHIMH; 3THM I'OJIOTYPHSM, OTPAHMYCHHO PacipefieIeHHLIM N0 Hpodmmo puda,
CBOiicTBEeHEH BechMA 3HAYHMTEILHEIHA pasMax BaphbUPOBAHUA pPadMepa UCHOJIb3ye-
MEIX DHIEeBLIX YACTHIL.

Tlo gapasiM H. Cioana (Sloa.n, 1979), KoaMYECTBO NOAXOAAIIHX MHKPOMe-
cToOOMTAEMN AJA YKPHIBAIONINXCA BHJOB 60Jjiee BasXHO, YeM OOMIME IIMIIH.
Hanuuse yGe)xuiuy (8 TOM YHcCJe M FPYHTA, NPUTOAHOrO AJA 3aKANBIBAHHA)
JJI paccesieHHA TAKHX JKHBOTHBIX HMeeT olpejeisiolniee aHaueHue. Ilpume-
POM CTeHOOMOHTHBIX BHAOB, 3aHUMAIOLIUX BechMa OBGILIMPHEIN apeas, ABJASIOT-
cs H. pardalis, H. hilla, H.impatiens, H. leucospilota.

HecomuenHo, cioco6HOCT MCIIOJIB30BATE YACTHIEI OCANKA, SHAUMTEJIHHO PA3JIH-
YAIOI{MECHA N0 PasMepy, — INHPOKHIH MUIEBOH rpAHYJIOMETPHYECKHI CIIEKTD —
ABJISAETCHA BayXHBIM NpeHMMYyIiecTBOM. TaKue BHABLI MMEIOT BO3MOYKHOCTE B TeX
WIM MHBIX KOHKDEeTHBIX YCJIOBHMAX MCIOJb3OBATH ¢CBOGOAHYIO» YACTh MHIIE-
BOrO pecypca, YTO oGeceYMBAeT MM NPEHMMYIEecTBO B yciaoBuax auddysHoil
KOHKYPEHIIMH ¢ BHAAMH, HACeJAIOUIUMH TOT JKe YYacTOK.

PaccMOTpeHHbIE JaHHBIE OTHOCATCA K TPONIMYeCKUM BHAaM. IIpexcraBuresns-
mas uadopmanusa o III'C rosorypuit M3 yMepeHHBIX BOJ MMEETCA TOJbKO ANA
OZIHOTO BUAa — JallbHEBOCTOYHOro TpemaHra. PasMax memmaHHOro guamMerpa
HMCHOJb3yeMBIX 3TOH rOJIOTYpPHeH 4acTHI, OYeHb BeJIHK — B HalleM MATepHa-
ne 3,9¢ (cM. Taba. 8.1); U3 BCcex HCCHEJOBAHHBIX BHAOB 6OJbIIAS BeJHYHHA
saperucTpuposaHa ToasKo y H. atra. JlasbHeBoCTOUHBIH TPENAHT XapaKTepUay-
eTCcA ¥ OYEeHb OGUIMPHEIM, BEITAHYTHBIM B MepUANOHAJIBHOM HaIlpaBJIeHUH apea-
aoMm. Taxum o6pasom, uaHGOpMaIUA IO STOMY BULY HOATBEPKAACT OKABAHHYIO
BhIIlEe B3AHMOCBA3b MUpKHLL IIT'C 3nn6en'mqeclcux TrOJIOTYPHI C pa3MepoM BH-
LOBOTO apeasa.

CBegennit 0 MopgosorudyecKux M GU3IHOJOTHYECKHUX OCOOEHHOCTAX FOJIOTY-
pUi, HO3BOJNAIOIINX BHAY PACUIMDHUTH ITHINEBOM CIEKTD, oueHb MaJio. ITo moum
aaHHBIM (JleBuH, 1979B), Vv acnHMAOXUPOTHL BePXHUH pasMep HCHOJb3yeMbIX
NHIIEBHX YACTHI{ OoNpeJeiseTcd PA3SMEpPOM LIyNajiell: OTHOCHTEJbHAA Macca
9THX CTPYKTYP M MeAHaHHBIH AWAMETD 3arjaThIBAEMBIX YaCTHI, HaXOAATCA
B o6paTHoii 3aBucumocTH. O6mana Mmacca Mynaiern, B3pocJbIX ocobeil JaabHeBo-
croudoro Tpenanra cocraBader 0,2 £0,1 % oT MacChl KOXMHO-MBIIIEYHOIO
Mewka, y S. chloronotus aror noxkasarens cocrasnser 1,8 0,2 %, vy S. horrens
2,4 0,6 %,y S. variegatus 2,4 + 0,8 %, y Thelenota ananas 0,5 = 0,1 %.
Taxum o6pa3oM, AaIbHEBOCTOYHBIH TpPeNaHT HMEET caMble MajleRbKue (OTHOCH-
TeAbHO) WIyNaJbIa CPEAH UCCACAOBAHHEIX cTuXxonoAu. COOTBEeTCTBEHHO M pas-
Mep NHIIEBRIX YACTHIL, KOTOPbIe CIOocObeH HCIOMB30BATD 3TOT BUR, CAMBINA 3HAYH-
TeAbHEIN B CDABHEHUH C pPa3MepOM UYACTHI, HCTOJB3YEMBIX APYTAMH IPeiCTABH-
TeJAMH ceMelicTBa.

Habmiogerus Haj JajbHEBOCTOYHBIM TPEIAHIOM NOKASHIBAKOT, YTO Haubo-
nee 3HaYMMble GaKTOPH, O0YCIOBIHBAIOIIHE HEPABHOMEPHOCTh paclpejgesieHus
3TOro BUja, — NpPoduias gHA ¥ ero peabed. W3 quarpaMm nioTHOCTH NOCEJIEHUA
TpemaHra Ha pa3pesax, BHIIXOJHEHHBIX II0 HOpMaJH K Gepery (puc. 4.6), caexnyer,
YTO HA NOJIOTHX BHIPOBHEHHKIX CKJIOHAX H FOPH3OHTAJIBHBIX IUIOIAZKAX IIOT-
HOCTb IOCEJEeHHS YXHBOTHBHIX AOBOJBHO CTAGHILHA. YYaCTKH Pe3KOro HIOBLI-
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Prc. 4.6. Pacnpepenenne JaibHEeBOCTOYHOrO TpelaHra HAa HECKOJb-
KHMX DPodHAAX BOABOZHOTO ckaoHa 3aJ. Ilerpa Beamxoro

mennsa o6mansa (¢BCILIECKH» Ha AMArpaMMaX) COOTBETCTBYIOT 30HaM, B KOTOPhIX
NpMAOHHBIe HOTOKY MEHAIOT HanpaBJjeHHe U (MIH) CKOPOCTS, YTO cnocobeTeyer
OCasKJJEHHIO GOJIBIIOTO KOJINYECTBA B3BECH.

HawnGonee mwioTHNE CKONMIEHHA AAJHHEBOCTOYHOIO TPEIAHTA OTMEYEHEI B NaHA-
madTax, KOTOphle HECMOTPA HA BHEIIHHE Pa3JHYUA UMEIOT DAL CYUIeCTBeHHRIX
obmux npusHakoB. ['pyHT B HUX MMeeT ABe CKeJleTHbIe ¢ashbl, NpHUUYEeM AJIA CKe-
JieTa XapakTepHa A4YeHcTas CTpyKTypa (Apsamacues, Mypaxsepu, 1987). B Tox-
Ime TAKUX IPYHTOB He NMPOMCXOAUT CBOGOJHOrc BOZOOOMEHA; MX IOBEPXHOCTH
OCJIOSKHEHA BHICTYIAMH CKEJIETHBIX 3JIEMEHTOB, ABIAIOLUIMMICA JOBYIIIKAMHM AJIS
jgerpura (puc. 4.7).

Puc. 4.7. PacnpesienieAHe NHIIeBOro MarepHaia (Ha pHCYHKax 3a-
YyepHeH) B JOHHHWX JAaHAmMAadTaxX PasHOro THIA

Tpenanr He BCTPEHAETCA WM MAJIOYHCIIEH HA T'PYHTAX, UMEIOLIHNX XOPOHIO
DPOMBIBAEMEIH BOJOH AYEHCTHIH CKeJIeT M JHIIeHHEIX 3aNIOHAIONIETO MATepH-
ana. OTcyTcTBHe 3TOr0 BHAA B JaHAWIAPTAX HECKONBKHMX THIOB MOYKHO oObAC-
HHTHh HEJOCTATOYHOH 3agdKopHBaloneil cnocoOHOCTLIO TPYHTA (OYeHb KPYIHAR
ocobp TpenmaHra ¢ Maccoil Ko;KHO-MblmeuHoro Memka 300 r secuT nox Bojoit
AaKe ¢ HATIOJHEHHLIM I'PYHTOM KHuleduHuKoM Beero 25-30 r). B otaeasnmix
caydaAx MoOKeT HabxogarTscs AedHLUT HEpOBHOCTEH rPYHTA, HEOGXOAMMEIX
B KauecTBe yOe Kulll 1 HaKoInuTeJeHd AeTPUTA.

Obs3aTebHOE YCJI0BHEe HOPMAJIBLHOTO NHUTAHUA TOJOTYPHIA-1eI03UTODATOR —
obecnieyenre BO3MOKHOCTH MPONYCKATh Yepes KMINeYHHK KAK OPraHmyecKoe Be-
LIIeCTBO, TAK H ONpeJeeHHOE KOJHYECTBO «bamacTHbiX*» yacTul,. OnruMansuoe
coYeTaHMe dTHX OCHOBHBIX KOMIOHEHTOB HIIEBOTO MATEPHAJa CO3AeTCA NPerK-
Jie BCero Ha y4YacTKax, rje UjeT MHTEHCHBHOE OCAJKOHAaKONJEeHHe, & HMEHHO:
B YKA3aHHLIX BhIIIE I'MAPOJUHAMIYECKH aKTUBHBIX 30HaX — Nepernbax cKJIOHA,
BHIXOAAX KaMHeH M CKaJl, MACCOBBIX HOCEJEHHUAX IPHKPEIJIEHHBIX XHBOTHHX
M pacTeHu. ‘

OcoberHo 61aronpusATHEIe YCAOBUA MUTAHUA CKJIALBIBAIOTCA BOJIU3H 3apoc-
Jreit MaKpPOQHTOR, IIOCTABIAIOIINX OCHOBHYIO MAaccy AeTPHUTA, U IIOCEIeHHA ABY-
CTBOPYATHIX MOJJIIOCKOB M ACHHANIH, PeKanbHbIe MATePHATK KOTOPBIX HpPeACTAaB-
JAIOT cO60# MPeBOCXOAHYIO NUTATENABHYIO CPEAY ANA Pa3BUTHA MHKPOOPraHHs3-
MOB, HoTpebiaeMbIX roJoTypuamMi. MMenHo MoliHOe pa3BuTHe 6HOOT/IONKEeHHH
(upeacTapAAIOIMX COBOM, KAK MBI BUAEIH, Pe3yJLTAT CYMMAapPHOIO JjeHcTBNA Gro-
JIOTHYECKHMX M FHEPOAMHAMMYECKHX NIPoLeccoB) obecneunBaeT 04eHb BBICOKYIO
IJIOTHOCTH B HOCEJEHHUAX NAJLHEBOCTOUHOTO TPeNaHra HA JPYy3aX MOJUIIOCKOB
M acCIlMAMiA.

Kak 65110 TOKa3aHo B NpPeAbIAYINUX pasjenax, IIa obecnedyeHuA ONTHMAJL-
HBIX YCJAOBUil OGMTAHKA rOJIOTYpPUl-geno3nTodaroB UMeeT 3Ha4YCHWE HE TOJIb-
KO XapaxKTep IPOCTPAHCTBEHHOTO paACHpejleieHHA 3aAlacoB HHMUH, HO W CKO-
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POCTP HMX BOCCTAHOBJECHHMA. OTIHYHTENHHAS OCOOEHHOCTh NPHGPE)KHOM 30HBI
Mopsi — BeAylas poJb 3fech rujipoguHaMiryeckoro ¢paxropa (Morun u ap., 1987).

HabmiogeHna Ha CTAIMOHAPHBIX KOHTPOJBHAIX IJIOUIALKAX B PA3HBIX I'eO-
rpadmnyeckux paiioHax — B 3aj. Ilerpa Benukoro, asan. Hauaur n na Ky6e —
IOKa3aj, YTO BOCCTAHOBJIEHHE ¢ BbIEAEHHOIO» TOJOTY PUAMM IMHIIEBOIO CJIOA HPO-
HMCXOAMT B OCHOBHOM 38 CYeT JaTepajJbHOro mepeMelueHHMs IMMINEeBbIX YaCTHI
(BrJOuan U GpeKaJbHbBIe MATEPHAJIB CAMHX NOJIOTYDHI) C JJOKAJIBHBIX YYACTKOB,
rZile OHU NPHCYTCTBYIOT B H36HITKe.

Ilepepacupezesennie NUIEBOrO CJI0A OCYMECTBASETCA B OCHOBHOM MIEPHOIH-
YeCKHMMH [ITOPMAMHU HU3KOH M cpe/iHeil HHTeHCUBHOCTH (YMEPEHHbIE BOABI), TEUe-
HMAMH M OPMIMBHO-OTJIMBHBIMHA ABUKeHUAMN Bogsl (Tponuku). Hecomrenno,
MMEHHO C TAKMM XapPaKTEPOM NOCTYNAeHHs NHIIEBOIO MaTepHaJia cBA3aHa npe-
MMYlleCTBeHHAS IPeACTABICHHOCTD B KMIlIeYHMKe Pa3HbIX BUJOB snnGeHTHYeC-
KUX rOJOTYPMH dacTun Haubodee «MOOHIBHBIXS Pa3MEpOB.

M HTEeHCUBHHIM MeXaHHYECKUM OGHOBJIIEHHEM NUUIEBOrO CJOS, 06yCHOBNEH-
HBIM JIBH:KE€HHEeM BOJEI COBOKYITHO C BHICOKOM cKopocThio «0boporar OB B TpO-
nuyecKkMx sKocucreMax (Zvyagintsev et al., 1988), MoHO 0OBACHUTE HeOGBIUAIL-
HO BBICOKYIO IJIOTHOCTb NOCEJeHHSA KM GHOMaccy aMMOEeHTHYECKHX TOJIOTYpPH-
Aeno3uTodaroB Ha MeJIKOBOJbe TPONHYeCKOH 30HEI. BHoMacca acnMIOXHpO-
THJ B TPOMHKAX MOJKET JOCTHTaTh NouTH 8 Kr-M 2 (cm. 1. 6.4.1) — ¥ 3TO IpH
OYeHb HeSHAUNTEJbHOM ¢« MOMEHTHOM» cofiep:kaHuu OB B 1OBepXHOCTHOM cJioe
rpyHTa, XapaKTepHOM AJS YKa3aHHBIX paitoHoB. TOJBKO B NMPUOPEXHEIX BO-
Jax BO3MOJKHO NpoIBeTaHNe TAKUX rofoTypuii-genosnrodaror, kak Holothuria
leucospilota — >KMBOTHBIX, KOTOPBIE MECAIIAMH, & BOSMOXKHO H FoJaMH, He II0-
KHIAIOT OTPAHMYEHHOr0 YYacTKAa JHA, cOOHpaf NUIleBble YacTHIH B CEKTOpe,
PagHyc KOTOPOro MeHbLle MAJIHHBI MX TeJa. IIpu arom dexanuu rojorypuit
HACTOJBKO GLICTPO paspylIalTcA, YTo Habao4aTh X HA TPYHTe IPaKTHYECKH
He yHaeTcH.

Taxum o6pasoMm, onpejeaawinee sHaAUCHNE AJIA obecniedyeHHA NHinel snuben-
THYECKHX TOJIOTypHii-genosnTodaroB B Npubpe;KHOM 30He HMeeT JaTepalbHoe
TiepepacnpefieJicHHE OPraHWYECKOTO BellleCTBA Ha OBEPXHOCTH JHa IepeMeieHH-
©M BOJbI, YTO BO3MOJKHO BCJEJCTBHE BHIPDAKEHHOM IDOCTPAHCTBEHHOM Bapmua-
6eJIbHOCTH TOAIIMHK NHIIEBOTO CJIOA ¥ HANWYNA JOKANBHBIX ¢JeNOos NMHINEeBhIX
YacTHI,. JTHM TPoPUUeCKHe AN Aeno3uTODAroB YyCIOBUA NPUOGPEXHON 30HBI
OTJIIHYAIOTCH OT TAKOBHIX HVIKHHUX FOPM20HTOB mmenbda u Goapmux rayouH oke-
aHa, Iie TPOCTPAHCTBEHHAA MeTePOTeHHOCTEh pacupefeieHua OB snauuTensHo
HUKe, MMeIoIUec CKOMJIEHUA MHMINEBBIX 4YacTHI (B YaCTHOCTH, (eKaNbFhie
06pa3soBaHUA) COXPAHAIOTCA JOJrO U BBICJEHHEIM MUIIEBOM CJIOM BOCCTAHAB-
JIMBAETCHA NPEeMMYIUEeCTBeHHO IOCTYIIJIEHHEM «CBeXKeii» OPraHUuKHW U3 NPUACH-
HOM BOJBI.



I'rasa 5. H3BHPATEJBHOCTb INTAHHUSA U TPOOPHIECKASA
CHEIUAJHUSAIIHA MEJKOBOJHLIX I'OJIOTYPHNA

5.1, H3BHPATEJbHOCTh HATAHHS FOJIOTY PUH-AENIO3UTODATOB

H36upaTeapHOCTE (CEIEKTHBHOCTE) OTHOCHTCHA K YHMCJIY Ba’KHEHITHX mapaMer-
POB, XapaKTepHU3YIOLUINX IUTaHHE KUBOTHLIX. OT ee BRIPaKE€HHOCTH B HANGOb-
mreif CTereHH 3aBHCAT CTpATerusa MCIOJb30BAHUSA JKUBOTHHIMHU 3aIIaCOB MHIH,
XapaKTep cBA3eH MeKJy OPraHH3MaMH B COOGIIECTBE U JPYT'Ae DKOJOTHYECKHE
mokasaTreau. TeopeTHdyecKHe OCHOBHI MCCJEAOBAHUS HIGHPATENBHOCTH HHUTA-
aua sanoxua B. C. Usnes, yeit KiaccudecKuit Tpyl «JKCIIepHUMEHTATbHOE HC-
ciaenoraHmne nuTaHUA prib» (1955) oxasan ray6okoe BAMAHME Ha pa3BHUTHE
TPodoJIOTHYECKUX NPeJCTaBJeHMIA.

Ta wiau nHAasE CTeNeHb H3OUPATEIbHOCTH OGBEKTOR M YCIOBUI MUTAHUSA CBOM-
cTBeHHa BceM 6e3 MCKJIOUEHHS JKMBBIM OPraHM3MaM, M BO MHOTHX caydasx
pasHoOrJacHA B OLEHKe XapaKTepa INHTAHHUA TeX WJIH HHBIX BHJOB KHBOTHBIX
06'bACHAIOTCA TEM, YTO CPAaBHUBAJINCH HECOBNAAAIONNE aCIEKTHI 3TOr0 MHOTO-
rpaHHOro asjieHuA. OYyeHp BaKHbIN 4NA yHOpAAOYeHUA MOHUMaHUA heHOMeHA
nsbuparensHocty mar caeaan Il. Joxoncon (Johnson, 1980). On pasgenun npo-
Iecc CeJIeKIIHM Ha YeThipe MepapxXudyecKHUX ypoBHA (mopAaxa). Cenreknua no-
pagka I — «Bb16Op» KHBOTHHIMH PH3HYECKHX H reorpadHYeCKHX YCJIOBHI;
B 9THX IIpefielaX ceJieKIksa nmopsagka II onpegesnser or6op y4acTKOB OGMTAHNA;
cenexknua nopagka 111 Bkaouaer HCIONBb30BaHHE MeCTOOOHUTAHUI onpenesieH-
HBIX THIIOB, B YACTHOCTH KOPMOBBIX YYACTKOB; ¥, HAKOHeIl, CEeJIeKIIUA MOPALXKA
IV saxiiouaercsa B oTOOpe ompeAeseHHLIX NUIIEBHIX KOMIOHEHTOB M3 YHCJA
OpeACTABIEHHBIX HA 3THX y4acTKaXx.

AHaiN3 JUTEPATYyPH IO M36MPATEJHPHOCTH MUTAHUA WIJIOKOMXKUX (0630pHI:
Feder, Christensen, 1966; Lawrence, 1975; Sloan, 1980; De Ridder, Lawrence,
1982; Jangoux, 1982; Massin, 1982a, b) noxassiBaer, YTo MHEHHMA HCCIEAOBATE-
el 0 TUTAHMN MHOTHX BUAOB FOJIOTYPHi 3aUACTYIO HE COBIAJAIOT. JTO, HECOM-
HEHHO, OTPayKaeT peaIbHble TPYAHOCTH OLEHKYN ROCTYIHBIX JJIA IMUTAHUA 00'beK-
roB. CienuanpHOIO BHUMaHHA 3aCHyKHUBAET N36HPATENILHOCTh IHTAHHA I'0JO-
TYypHii-Feno3uTodaros, MOCKOJIBKY ee aHANU3 HanboJliee CJIOKEH METOAHYECKH
M pA3HOTJIaCHUA B OeHKe HauboJiee BEJIHKH.

5.1.1. METOJHI OIIEHKN HN3BHPATEJIbBHOCTH

Hpameie meToabl. [{na oneHKN uM3GUpaTeJbHOCTH IUTAHNA SKHBOTHHIX B 00-
IieM cjy4yae CPaBHHUBAIOT COCTAB HOCTYIIHOTO MHUIIIEBOro MaTepHalia ¥ CoAepKH-
MOT0 KHIlIeyHHKa. I[IpuMeHnTENbHO K JenodutodaraM Jiid aToro Heo6xoxuMo:
o*roﬁpa’rs B 30H€ NHTAHHA XHBOTHOTIO np06y, coCTaB RO’I‘OpOI?l MaKCHMaJbHO
npubJIHiKaeTCA K TAKOBOMY MCIIONE3yeMOro OCaKa; oTo6paTh npoby comepsxku-
MOT'0 KHMIIIEYHHKA; CPABHUTh 3TH NPOGH! [0 HAMEYEHHBIM NapaMeTpaM. Briss-
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JIeHHBle Pas3JHYHuA YKasaHHKX npob mo pasMepy, ¢opme, IJIOTHOCTH, XHMHUYeC-
KOMY COCTaBY YaCTHUL, TPAKTYIOTCA KAK H36GHpaTeJbHOCTh OO TOMY HAH MHOMY

nmapaMerpy.
BoasmueCcTBO paboT NO M36MPaTEAbHOCTH THTAHHMA I'OJIOTYPUIl BHIIIOJIHEHBI
ONMUCAHHBIM TPAAHIMOHHBIM M HAWOOJIee €CTECTBEHHHIM METOJOM — CpAaBHe-

HHEM COJIePKHUMOro KHIEYHUKA U ¢HCHOJAb3YeMOT0 roJIOTYpHAMH ocajKas. Ilo-
clleAHMe CJIOBA 3aKJIOYEHH B KABRIYKH, IOCKOJBKY ¢«HCIOJB3yeMBIH OCAZOK#»
noHHMaeTcA (M, COOTBETCTBeHHO, OTOHpAeTCA) Pa3HBIMH HCCIeAOBaTEIAMH Aa-
JIEKO He OXHO3BHAYHO: ¢BepXHUEe MWJIJIHMETDPhI», ¢«BEPXHHE CAHTHMETPH », IPO-
CTO ¢OKpYKaoIiuil ocagoks 1 Ap. Tak Kak JOHHEIE OCAAKH IO BEPTHKAJIH, KAK
npaBWJIO, FeT€POreHHE! IO pa3Mepy U cocTapy YacTHL (cM. n. 3.1.2), B 3aBucH-
MOCTH OT MCIOJb3YeMOr0 MeTojAa oTOOopa npob moKasaTeaH M3GMPATEILHOCTH
6yAyT cyHieCTBEHHO pasdauyarhca. II0aTOMY peaybTATH OLEHKH MMEIOT CMEBICH
TOJHKO NPH TIHATEAbHOM OTOOpE ¢napajiejibHBIX» Npob ocanKa.

JaHHEBIH MeToZ, KOTOPEHIH MOXXHO Ha3BATh NPAMBIM, GBI HCIOJIL30BAH IIPH
H3yUYeHUM NMUTAHUA AANBHEBOCTOYHOrO Tpenanra. Ha HeCKOABKHX CTAHIMAX
B 6. Butass ¥ y 0. Pycckoro napanneasno ¢ ot6opoM cORep:KHMOro KHIIeUHH-
Ka rojJorypuil 6K B3ATHI NPo6El rPYHTA, HA KOTOPOM NMHUTANHMCH MKUBOTHEIE
(cMm. mn. 38.1.2 u 8.2.2). Or6op ocajka IPOBOAMIN HPo6OOTOOPHHKAMH He-
cKoXBKUX THNOB (cM. nm. 3.1.1).

Cpasaenune coctaBa morpebasemoil mumu. «IIpsMoii» MeToA OLEHKH H3-
6UpATeILHOCTH UMeeT OYEeBUAHBIN HEIOCTATOK — €ro yclex MOJHOCTHIO oI pe-
JeJIAeTcs TeM, afleKBATEH JM COCTaB HACTHIL OCAAKAa, 3aXBATHIBAEMbIX IPO60OT-
GOpPHHMKOM M IYyNajJblLaAMHU >XKHBOTHOro. Obecreuenue xe TaKoH aJeKBATHOCTH
CONMPAKEHO CO 3HAYMUTEIbHEIMH TPYAHOCTAMH, ¥ IOJHOCTHIO YCTPAHHUTh COMHe-
HHA B MAEHTHYHOCTH PaGoT CTONB pPa3HBIX YCTPOHCTE HEBO3MOJKHO.

OaHaKO BOSMOKEH M NIPHHIMOHAJIBHO HHOM MOAXOA K OLeHKe H3GHpaTeshb-
HOCTH — CpPABHEHHE COAEPKHMOro KHIIeYHUKA ocobell pasHbIX BIJOB, NOTPEG-
JAIOMKUX OAMHAKOBYIO Ouimy. A ero ocymiecTsaeHua Tpebyerca, uTobsl He-
CKOJBKO BHAOB TOJIOTYPHMil COBMECTHO O6MTANM HA Yy4YacTKe C OTHOCHTEJIBHO
OAHOPOAHHIM CyGCTPATOM, HNO3BOJAIOIIUM CUATATH, YTO B PACHOPAKEHHUH KH-
BOTHRHIX 6B OZUHAKOBHIN MO cocTaBy Habop yacTuu ocagka. UMenHO Takme
ycaoBusa 6b1H o6HAPYIKEHEI Ha ABYX ydacTKax 3ajk. Hauaur — o. Pomre Hyap
u sanaguoM npubpexne o. Toptio ([Jao Tan Xo, Jlesnn, 1985; Jlepun, Jao Tan
Xo, 1988).

OctpoB (ckana) Poine Hyap ¢ miromaasio HaABOAHON YacTH B HECKOJBKO JAe-
CATKOB KBAAPATHEIX METPOB PACIOJIOKEH y 3amagHoro mobepexss o. Ye
(cm. puc. 1.1). ITogBognasn yacTs — obHaKeHHAA CKaJbHAA IUINTA, OIYCKAIOMIa-
AcsA po rayouns 15—-20 M, rae HaunHAETCA TleCUaHOe IJIATO C BRIXOJaMH BAJYHOB,
a MeCTaMM M 38pOCAAMH KOpajsoB. B MOBUKEHHSX IJIMT pacHojaralOTcH ra-
JieyHO-necyannie HaHOCK. CeccuiibHaA dayHa JeTOM IpeACTaBjieHa HpenMyIe-
CTBeHHO MIWLJIeNIOpaMHi, 3HMOH OTMe4YeHbl MacCOBhIe NOCENIeHHA aJbIUOHADHI.
Hoxsuxnas anudayHa mpeAcTaBIeHA IIOYTH UCKIIOUYNTEIbHO MOPCKHMHM €XKaMH
Diadema setosum.

OTmeueHH YeTsipe Buja rojgorypuil. Cameiit MHorounciaenasiit — Stichopus
chloronotus — obutaer Mo Bceil NOBEPXHOCTU CKAIB. SHAYUTEJIBHO pexe BeTpe-
yalorea Holothuria atra n H. leucospilota. i BuaBl Yame HAGJII0ZAIOTCA B HO-
HIDKeHHAX ¢ HAHOCAMM, HO OGHMTAIOT M HA IIOBEPXHOCTH cKaJibl. Enunuunnie H. edu-
lis obHapy:KeHB Ha IecKe Y OCHOBAHMA OCTPOBKa Ha riaybWHe OKoJjio 15 m.
B npubpesxne o. TopTio 06HapyKeHB COBMECTHO KHByHiMe yKasaHHBIE BhIIE
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BHABI rojoTypuit. KpoMe HUX 3AeCh B 3HAYHTEJIHFHOM KOJHYECTBE MpeACTaBeH
elie oauH BuJ — Pearsonothuria graeffei. Tnybuna B mecte orbopa mpob 5-
10 M, rpysT — raaska, mecox, o6NOMKHK KopajnoB. Bug P. graeffei orMeuen
IPEeMMYIIECTBeHHO HA +6ypesIoMes MEPTBAIX M JKMBEIX AKPOIOD, OCTAMBHEIE BHARl —
HA DeCYaHOM TPYHTe.

BrinosnreHHEIe MHOIO B TPOIIHYIECKOil 30He HCC/IeROBAHHA OPOBOLWIHCH B 3HA-
YUTEJbHO Pa3/JIMYAIOLIUXCA IO YCJICBMAM paiioHaX; TeM He MeHee HHrje GoJee
He YAaJIoCh OOHAPYKUTE YYACTKOB, Ha KOTOPLEIX COBMECTHO OOMTAET YeThIpe BUAA
anuGeHTHYeCKHUX rOJIOTYPHH, CYIeCTBeHHO PasJIN4alOMiNXCs IO COCTABY MCIOJb-
syemnix nuriesmx yactun, Ilapst H. atra—H. leucospilota u P. graeffei—S. chlo-
ronotus — aABJEHHE JOBOJBHO OBBIYHOE, HO COBMECTHOE MX OOMTaAaHHE — CJY-
4yail, H6COMHEHHO, KpaliHe peAkuii. He MeHee BasKHO, YTO Ha OTMEYEHHKIX y4acT-
Kax B 3ajx. Hauyaur, ocobenno Ha o. Pome Hyap, oudens 6egHan «doHOBaAAS
¢dayHa, YTO NOBHLIMIAET OJHOPOAHOCTS PacHpeiefIeHUsA OPTaHHYeCKOTO Bel[eCTBa.
YxkasaHHEIe 06CTOATENHCTRBA O3BOJMIIHN [IPY aHANH3e H36HpaTeNbHOCTH Habe-
sKaTh 0T6Opa Npo6 IPYHTA M OrPAHHYHUTLCH CPABHEHHEM COCTaBa HHILEBBIX
YacTHll, DoTpedageMnIX KNBOTHMMH (JlesuH, Caannua, 1988).

Jlna cpaBHEHHMA WCNOJH3OBAJHM TAKKe IPOOBI COAEPKMMOr0 KHIISYHHKA
Actinopyga lecanora, cobpannoro B 6. Kayaa.

Ananus 1po6 JOHHOIO OCAAKA M COAEPHKHUMOro KHINeYHHKA JAIbHEBOCTOUHO-
ro TpemaHra ¥ TPOINYECKHX roJIOTYPHil IPOBOAMIH IT0 MeTOAHKe, PACCMOTPEeR-
HOM B m. 3.1.1.

5.1.2. E3FHPATEJIBHOCTD ITHTAHHA JAJTBHEBOCTOYHOTO TPEIIAHTA
¥ TPOIIMYECKNX T'OJOTYPMI

CpasHeHHe COCTABA YACTHI, U3 KMIIeYHHKA JANbHEeBOCTOYHOTO TPeNaHra u JoH-
HOT'O OCaJika B MecTaX c6opa roJIoTypHii NOKa3aso, YTo HX pasMepHbIe napaMeT-
pel He coBnajaior {(cM. puc. 3.8). Tak, B ogHONl H3 nap mapajjieJbHBIX Opob
MeAMaHHLIA JUAMEeTD YacTHI] COAEP/KUMOr0 KHIeYHHKA (IO Pe3yJIbTATAM B3Be-
muBaHMA ¢paxnuit) cocrasuasger 8,559, a rpyara —0,43¢p. Ha panyHnax u cka-
JIaX Bce KpPHBBIe IPo6 COAEPKMMOTO KHUINEYHHKA JIeJKAT IpaBee COOTBETCTBYIO-
IH¥X KPHMBBIX I'PYHTA, T. €. B IIEPBBIX COJep ;KaHie MeJIKHNX YacTHI] 3HAYUTEAbHO
HHKe, 4YeM Bo BTophix. CoaepskaHue YacTHIl KpynHee —1,25¢ B rpyHTE MOXMKeT
gocturath 70 %, a B cofep:XMMOM KHIUEYHHKA UX He Gojee 5 %.

Ha rajie4HnIX I'pyHTaX CpABHHBAEMbIe KPHBbIE PasJIM4AIOTCA HECKOILKO MeHbIIe,
0CcOGEHHO B cAyuae 3aMIUBAHUS MOBEPXHOCTHOTO CJOA TPYHTA. 38 OLHUM HC-
KJIOYeREHeM, Bce rpadHUKH COAEPIKUMOro KHINEYHUKA TAK)Ke JIEKAT npasee rpa-
¢uKORB, XapaKTepH3yOIHUX rpyaT. CoflepKuMoe KHIIIeYHHKA MNOJIOTYPHI ¢ mecua-
HOTO TPYHT& COCTOMT M3 YaCTHI[, XapaKTePH3YIOWHMXCA GOILIIUM MeIHaHHLIM
JUAMETPOM, UeM B MapaleJIbHAIX Npobax 'PyHTa, M KPUBhIe pasMepHOro pacope-
JeJleHUA YaCTHUL, B IePBOil rpyNie npod JieXKaT JieBee COOTBETCTBYIOIINX KPHBBIX
BTOpOM rpynnkl. B HeCKOJILKUX Ipobax ¢ mecKa pacnpesejeHne pasMepoB YaCTHIL
B KHIIeYHHUKe ¥ IPYHTEe JOBOJbHO CXOMKH.

Ilpu aHa/N3e KPUBHIX, NOJYUYEHHAIX IO Pe3yAbTATY cUeTa YAaCcTHL, COXpaHd-
OTCA YKa3aHHbIE TeHNeHIIUH DY OTHOCUTEABHO MEHBIEM Pa3JM4YNH HapaMer-
POB pacnpefeeHys B Mapax KHMIIeYHUK—CPYHT.

BemecTBeHHBII cocTaB GHOTeHHBIX YaCTHIL B KHIUEUHNKE JaJbHEBOCTOYHOTO
TpenaHra o CPABHEHHIO C COCTABOM I'DYHTA B ITapaJUIeJIbHLIX Npobax ¢ PyHTOB

13*
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BCeX TMIOB MeHAETCA He3aKOHOMEPHO, KAKOro-Iu60o «OpeAloYTEeHHA» YACTHIL,
TOro MJIM MHOTO THIA He 3aperucTpupoBano (cM. puc. 3.4). IIpucyrcreue uac-
THL, OIIPeie/IEHHOI'O THUIA B KHIIEYHHKEe YETKO 00YCJIOBJIEHO X COAepKaHueM
B IPyHTe, HA KOTOPOM HHMTAIOTCA I'OJOTYPHH, HANpUMeD DparMenThl JOMHKOB Ga-
JIAHYCOB BCTPEYAIOTCA TOJBKO B KHIIEYHUKe TPellaHra, COOPaHHOrO HA BAJYHAX.

B nmogaBasiomeM GoMbIIMHCTEE CAYYAEB B COAEPIKHMOM KHIIEeYHHKA TPeNaH-
ra CHIJKAeTCH, N0 CPABHEHMIO ¢ AOHHLIM OCAIKOM, AOJS MHHEDPAJbHBIX YaCTHIL.
Tak, npobsl, oTOGpaHHbIE ¢ BAIYHOB, Ha 65—70 % CcOCTOAT M3 KBApIEBOro mecKa,
TOra KaK B KHIIeYHHKEe IOJIOTYPMIA ¢ 3TOrO )Ke TPyHTA ero ToJjibko 35-40 %,
B npo6ax ¢ rajieyHOro rpyHTa yKasaHHOe COOTHoluleHHe cocranaseT 6570 u 50—
55 %, ¢ necuanoro — 75-80 u 50—-53 % coorseTcTBeHHO. B KHMileUHKKe ronoTy-
PHii ¢ BATYHOB M TaJIbKH IIOYTH HET MHHEPaIbHBIX YacTul, KpynHee 0@, Tora Kak
pobhl JOHHOTO OCafKa COAEDIKAT 3HAYHUTENBHYIO JIOJNI0 TAKHUX HACTHIL.

Hcnosap3oBaHHe MeTOJA CYETA N0 CPABHEHHIO ¢ B3BEIIMBAHHEM (pparilHil
3HAYHTEJBHO CHHIKAET Pasbpoc MCXOAHBIX AAHHBIX K&K B Mpobax TPYHTa, TaK
M B COJ€P’KMMOM KHIlledHUKa (cM. Tabi. 3.1), mosTomy npu aHanuse pesyabra-
TOB IO U3GMPATEJLHOCTH [TUTAHHUA €My OTAABAJIOCH TpEeAIOYTEHHE.

PasMepHuIli cocTas YacTHIl, B COACPKMMOM KMIIEYHWKa Tpemaura B GoJib-
IHUHCTBE CJAy4YaeB OTAHYAETCA OT COCTABA NPO6 rPyHTA, Ha KOTOPOM OH IMHTAET-
cA. OgHaxo pasMepHAas M3OMPATENLHOCTS PH IUTAHHM TPENaHra IPUHIMOHAIL-
HO OTJIMYAETCA OT NpefyCMaTpHUBAEMON 06CYKAAeMBIMH B JIUTEPATYpEe MOAEJIA-
mu. BoarmnHceTBO COBpeMEHHBIX MOfeIeil TUTaHMA AeNo3UTOdAroR pejnoara-
IOT NPEeNMYIEeCTBEHHBIN OT6Op 60oJlee MEJIKHMX YacTHI[, o6aagalomux 6oabmei
OTHOCHUTEJIBPHON NOBEPXHOCTHIO ¥, COOTBETCTBEHHO, ACCOLMUPOBAHHBIX ¢ GOJBLIHM
KosndyecTBoM MuKpooprauusmos (Taghon, 1982). Mou narHbie IOKa3bIBAIOT,
4TO TeHAEHUHA K c6opy 6ojlee MEJKHMX YACTHI Y AAJbHEBOCTOYHOrO TpEelaHra
npoABAAETCA TOJABKO KAK YACTHOE SABJE€HHe, B HCCJEJOBAHHOM MarepHuajle —
IIPH IUTAHHUHU HA BaJIyHaX.

Kak 6uti0 mokasaHo B . 3.2.2, pasaMepHEII COCTAB YAaCTHI, OTOMpPAEMBIX
TpemnaHroM Ha FPYHTaX CaAMOT'O PasHoOro THIA, OTHOCHTEJbHO ctabwien. Ha rpys-
Tax, B NIOBePXHOCTHOM cJjioe KOTOPEIX Ipechafai0T KpyNnHble 3epHa, COCTaB 3a-
XBAThIBAEMEIX YaCTHI], CMEIaeTCss B CTOPOHY Dojlee MEJKHX; €CIH JKe B OcajiKe
npeobyalaloT MeJIKye YacTUIRI (HalpuMep, HA MeJIKO3ePHUCTOM IIeCKe), B cojep-
SKMMOM KMIIIEYHHKA MX OKA3BIBaeTCs ropasio MeHsbine, 4yeM B rpymnre. Takum
o6pasoM, pasMepHbIil COCTAB YACTHII, OTOHPAEMBIX AAJbHEBOCTOYHEIM TPEIAHTOM
B npoiecce MNTAaHWs, ONPEACNSACTCA He CTOJbKO PasMEpPHBIM pacHpeneSeHNeM
HAJMYHOTO COCTABa YACTHIL B AAHHOM OCalKe, CKOJBKO (QYHKIMOHAJILHBIMH BO3-
MOJKHOCTAMHM NHINEAOOBIBATEALHEIX CTPYKTYP — IYNAJBILEBOrO annapara.

CxopHble rpaHyJOMeTpPHYECKHE paclnpeje/eHHA YacTHI[ B PasHbIX mpobax
o0ecneunBaIOTCH YaCTHI[AMY PASHOIO reHesuca. B KMnleunuKe TpenaHra oGHa-
PYK€HBI YaCTHILI BCEX THIIOB, IPHCYTCTBYIOI{HE B IOBEPXHOCTHOM cJioe FpyH-
Ta, HA KOTOPOM KMBOTHOe nuraerca. JoJsa oTaeNpbHBIX THIIOB OMOreHHEBIX Yac-
THI, MEHAETCA N0 CPABHEHHUIO ¢ MX IIPeACTaBJIEeHHOCTHIO B 'PYHTE He3aKOHOMEP-
Ho. YacTHIB! 6CILUIMX PA3MEPOB B KHIIEYHUKE Yallle ABIAIOTCA GHOreHHBIMH,
M X ¢Hu3uYeCcKHe CBOMCTBA OTJIHUYAKTCA OT TAKOBHIX MHHEPAJBHBIX YACTHIL.
IloaToMy ompefileleHHYI0 M3OHpaTeJbHOCTH TpellaHra B OTHOLIEHHMHM pasMepa
YaCTHI, MOXXHO OOBACHHTH PA3JIMYHUAMH B (PU3HYECKHX CBOMCTBAX ITHX uAC-
THL (OCTATOYHBIH BeC, TEKCTYPA HOBEPXHOCTH H AP.), OGYCHOBIHNBAIOLINMHE He-
OQVHAKOBBIE YCJIOBHUA MX 38XBATA H YACDPKAHMA IYMAJIBIAMH.
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Ha saxBaT 4YacTHIL, CYILIECTBEHHO BJIMAIOT MX T'MAPCAMHAMMYECKHE XapaKTepH-
cTurH. JlaGopaTopHEie OOBITH IO KOPMJEHHIO JaJbHEBOCTOYHOTO TpenmaHra Mc-
KYCCTBEHHBLIMHM CMECAMHM NOKa3aJH, YTO NPH NUCIOJb30BAHHHM PAa3HOPaA3MEPHBIX
YACTHUIL, OAUHAKOBOM IIOTHOCTH MPAKTHYECKH BO BCEX CAy4asx HabiionaicA u3dou-
paTeabHBII 3aXBAT YACTHIL OIpeie/ICHHOro pasMepa (KOHKPeTHBIH pasmep e¢mpen-
HOUMTAEMEIX% YACTHI B ONBITAX C PA3HBIMM rpajanHUAMH OJOTHOCTH BAPbH-
poBaJicsi). B ompiTax Ke ¢ «MAPOJAUHAMHYECKHM OZHODPOJHHIMM» CMEeCAMH Daa-
MepHBIN K BellleCTBeHHBIH COCTAB COJAEP;KUMOro KHUINEeYHMKA ObIJI IOYTH HAEH-
THYEH TAKOBOMY IIMINEBOro MaTepHaja, T. €. M36HPATeNbHOCTh YACTHI, B 3TOM
ciaydae He nposaBasiachk. HeT HUKaKHMX OCHOBAHUH CYHTATH, YTO CBA3b 3dpeK-
THBHOCTHM 3aXBaTa YACTHMI ¢ MX TIHAPOJAMHAMHYECKHM KauyeCTBOM HOCUT IPH-
YMHHBIHA XapaKTep; N0-BHAKMMOMY, Te K€ XapaKTepPHUCTHKH, KOTOPhIe ONpeAeIAioT
rHAPABJINYECKYI0 KPYIHOCTh YacTHL (COOTHOUIEHHE NUIOIARHM IOBEPXHOCTH H
OCTATOYHOI'O Beca), SHAUMMEI U 1 3¢ PeKTHBHOCTH MX 3aXBAaTA.

KoadpunmeHTs! CXOACTBA BELIECTBEHHOIO COCTABA COACPKHMOTO KHINEYHHKA
PA3HBIX BMJOB rOJIOTYPHIl C OJHOIO yYacTKA OKA3aJNCh B GOJBIIMHCTBE CIyYaeB
BoJiee BBICOKMMH 110 CPABHEHMIO C COOTBETCTBYIOIMMH NOKA3ATEJIAMH JJIA KOH-
cienudHYHBIX ocobeil ¢ pasHbIX yyacTkoB (Taba. 5.1). Ora 3aBMCHMOCTDL AJA
H. edulis BripasxeHa MeHee OTYETIHNBO, YTO OOBSACHAETCS TEM, UTO TOT BHA cobpan
dakTHUecKH 3a npexpesamu o. Pome Hyap Ha nmecuanom cyberpare. Haumensmee
CXOACTBO ¢ OCTAJLHBIMM IPOGAMH HMeEeT COAECPKHMOe KHIIeuHuKa Actinopyga
lecanora us 6. Kayna.

MaxcumaibHbBIe pasMepbl YACTHI[ OCAJKA, 3ATJATHIBAEMBIX TOJIOTYPHUAMH
B 3ay. HauaHr, okasaiuck GJIHU3KH K COOTBETCTRYIOIIUM IIOKA3ATENAM TeX Ke
BUJOB B Apyrux paionax Hupo-Bectnanupuxu (Jepun, 19798), uro morxer

Ta6anua 5.1. IloxasaTeJu CXOACTBA BEINECTBEHHOIO COCTABA YACTMI[ COJIEPIKMMOr0 KHIIEYHHKA
roJIOTYpuii ¢ PasHuIX YYacTKOB

Paiion | Bux IENENERE « [ s [ e [ 7] 8 | 9 |
o. Pome Holothuria 1
Hyap leucospilota
H. atra 2 0,82
0,85
H. edulis 3 0,70 0,64
0,77 0,73
4 0,7 0,74 0,71
0,83 0,84 0,78
o. TopTtio Holothuria 5 0,50 0,59 0,41 0,43
leucospilota 0,65 0,72 0,56 0,59
H. aira 6 0,55 0,61 0,52 0,49 0,64
0,62 0,66 0,59 0,58 0,71
H. edulis 7 0,61 0,69 0,58 0,60 0,52 0,72
0,66 0,70 0,63 0,65 0,61 0,66
Stichopus 8 0,52 0,65 0,48 0,53 0,63 0,73 0,79
chioronotus 0,60 0,69 0,56 0,61 0,70 0,68 0,71
Pearsonothuria 9 0,46 0,56 0,36 0,39 0,76 0,80 0,62 0,72
graeffei 0,54 0,61 0,45 0,48 0,77 0,74 0,60 0,66
6. Kayaa Actinopyga 10 0,33 0,35 0,29 0,27 0,55 0,54 0,39 0,41 0,25
lecanora 0,45 0,47 0,41 0,37 0,67 0,59 0,47 0,50 0,27

IMIpumedanu e BepxHas crpoka — uHaekc Hlakkapa, HHKHAA cTpoka — YekaHosckoro-CepeHcexa.
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6BITH CBA3AHO ¢ OTHOCHTEJIBHHM passutueM mynadern, (Jleud, 1980a). B To ke
BpPEMA COCTAB OCHOBHOM Macchl COGHMpaeMbIX YacTHl] — K8K DasMepHH, Tax
¥ BelleCTBeHHBIH — OIpefileJIfeTCH IIPeHMYIeCTBEHHO COCTABOM OcaJKa Ha y4a-
CTKe OOMTaHUA JKUBOTHHIX. J[aXKe Yy BHAOB, CYIIeCTBEHHO Pa3jHYalOMUXCA MIHN-
PHHOI IHUIEBOIO rpaHyJIOMeTPHYECKOro ceKTpa, Takux Kak H. leucospilota u
S. chloronotus, xapakTep paclpefefeHHs YACTHUI, COOTBETCTBYIONIMX pPasMepOB
B COZEPKHMMOM KHIIEYHNKA O4YEHb 6JM30K; NPaKTH4YECKHM HMIEHTHYEH M Kaue-
CTBEHHBIH cocTaB 9TUX Hpob (T. e. B JAHHOM CJyYae TH BHJLI MMEIOT OYeHb
6im3KMit nuIeBoM BelllecTBeHHKBIN ceKTp).

IIpuBeneHHBIE Pe3yALTATH YKA3KIBAIOT HA ONpeAeIeHHYIO H36MpATENbHOCTD
TOJIOTYpM# B OTHOLIEHHMHU BhIGOpa MecTOoOGMTAHMI: OHAa HaMbOJiee BBIPAYKEHA
Y BHAOB, HCIIOJB3YIOIIUX MPEUMYIIeCTBeHHO MeJIKNe YacTHIhl. B nipeaesnax xe
Y4YaCTKOB NHUTAHUA KaKad-JIu60 M36MpaTeIbHOCTh B OTHOIIEHHHU PasMEPOR MM
COCTaBa 3aXBaTBIBA@MEIX YaCTHIL He o6HapyxeHa. JddeKTHBHOCTS 3aXBaTa MeJl-
KX (Do 2 MM) yacTuIl OcajiKa y BCeX HMcCJieJOBAHHBIX BUAOB CXOOHA, 8 MEXXBH-
JOBbie pas3/IMYHA NPOABJIAIOTCA IVIABHHIM 06pa3oM B CNOCOOHOCTH 3aXBATHI-
BATh Oojlee KPYHMHEIE YACTHIBI.

5.1.3. MEXAHMN3M OBECIIEYEHMA H3BMPATEJILHOCTN

IlpuBeserHBle B IpeABIAYIIEM pasfiesle AaHHbIe IPOTHBOpeYaT BBIBOJZAM DAAA
uccaeposaresaeit (tabua. 5.2) o HAAHYUM y roJOTYypHMH MHIEBOH H3GUpaTeabHO-
ctu. Takoe HecoBIaJeHHe MOMKHO OGbACHUTH, IOMHMO OGBLEKTHBHBIX MEXKBH-
JOBBIX PasJNYHUil 1 HCIOJB30BAHUSA He BO BCEX CAYYAAX YAOBIETBOPHTEIbHBIX
SKCNEePUMEHTAIbHBIX METOJUK, PAa3/IMUYUAMU IOHUMaHUA Pa3HBIMHU aBTOpaMu de-
HOMeHa nsbuparensnocTi. IloaToMy aHANIN3 HMEIOIIMXCA JAHHBIX MOKeT GBITh
coAepIKaTeJbHBIM TOJBKO IIPH PACCMOTPEHHMH MX B PaMKax eJHHOH CXeMbI IH-
meno6sIBaTeNbHOrO Nporecca. IIpu aTom UesecooGpasHO pasjMyaTh ABa ACHeEK-
Ta: 1) nocienoBaTeNsHOCTD, 9TAIHOCTL; 2) MapaMeTPH! H36paTeIbHOCTH.

IIo muenwuio I'. Tarona (Taghon, 1982), nuranne fenosuTodaroB BKIOYAET
OTOOp IHILEBEIX 06'bEKTOB, MAHUNYJIALMIO, 3arjaThiBaHue, IepeBapuBaHUe H
ycsoenune. CaenoBaTelbHO, IO 3TOH cxeme oTOOpP NpeAIIECTBYeT OCTAJLHBIM
asemeHTaM. S cunTalo, UTO OT6OP OO'BEKTOB MO TEM HJIM HHBIM IApPAMETPAM —
MHOro9TaNHbI# DpoHecc, OCYLIECTBAAEMbINH Ha BCEX CTAAHAX Mpolecca MUTAHUA.
B pamkax ob1jeit cxeMbl MHTaHHA I'oJIOTY puii-ilenodurodaros (puc. 5.1) MoxHO
BLLJEJHTD NOCAeA0oBaTe/IbHbIe 9TaNbi 0T00Pa, COOTBETCTBYIOLIHE Cle yIONMM 3Ta-
maM IHTAHHA: BeIGOPY NMUIIEBOro nATHa'!, BrIGOPY OOBEKTOB B €ro npexeax,
3aXBaTy 06'b€KTOB, TPAHCIIOPTHPOBKE, 3arJIaThIBAHHIO, II€PEeMEILEHHUIO 10 IUIe-
BAPHTEJLHOMY TPaKTy, IIepeBapUBaHHI0 U BcachiBaHUIO (JleBuH, 1988a).

Puc. 5.1, IIpuAnunyancias cxeMa 3TanoB B36NpaTeibHOCTH IPH THTAHHH
ToJICTypHii- ilenoduTodaros
38‘IepHeHHb[e CTPeJIKH — YacTHIlbl, OTBepPrHyThie HA JAHHOM 3Tane

! sPatchs — TepMMH, NIDHHATHHA B TeoOpeTHUYecKHX paborax 1o NHUIEAOGLIBAHMIO H HCIOAL3OBA-
HMIO NUIIEBLIX pecypcoB. B AaHHOM ciayyae — y4yacTOK MAOIAAHM (MK yacTh o6LeMa cybeTpara),
OAHOPORHEIA MO TPOPHUUYECKHUM JJA T'OJOTYPHI YCJIOBHAM.



Tabaaga 5.2. N36upare sHOCTEL NATAHUS roJOTYpHUi-fenoauTodaros

Taxocon

ABpTop, pailon
MOCAeKOBAHNSA

Venosrsa orbopa ocagxa

Meroan 06paboTru
npob

CpasunpaeMbie
napaMeTpnl *

BuiBog (KAK yKa38HO B HCTOUHHKE)

Actinopyga lecanora,
Bohadschia bivittata,

B. vitiensis, 4 puaa
Holothurta, Stichopus
chlorenotus, 8. variegatus

Paraastichopus tremulus

Parastichopus
parvimenasis

P. parvimensis

Holothuria atra

Holothuria tubulosa

Yamanouti,
1939,
o-Ba [Tanay

Jespersen,
Lotzen, 1971,
Ocao-dpropp,
Hopseruns

Yingst, 1976,
HOxknasn
KanupopHus

Yingst, 1982,
Oxnan
Kanndopuus

Webb et al.,
1977, 0. Bun-
petak, Map-
WANNOBLI O-Ba

Massin, 1979,
Buasdpanur-
Ciop-Mep

Inubenmusecxue wearbdoone

He ykazaHbl

Cyxofi pacceB Ha
wecTb dhparnui

He yxasanbi

«OGpasiibl NOBEPXHOCT-
HOTO OCAJiKa»

Bononas akkypaTHo
CHHMaJ BepXHue 5 MM
rpyHra

¢IlosepxHOCTHREIH
ocasioks»

Toavrko PepXHBHe MHJI-
JIMMeTPb

YcnoBHus He yKa3aHbl

OrpenbHble  dpakuuu
<62 MKM B >2 MM Ha
CHTaxX, AHAMMZ Necus-
Holt parumuu ocaxae-
uueMm. Onpepenenue
OB

Xnumuyeckut aHanna

Xnmuueckn#i aHann3

Copepoxanue (o Mac-
ce) pasMepHbIX Gdpak-
nui

He ykasanbi

T'panynomerpuyeckoe
pacnpejenense, co-
naepaxanne OB n Copr

T'panyaomerphueckoe
pacnpefeneHne, co-
AepcaHue Copr, Nopl,,
Brluncaenve HOU **
(o macce)

Conep:xanne C, N, P,
H

Coaep:ranue obero
OB, 6enkos, yrareso-
JIOpO/IOB, THRHAOB

ITuranue Gonee uau mMexee GeanbiGo-
pounoe. H. atra cobupaer Gosee kpyn-
Hble, S. chloronotus — GoJiee MeJIKHe
YACTHUBL. Actinopyga B aKBApHyMe He-
©CeJIeKTHBHbI, B €CTECTBEHHbIX YCJAOBH-
fIX ¢PEarupyioT Ha okpysxkaiouiee OB».
BocnpHHAMAIOT OJHOBPEMEHHO XH-
MHYeCKHe H MeXaHHu4YecKHe CTUMYAbl

«HecoMHeHHO HecesteKTHBEH [0 CBoe-
My nMieBOMY nopeiesnio». Mosxer
arpernpoBaTbest Ha yuacTkax c Gaaro-
MPUATHLIMYM NHUIEBLIMH YCIOBUAMHY

He o6HapyseHo paanuyuil B paa-
MEpHOM pachpefeJeHHM YAcCTHI, B
ocaake U B Kumeunuxe. Heanauu-
TeJibHOe YBeNHYeHHe CORePMAHHA
OB B KHLle4YHHKe NIPH NHTAHHH HA
HeCKe M 3HaYNTEIbHOe — HA KAMHAX

Meauanupiit AnaMerp YacTHIl ¥ CO-
nepakanue OB B ocaake M KHINEYHH-
Ke He pagiuyaiores. Ilo uupexcy snek-
TuBHOCTH VIBjIepa B KHilleMHHKe CHH-
KAEeTCHA KOJIMYECTBO MeNKHX YacTHIl.
Hmeerca centekuua cios ocagka, o6o-
ramensoro OB

IInranne cesexTHBMOe. Bariarhbl-
BaeT ¥ BLIBOAUT B Buje dheranult ma-
TepuaJl, 3HaYNTENLHO Gosee GoraThift
C ozo uEM OoKpyxapiMit ocasok

Cnioco6HEI OTOHPATDL YACTHIL € NO-
BLIIIEHHBIM cogepkaHneM OB

pozppouncouap-nndAiworoz ¥nuvwnu wooHarawndnge iy



IIpodoaxenue maba. 5.2

Taxcon

ABsTop, paiton
HOCae OBAHUA

VYeaoeus orbopa ocaaxa

MeToan: 06paboTky
npob

CpaBHUBaEeMbie
napameTpht ¥

BuiBox (K&K yKa3aHO B HCTOYHHKE)

10 BupoB ceM.
Holothuriidae,
S. variegatus

Parastichopus tremulus

Isostichopus badionotus

Holothuria forskali

Holothuria atra, Sticho-
pus chloronotus

Actinopyga echinites,
8 pupon p. Holothuria

A. agassizi, H. grisea,
H. mexicana, I. badio-
notus, Euapta lappa

Roberts, 1979,
o. ITapwu,
Huaonesus

Hauksson,
1979,
PanHe-dbopa,
Hopserusa

Sloan u Bo-
dungen, 1980,
Bepmyackue
o-pa

Bouland et al.,
1982, aan. Mop-
e, Bperans

Moriarty,
1982, o-Ba
Xepon, Jlu-
3apA, Bonb-
mo#t Bapnep-
Hoit pud

Roberts u
Bryce, 1982,
0. Bekou, 3an.
Ascrpanus

Hammond,
1982b,
0. fimalixa

He co6upann

3aumMCcTROBAHNBIE AAH-
Hble O <¢IOBEPXHOCT-
HOM OcajKes, MOJY-
YeHHOM <¢B TOM JKe
pa#ioHe» HECKOJbLKH-
MH rojaMH paHee

Bepxune 2,5 cm

Cyxoit paccer Ha BO-
cemb dparnuit

O6pa6oTra Mpab «reo-
JIOTHYECKHMH MeTo-
AaMH»

Moxpelit paccer uac-
Ty <140 MxM, oc-
TajbHble — CyXoif
pacceB Ha NATh pak-
unn

Kymynarusuoe paa-
MepHOe paclhpejese-
uue CK *** pagnbix
BHJOB

Conepaxanve (no mac-
ce) Tpex OCHOBHBIX
pasMepHhIX dpakumit

Copep:xanue (o mac-
ce) pasMepHBIX Gpak-
uui

Ha6aozeHne 3a nosefileHNeM ¥ FHCTOJOrMYecKoe HecileJoBaHue

«Henorpesoxennbiii
0CaZI0OK A0 TIJIyOHHBL
10 MmM»; ¢ TayGHHBL
3 MmM; ¢ KaMHel

CockpeGanne  ciaosa
1 MM
CockpeGanune pepx-

HHX HECKOJBKHX MMJ-
JMMeTPOB

Ly najuer

Xumuuyeckuit  ana-
nu3, yyer Gaxrepmuit

Cyxoit pacces Ha Bo-
cemb dpakiuui

VYpaneune OB, sarem
cyxoli pacces

Bunomacca Gaxrepuit
(aBa MeTona), coaep-
wanue Copr, Nopr

Buiuncnenne HMOHU

(no macce)

I'panynoMerpuueckue
XapaKTepPHCT HKH

BuaocnenuduyHas CeJeKTHBHOCTH
4YacTHll O pasMepy, obycsoBIeHHas

MHKPOCTPYKTYpO#l NOBEpXHOCTH 1ILy-
nasex|

Cenexuusi KPYMHLIX YacTHI, Npe-
HMyUIeCTBEHHO (deKalbHBIX nejjer
JOHHBIX JKMBOTHBIX M JPYTHX Ce/H-
MEeHTHBIX Arperaros, 6oJiee GoraTbix
OB, yeM «o61MA NOBEpPX HOCTHLIN
OCaJOK »

Hece/leKTHBEH 110 OTHOIIEHHIO K pPad-
mepy 4dacruil. Cnabasa oTpHiaTeb-
Has ceNeKUHsn Hanbosee TOHKNX U
HanGosee rpy6bIX 4acTHI] HA yYaCTKe
c 6onee TOHKHM 0OCAZKOM

OGHapy’»KHBAeT ¢ NMOMOIIbIC XeMOCeH-
COPHLIX pelleNITOPOB Ha lyNajabHax
y4acTKH cyGeTpaTa,oforaieHHbie OB

CesieKTHBHOE TNTAHWE HA YACTHIAX
ocaaka, cofiepyralux Gakrepuii u
oforauieHHOE ABOTHCTHIMHY KOMNO-
HenraMu OB. CelleKTHBHOCTb KOH-
TPOJNPYETCH XeMOCEHCOPHbLIMH pe-
nentopamu. IIpH nmuTaHUK Ha KaMm-
HAX CEeJIEeKTHBHOCTb He oGHApYyMKeHa

Hexoropsie Buabl (Holothuria hart-
meyeri, H. cf. pervicax) MoryT npo-
ABJATH PAa3MEpPHYIO CeJIeKTHBHOCTD,
ec/u ABa HJH 6oJlee BHAOB OGHTAIOT
COBMECTHO

CeneKIUA 110 pa3Mepy YacTHI OTCyT-
CTBYeT

¥02
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ITpodonxenue mada. 5.2

TaxcoH

AsTop, paiton
HCCaeoOBAHNA

VYenosua oréopa ocagka

MeToant 06paboTrn
upob

CpaBHuBaeMbie
napaMeTpsi ¥

BmBoj (Kax yKasaHO B HCTOYHMKE)

Holothuria mexicana,
1. badionotus

Holothuria atra,
H. leucospilota

5 pupos cem. Holotu-
riidae, Stichopus chlo-
ronotus

Apostichopus japonicus

22 supa orp. Aspidochi-
rotida, Dendrochirotida,
Elasipodida, Molpadi-
ida, Apodida

Orp. Aspidochirotida,
Elasipodida

Hammond,
1983,
o. fmajika

Massin u Dou-
men, 1986,

o. Jlaunr,
Hosas 'sunes

Hacrosuas
pabora, 3aa.
Hsiuanr, IOk Ho-
Kurafickoe
Mope
Hacroamas
pabora,

6. Burass,
Snonexoe Mope

Coxoanosa, 1958,
Ces.-sanagHas
Manudwuka,
Oxorckoe H
BepuHroso Mopsa

Bopaosckult u
ap., 1974; Ax-
MeTbesa H ap.,
1982, I0ro-Bocr.
ABcrpanns

CockpeGaHue Bepx-
HHUX HECKOJNIBKMX MHJI-
JUMETPOB

Yenosun He yxasa-
HbI

He coGupanu

BeacbizaHHe nopepx-
HOCTHOTO  TNOABHIK-
HOIMO MHKpocios

Onubenmuveckue eaylboxosodnue

He ananuauposancs
(kpomMe [BYX cTaH-
uit)

He ananuauposaices:

XumudeckHit aHa-
auad, yuder mefoday-
HBI

Mokpsifi oTces wua-
ctun < 0,05 MM, oc-
TankHoe — cyxoli
pacceB Ha BOCEMb
bpakuui

Mokpuiift pacces, MMK-
pockonuyeckuilt aHa-
N3

Moxpbilt pacces, MHk-
pockomuveckHit aHa-
JIH3, orpejesienne du-
3HYeCKHX cBolicTB H
OB

Buayanbuoe onpeje-
neHue B CK kommo-
HeHTOB, omnpejenae-
Hue Copp

Buayanssoe onpege-
NeHHe HOMMOHEHTOB
CK ,onpesesienne Copr

Copepxkanne  Copy,
Noprs NHIrMEeHTOB,
AT®D, cocraB meiio-

dayusi

KymynaTusHas Kpu-
Bas rpaHyAoOMeTpH-
yeCcKOro pacnpezese-
HuA

panynomerpudeckne
XapaKTepMCTUKH H
KaveCcTBeHHBI  co-
craB CK cosmectHO
OBUTAIOIUNX BHAOB

I'panyaomerpuueck e
H PH3UYECKHE XapaK-
TepHCTHKH, COAEPIKA-
nue OB

KauecrBenuniit co-
cTaB M Copp ¥ Pa3HbIX
BHROB ¢ OAHOH cTaH-
uuu

Kauecrbennelli  co-
ctan M Copr Y PAIHBIX
BHJROB C GXHOH cTaH-
i

Cenexuua oboramienssix OB yacTun.
BoaMoxHO, He OTGMpAEeT HHIAHBH-
AyasnbHbIE TPAHYJBI, & BRGMpaeT Mec-
Ta ¢ NOBLIIEHHbIM conepakanuem OB

dusudeckan celeKIiind (o pasmepy)
y HEKOTOphIX BHJIOB; €€ BbipaskeH-
HOCTH 3ABMCHT OT YCIOBHH M TpOdH-
YecKMX afaNTHBHLIX BO3MOXHoOcCTelH
KHBOTHBIX

CeneKuus 1O pas3Mepy M COCTaBy
yacTuy orcyrcreyer. Hmeercs on-
pejeneHHas U3GMpaTelbHOCTb yHacT-
KOB MHUTAHUSA

Cenexuusi no pasmepy H COCTasy
4acTHY orcyTCcTByeT. OrGupaer ¢ nAT-
Hav C NUTATEAbHBIM cJoeM 6oJb-
wolt Tonuinuei. CriocobeH passH-
YaTh YYACTKH C BhIEREHHbIM CJIoeM

Hensarca Ha nuralowuxca 6es3spibo-
pouHO, rpy6o H TOHKO COPTHPYIO-
wux. MabuparelsHocTh MOBbillIaeT-
csl ¢ ycnoXKHEeHHeM CTPOeHUs uiyna-
nen. Cucumaria sp. aKTUBHO OTOH-
paeT U3 NOBePXHOCTHOrO caoA dopa-
munudep. Ameerca csasp Mexay
CTeNeHbI0 CeNeKTHBHOCTH H KOJH-
uyecTpoM OB Ha yuacTke obGuTaMuA

CnocobHbl oT6HpaTh NHILY ¢onpe-
RENEHHOTO XMMHYECKOIO COCTaBa,
Pe3KO OTJHYHOIO OT CPeAHENo X HMH-
yeckoro cocrasa OB ocagkos»

pozndourncousg-nndhiworoz ¥nuownu QudoHrswndnos



IIpodonicenue mada. 5.2

Takcon

AsTop, paiion
HOCAEAOBAHKSA

Veaosus otbopa ocazke

Meroant oﬁbaﬁo-rxn npob

CpaBHuBaeMble
napameTpnt *

BriBos (KAK YKA3AHO B MCTOTHHKE)

Benthogone rosea, Psy-
hropotes longicauda, Pa-
roriza pallens, Molpadia
blakei

Deima validum, P. lon-
gicauda, B. rosea, Paeu-
dostichopus
P, pallena

Leptosynapta tenuis

L. tenuls

Holothuria arenicola

Scoliodotella lindbergi

villosus,

Khripounoff,
Sibuet, 1980,
Buckalickn#
3aJIHB

Sibuet, 1984,
Buckalickui
sanus

Powell, 1977,Ce-
pepras Kapoau-
Ha, CIIIA

Myers, 1977,
Poa Afineun,
CIIIA

Hammond,
1982b, 1983,
o. fAmaiika

JlepuH, 19826,
6. Buraass,
fAnoHckoe mMope

Venosus ne ykasa-
HbI

KopoBuarstit
yepnareab

LHO-

KopoBuaThilt aHOuUep-
nareiab

Bepxuue 2 cMm u de-
KaJAbHLIe KOHYCHI (B
aKBapuyme)

Bepxuue 3 cm

Muxkpockonuueckult
H XHUMHYeckyrli aHa-
U3

I'panynomerpuueckuil,
MHKpocKOnHYeCcK Ui
M xuMH4eckuil aHa-
JH3, y4yeT Gakrepnit M
mefodayHbt

Hugayrnme

I'panynromerpudeckui,
MHKPOCKONMUYECKHH
H XUMHYeCKM# aHa-
M3, yyer Gakrepuit M
MeiiodayHbl

OnpegeneHue OCHOB-
HbIX TpaHynRoMeTpd-
YeCKMX XapaKTepuc-
THK

Yaanenue OB, aaTem
cyxoit pacces

Copepkatye 4acTHI
PASHBLIX THUINOB, Ngpr,
Ccpr

Pasmepusift n xa-
4yeCTBeHHbIN! cocraB,
conepKaHue JIHMHU-
A0B, GEJIKOB, YTJIeBO-
JIOPOAOB

PasmepHbuIi ¥ KauecT-
BeHHBbIi cocTaB, co-
AepricaHue JMIIMIOB,
6esIKOB, yriaepoaopo-
0B

I'panynomMerpuueckune
xapakrepuctuku CK
H bexkanui

T'panynomerpuyueckue
XapaKTepHCTHKH

HaGnwoaeHus B IpopHILHOM AKBApHYMe

* Ec/¥ CIIeIHAaALHO He OFOBOPEHO -— COXePHKHMMOTO KHILUEYHHKA H OKPYXXAILIEero ocagKa.
** YOU — ungexc anexrtusnoctu Visnesa.
¥tk CK — cosep)kuMoe KHIIeTHHKA.

Cenekuuns: a) yacTuil, oGorameHHbIX
OB, opraHO-MHHEpaJIbHbIX KOMILJIeK-
coB, (beKAABHEIX NeJNeT, CKeJIeTHbIX
MaTepHasioB; 6) MeJKHX uacTHU;
B) OTPHIIATENLHAN CRJICKUUA IHBRIX
OpraHH3MOB

Cenexnusa dpaxkuuil, ocSoramenunix

OTpHUAaTe/IbHAA 2J€KTUBHOCTE A
MeJIKMX YacTHI, oBycloBNeHHasA He
1IPeANOYHTAEMOCTbIO, & JAOCTYMHO-
CcThIO rpaHys. B ceseKuHH 30HBI MH-
TAHUA SIBHO NPHCYTCTBYeT KOMIIO-
HEHT MpeANoYUTAEeMOCTH

B 0CHOBHOM CeJIEKTHBHOCTb OTCYTCT-
ByeT; Hebonnutoli Aeduumr (2-5 %)
YacTHI KpynHee 1 MM — ¢BO3MOXXK-
HO, IPOCTO (PYHKLHA pasmepa pras

CenleKiiMA HO pa3Mepy 4acTHLl OTCYT-
cTByeTr

CesleKUHA 1O paaMepy H COCTaBY
4acTHI He oGHapysKeHa

902

nndRworoz x1aHposoNIIW ¥INRDENYONNAUD ¥ONIIRNPOdW N ¥nuvWNY QWIONHIvIWDANYE ]



Hs6upamenvHocms numanua zonomypuii-denozumohazos 207

Bui6op numeroro ngTaa. CpoeobpasHbie CeIUMEHTOJOTHYECKHe YCJIOBHS Ha
rpaHMIIE pasjiesia BoJa—TIPYHT CIOCOGCTBYIOT H3bupaTeIbHOMY HAKOILJICHMIO 31eCh
yacTHil, oboramerasix OB. 3Tor MHKpOC/IOH 9KCILTYaTHPYETCH DIHOEHTHYECK HMH
rOJIOTYPHsMM HEIIOCPEACTBEHHO, & HHPayHHEIMEA — C NOMOILIbIO 06pasoBaHuA BO-
POHOK M moJiocTeif, KyAa <¢IpOBAIHBAIOTCA® YaCTHUIKI HOBEPXHOCTHOI'O OCagKa ¥
KOTOphIe MOJKHO PACCMATPHBATH KaK CBoeoOpasHLIe CeJeKTUBHbIE yCTpPoiicTsA.

CTpaTerusa NoMcKa HHINEBOro NATHA SNHOEHTHYECKUMH TOJOTYPHAMH 3Ha-
YUTEJLHO Pas3jN4YaeTcs B 3aBMCHMOCTH OT yCJOBMii, B IepPBYIO odyepegb — OT
CKOPOCTH BOCCTAHOBJeHHUA 3anacob numu (Jlesun, 1982a; Jleun, Cranenkas,
1981). OguH U TOT Xe BHJ IIPH HU3KOH 06ecmeueHHOCTH Nuileil BechMa NOJABH-
JK€H, IIPH BBICOKOil — MOYTH He IPOABJIAET JOKOMOTOPHO# aKTHBHOCTH.

Y uapayHHBIX FOAOTYPHI CBA3H MEXKAY YCAOBHAMH OOHTAHUA H YCAOBHAMH
NUTAHUA 3HAYKTEJBHO TecHee. Tpe6oBaHMA K PU3HUYECKMM XapaKTePHCTHKAM
TrpyHTA, HEOOXOANMBIM, C OAHOM CTOPOHSI, IS IUTAaHMA, a ¢ APyrod — 1A obeciie-
YEeHUS ONTHMAJbHBIX YCIOBMI 3aKAITBIBAHUS, Y DTHX JKHBOTHBIX, 1IO-BHANMOMY,
COBNAZAIOT.

Taxkum 06pasoM, snubeHTHYeCKHe TM'OJOTYPHH B YCJIOBHAX HU3KOi obecneyeH-
HOCTH IMIieil MoryT orOHpaTs nuuieBsle naTHa. [[ua nHpayHHBIX BHAOB AaH-
HBl€ OTCYTCTBYIOT, HO, IIO-BUAMMOMY, CeJIEKIIUA 9TOTO THUIA Y HUX BHIpaskeHa
cnab0, TAK K&K POMOTE€HHOCTh XapaKTePHCTHK TOJILIH OC&AK& BBIIIE, YeM ero
[OBEPXHOCTH.

Ot16op wacTHl B IpeAeaax nATHA. JlurepaTypHble JaHHBIE [I0 3TOMY BOHPOCY,
O-BUAKMOMY, OTCYTCTBYIOT. Jinrenbable HabaoneHws 3a Apostichopus japonicus,
PAKOM TPONMMYECKUX 3MHUOEHTHYECKHX BHIAOB M nHpayHHBIMH Scoliodotella
lindbergi n Paracaudina ransonetii nmoxasayid, 4TO TOJIOTYPHUH HAKJIAALIBAIOT
LIYyIAJBIA HA cyOCTPAT B CAYyYAMHOM NOPAJAKE, T. €. CeJISKTHBHOCTh HA NAHHOM
aTane OTCYTCTBYET.

3axBaTt wactul. B 6oasmunaCcTEe paboT, B KOTOPHIX OIpU3HAETCA H3GHpaTEh-
HOCTH INTAHUSA TOJIOTYPHUH N0 pasMepy MM (K1) KadecTBY yacTuiy (cM. Taba. 5.2),
NOAPa3yMeBaEeTCs, UYTO 0TOOP OCYLIeCTRIASTCA MMEHHO Ha DTOM arare (CM. HHXKe).

TparacnoprTuposanue ko pry. [lajenue co mynasnen, HeKOTOPEIX YaCTHIL IPH
TPAHCIIOPTHPOBAHHMHU MX K POTOBOMY OTBEPCTHUIO Y INIHOEHTHYECKMX TOJIOTY pHit
oTMeuaJoch HeogHOKpaTHo. Habmonenns sa wadayunoir S. lindbergi B axsa-
pHyMe NMOKAa3aJH, YTC ¥ 9TOre BuAa (Kak, MO-BHIUMOMY, X Yy IPYrux BHJIOB
¢ HaJdbHeBHAHBIMY IQYIAIbIAMH) KO PTY HOAHOCHTCA BOJBUIMHCTBO 3aXBadeH-
HeIX yacTtun,. Oxgnaxo J. Ilosean (Powell, 1977) ormMeuan «moTepio» MeJKHX
qacTHL, np# nuradnu Leptosynapta tenuis.

3araarsmanne. Coo6pakenusa o6 OrpaHNYeHNH MAKCHMAJBLHOIO PasMepa He-
MOJIL3YEeMBIX YacTHI| PasMepaMH POTOBOIO OTBEPCTHSA I'OJIOTY DU ITpHUBeeHE! (Ge3
JOKAa3aTeJbCTBa) HEKOTOPbIMHK aBTopamu (Myers, 1977).

IIpopsuxkenne no kumewnury. Coepenusa o gucddepeHUPOBAHUN BpeMeHH
mepeBapUBaHHSA YAaCTHIL PA3HOTO COCTABA OTCYTCTBYIOT. HaCTHHIM CiydaeM ce-
JIEKIIHH 9TOTO THIA ABJiAeTcA o6parTHoe JBHKEHUEe YACTHUL, B IepeAHEM OTHEe
MHUILeBapUTEJLHOrO TPAKTA, 3aperucTpUpoBaHHOe Y HeKoTophIX moauxer (Self,
Jumars, 1978). ¥V rosoTypuil aHTHIIEPHCTANLTHKA KHIIEYHHKA He OTMe4Yasach,
XOTS MPHUEIMIINAILHO BOSMOKHA.

IlepesapuBanne u ycsoenne. PuHaNbHBIN KT CEeJEKIMH MHINEBBIX YACTHIL
B IIpo1ecce NUTAHUA TOJOTYPHH, KaK U JIOObIX ADYrHX KUBOTHBIX, — H30Hpa-
TeJibHOE NIepeBapNBalie U YCBOeHHe onpesiesieHHBIX (OPM OPraHHYeCKOro MaTe-
puana (Walker, Bambach, 1974). Umeerca 5oBoJabHO OGILIHPHAA AUTEpaTYpPa 0O
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nepeBapHBAHHUIO M YCBOEHHIO IIHUITH I'oJIoTypuAMH (0630p: Lawrence, 1982), ox-
HAKO CBeAEHMS O CIOCOOHOCTHM MepeBAPUBATH Pa3lHYHBIe KOMIIOHEHTHI Opra-
HHKH ODPOTHBOPEYHBBI. :

PaccMoTpuM OCHOBHBIE HapaMeTphl H3GUPATEeJIBHOCTH.

Paszmep wvacmuy. HanbGoapuinii o6eM HHGOPMAIMH 10 M3GHPATEILHOMY ITHTA-
HHUIO I'OJIOTYPHH OTHOCHTCA K CeJIEKTHBHOCTH IO pasMepy yacThi, (cM. Tabi. 4.2),
OZHAKO 3TH ASHHEIE YACTO TPYAHO COMOCTABMMEL M3-3a8 HEJOCTATKE HHGOpMAHY
00 aTamax M3GHPATENBHOCTH, OOYCJIOBJICHHOTO PAa3JIHUNAMH B MeToAax obpaboT-
KH Ipob M NCHIOJb3YEeMbIX I'PAHYJIOMETPHYECKNX XapAKTePUCTHK.

MuanmanbHBIH pasMep 3aXBaTHIBAEMEIX YaCTHI, OlIpefesiAeTCA CTPOSHHEeM
1urynajien 1 XapaKkTepoM nx GyHKIMOHHAPOBaHKUA npH 3axsare. . ITopesa (Powell,
1977) ykasbiBaer caeAyouie NPUYNHLE yMEHbIIEHUA KOJHYECTBA MEJKHX Ya-
cTin 0pu nuranuu L. tenuis: 1) MeJKue YacTHIB « IPOBAJIMBAIOTCS MEXKIY Nadb-
maMus mynanew; 2) npeobiafaioniue B ocafike YaCTHIBI CPeIHUX PA3MEPOB KaK
6Bl MACKMPYIOT MeJIKHe; 3) IpHM HaJIMYMHU B OCaJ(Ke TJIMHHUCTHIX YACTHIL, M BBI-
COKOM COZepP)XaHHUHM OPTaHMKH MeJIKHEe YacTHIhl IPHJIANAT APYT K APYTY WIH
K KPyHHHIM rpanyjam. OgHaKo ImepBoe 06CTOSATENLCTBO OTHOCHTCA K HM36Mpa-
TEeJLHOCTH TPAHCIHOPTHPOBAHHS, BTOpOe — K J03aXBATHON H36HpATEJIBHOCTH,
TpeThe JKe CBASAHO ¢ MeToJaMH o0paGoTKM Npob M NpM KCIOJAbIOBAHMM HaJle-
JKAIMX MEeTOAOB ArperaTHOro aHAIM3a He CYLEeCTBEHHO.

Heob6xoanmo oTMeTHTh, YTO MHAEKC 3JeKTuBHOcT B. C. UBIEeBa, KoTOphIM
noJb3oBayca IloBens, A3AHNIIHEe YYBCTBUTE/IEH K PASJINYHAM B «XBOCTAX» Ipa-
HYJOMETPHUYECKHUX paclpejesieHui, 3a 4TO HeOQHOKpaTHO KpuTukrosaicsa ! (Ile-
ceHKo, 1982; Hammond, 1982b). TemM He MeHee HesHAYHTENbHAA OTPHIATEJIb-
Hasl 3JIeKTHBHOCTh NpPH nuTaHuu L. tenuis uMmeer, no-BHANMOMY, MeCTO, YTO
clegyeT KaK M3 BHINOJHEHHOM HA OUueHb BHICOKOM METOAUYECKOM YPOBHE YIO-
mAHyTOM paborrl Iloesnna, Tak u u3 nanakX A. Maitepca (Myers, 1977), oTHo-
CAILIUXCA K TOMY K€ BHAY.

MueHHe 06 n3bupaeMocTH MeJKUX YacTHL uUpu nuraHuu Molpadia oolitica
(Rhoads, Young, 1971) cia6o 060cHOBaHO, TOCKOABKY ABTOPHI 9T0M paGoTel HE
TIPOBOJAVJIM I'PAHYJIOMETPHYECKOTO aHAMN3A, & OTPAHMYHINCH IIPOCMOTPOM Hpod.
M=o B KMIIeYHHKe o4eHb 6JIH3KOoro no sxojoruu Buja Paracaudina ransonetii
oOHapy KeHbI JOBOJBHO KPYIIHEIE, 0 3 MM, YACTHILBI.

CorjlacHO COBPeMEHHBIM B3IVIAAAM Ha Mpouece AOOhIBAHUS MHILM AeNO3HUTO-
daramMm (OJHOCTHIO MPHMEHHUMBIM K TOJIOTYPHUAM), BEPOATHOCTh BCTYILJIEHHA
B KOHTAKT CO LyHajJbIaMH Pasiu4yaiomuxcs 0 pasMepy YacTHI] HEOQUHAKOBA.
OaHako onMpasach Ha 3TO, OAHH aBTOPbl OGOCHOBHIBAIOT IIPEeMMYIECTBEHHBIH 3a-
xBaT Meaknx uacTul, (Baumfalk, 1979), Torga xkak gpyrue — xpynHbix (Jumars
et al., 1982). HecomHeHHO, YTO y TrOJOTYpHi eCTh U3CHMPATEJIBHOCTh YACTHII MO
pasmepy, HO, IOCKOJILKY OHA oNpeAesdeTcA He TOJbKO PAcHosIoKeHHeM u ¢op-
Moii yacTHl, (Ha (pase KOHTaKTa), HO M UX (PU3NYECKNMU cBoMcTeaMu (Ha dase
yAepKaHHA), HAIPABJICHHOCTh CeJI€KTHBHOCTH MOJKET MEHATHCA B 3aBHCHMOC-
TH OT KOHKPETHBIX YCJOBHI.

Xumuueckuii cocomae u nuwesas yennocmbsb. HeogHoKpaTHO OTMeUYEeHHEBIE
B JMTEpaType pasnuuusa B cogep:kaunu OB mam oTAesbHBIX €r0 KOMIOHEHTOB
B KHILIEYHUKE TOJOTYPHI U OKpYyKaoWeM ocagke (cM. Tabi. 5.2) aBTops! 06bsc-

! BeAMYMHL 9TOr0 MHJAEKCA, BLIYHCAEeHHLIe IO Pe3ylbTaTaM He cUeTa YACTHI, & B3BeIIMBAHUSA
dpaknuii, Kak aTO JlenaloT HeKoTopkie aBTOPH (Yingst, 1982; Roberts, Bryce, 1982), poo6me nume-
Hbl cMLICJA.
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HAIOT XMMHUYECKON CeJIeKTHBHOCTBHIO, T. €. CIOCOOHOCTRIO roJIOTypuii 0OHapy-
JKUBATH ¥ AKTHMBHO OTOMPATH YaCTHII ONl peAeIEHHOTO0 XMMHYECKOTO0 COCTARBA.
OjHaKo 3HAKOMCTBO ¢ METOAAMH, KOTOPEIMHM IIOJIb30BAJIHCH HCC/IE[OBATEH, IPH-
meAmuMe K YKa3aHHOMY BBIBOJY, BEIHY KAAET YCOMHHTLCA B €ro 060CHOBAHHOCTH.
Toauuea caos ocagKa, OTOMPAEMOTO HCCJIeAOBATENEM JUIA aHAAM3a (B TeX cJy-
Yasx, KOrAa OHA YKA3aHa), 3HaYNTEIbHO IPEBLINIAeT TOJIHMHY TOBePXHOCTHOTO
MMKPOCJIOA, peaJbHO norpedasemoro roaorypuamu: 3 u 10 mm (Moriarty, 1982),
5 mm (Yingst, 1982), «noBepxHocTHBI ocagoks (Webb et al., 1977), ¢ToaBKO
BepxHMe MuIaAUMeTphl» (Massin, 1979), «BepxHHe HECKONBKO MHJIJIHMETPOB»
(Hammond, 1983).

Taxum o6pasoM, gake B 3THX HCCJIeJOBAHHUAX IOBEPXHOCTHBIN oborarnes-
HbIH OPraHMYeCKHUM BeIeCTBOM MHKpPOCJIOil «pas3baBieH» IOACTHIAIOHIMM
OCAZIKOM C MOHMXEHHBIM COAECPKAHHEM OPTaHHUKH, UTO 3aBEJJOMO CO3JAeT BIe-
YaT/eHHe CeIeKTHBHOTO 0T00pa OpraHHuecKux 4actull. B paborax xe, rae xu-
MHYECKMIl COCTAB COAEP’KMMOr0 KHINEYHHKA CPABHHMBAETCH C TAKOBBIM CYM-
MapHOTO ocajiKa B gHouepnarene (Bopaosckuii u ap., 1974; Khri pounoff, Sibuet,
1980; Axmersena u aAp., 1982; Sibuet, 1984; Axmernena, 1987), rakoe ¢«pasbas-
JIeHHWe» ellle BhILIE.

Tem 6oJiee coBepIlIeHHO He 060CHOBaHO 3aKkaoueHue J. Xaykccona (Hauksson,
1979), mupoKko HUTHPYEMOoe KaK «JOKA3ATEeJAbCTBO» XE€MOCEJICKTHBHOCTH I'0JIO-
TYypHH: 3TOT ABTOP CPABHUBAJ COCTAB COAEPIKUMOr0 KHUINeYHHKA Parastichopus
tremulus ¢ «3aMMCTBOBAHHBIMUS JAHHLIMH O «[10BEPXHOCTHOM OCAJKEs, IOJY-
YeHHBIMH HECKOJBKHMMH rogamMu paree (!) «B ToM :xe paitone»(?!). B pabore ke
K. Boyanang ¢ coasropamu (Bouland et al., 1982), B KoTropoit yrBepxaaeTca, 4tTo
Holothuria forskali cnocobHa omosHapaTh Hanbosee 6oraTeie OPraHUYECKHM
BEII[€CTBOM YYACTKM INOBEPXHOCTHOI'O OCAJKA ¢ MOMOLIBK XEMOCEHCOPHBIX pe-
OEeNTOPOB, COCTAR OCAKA M COAEPKHUMOro KHIIEYHNKA BOOGIIe He OLEHHBAMNIKCE,
a4 CTOJb OTBETCTBEHHEIN 3KOJNOrMYecKUil BHIBOA OHLJI ClleJIaH HA OCHOBAHHM ...
THCTOJIOrHYECKOTI'0 MCCIeNOBAHNSA Iynaien)

¥ roaoTypuii ¢ naasueBMaHBIMH mynanasitamu (Molpadiida, maorue Apodida),
MPUCIOCO0IeHHBIMM K MAaHUITYJINPOBAHNIO HHANBUAYAIbHBIMH YACTHLAMHM OCal-
K&, TaKad U3OHpaTeJILHOCTh, XOTSA OHA U He JOKA3aHA, NPHHIUIIHAILHO BO3MOK-
Ha. WHas curyanua y Aspidochirotida u BupoB Apodida ¢ mepucThiMm myy-
najabIaMa. XoTa UX mMynalblla clocoOHbI YBJAEKaTh KPYIHbIe 06'beKThI, OCHOB-
HO# cnocob ux paboTH — OAHOBPEMEHHBII 3aXBAT CJIOA MEJKMX YaCTHIIL.

IIpunumas 060cHOBAHHYIO B II. 4.1.2 MeXaHHKO-aAre3UOHHYIO0 MOJEJIb 3aXBa-
Ta NMHUIEeBhIX YACTHL, IIYTNAJBIAMH, MOMKHO IIOKA3aTh, YTO, JJIA TOrO YTOOHI Uac-
THIA OblJIa 3aXBaYeHa, HEOGXOAUMO H AOCTATOYHO, YTOOBI BCE MM HEKOTODPHIE ee
¢usuyecKne XapaKTepHUCTUKH (pasMep, IJIOTHOCTh, GopMa, TEKCTYpa MOBePXHOCTH
H Xp.) NeKad B ONPeleJIeHHBIX Ipejesiax, Ha KOTOPhie HACTPOEH NMUIeAo6bIBa-
TeabHbIN annapart. [Ipn aToM, ecan XUMHYECKHe CBOMCTBA YACTHIHI ¢« CI{EILIICHBI
¢ PU3HYECKMMH, JISXKAI[MMH B YKA3aHHLIX Pefesax, yactuna 6yaeT saxsaueHa
1 6e3 IpeJBapUTEIBHOrO BEIABJIEHUA; €CIIH JKe ee XMMHYeCKHe ocobeHHoCTH G-
3HUECKU He MIPOABAAIOTCHA, TO BHIGODOUHBL 3aXBaT Aaske OOHAPYKEHHOH XeMope-
HenTOPaMHU YaCTHUIIh HeBO3MOKeH. TakuM o6pa3oM, B IEPBOM cJayuae NpeABapH-
TeJIbHAA XUMHYeCKaA MACHTUDHKAIUA MSJIUINHA AJs 3aXBaTa, BO BTOPOM —
HeAOCTATOYHA.

YeMm Ke MOMHO OOBACHUTH OTMedeHHBIe B psge pabor (Bordovsky et al.,
1974; Powell, 1977; Webb et al., 1977; Hauksson, 1979; Roberts, 1979; Bouland
et al., 1982; Hammond, 1983; Massin & Doumen, 1986; Ong Che, 1990 —

14 B. C. JleBnn
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cM. Ttabu. 5.2) pasauunA B cofep;KaHUH OPraHUYECKOro BeleCTBa B CONEPIKH-
MOM KMIIEYHMKA ¥ B 40KpYIKalomeM ocagkes? B cocTas moBepXHOCTHOrO MHK-
poCI0s BXOAAT OPraHo-MuHepaJbHBIe KOMILIEKCH, (JeKaJbHBE MaTepHalhl, OC-
TaTKH KHBOTHBIX M pacTeHHi (cM. . 8.1.2). YacTHBl 9TUX THIOB IO MHOTHM
¢pH3UYEeCKHMM MapaMeTPaM OTAHYAIOTCA OT MHUHEpPaNbHHIX. Y HHX SHAYHTENb-
HO HHMJKe IJIOTHOCTH (M, cjIeloBaTeJbHO, OCTATOYHBIH Bec), BuILlIe yAeJabHAA ITO-
BEPXHOCTH, OoJiee caokHads MUKpoTonorpagusa noBepxuoct (Rhoads, Young,
1971; Johnson, 1974, 1977; Bienfang, 1980; Cammen, 1982; Taghon et al., 1984).
970 Kak pas Te 0COGEHHOCTH, KOTOpPHEe YBeJIUUNBAIOT BEPOATHOCTh yAEP:KaHUA
YACTHL, IYNaAJbIAMH DOCPEACTBOM 3allleMJECHHUS M aJTe3HH.

XeMoceseKIuI0 OGBIYHO TPAKTYIOT KaK aKTHBHEIN npouecc. MHe He yAaiock
HAATH B JATEpaType onpefesieHNil «AKTUBHOM» U «IIacCUBHOM» M3GHpaTesbHOC-
TH, OMHAKO M3 KOHTEKCTA MOKHO 38KJIIOUYNT, YTO AKTHBHLII 0TOOD IIpeAnosara-
€T IpeIBAPUTEbHYIO OHEHKY MHUIeBOr0 KAYECTEA YaCTHI (HanpHMep, CoAeprKa-
aua B Hux OB) ¢ noMoms10 cnenMaabHEIX PELEnTOPOB U NOCAEAYIONNH 3aXBAT
COOTBETCTBYIOIIMX MOMCKOBOMY 06pa3y uUacTHIL, TOTAa KaK NacCHBHLI oT6Op He
CcOAEepXHT dTamna oneHKM. OfHaKo pasrpaHMYEHHUE «BOJIEBBIX» M ¢MeXaHWYeC-
KHX» JeHicTBHI Jaxke Y BRICUINX ITO3BOHOYHBIX — 3a7|aya JOCTATOYHO CJAOKHAA,
B IPHMeHEeHUH JKe K OeCIIO3BOHOYHAIM HeoNpeeJJeHHOCTh MHOIMOKPaTHO Bo3pac-
raeT. Tem Gosiee GecnepCcreKTHBHA MOMLITKA TAKOrO PASTPAHHMYEHHUA IO OTHO-
WIEHHUIO K fieno3uTodaraM, y KOTOPHIX 3aXBaT ¥ 06paboTKa MUIIEBLIX 00 HEKTOB
COBMeLLEeHEI.

HcTopua pasBuTHA KOHUENIMH NUTAHUA Jeno3uTodaros U3 pasHbIX CHCTe-
MaTHYeCKHUX IPYII NOKas3hiBAET TeHAEHIIUIO K OTKA3Y OT MCIOJAb30BAHNSA HOHS-
THA ¢+aKTHBHaA H3bMpaTeabHOCTh». [JelicTBuTenbHO, Bce Hanbosiee oTpaboTaH-
Hble COBpeMeHHBIe MoZeJIM nuTanmuA genosutodaros (Taghon et al., 1978; Taghon,
1982; Jumars et al., 1982) — MexauuyecKHe, WIH, KAK UX HHOT/A ONPEAENHIOT,
cToxacTHyecKue. B HUX uaGUpaTeNbHOCThL PACCMATPUBACTCA KaK pesyanTaT Gu-
3MYECKOIo B3auUMoeHCTBUA NHIIeA06BIBAIOIMX U (€CJHH OHH UMEIOTCS) IMUINeo6-
pabaThIBaIOLIHX OPTAHOB ¢ KOMILIEKCOM 06HeKTOB, 06.J1aal0IINX Ol Pe/{eIeHHbI-
MH OH3MYECKMMHM CBOMCTBAMH; KakKHe-Ju60 ynmoMuHaHuHA o6 orbope dacTHIL
€ MICIIOJIb30BAHHEM PELENITOPOB KAYECTBA B 3THX MOAEJISIX OTCYTCTBYIOT.

K coxanennio, MeToquueCKHil ypoBeHb 9KCIEPHMEHTOR II0 IIUTAHMIO MOJIOTY-
puil NOKa He HOCTHUIr YPOBHA UCCHeOBAHMA TaKOH rpynuni gemosurodaros, KakK,
Hanpumep, noauxersl. OAHAKO MMelOIMecs ZaHHBIe U IO FOJIOTYPHAM, U N0 APY-
UM IyOaXbUeBsIM Aenosutodaram NO3BOJNAIOT CUMTATH, YTO KOHUENIUA XH-
MHYECKOM CeJIEKTHUBHOCTH, T. €. 0OTOOPa HHANBUAYAJIbHBIX YaCTHIL C UCIIOJB30BAa-
HHEM cHeHHaNbHEIX XeMOYYBCTBHTEJbHBIX PELENTOPOB, IO MEHbIIeH Mepe H3-
JUIIHA? BCE dKCIEPUMEHTAJbHbIe GAaKThl NMOJHOCTHK ODBLACHAIOTCA MeXaHHU-
YecKoil H3bUpaTeJbHOCTHI0. B TO Ke BpeMa roJIoTypHUH, HECOMHEHHO, CIIOCOOHBI
pearupoBaTh Ha 0606IleHHbBIe XUMIYeCKHe XapaKTePUCTHUKY 30Hb! IIUTAHUA, ajal-
THPYA K HUM CTPATETHIO IHIIeA00bIBATeILHOTO NOBEJeHUA.

A. Bayxot (Boucot, 1981) geanr usébuparespHO OHTAIOIHXCA AelIOo3UTOMA-
roB Ha NIOKAa3BLIBAIOIINX IIOBeJeHYeCKOe IpeANoYTeHNe OAHOMY THIIY ocajKa Ie-
pea APyruM (CeJeKTHBHBIX) M OTOMPAIOLINX YacTHIBI IIepej 3arjaThIBAaHHEM
(coprupyromux). Takoe pasfenenue I roJoTypHil He MOXKeT OBITH IPUHATO,
NIOCKOJIBKY, BO-II€PBHIX, BCe OHM B 60JIbIIeH MM MeHbIIIeH CTelleHH JeMOHCTPHUPY-
0T M ¢CeJIEKIHIO», X «COPTHPOBKY % K, BO-BTOPHIX, COPTHPOBKA II€pPeX 3arjaThina-
HHEM He 3aBepIllaeT npouecca H3GHpAaTeJbHOro NUTaHUA. B TO 'Ke BpeMA oyeHb
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IEeHHOM IPeACTAaBAAETCA MBICAbh 9TOTO ABTOPA O IOBEAEHYECKOM XapaKTepe
CeJIeKTHBEOCTH HA AO3aXBATHOM 3Tale.

ARaJIN3 AKTUBHOCTH I'0JIOTY pHi-AeI03HTOMArOB B mpouecce JOOLIBAHMA MTHIIH
IIOKA3BIBAET, YTO HepBasa ee ¢daza (IOMCK HUINEBOTO UATHA H ABIKEHHMA B €ro
npezienax) — nosefendeckas. Ha aToll ¢ase mOABHIKEOCTH SKHMBOTHOTO CIOCO6-
CTByeT NOBHIHIGHHIO BEPOATHOCTH KOHTAKTA €ro IqynaJjel ¢ YacTHuamu, obora-
merasiMu OB. B nponecce THTAHHA KAK 9NUGEHTHYECKHX, TAK H HWHPAYHHBIX
roJIOTYpPHH IPH STOM YHACTBYIOT BH € I H M e, CIIOCOOCTBYIOIME NOBRIIIEHHIO
M36UpaTeJbHOCTH 0COGEHHOCTH cpebl. 1A NepBhIX OHH CBRA3aHHI C IOBEPXHOC-
THIO 'PaHMIBI pasjejia BOAA—AHO, AJIA BTOPHX — C HOJIOCTAMM B rpyHTe. OpnHa-
KO MeXXJy SHUOeHTHHIeCKMMH H HHbayHHbIMY BHASMH B DTOM OTHOIICHUH HMe-
eTcs pasjiiuve NPMHIUIIHAJIBHOIO XapaKTepa: HepBble M C M O I b 3 Y I0 T
ecTecTBeHHbIe OCOOEHHOCTH, TOTAAa KaK BTOphble — caMiM c o3 g a 10 T ux. Ha
BTOpOil dhase (HauMHaa ¢ 3aXBaTa YaCTHI[) M3OMPATEIbHOCTh OCYIECTBIAETCS
TOJIBKO 38 cueT GYHKIMOHNPOBAHUA MOPGOIOrHYEeCKHX CTYPKTYP CAMHX XKH-
BOoTHBIX. IIpn 3TOM HMKAKOro aKTHBHOro OoTGOpPA YACTHIL HE HPOMCXOAHUT. Pe-
3yJABTHPYIOIIAA Ke U3GHPaTeJbHOCTh OKA3LIBAETCHA CJEACTBHEM (PH3MYECKHX
(B3amMogeiicTBHe NHIEAOOHIBATEABHBIX OPraHOB C MHUILEBHIMH OGHEKTAMM)
¥ ¢pu3NOTOrNYecKHX (epeBapUBaHNE M BCACHIBAHHE) MPOLECCOB.

Taknm o6pa3oM, H3GHUPATENHLHOCTh MUTAHUA B pACCMATPUBAEMOM IpyIIIe XKH-
BOTHBIX NPOABJIAETCA OTHOCHTEJBHO cjiabo. Ilo-BuaAnMOMY, OHA He TOJHHUMAETCS
Boimne 111 nopanka (nmo repmunosoruu . I;koHCcOHA, cM. 1. 4.1), T. e. BKJIIOYaeT
WCMOJB30BAHHE KOPMOBHIX YYaCTKOB. AKTMBHO OTOHPATH OINpeZieIeHHBIE KOM-
TIOHEHTHI M3 YHcJja IIPe[ICTABJCHHBIX Ha YYACTKE IOJIOTYPHUH He CIIOCOOHBI.

MN36uparespsHOCTE — 3HEpPreTHYECKH JOPOTOCTOSIIMI HPOIECC, ¥ OPraHMu3-
MEI MCIIOJIB3YIOT €T0 TOJIBKO B TOM cJiydae, eCJIU 9HepreTuyecKie BhRITOABI Ipe-
BHIIAIOT 3aTpaThl. ['oMOTypHHu-Jeno3uTOGArH JeMOHCTPHPYIOT OYeHbh 2KOHO-
MHYHEIE CIIOCcOOBI OTGOpa HamGoJjee LEHHBIX B NMHUIIEBOM OTHOIUIEHUH KOMIO-
HEHTOB M3 TOro HaGopa GeJHOro OPraHMKOM MHUIEBOrO MaTepHasia, KOTOPHIM
OHH pAaCIIOJATalOT.

5.1.4. SBJAIOTCS JIA TOJIOTYPUU «ONITHUMAJIBHBIMH IOTPEBHUTEJIAMH,. ?

OTBeTHTH Ha IOCTABJECHHHIM B 3aroJIOBKe 5TOrO pasfiejia BONPOC HEJIETKO YiKe
MIOTOMY, 4YTO TAK Ha3hIiBaeMas TeopHA onTUuMasabHOro fJoosiBanua nuiu (TOQII),
ABJAOIIAACA, KAK YacTo YKassiBaeTca (Hanpumep, Hughes, 1980), o6menpnasn-
TOH KOHIeNIiMeii, He pacnoJjaraeT B HACTOAll[ee BpeMs CHCTEMOH HOCTYJAaTOB,
O3BOJIAIOIMX OAHO3HAYHO PEIINUTh, COOTBETCTBYET JIM TpodHUeCKOoe NoBeAeHHe
KOHKPETHOTO JKHBOTHOIO 3TOH TeOpHH HIIH e npoTuBopeyur eif (Jlesns, 1990).

JIns OleHKH COOTBETCTBUA KOPMOJAOOLIBATENbHOMN JeATEIbHOCTH JKHUBOTHBIX
TOMII npexkjie Bcero HeOOX0AUMO YCTAHOBUTD, 0018 Jal0T JIM 9TH JKUBOTHEIE CIIO-
COGHOCTBIO PaH:KHPOBATh NHLIeBble 06LEKTH IO 3HEPreTHYeCKOH LeHHOCTH M
oTbupath 06 beKTH Hosee BRICOKOTIO paHra. IIpiMeHHTENBHO K MOJIOTYDHAM caMa
HOCTAHOBKA BOIIPOCA O TAKOM PAHKMDPOBAHUM HeKODPEKTHA: GyHAaMeHTAIbHAA
0CODEHHOCTh MX HHUTAHHUA COCTOMT B TOM, UTO <«HerojHble» (He obiapaiomue
MUIEeBbIM KaueCTBOM H, COOTBETCTBEHHO, He HMeIOIIHe 3HepreTHYeCcKoil eHHOoC-
TH) 4YacTHMIHI OOJHTATHO BKJIIOYAIOTCA B HX AHeTy (noApobHee cM. 1. 5.3).

Jna mynanbueBslx MUKPodaroB NpeAJoKeHa yKe YIIOMUHABIIAACA MOJEIb
OIITHMAJIBHOIO UTAHUA, COrJIACHO KOTOPO# JOJIYKHEI M36HpAaTEIbHO NOTJIOIATECA
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Menakue numessie yacTunsl (Taghon et al., 1978). Kak 6nis0 noxkasano, nuie-
BOe HOBeJeHHe I'oJIOTYPHii-1eno3uTo¢aroB He COTJIACYeTCA ¢ YIOMAHYTON MO-
Aennlo. Bojee Toro, nMeHHo HauGoJsee Maccosbie B Tponukax Holothuria atra u
H. leucospilota, a TakKe HeMBOTrOYHCJIeHHBE BUJbI CTHXOMOANA, CYMEBIIHe MPO-
ABHMHYTBLCS B ceBepHYyI0 Ilanmbury, — Apostichopus japonicus, Parastichopus
parvimensis, S. californicus — cnoco6Hb HCIIOJNb3OBATE OYeHb KPYIHBIE IIHIe-
BhI€ YaCTHUIH.

IIpeanoxeHrl 1Be KOHIENUMH, IPOTHEONOJIOMHO TPAKTYIOMIHE BJIUAHHUE KAUYe-
CTBA IMINKM HA CKOPOCTH €€ IOIJIOLIEeHUA: COrJIACHO OJHOM CKOPOCTh MHUTAHMS
HaxXoAuTCcA B o6paTHO# 38BHCMMOCTH OT KauyecTBa IMIIH, COrJIACHO BTOPOM —
B npamoit 3asucumoctu (Taghon, 1981). Ilpusesennsie B ria. 38 cseneHuns
O OMIEeBOM IIOBEAEHHH I'OJOTYPHI-Ieno3uTodaros He CorjacyioTCA HU € ONHOH
M3 YIOMAHYTHIX KoHNemiuit. KopMogoOrBaTeIbHYIO CTPATETHIO 3THX 3KHUBOT-
HBIX MOKHO OIPEeAeJHUTh KaK MoAAePsKaHHe Ha CTAGHILHOM MAKCHMAJILHO BO3-
MOJKXHOM YPOBHe 06IIlero KoJu4ecTBa MpollyCKAeMOoro Yepes KHIIeuH K IIHIeBOo-
ro matepuaya. HHEIMH CJIOBAMH, [IUILEBOE NIOBEJEHHe TOJIOTYPHI B OGILIeM WHEBA-
PHMAHTHO K K&YeCTBY (a 3HAYHUT, U K 9HEepreTH4YecKoil eHHOCTH) UCIIOAb3yeMoi
numM (pazyMeercsa, HeOGXOAHUMO YYHTRIBATE, UTO IPH HCIOJIL30BAHUHM 6oJIee Ka-
JIOpMIHOTO MaTepHasia MPH OTHOCHTEbHOM CTabHILHOCTH 061Iiero ero KoJanuue-
CTB& CyMMapHOe dHeprocoZiep:KaHue MUIH BO3pacTaeT).

IIpu BeIABIEHUH 3AKOHOMEPHOCTEH epeMeieHHUa YKHBOTHHIX OOBIYHO AHAJIHU-
SUPYIOT HaNPaBJeHHOCTD H (peXXKe) CKOPOCTh JBUIKEHHUS; OXHAKO KPHUTEpPHUH ONTH-
MaJbHOCTH 3THX ITOKa3aTeJell B pA3JIHYHBIX TPOPHUECKHX CUTYALMSIX HE BhIpa-
60TAHEI H HX KOJHUYECTBEHHOE TECTUPOBaHNe HeBo3MoyKHo. Croponrukamu TOITI
HEeOJHOKPATHO NpeJNPUHHUMANINCH TONBITKH BBISICHUTH, KaK JOJJKeH OBITh Opra-
HH30BAH MapIIPYT ¥XHUBOTHOTO, YTOOBI ONITMMU3HUPOBATD ITPOLECC JOOBIBAHUSA ITHIIIH.
Opxaxo «eAMHCTBeHHEIN equHOAYIIHEBIHN BeIBoA» (Hughes, 1980) cocTouT B TOM,
YTO HallpaBJIeHHbIe MapmpyThi 60ee adeKTHBHEI, ueM caydaiinsle. Ilonckosoe
noBejJieHue HCCJeAOBAHHBIX MHOIO BHAOB roJIOTYPHHA B OCHOBHOM COOTBETCTBO-
BAJIO MOAEIH cAy4aiHbIX nepememennii (cM. . 3.3.83), KaKoH-1u60 TeHASHIIMHA
K YHIOPAJOYEHHUIO MapIIpyTa B IpejeJiaxX MUILEBOTO NATHA OOHADYKEHO He ObLiIo.
HanpoTus, npy 3HaYNTEAHHOMH TOJIIMHE TUTATEIBHOrO CJOA HAIIpaBJIeHHUE HBH-
JKeHHUA KHBOTHBIX CTAHOBHTCA MeHee NMPEeACKA3YeMbIM, YeM MpH MUTAHNH Ha
y4yacTKax co cpelHell obecniedeHHOCThIO THieil. Ha yyacTkax ZHa, JHIIeHHBIX
ITHILEBOIO CJIoA, ABMJKEHHE UCCeA0BaHHBIX I'OJIOTYPHit ObLI0 6oJlee HANIPaBJEeH-
HBIM, YeM NPH MHTeHCUBHOM nuTaHun. Takue HanpaBJeHHbIe HOMCKOBBIE IIepe-
MeIieHHUA HIVIOKOMKHX HHOrAa TPaKTyioTca Kak ontumaabHbie (McClintock,
Lawrence, 1985), ogHaKo aTO MHeHHE 9KCIIEPHMEHTAIFHO He 0G0CHOBAHO M IIPeX-
CTaBJAETCSA BeChbMA COMHHUTEJNBHEIM,

«HeonTumMansHaf» OPraHU3alMA MAPUWIPYTOB MpH Pa3JIUYHON obeclneyeH-
HOCTH NHIeil OTMeYeHa M B JPYrHX rpynmax HIJIOKOXuX. Tak, OTKJAOHeHHe
pPeasbHHIX NapaMeTpoB NUIeAOGHBATENBHON NeATeNBHOCTH MOPCKMX eseil
Strongylocentrotus nudus ot npegycMaTPHBAEMbIX MOAENBIO DETYNAPHLIX IIe-
peMelneHnil nokasano AanoHckumu asropamu (Hayakawa, Kittaka, 1984). He-
HANPABJIEHHBbIE ABUIKEHHUA 3aPerNCTPHUPOBAHEI H Y HEKOTOPHIX BHIAOB MOPCKHX
aBesf (Paine, 1976; Campbell, 1984; Levin et al., 1987).

Taxkum 06pasoM, nponecc NUTAHUA UCCIeJOBAHHBIX IMOJIOTYPHIl He corJyiacyer-
¢ ¢ nojoKeHuAMH «obmenpuraToits TOAIIL. IIporeneHHDBIH MHOIO AHANM3 NPO-
uecca ZOOBIBAHHUA IHIM JBYMA BUAAMH MOPCKHX €)Kell M IIeCThIO BUAAMH MOD-
CKHX 3Be3J MW NpHBJeYeHHe MHOTOUMCJICHHBIX JUTEPATYPHBIX HAHHBIX TOKA-
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3bIBaeT, 4To MUTAHME IIPeACTABUTE/IeH APYTrUX IPYIIN HIJIOKOXKHX TaKxXxe cybon-
TUMAJBHO B OTHOIIEHWH 3HEPreTHYECKO# NeHHOCTH NUIeBrIX 06beKToB. Ilpen-
CTaBJIeTCH, UTO pAJX GHoJIOrHUYecKuX 0cOOeHHOCTE UIIOKOXKHUX — cJaboe pas-
BHTHE JUCTAHTHLIX PELeNTOPOB; CBOeoGpasHe NPOTEeKAHNA GHOXUMHUYECKHUX IpO-
IIECCOB B OpPraHN3Me; IPMMHATHBHOCTh H MHEPTHOCThL HEPBHO# CHCTEMBI; HaJH-
YyHe rMAPaBINYecKO# aMOyJaKkpanapHO# CHCTEMBI, OOCPEOBAHHOM K 3aTpaTamM
MBIIIIEYHO SHEePruH; cIocoGHOCTh 'MOKO afalTHPOBATHCA K HEJOCTATOYHOMY
OUTAHUIO HYJEBLIM M Jake o6pATHBIM DOCTOM; CIIOCOGHOCTHE K 9KCTpPAOPATb-
HOMY IOHINeBapeHuIo (Y MOPCKHX 3Be3X) — Bce 3TO ocJabifgeT BIUAHMe 9Hepre-
THYECKOr0 COAEpP;KAHHMSA NMIIHM HA 9BOJIONUI0 OHINEeHOOLIBATEJBHOrO INOBEJe-
HUA 9THX KHMBOTHBIX. MIVIOKOKHX B IEJOM MOXHO KBaJIN(PHIHMPOBATH KAaK
«HeCOBEepIeHHBIX KOHCYMeHTOB» (sensu Ott, 1981), onTuManbrHOCTE MHUIT[EBOH
CTpPaTeruu KOTOPBIX HPOABJIAETCA HA BKOCHCTEMHOM YDOBHe.

5.2. TPOOHYECKAA CHNEIHAJH3AIHA rOJOTYPHH

Tpoduueckasa crrenuaJIn3anys — OAHWH M3 BA’XHBIX NyTeil MoBbIeHus a¢gdex-
THBHOCTH HCHOJIL30BaHUSA MUINEBHIX PeCypcoB pasHoro Tuma. B GoapmuHcTBE
COBPEMEHHBIX KOHLENIMi TpouecKoi CrierHaTu3ayy IIMPHHA MHIEBOro CIeK-
Tpa OPraHM3MOB CBA3BIBAETCA ¢ oOHMiIMeM ucnoab3dyemoit umu numu. Hanbosns-
1iee pacnpocTPaHeHue nojay4uia runoresa P. Mak-Aprypa (MacArthur, 1972),
COrJIACHO KOTOPOM 110 Mepe YMEHbIIeHHsA JOCTYIHOCTH NMHUILIEBOr0o pecypca BO3-
pacTaetT mupuHa Tpodudeckoit Humu. TakuM o6paszoM, M3GHITOK IHUIH BeAET
K NOSABJIEHUIO TPOPHUUYECKHX CIIELHMAJNUCTOB, B YCJIOBHUAX JKe ee HEAOCTATKA Mpe-
uMyecTBa nmelor noaudaru. Ilo Mak-ApTypy, cBA3h MeKAY 0OMINEM NMHIIe-
BOroO pecypca M TpoduuecKoil crierainsanueil ¥MeeT OJHO3HAYHBIH XapaKTep,
¥ OCHOBHO# MeXaHHU3M, OlpeJeasIoUInii MUIEeBOii CIeKTP OpraHN3MOB, — KOH-
KYpPeHIHA.

ITo maean H. Crencera (Stenseth, 1981), cnenuannsanua npu H3OHITKe
IHIIH BHICOKOTO KAYECTBA BOSHMKAET U IPH OTCYTCTBMH KOHKYPEHIIHN — BAXKHO
TOJBKO, YTOOBI BpeMsA MOUCKA MUILEBBIX 00BEKTOB 66110 HeGonsmuMm. k. Faac-
cep (Glasser, 1984) moMHMO OCH OTHOCHTEJbHOTO OCHJINA pecypca (KaK B JBYX
PacCMOTpPEeHHBIX BBILIE MOJEJ/ISIX) BBeJI ellfe OAHY OCh — CTEeIleHb M3MEeHUHBOCTH
3TOro moKasareas. A crabHAbHOro pecypca XapaxkTepHEI OoOJHraTHLIE CTpa-
TeruM ero norpebieHna — obaMraTHasa cnenyanusanys (Ipy U30BITKe MHIN)
u MekdeHOTUIIHYeCKasa reHepayusanus (IIpH ee HegocTaTke). B yciaosuax He-
YCTOMYHBOCTH pecypca BO3HHUKAET CTPATETHA TPETHEro THNa — (GaKyJAbTaATHB-
Hafd, IpeAyCMaTPHBAIOIIAA [IPOABJIEeHNE XaPAKTEPHCTHK CIIEIMAJIHUCTOB WIH re-
HEpAJIMCTOB B 2aBHCHMOCTH OT OTHOCHTEJIHHOTO OOHMJIHA MHIIH.

O6mine pecypca — He eJUHCTBEHHAs MPHYWHA BHIPAOOTKH CIIEUAIU3AIHAN
WM TeHepaimnsauun nutaHusa. K umeny cymjectBeHHbIX (paKTOPOB MOTYT 6BITH
OTHECEHHI 9HepreTMYEeCKNUe NOTPEOHOCTH KOHCYMEHTa, CKOPOCTH €ro KOPMOBBIX
mepeMeleHHil, OTHOCHTEJbHbIE pasMePhI oTpebuTe A U 00beKkTa nuTanua. Ilo-
kasaHo (Steneck, 1982), uro B pasusIx rpynnax ¢ourodparos TpopuuecKkas cuenn-
ayu3anusa BO3pacTaeT CO CHHYKEHMEM dHepreTHYeCKMX MOTpebHOcTel M cKopoc-
TH ABMIKEHUA NOTpeOuTeNs npu nactibe. B To xxe BpemMa HeTpynHO yGeauTHCS,
YTO YKasaHHbIE YCJOBHA COOTBETCTBYIOT XOpOIIeH 00eCIeYeHHOCTH XHBOTHBIX
mumeii; rakuM o6pasoM, mMoATBepKAaeTCA 061aA 3aKOHOMEPHOCTh: CBA3b TPO-
duyecKoil clienManN3alUM ¢ BRICOKMM OOMJINEM HMelolleroca pecypca.
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Kaxk y:xe ormeuasioch, B CBA3M ¢ OCOGEHHOCTAMH NMHUTAHHUA rOJOTYpHI aHAa-
M3 KaK pasMepHOro, TaK H BEIeCTBEHHOro COCTABA 3ArJIaTHIBAEMEIX 3THMH
JKHBOTHHIMH O0'BEKTOB He JaeT MOJIHOI XapaKTePUCTHKH HUX CHEKTPa MUTaHHSA.
IloaTomy mna cy:xaeHusa o TpoduyecKol cnenualnsanyy B paccMaTpHBaeMoOi
rpynmne NoMMMO JAaHHHX IO COCTABY COJEP/KHMMOI0 KHIIEYHHKA Heo6XoAuMoO
NPHBJIEKATE MHGODMAIIMIO O paclpeAeieHUH M NMOBeJleHUH JKHUBOTHHIX.

AHaius COJMEepPKUMOro KHIIeYHHKa SHHOCHTHUYECKHX MpeACTaABUTeJeH
Aspidochirotida u Apodida nmokasuiBaeT, 4TO B npefesax NATHA COCTAB oT6Hpae-
MbIX PA3HEIMHM BHIAAMH YACTHI, IPUHIHIHAJRHO cxoAeH. Bojee Toro, BO MHOTHX
cay4yasax CXOJHA NHUINA JaKe OOHMTAIOUIMX COBMECTHO HpeACTABHTENEH PAa3HBIX
otpagos. HauMeHee u3MeHUMB B Ipefiesiax ceMeliCTBA COCTAB NHUIH CHHANTHL,
OJIHAKO H 3TH MOJIOTYPHH OTOHPAKOT BCe AOCTYIHbIE MHIeBhbie YaCTHUILI B MeCTax
UX OOHTAHNA; OTMEYEeHHAA OJHOPOJHOCTh — CJI€JCTBHE BHIPAYKEHHOH CTEHOTOI-
HOCTH JaHHOH rpymmsl.

IIpeacTasurenn aCINAOXUPOTH], BIIOANA K MOJBIAAVN B OAABAAONIEM GOMb-
INNHCTEBE CJy4YaeB NUTAIOTCA OCaXACHHBIM Ha ITOBEePXHOCTHU JHA NN aaxoponeH-
ubIM OB HesaBHCHMO OT ero coctaBa H cBoiicTB. [[pyroit ocHOBHO# pecypc AMC-
nepcHoro OB, npexcraBienHrlii B okeade, — B3BelleHHoe OB — ocBoeH aeHzapo-
XHPOTHAAMH; 3TH JKHBOTHBIE OOKIYHO cOOMPAIOT CYMMAPHEIN CECTOH, HE OTAABAA
npeanouYTeHUA OTAECJHBHBIM ero KoMroHeHTaM. TakuMm o6pa3oM, OCHOBHOE Ha-
npaBJieHUe UCIO0JIb30BaHHA TPoHYECKOTO pecypca roJIOTYypPHAMH — TpodHyec-
KA reHepaju3alus.

Bo Bcex oTpsisax rosotypuii mpocaexuBaeTcs INHUA, BeAyiad K HCIOJIh30-
BaHMo OB, 3axopoHeHHOro B ToJjle ocagka. Hanbosee aTa NHHNA BHIpa)KeHa
Y MOJIBHAAMUL. 3AKAIBIBAIOTCA MHOIHME alOZHMABI, HEKOTOPbIe ACHHAOXUPOTH-
OBl ¥ eJUHHYHBIE AeHApoxupoTuasl (cM. m. 2.8). S nmpuaepskuBaloch MHEHUS,
YTO aJanTaliio K HHPayHHOMY 06pa3y JKH3HM M McroJbh3oBaHuio OB u3 To-
I OCAXKA HEJIL3sI CUMTATH HACTOAINEel TpodHYecKO clenuaiusanuei, mo-
CKOJBKY M MOPGOJIOrHs KOpMOJOGHIBATEIbHBIX CTPYKTYP TAKHX BHUJAOB, H CAM
croco0 NHUTAHHUA MPMHIUIHAIBHO HEe OTJIHYAIOTCH OT TAKOBBIX SMHUOEHTHYEC-
KHX NpeACTABMTEeNEeH YKABAHHBIX OTPALOB.

OnpepnesieHHble TPYAHOCTH NPEACTABJAET PellleHNe BOIpoca 0 TOM, KaKoi U3
ABYX OCHOBHBIX THIIOB HCNOJb30BaHusa rojorypuamu OB — nenosurodarusa nin
cectoHo(parusa — Gojee cnepuanunsuposad. JI. Po6eprc (Roberts, 1982) mosaara-
€T, YTO roJIOTypHuH-fAenosutodarn — rpodHyecKHe reHepajucThl, TOrAA KaK cec-
TOHO(ArH — clielaJin3upoBaHHble rpynikl. Ilo-BiuauMoMy, Takoe MHeHUe CBA-
3aHO C pPa3sBMBAEMOM 3THM HCCJEJOBATEJIeM KOHIENIHel SBOJIOIMHNOHHON nep-
BUYHOCTH LIHTOBMIHBIX IIynaJell roJoTypuit.

B 10 e Bpems xopouio o6ocHOBaHBI AaHHBIE O 60Jiee BHICOKOM CTEeIIeHH H3-
MEHYHBOCTH ¥ HENPeACKa3yeMOCTH CeCTOHA KaK HCTOYHHUKA IHIIEeBOro MaTepHa-
Ja no cpasHeHHIO ¢ OB, cBA3aHHBIM C JOHHBIMH OCaJKaMH; II03TOMY cecToHoda-
TH, KaK IIpaBWJIO, TpoHUYECKHA MeHee CIeIHNalH3uPOBaHbI, YeM JelOo3UTOo(arn
(Levinton, 1972; Olafsson, 1986).

Ha ocHoBaHMM aHaIn3a KOMILIEKCa TPOQOJOTHYECKHX, MOPGOIOTrHIYeCKHX
¥ MaJeOHTOJOTMYeCKHX NAHHBIX A He MOTY NPHMHATh KoHuenuuio Pobeprca;
HaMPOTHB, A [10JIaral, YTO YPOBeHb TPodHYECKOH ClienuaIu3anyn acCIHAOXHPO-
THJ 3HAYHMTEJbHO Bbillle, YeM TAKOBOH ACHAPOXHUPOTHL.

Cpeau Aspidochirotida Brifensiorca npeacTaBUTeNHn ABYX IOAPOROB poja
Holothuria: Selenkothuria u Semperothuria ¢ nceBROAPeBOBUAHBIMH Iy IAJIbIA-
mu U Pearsonothuria graeffei ¢ mynansnaMyu THOUYHOIO AJIA ACIHAOXHPOTHLI
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CTpOeHHA, HO Pe3KO yBeJuIeHHbIMHU B pasmepax (Jlesun, 1980a; JleBun u Ap.,
1984). HecoMreHHO, CeJIEHKOTYPHH, CEMIIEPOTYPHUH U MUPCOHOTYPHH — CHEILH-
AJM3VPOBAHHBIE BUAB.

BoaHuKaeT BasKHBIH BOIPOC: B YCAOBHAX H3OBITKA HJIM HEJOCTATKA MHIIE-
BOrO pecypca BOSHHKJA PACCMOTpeHHAsA clienuaausanua? YraybienHoe nusyde-
HYe OMTAHNA XHUBOTHRIX PA3HOrO CHCTEMATHYECKOIO YPOBHA MOKA3BIBAET, YTO
opeacTaBiIeHEHe 06 H3OLITKe B NPUPOJe MUINH TOrO MM HHOro THIA, KaK NpaBH-
J0, oInGouyHO: NHUINM Becerga He xBataeT (IIIsapm, 1980; Muna, 1986). S noaso-
CTHIO Pa3JeJAI0 3Ty TOYKY 3PEHHA B OTHOUICHHH ACOIHJOXHPOTHUA; IO-BHAMMO-
My, B YKa3aHHOH rpynne OTCYTCTBYIOT BHABI, CIIEIHAJIH3AIHA KOTOPHIX HPOXO-
Juia B YCJIOBHAX M30LITOUHOrO MHIIEBOTO pecypca.

CorylacHO «KJIaCCHYeCKMM» mpelcTaBjleHusaM (Hanpumep, IInanka, 1981), cne-
IUATN3anMsA, yBeanunBad 3¢¢heKTUBHOCTD NOTPeOJICHHS pecypca onpelesieHHOro
THIIa, BMECTe C TeM CYy:;KaeT MUIeBoi crueKTp opranusMa. OgHaKo B IOCHeHUE
roasl Ha IEJOM pAJe Ipyni 6ecro3BOHOYHBIX M IMO3BOHOYHBIX MOKA3AHO, YTO
JadKe KpaiHAA MOPQOJOrMyYecKad clenUalIusanys NUIIefoOLIBATEIBHOTO al-
mapara He Cy»KaeT, a pacIIupaeT TpodudecKue BOSMOKHOCTH opranusma (Glasser,
1984; Muna, 1986). 910 HOJHOCTHIO CNIPABEAJNBO B OTHOIIEHHH PaccMAaTpH-
BaeMbIX rojoTypuif. Kak nmoxassisaiorT MoOM HabMIOAeHHA, CEJICHKOTYDPHH U CEM-
TIePOTYPHUH HPHUOOPESH CHOCOGHOCTD NOTPEONATH B3BEIIIEHHEIE YaCTHIHI He B 3 a-
Me H OCAXKIEHHBIX, 8 RONMOJHMUTEJbHO K HHM, HCIIOJAB3YA B 3a-
BUCHMOCTH OT YCJIOBHMHA TOT MAM MHOH cnocob. IToaToMy BelijecTBeHHBIM cOCTaB
COZIePIKUMOro MX KHIIEeYHHUKA -— OJHH M3 HauboJiee MHUPOKUX CpeaH acIULO-
xupotup (Jleeun, 19796).

Pacuiupenue TpoduuecKoro cuekTpa JeMOHCTPHPYET M MIHPCOHOTYPHUA. ITOT
BUJ{ OTMEYEeH MHOIO IPEeMMYIIIeCTBeHHO Ha ABYX THIAX YYACTKOB, PE3KO pasjinya-
OIHXCcA N0 ycaoBusaM. Ilepsrlit — oTHocHTeAbHO rayGokosopusie (20-30 M)
cyGeTpaTsl M3 KOpaJluTa ¥ KOPAaJJIOBHIX OO0JIOMKOB; B 3THUX YCJOBHUAX MOTYT
oGHUTaTh M APYTrHe BUALI FOJOTYpHil. Bropoil THI — MoljHbIe 3apOC/H KOPaljioB
Ha raybune 0,5—3 M mo BHelIHeMYy Kpalo pudoB; 34ech HUPCOHOTYPHUA NTUTAETCH
HenocpeJCTBEHHO Ha JKHBBIX KOPAJJIOBLIX KOJOHMAX, TOTAA KAK HHM OAMH APYTroii
BHMJ ToJIOTYpHIT Takoil crmocobHOCThIO He 06afaeT. PazMepHEIil cocTas 3arjaThl-
BAeMEIX B 000MX CJAYUYaAX YaCTHI[ BeCbMa CXOJeH: OYeHb MeJIKHe 3epHa, 0ObIYHO
He KpynHee 0,3 Mm. Mbl He 3HaeM, yCAOBHA KAKOro M3 IIePEYHCICHHBIX THIOB
YUYACTKOB ABJAKTCA JJIA 9TOTO BHAA 3BOJIOLMOHHO NepBHYHBIMH. OQHAKO ACHO,
YTO CHeUHaU3anus IMUPCOHOTYPHUH Ha c6ope MENKHX YACTHIL MO3BOJWIA HM
OCBOMTH IHILEBOI pecypc PASHOTHIIHBEIX MecTOOOMTAaHKI, B KOTOPBIX TaKHe dac-
TUIBI HAXOAATCA B H306MIMH.

5.3. ACIIOJBb30BAHHUE ITOJOTYPHAMH ITHHIEBBIX OB bEKTOB:
CPABHHTEJBHBIE ACHEKTH

ITuranme — CAOMKHBIIN M CTPOrO CKOOPAWHNPOBAHHBIN reHETHYECKH JIETEPMHHH-
POBaHHBIN NpOUECC, HANPABJIEHHBIE B KOHEUHOM cYeTe Ha BKJIIOYeHHe B meTabo-
JIM3M OPraHH3Ma HeoOXOAMMEIX XHMHYECKHX COeAHHEHHN U3 OKPYsKaloIei cpe-
Abl. BHellne oH HpoABJAeTCS B CUCTEeMe OPraHHU30BaHHBIX M NOCJIeAOBaTeNb-
HBIX JAelicTBHII caMOTO XMBOTHOI'O M CHENHANBHBIX NHIefOOhIBATEILHBIX Op-
raHoB, HAIIPABJICHHBLIX Ha «J0CTABKY» 00JIaJalOUX MUIEBOH IEeHHOCTHIO 06BeK-

14*
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ToB. [lna BrisicHenuAa HanboJjee o6LIIUX 3aKOHOMEPHOCTEH NOTPebIeHUsA roJIo-
TYPHAMHM MHIIEBOTO MaTepHaja HeoO6XOZHMO MONLITATHCA OHPENENINTh, B YeM
saKJIouaeTca Tpodpudeckas cunenudpuurocTh Kiaacca Holothurioidea cpegn mpo-
uynx Echinodermata.

Tunsl TUIeBRIX 00'beKTOB, HCIOJAb3YeMBX PA3HBIMM I'PYyINIaMH MIVIOKOMKHX,
M KOHKpPeTHhle cnoco0hl NHUTaHUA GeCKOHEYHO PasHooOpasHBI; TEM He MeHee
Ha OCHOBaAHUM COGCTBEHHBIX M JIUTEPATYPHBIX JAHHBIX MOXKHO HONBITATHCA BEI-
NOJHHUTE UX 0000ijeHHOe onucCAHHKe.

ITuiessle 06'beKTH MOTYT OBITH OXAPAKTEPU30BAHKEI II0 CAEAYIOIIUM mapa-
MeTpaM.

1. Tuo obrexTa: a) neaple YKHBOTHBIE M pacTeHHA; 6) YACTH JKMBOTHBIX
¥ pacTeHMil; B) YaCcTH pacTeHHi, He yJaCTBYIOI[He B MeTaboJIu3Me; T) TPYIHI JKH-
BOTHBIX ¥ OCTATKH DACTEHHI; JI) JETPHUT C ACCOIMUPOBAHHEIMM MHKPOOpPraHHu3Ma-
MH; €) HeopraHHYecKHe YACTHIBI C ACCOLMHPOBAHHBIMHE MHKPOOPTraHM3MaMH.

HNmMeerca npuHIMINANbHOE pa3jinyie B JMHAMUKe HOTPeG/IeHUA U BOCCTAHOB-
JICHHSA 3aracoB NMIEBHIX 00BEeKTOB padHbIX THNOB. IloTpebienne oObEKTOB TUIIA
a) ¥ 6) HeOCPEACTBEHHO BJIMsAET Ha COCTOAHMe ux nonyasanui. Boccranopienne
3aI1aCOB OCYIECTBJAETCH €CTECTBeHHBIM BOCH POM3BOACTBOM, Ha UTO OOBIYHO Tpe-
6yerca He MeHee rofa. IIpM MCIONL30BAHUM BEreTHPYIOUIMX YacTeil pacTeHHt
¥ YacTeil JKMBOTHEIX (0GBIYHO KOJOHUAJILHBIX) BIMAHHE NOTpeCUTENA Ha TIHIIe-
Bbie OO'bEKTEI TAK)KEe 3HAYMTEJLHO, HO 3aIIachkl BOCCTAHABJIHUBAIOTCH OBICTpee, OOBIY-
HO 3a CYeT He PasMHOJKEHH, & POCTA M PereHepPAIlUHM OTTOPTHYTHIX YacTeil; BJIM-
AHUe NOTPeGHTEeNA Ha BOCCTAHOBJICHHE 3aM1aCOB He TaK P depeHIINPOBAHO, KAK
B nepsoM caydae. A 06BEKTOB OCTANBLHBIX THUIIOB BIAWAHME NOTpeCUTENA HA
COCTOSIHME MONYJSAUMH IPOAYIEHTOB OOLIYHO HE3HAYUTEJIHHO WIH ITOJHOCTHIO
OTCYTCTBYeT; BOCCTAHOBJECHHME 3aMacoB NOTpeOUTeNieM He KOHTPOJHUPYeTCH.

2. OTHocuTeNbHEII pa3dmep oOBeKTA.

8. Crenens auckpernocTu. O6'beKT MOKET OBITh CIIOLIHBIM, HEIPEPLIBHBIM
(KPYIHBIA KOJNOHUAJBHBIA OPraHu3M, y4acTOK IOBEPXHOCTH JHA C IJICHKO#H AeT-
pHITa) WK JUCKPETHHIM (OTAEJIbHOE JKMBOTHOE, PACTEHHE).

4. CTpyxTypa BpeMeHHU, 3aTpaurBaeMoro Ha Jo6b1uy o6sekTa. Ilepnon mesxay
NOCAEJOBATEILHBIMY 3aXBATAMM MOYKHO Pa3feNTh Ha BPeMs MOUCKA OUYepegHO-
ro o6'beKTa U BpeMA HeNoCPeACTBEeHHOTO ero NoTpebieHNusA; Mo-BUAUMOMY, Hep-
BLIM Ha 9T0 o6GcToATeNbcTBO 06paTuy BHuManue H. Pamescknii (Ten, 1967).

PazHble moTpebuTe 1M NCNOJIBL3YIOT HHIIeBble OOHEKTHI fajke OQHOro THIA pas3-
JUYAIOIIUMHUCA [IpHeMaMHi, 3a4acTy10 BecbMa cnenuduunsimMu. Ilpeacrapiserca,
4yTO HauGoJlee BayKHbIe, NPUHIMIUAIBHEIE OCOOEHHOCTH MUTAHUS HIVIOKOMKUX MOTYT
6BITH ONpe/ie/IeHBI TEPMUHAMHE «MaKpo-» U «MuKpodaruas (Yonge, 1928) u npen-
JiaraeMblM MHOIO TEDMUHOM «Meradaruss. JTH HA3BAaHUA HeJb3f, K coskale-
HUIO, CUMTATH BIIOJIHE YAAYHHIMH, IOCKOJBKY OHU aKIEHTUPYIOT BHUMAHNE TOJILKO
Ha padMepe 00 bEKTOB — OJHO, U IPHUTOM He CaMOil BayKHOMH, MX XapaAKTepPUCTH-
ke. OfHAKO TeDMHMHEI ¢MaKpo-» U «MHKpPO(pAaArud» yxKe NOCTATOYHO MPOYHO
BOILJIH B TPOGOJOrMUeCKYIO JUTEPATYPY H MX 3aMeHa BPAZ JH HejecoobpasHa.
O6o6111eHHAaR XapaAKTEPHCTHKA OCHOBHBIX CIIOCOGOB HCNOJb30BAHHA OTAEJbHEI-
MU rPynmaM UIrJIoKOXKUX NUNIEeBbIX OOBEeKTOR npuBeaeHa B Tabu. 5.3.

Makpodarua — ocHOBHOM criocob MUTAHUA MHOTHX BH/JOB MOPCKHMX
3Be3fl, NPaBUJALHBIX MOPCKHUX exKeil ¥ MHOrux opuyp. Mcnoassyrores guckper-
Hbie O6BEKThl — JKHBOTHHIE WM pPacTeHHsd, MMeKlIHe cpeAHUe WIN OoJbHINe
(oTHOCHTEJILHO pasMepa XHUIIHHUKA) pasMmepsl. 1 Ha nouck, ¥ Ha moejaHue Ro-
6bIYM YXOAUT OOBOJBLHO 3HAYHUTEJbHOE BpeMA. ¥ MOPCKHX 3Be3j Iocje/Hee



Tabaana 5.3. XapakTepHCTHKA OCHOBHLIX CIOCOGOB HMCIOJIL3OBAHUSA HIJIOKOKMMH IUNIEBHX O6LEeKTOB

Tuuentie obbexTH Bpems, saTpauuBaeMoe Ha
Tona OfUH 06beKT
Crioco6 nuranus Tpynna HeNHILEeBbIX
HUIJAOKOXKHX Bo3MOMKHOCTD 06 BeKTOB
. OTHOCHTEb-
Tun Huall paswep HuckpeTHoeTs | IlogBHIKHOCTL MHAMBHAY 8IBHO- Tloncxk O6paboTra
ro or6opa
Muxkpodarus Tonorypuu A, € OueHnb HMuckpernnie HenoapurkHbie HesoamoxeH OueHb OueHb OueHb
Hexnimbie MeJIKHe » » Gonb was Majoe Majioe
MOPCKHe 3Be3/ bl (y aenoaurodarop) (coBMemIeHbI)
HenpasuanHble To xe » » Orpannues Manas » »
MOpPCKHE eXH (y cecroHodaron)
Oduypsl » » » » » » »
Mopckue auanun » » » » » » »
Maxpodarna XuinHble a,6,8,1 Kpynubie [{uckpernnie IloaBuKHBIE Boamoxken Mauo Boabimoe Bonbmuioe
MOpCKHEe 3Pe3/(bl Cpegnue HenoasuxHrie ' Cpeatee CpeaHee
IIpaBuAbHBIE » » » » » » »
MOPCKHE e3KH -
Oduypnl » » N » » » »
Meragarua XumHbie a,6,a OueHb Cnnomnbie Hemoppusxunie HepoaMoxeH Mano Her Ouesib
MOPCKHE 3Pe3hl KpynHbIe Gosbuioe
Cpeanune  J{ucKpeTHbIe » » } » » To xe
IpaBunabuble Quensb Cnnomnele Henoapusxnpie HebosMoxkeH Mano Her OyeHb
MOPCKHe exXH KpyHHble Goanblnoe

* 3HageHMA THIIOB NHINEPLIX 06LEKTOB CM. B TEKCTe.
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06CTOATENBLCTBO ONPEENAETCA TPYAHOCTHIO IPEOJOJEHUA COIPOTHBICHNA K IJIH-
TEeJBbHOCTHIO NEepeBaAPHUBAHUA KPYHHOH AOOBIYHM, ¥ MOPCKHX exell — HeboJb-
MM 00'beMOM ¢OTKYCHIBAeMOM» NOpIHMH NHINK. BakHasg oTauuuTensHAas 0CO-
GeHHOCTh 3TOro crocoba — HHAUBUAyaAXbHaA 06paboTKa mHMIeBEIX 06'BEKTOB,
KOTOpad ZjeJlaeT NOTEeHIMANBHO BO3MOXCHOM OLIEHKY MX KadecTBa, IO3TOMY HOJIA
HeCc'helo0HBIX 06'bEKTOB B PAIlIOHE HEBeJIHKA.

Merad ar ua HabmoJaercs y MOPCKHX 3Be3J M NPABMJIbHEIX MOPCKHX
esKeil, CMOCOOHBIX MUTATHCA HE TOJIBKO OPraHu3MaMH, PasMepbl KOTOPLIX COM3Me-
PHMBI ¢ MX cOGCTBeHHRIMHI pa3MepaMi, HO ¥ 3HAYUTEJIbHO 6oJlee KpYIHBIMH OOBEK-
TaMH — KOJIOHHAJILHBMH }KHBOTHEIMH, CIUIOLIHEIMH IIOCEJIeHUAMM OJHOpasMep-
HBIX OAMHOYHBIX JKMBOTHBIX, M3BECTKOBBIMH BOJOPOCAAMHK M Ap. Peanusaunus
MHUTaHUA STOrO THUIIA Y MOPCKHX 3Be3J ¥ MOPCKHX €KeH CyIlecTBeHHO pasjiyya-
eTca. ¥ IepBBIX OHO OCYIIECTBJIAETCA ¢ MCHOJb30BAHUEM CIEIHAJIHLHOIO CIIOCO-
6a — 3KCTpPaOpASILHOIO IHINEeBapeHHs, Y BTOPBIX CIIOCOOBI NCIIO/IL30BAHUA MAK-
Po- ¥ MeramMuiN OAWHAKOBHI.

O61mit 1 HauBGoJiee BaXKHBIA NpusHak Meradarnu, HPOABJISIOMMICA y 00enx
rpynin, — HEeBO3MOKHOCTh MHIMBHAYAJILHOTO Da3jIHYeHuss ¥ 06paGoTKH OTAE/b-
HBIX OGBEKTOB WM MX KOMNOOHEHTOB. B sToM Meradarust NpUMHIHIIKATIBHO CXOJ-
Ha ¢ Mukpodarueit (cm. Hivke). BecbMa xapakTepHa CTPYKTYpa BpeMEHH MEYKIY
3aXBATAMM: Ha MOMCK Ka)KJOrO OTAEJbHOro O0/beKTa BpeMs Booblle He TpaTuTed,
HO MPOJOJLKHTENLHOCTH OOpaboTKH MHIIH, KAK NPABIJIO, BeChbMa 3HAUMTE/IbHA.

Mukxpodarma — cnocob nnraHHA MEJIKHUMH YACTHIAMH, 3aXBAThi Ba-
eMBIMH COBMECTHO, 6e3 MHAMBHIAYaJbHOl 00pabOTKM KaKIOro KOMIIOHEHTAa
(Taghon, 1981). EcrecTBeHHO, B 3TOM cjiy4yae B KHIIeYHHUK MoIafaeT H 3HAYH-
TeabHOe (MHOI'ZJa — Ipeobaagaloniee) KOJNYECTBO YACTHII, He MMEIOLIUX THIe-
BoH neHHocTH. CTpOoruMu MuKpodaraMu ABAAIOTCA FOJOTYPHH (KAK CECTOHO-,
Tak M feno3uTtodaru), MOPCKHe JHINH, HeIPABIIbHBIE MOPCKHE €XH, HEKOTO-
phle MopcKue 3Be3abl M opuypsl. Bpemsa moucka M 3axBaTa KaXXAoro obbekTa
npeHeOpe;KMMO MaJo, IIPU 3TOM IONCK M o6paboTKa COBepHIAIOTCA OJHOBpe-
meHHO (Hughes, 1980).

Hau6Gosee TpoduueckH reHepaTIH3OBAHHEBIN KJIacc — MODPCKHe 3Be3Ibl; OHH
CyMeJIM OCBOUTb, XOTA U B paanoﬁ CTEelNeHN, NIPaKTHYEeCKH BCe THIIBI ITHILEeBBIX
pecypcoB, MMEKIIUXCA Ha MOPCKOM AHe. IIpu aToM 0CO6€HHO HHTEHCHBHO 3BE3-
OBl HCIIOJIB3YIOT dHepreTHYeCKH Haubojee BHIMTPHIIIHBIA pecypc — 300MaKpo-
6entoc. BripaboTKa 9KCTPAOPATBHOTO UIIIEBAPEHNA TIO3BOJMIA UM BKJIOUYUTD
B PAIlHOH OO'b€KTHI, COBEPIIIEHHO HeZIOCTYIIHbIE AJA APYTHX MOPCKHX OPraHH3MOB,
B TOM YHCJe M 1A NpeAcTaBUTeJeil BTOPOro Mo YPOBHIO TPOoQHYECKOH reHepa-
JU3aUMH KJacca MIJIOKOMKHX — odnyp. OueHs HIMPOKO MeHepaTHM30BAHO U MHTA-
HHe MOPCKHX exXeil, HO 3jiech HanboJiee aKTHBHO HMCIIOJb3yeTCH PaCTUTENbHbBIN
pecypc.

ITo cpaBHEHMIO C 3THMH TpPeMsA TPYNNAaMHM I'OJIOTYPHH, CIIOCOGHBIE NCIIOIB30-
BaTh ToJbKO OB, B3BellleHHOe B HAJIOHHOM Bojle, OCAKACHHOe Ha IIOBEPXHOCTH
HJIM 3aXOPOHEHHOE B ToJIIIle I'PYHTA, — Y3KO CHEeIMAJIM3MPOBAHHAA IPyIa. Y UH-
THIBAA BHICOKOE BHIOBOE Pa3Hoo0pasue roJIoTypuii, nx obuiane u GoJblIne pasme-
PbI, MOJXKHO TOJIHKO VAUBAATHCH, HACKOJBKO 3pGEeKTHBHO 3TH JKHBOTHBIE OCBOMJIH
CTOJIb DHEePreTHUYECKH HeBBITOAHKIN THN pecypca. Y HakoHen, Hanbonee cnenua-
JH3HPOBAHO MHTAHHE MOPCKHX JHIHI — 3TH JXHUBOTHbIe NOTPEOIAIOT TOJABKO
B3BEIIEHHYIO OpraHuKy.

C yueToM OTMeYeHHOI pasHHMILI B o0'beMe pacCMATPHBAEMLIX NOHATHH B
NpuMeHeHuH K pasHbIM KjaaccaM Echinodermata MoxxHO KoHCTATHPOBATB, YTO
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BeJyIiee HaNpaBJleHye UCIOAb30BAHMA UIJIOKORMMH NHILEBOTO pecypea — Tpo-
dbuyeckas re"epanusanusa. Mriokosxkue JeMoHCTpHMpPyIOT GoraThiii pemepryap
KOHKPEeTHBIX cIOocOo00B noTpebiieHuAa pasHOooOpas3HOi mHIH, HO BCe 3TO B OC-
HOBHOM ¢BapMaNuM Ha OAHY TeMys. CHenMaJN3MPOBAHHLIX BHJOB B 3TOM THIIe
HEMHOTO, HX 9KOJOrHYeCKadA CHenHaln3alid OTHOCHTEJFHO HEerJyGoKa Hu, 4To
elje BasXHee, He CONPOBOXKAAETCA CKOJb-HUOYZP cyuiecTBeHHOH MopdoJoru-
vecKoM. JTo ellle pas HOATBEPKAAET MPAaBWIBHOCTD XaPDAKTEPUCTHKH, NaHHOM
uraoxko:kuM B. H. Bexnemuinesmm (1964, c. 393): «...MBI BHAMM HeHcCuepma-
eMble nNpeo6pa3oBaHHUA, HelIPePhIBHYIO IepecTPoilKy, rpoMagHOe pasHooGpasue
HAIPABJCHMI Pa3BUTHUA M IOYTH LOJHOE OTCYTCTBHME HpOrpeccas.

B nesioM HIJIOKOMXHX MOJKHO XapaKTePH30BaTh KAK rpynny, YCIEIIHO 3a-
XBATHBILYIO M YAEP)KHMBAKIIYI0 TPpodHUUYeCKHe HUIIKM ¢ MOIIHBIM M YCTOHYH-
BHIM IPMTOKOM 3HEPruH; OHM OCBOUJIM NPAKTHUUECKM BCe BHIHI OPraHMYecKo-
ro BellecTBa, IPHUCYTCTBYIOIIHE HA MOPDCKOM AHEe. ['0JIOTYpPHAM HPHHAIIEKHT
BeAYIIAA CPeAH HMIJIOKOKMX POJb B HOTPeOJIeHMH OAHOTO M3 Hambojee cTa-
OHALHBIX SHEPreTHYECKHUX MCTOYHUKOB y I'PAHMIH BOJS—AHO -— B3BelIeHHO-
ro, OCakKJieHHOTO H 3aXOPOHEeHHOro OPraHH4YecKoro MarepHaa.



I'rasa 6. BHOADDPEPEHITMOHHAA H CPEJOOBPA3YIOMIAS
JEATEJBLHOCTh MEJIKOBOJHLIX T'OJIOTYPHH

Oznna n3 Baskaefimux GyBEKIUi JKHBRIX OPraHU3MOB B 6Hocdepe — cpesoobpasy-
0IIas, BHIPaXKalomascs B HeIIOCPeACTBeHHOM BO3AEHCTBHH UX KH3HEAEATeNbHO-
CTH, ¥ IpesKAe BCero MUTAHUA, Ha GMINKO-XMMHUYeCKHe TapaMeTpsl cpeasl. OcHo-
BOIIOJIATAIOIIYIO POJb B NOHMMAHHM MACIITA60B TAKOI'O BO3JleMCTBHA CHIrpaJsa
pa6ora Y. lapBuna o po:xaeBbIx depBAx (1881), a coBpeMeHHAA KOHIEIIIUA
6uocdepHOl poIM KUBHIX OpraHM3MoB BripabGotana B 30-x romax B. K. Bep-
HajacKuM (1954-1960).

Cam daxKT BO3AEHCTBHMSA JKMBHIX OPraHU3MOB HA CpeAy OOMTAHHS B HACTOS-
Iitee BpeMs oOLIeNpU3HAH, OJHAKO OleHKA CPpeloobpa3yiolei pojJIu KORKPEeTHBIX
OPraHM3MOB B KOHKPETHBIX 9KOCHCTEMaX — BOIPOC YPE3BHIYANHON CIO/KHOCTH.
OH BIJIOTHYIO CMBIKAETCA C OAHOI 13 HanboJee 3HAYUTEJBHBIX H B TO JKe BpeMs
HaMMeHee paspaboTaHHBIX B 3KOJOrHH MPo6ieM — ONEeHKON «BaXHOCTU» BUAA
B coobectee (Hulbert, 1971).

Tlonyunpuiuii B HacToOsMIIIee BpeMsA B FHAPOGHOJIONMH IIMPOKOE PACIIPOCTPAHEHUE
npoaykmuorHBIH nogxox (Davis, 1963; Crisp, 1975; Greze, 1978; Buubepr, 1983)
He TIO3BOJIAET BO MHOTHX CIAYYAAX JAXKe OPHEHTHPOBOYHO OUEHHTD SKOJIOTHUECKYIO
PoJib B COODIIIECTBe TOTO JIM MHOIO opranu3Ma. B nepsyio ouepeab 3TO KacaeTcs
KPYIHHIX TOABIIKHBIX NpeAcTapuTeneit 6eHToca. UX BINAHMe Ha MOIHOCTL M Ha-
npaBJieHHe HOTOKOB 3HEPTHHU B 9KOCHCTEMAaX SHAUYMTEJIBHO CYLIeCTBeHHEe, YeM MOK-
HO OJKMAATH UCXOJA U3 3HepreTHueckoro 6amanca (The ecology..., 1981).

B nocneanue rogel Bee 60JIbIIee BHUMaHUe YAAAETCA YUYACTHIO JKUBEIX Opra-
HU3MOB B 6uoauddepeHIMAINE 0CaJOUHOTO BeIIeCTBa, OA KOTOPOil MOHMMAIOT-
CA «...BCe BUABI AeATeJbHOCTH GHOca, HAXOAAMINE OTPasKeHHe B KOJMYECTBeH-
HOM pacIpefe/ieHNH, MUHEPAJBHOM, XHUMHYECKOM M M30TOITHOM COCTaBe JOHHBIX
ocagkoB» (Jlucunuia, 1986, c. 53). B HacTosiiee BpeMa MOKHO CUHTATh YCTA-
HOBJICHHOM KOJIOCCAJIBHYIO POJIb HaceJleHUA OKeaHOB, KaK IUIAHKTOHA, TaK ¥ OeH-
Toca, B Hponeccax ceaumentanun (Buoreoxumus okeana, 1983; Jlucuisia, 1986;
Kyasuenos, Caraiigaunsiit, 1987). [earenrHoe yyactie B QyHKIHOHHPOBAHHHU
6uoanddepeHIMOHHON cucTeMbl GEHTOCA, TIOJyYalOIel B NpubpekHON! 30He HaN-
6oJiblliee pa3BATHE, IPUHUMAIOT I'OJIOTYPHH.

6.1. OCHOBHHIE BHAJb!I BO3JAENCTBHS HA JIOHHBIE OCAJKH

Momnroe MoguduIMpyOLIee Bo3geiicTBHe GeHTOCA MPOABAACTCA KaK Ha MATKHX,
TAK M Ha TBepPABIX I'PYHTaX, HO B MOAABJANIOINENl Macce NOCBAIIEHHBIX 3TOM
npo6iieMe nyGIHKanuil paccMaTpHUBAIOTCA TOJIBKO PhIXJble ocagku. K coxaire-
HHIO, CKOJIb-HUOY b MOJMHAA KiIaccuduKanua THIOB cpefoobpasyomeit gearesib-
HoCTH OeHTOCa He pa3paboTaHa, ¥ B MHOMOYNCJIEeHHBIX padoTax BHUMaHHE yAeJA-
eTcs B OCHOBHOM uUaciHBIM acreKtaM aToil mpobiaemst (Powell, 1977; Aller,
1982; Rhoads, Boyer, 1982; Probert, 1984; Akhmetieva, 1987).



Ilepemewsennue nuujes020 Mamepuara 221

PaccMaTpuBas MexaHHYeCKOe BO3eHcTBHe AeTpUTO(ATOB Ha JOHHBIE OCAAKH,
M. H. Coxonosa (19866) Bhijeaser cheAyioljHe TUIE TAKOTO BO3JeHCTBHA:
HapylieHue PoBHOM noBepxXHOCTH AHA (dheKaJbHbIe MIHYPhI, GOPO3JHI, HOPHI); Ne-
pepaclipeaesieHre JYacTHIL OCALKa; pasphbixJeHHe IOBEPXHOCTHOTO CJOA HYTeM
o6pasoBaHuA peKkaJlbHBIX KOMOYKOB ¥ ncepaodekanunit. B pa6ore I'. A. Tapaco-
Ba ¢ coaBropaMu (1979) ykasansl Takue GOpMEI Bo3AeHcTBHA: NIpeobpasyoliee
M 9PO3HOHHOe; OModpHKcanua; TpaHCHOPTHPOBAHNE KAMEHHOIO MaTepnaja BoJo-
pocnaMu; HaKomaeHue GHoreHHoro KapbouaTHoro marepuaia. J{OBOJIBHO HHTEH-
CHBHO HCCJIEAYIOTCA CJIeibl, OCTaBJsjieMble HA MOBEPXHOCTH M B TOJIle ocaaka
PasaUYHBIMU KUBOTHHIMH (Banos u ap., 1976, 1977; Peitnex, Cunrx, 1981;
Seitboar, Beprep, 1984).

K uucay nanbGoiiee MOJHBIX M B TO K€ BpeMA NPOAYMAHHBIX CXE€M MOKHO
orHectn Kaaccubpurauuwo Y. Taepa (Thayer, 1983). 3tor aBTOp BHIAEAACT CJHE-
ayioutne ¢opMbl BO3KeHCTBHUA Ha OCAJOK: IlepeMellleHHe YacTHI| ocajKa, obyc-
JIOBREHHOE ABHIKEHHEM KHMBOTHHIX (pasjMuHble rPyNnisl 6eHToca); 3arjaTsiBa-
HHe U JedeKal s YacTHI, ocafika (TOJHKO Jemo3uTodaru, 1o olnpeAesieHHI0);
BHIJleJieHHe TicerAoderanunil (Aenosurodarn); 6uoocaKeHne, BKIOUYAIOLIEe Bbije-
nenne dpekanuit u ncepgoderanunit (ToasKo cecToroGAard, o onpeZieJIeHu); ouo-
THYECKOe pecycHmeHauposaHue (IJIaBHBIM o6pa3om pemosurodaru); dbaynausa-
nua (penosuTodaru U, BOSMOJKHO, APYTHE HOABH/KHBIE YKUBOTHEIE).

Bouasioe yueao paboT MOCBAIEHO HCCAEROBAHMIO BIHAHUA OeHTOCAa Ha (H-
3auUecKue ¥ XuMMUYecKue cBolicTea ocaaros (Rowe, 1974; Aller, 1982; Matisoff,
1982; Richardson, 1983; Krantzberg, 1985; Meadows, Tait, 1985; Meadows,
1986; Meadows, Tufail, 1986). PaccmaTpuBsaioTcs MpeMMyLI€CTBEHHO TaKHe Xa-
PAKTEPUCTHKH, KAK pa3Mep YacTull, COPTHPOBKA, TEKCTYPa, MJIOTHOCTb, RIAXKHOCTD,
MPOHHULIAEMOCTh, IPOYHOCTHBIE CBOMCTBA.

MoxHO BEIAEANUTH UCCAENOBAHMUA, Kacaloluifeca CIenHaibHOro aceKra aToi
npo6iemMbl — Bo3feicTBUA GenToCca HAa ceAUMEHTALMIO, 9PO3HOHHEIE CBOMCTBA,
crabuasHoCcTs ocazgka (Sanders, 1958; Rhoads, Young, 1970; Jumars et al.,
1981; Nowell et al., 1981; Yingst, Aller, 1982; Grant, 1983; Jumars, Nowell,
1984; Probert, 1984; Taghon et al., 1984; Luckenbach, 1986; Syvitski et al.,
1987). B HUX aHaJN3HUPYIOTCS IPOMECCH], IOBLIIIAION[HE ¥ TOHMKAIOIHE afTe-
U0 YACTHIL OCAKA U USMEHAIOIIHEe THAPOJNHAMUYECKHE CBONCTRA ero mosepx-
HocTH. K TakMM nmponeccaM OTHOCHTCA NPHUKH3HEHHOE BhIEJEHHE YKHBOTHHIMH
CJH3H, CIIOCODCTBYIOLIEH arjJoMepanid MHHEePAJbHBIX YaCTHI[; IOCTYIJIeHHe de-
KaJbHOTO MaTepHaJia, 06pasyoniero BLICOKOMOPUCTHIE TEKCTYPhl; CTPOHUTENBCTBO
TPYyOOK, 06pasoBanyie BOPOHOK, XOJMHKOB, KAHABOK M AD., H3MEHAIOMINX MUKPO-
Tonorpaduio AHA ¥ YREJIHYUBAIOUIUX €0 «IepOX0OBATOCTE U GUINUYECKYIO TI0-
BEPXHOCTH. TH MPOUECCH B OJHUX YCIOBUAX NPHUBOIAT K MOBBIIEHUIO KPUTH-
YeCKO# CABUraloileil CKOPOCTH NOTOKA HaJl IOBEPXHOCTHIO OcajiKa (K ero crabu-
JIMBAINH), B APYTHX — K CHHKEHMIO 3TOH CKOPOCTH (K JecTabHIM3alliy OCagKa).

Huxe paccmaTpuBalTea ABa aCTIEKTa TPohHYECKOTO BO3AEHCTENA METKOBOJ-
HBIX TOJIOTYPHUIl Ha JOHHBIE OCAJKM, IPEJCTABASIOIUXCA HANOO0/Iee SHAYMMBIMHU:
nepeMelleHHe 0caJKa 1 U3MEHEHMe ero (PH3HYECKUX H THAPOAMHAMITYECKHX CBOMCTB.

6.2. IEPEMEIIEHHE INUIIEBOTO MATEPHAJIA
Croenuduueckada Tpopuyeckad GyHKIMA roJOTyPHi KAK KOHCYMEHTOB COCTOUT

B norpebaennun OB U3 JOHHBIX OCAAKOB M NPHJEKAIHX CJ0€B Boaul. OQHAKO
OMTAHUE 3THX JXUBOTHHIX NIPHBOJUT, MOMHUMO CHHXeHHA cogepxkanus OB y rpa-
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HUIEI pasfea BoJa—AHO, K IepeMelleHII0 OrPOMHBIX MACC OCAZOYHOIO MATEpH-
ana. XapakTep TAKOro epeMelieHNA HeMOCPEeACTBEHHO onpeAesercs ocobeHHo-
CTAMH KOPMOAOOK BATENbHOI eATeJbHOCTH OTAEJAbHBIX TPy IOJOTYPHIL.

IIpu TpodpuyeckoM KaaccnPUIUPOBAHNH JOHRHX rHApo6uonTOB (Blegvad,
1914; Hunt, 1925; Yonge, 1928; 3epHos, 1949; Typnaena, 1948, 1954; Cokouo-
Ba, 1958, 1986a; CaBuaos, 1957, 1961; Jorgensen, 1966; Newell, 1970; Kysne-
nos, 1980; Inxon-Jlykanuna, 1987 u ap.) 3a ocHOBaHMe AeJeHNs OOLIYHO IPH-
HUMAIOT HCTOYHHK OHIH; TOJOTYPHil COTIACHO TAKHM KJIACCHPHKALMAM Xa-
PaKTEepH3YIOT KaK CeCTOHO- H gerpurTodaros. OgrAKO ANA OUEBKH GHONEHOTH-
yecKoil poau rojoTypuit ycranosneHne Tojabko ucrounnka OB (peTpur, cecron,
¥ Ap.) HegocTaroyHo. B sHaunTensHOIT cTeneHH cpejoobpasy0mas poab 3THX
SKMBOTHBIX OIIPEeIACTCS MX GHOMOrMYECKMH OCODEHHOCTAMH — 0GpA3OM KU3HH,
NOJABHIKHOCTHIO, XapaKTepoM Bhijesenus pexkanui (cMm. u. 2.3).

B ouens nmpoxgymanunoit knaccupuranuu K. Yoxepa u P. Bambaua (Walker,
Bambach, 1974) caesian BecbMa BasKHBII IIar: pasfieIbHO pacCMaTpPHUBAIOTCA 30HA
OOMTAHMA M 30HA DUTAHUA XUBOTHHIX. OHAKO B Hell orcyTeTRYeT MEGOPMALUA
0 HaIpaBJIEHNHM NepeMellieHsA noTpebasemMoro Mmarepuasia. B Hempamoit dbopme Ta-
Kas undopMaius cojep:kutes B kiaaccuburamuu 1. Poyasa (Rhoads, 1974), pasge-
JIMBIIEro Aeno3uTodaros Ha TPH rpyMbl: MHTAIOLIUXCS HA NoBepXHOCTH [surface
feeders], xouseiiepusix [conveyor—belt feeders] m Boponkocrposamux [funnel
feeders]; ara cxema 6b1y1a npuMeneHa U K nuTaHKIo roorypuii (Powell, 1977).

Y. Taep (Thayer, 1988), ucnoassysa xKaaccupuranuio Poyasa v gaHHuIe
IToBenna (op. cit.), yKe coBeplIeHHO ONPeleJIEHHO XapaKTepuiyeT 3TH HA-
npaBJeHuA: Y KOHBelepHEIX — 3axXBaT NWIM Ha rIyOuHe ocajka, Aeperanusn
HA ero MOBEPXHOCTH; ¥ BOPOHKOCTPOAIUX — 38XBAT ONYCTHBIIEroCcs B BO-
POHKY HNOBEPXHOCTHOTO ocajika, fedeKanus — B TOJIIe ocaJKa M Ha ero mo-
BepxHocTH. JlaHHAA cXeMa, HeCMOTPSA HA ee NPUHIUNHATbHEIE JOCTOMHCTEA,
HejocTaToyHO nonHa. OHa He OTPasKaeT HEKOTOPHIX OYeHb BAXKHBIX JJA OLEHKH
cpefoo6pasyoiero BosgeicTBuA TpohHUIeCKNX XapaKTepPHCTHK roJIOTypHit (cM.
Tabn. 2.1); ecrecTBeHHO, B Hee He BKJIIOUEH BIepPBbIe BhIJeJeHHbIH MHOKO TYH-
HeJdbHBIM TN nuraHMsa. M Hakosen, B cxeme Taepa paccMOTpPeHB TOJABKO
TOJIOTYPHH-AenOo3UTOdAarn.

B npuBeseHHOl HIKe U mpecTaBJIeHHON Ha pHc. 6.1 cxeme Tparcnopra mu-
UIeBOr0 MATEPHAJA TOJIOTYPHAMH B KAUYECTBE OCHOBHHIX KJIACCHPHKAIMOHHLIX

Puc. 6.1. CxeMa TpaHcmopTa NHIUEBOro MaTepHaia B Ipoliecce IIHTa-
HUA rosoTypuil

NIPH3HAKOB IPUHATH JOKAIM3aua ycrnonasdyemoro OB, HanpaBiesye TpaHCNIOPTA
NAIIEeBBIX YACTHI, 30HA OGHTAHMA JKHBOTHBIX, XapaKTep BbLAe/IAeMbIX (peKaunil.

Knaccuduranysa rojorypuil no npeUMyImecTBeHHOMY HAIMPABJIEHUIO TPAHC-
TOPTa HHIEBOTO MATEPUAJA TAKOBA.

A. OB nmoxkanusyercs Ha rpaHULE pasdfesia BoJa—HHO.
Toasvko sunbenrudeckne BuaLl. IInmersoil MaTepnan nepeMelnaercsa
B I'OPH3OHTAJBHON HNJOCKOCTH M OTKJaJAbIBaeTcid HA MOBEPXHOCTH
cyGerpara B Bute odopMreRHbIx dexanuit.
Bce Stichopodidae, 6oasminacTso o ceM. Holothuriidae

B. OB soxkanuayerca Ha HOBEePXHOCTH OCAAKA A0 IIYOOKOJIeKAUX CJIOEB.
ToJIbKO 3aKANBIBAIOIIHECA BB
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Bl. IInmesoit MmaTepuaa nepeMemaeTca u3 IMTyOOKHMX CJIO€B OCAAKA K €ro 1o-
BEepXHOCTH M OTKJAaZAhIBaeTCA 3Jech B BUAe obopPMIEHHHX deKaklnii.
He6oabmoe uncao sunos ceM. Holothuriidae u Cucumariidae (Bos-
MOJKHO, GaKyJETATHBHO)
B2. ITnimgesoii MaTepHaJ mepeMelLaeTCs U3 IVIyGOKHX CJIOEB 0CaZKa K ero mosep-
XHOCTHM M B cocTaBe HeopopMIIeHHHIX GeKaNuil mocTynaeT B HaAROHHEIN cJoit
BOAB MM (H) OCasKZaeTcsa Ha NOBePXHOCTH AHA.
Bce Molpadiida
B3. ITuumeBoil MaTepuas nepeMemaeTcs B TOJIIE OCAJAKa B MOPH3OHTAJLHOM
IJIOCKOCTHM M OTKJIAJALIBAETCHA B cocTaBe HeohOPMICHHHX dheKaiuii B ropHu3oH-
TaJbHBIX HOpAaX.
Scoliodotella lindbergi, Bo3MOXKHO, APYrue 3aKAaINbIBAIOLIVECH
Chiridotidae
B4. ITumieBoii MaTepuas 3axXBaThIBaeTCAd Ha Pa3HLIX F'OPH3OHTAX OCAJKAa, Hepe-
MeljaeTcs IO BePTHKAJH B PAa3HbIe TOPH3OHTHI M OTKJALBIBAETCA B COCTABE
HeoopMJIeHHBIX PeKaJHid Ha NOBEPXHOCTh OCcaZlKa B (PeKalbHbIe KOHYCH MJIH
B TOJIHE OCAaJKa B BEePTUKAJBHBIX H FOPH30HTAJBHBIX HOpaX.
Leptosynapta tenuis, L. galliennei, no-suguMoMy, Apyrue 3aKairsl-
Baomuecs Synaptidae
B. OB nokannsyerca B HaJJIOHHOM CJiO€ BOJABI.
OuubeHTHUECKHE H 3aKANIBIBAIOILMeCA BUABI
B1. ITnmeroit MaTepuas OTKAaALIBAETCA HA MNOBEPXHOCThL JHA B BHJE HeopopM-
JeHHbIX deranmii.
B1.1. SuubeHTHYECKHE FOJOTYPHH.
Muorue Buapt cem. Cucumariidae (8 Tom uucie Becs pog Cucumaria)
u Phyllophoridae
B1.2. 3akansiBaiouiiecs roJOTypaH.
Msuorue sugsi ceMm. Cucumariidae n Phyllophoridae
B2. IInmeBoii MaTepHuaJs NOCTyIaeT B HAAAOHHBIH cJ0#l BOABI B BHRe HeodopM-
JICHHBIX PpeKauil, B HEKOTOPHIX CAYYaAX MOAHMUMAETCA K MOBEPXHOCTH BOAHI.
B2.1. SdunbeHTHYeCKHE TOJOTYPHH.
Hexoropsie Bugsl otp. Dendrochirotida
B2.2. 3akansiBaiommecs roJOTypHu.
Neopentadactyla mixta, BosmosxHo gpyrue Bugsl orp. Dendrochiro-
tida

KosmyecTBo npomycKaeMoro yepes KHIIeYHHUK FOJIOTYpPHIl MaTepuasia 3aBUCHT
OT MHOKecTBa (PaKTOPOB: pasMepa JKUBOTHHIX, XapaKTepa ocajKka, TeMIepaTyphl
BOAKI M MHOrHX Apyrux. KpoMe Toro, pesyJsTarsl BO MHOTOM OIpeNeNAIoTCA
HMCIOJBE3YEeMOH METOANKOM OoIpe/ie/IeHHUA BpeMEHHM HAXOMXIECHUA NTHINHA B KHIIIeY-
HuKe. IloaToMy HeyAMBHUTENLHO, UTO HHPOPMAIHA O BPeMEHH IlepeBapHBaHMUA
MM fasKe TAKUM XOPOIIIO K3YYeHHBIM BHJAOM I'oJIOTYPHii, KaK AajJlbHEBOCTOY-
HBII TpenaHr, NpoTHBopeYnBa. TaK, yKasbIBaeTCA, YTO BpeMA NpeOnIBaAHUSA B KH-
LIeYHHUKe TpenaHra ouinu cocrapiaser 30 4 (Tanaka, 1958), 21 u (Choe, 1963),
12 4 (Isono, 1925), 24 u (Yamanouchi, 1929). ns Holothuria leucospilota ato
Bpems onpegesieno B 18 u (Ong Che, 1990).

OpHako BpeMa npeShIBaHMSA NHIK B KMIIEYHWKeE Nocje NpeKpanieHns nnura-
HHUSA AAJIeKO He Bceraa COOTBETCTBYET BpeMeHM HUILeBapeHnua. Boyee aocroBep-
HBIE Pe3YJABTATEL A8eT PAMOoe ollpe/ieJileHre CKOPOCTH MPOXOKACHUSA MUINH Hepes
KHImMeYHUK. U3MepeHNs o6'beMa COREPIKUMOro KHIIeYHUKA JaTbHEBOCTOYHOTO
TPemaHra ¥ 4aCOBOTO 06'heMa BhIJeJIEHHKIX deKanuil nokasaiu (cMm. raba. 3.8),
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YTO NPOACIIKHUTEIBHOCTS IepeBapUBAHMA ITHII{HM Y 3TOTO BH/A 3HAYMTEJILHO HIIKE,
YyeM yKAas3aHoO B JINTepaType, H cocTaBaser 2-3,5 4. B rex ke yciaoBuax npamMoi
MeToZ (IO CKOPOCTH NPOXOXKACHHUS OKPAIIEHHOIO IEeCKa) NaJl BeJIMYMUHY OKOJIO
2 u. [TosToMy npuBOAMMBIE B JIMTEPATYPE OTPLIBOYHBIE JAHHLIC O BpPEMEHH Iepe-
BAPUBAHHMA NKIHA Y IM'OJOTYPHH CKOpee BCEero 3aBhIIIEHHI.

AKTHBHee HJeT npolecc nepesapuBanus y anoaun. Tak, y Euapta lappa spe-
MA OPOXOXKAEHHA mHiM coctaBiasger 0,5—1 u (Hammond, 1982a). Ilpn npaMeix
HabmogeEnAx 3a Scoliodotella lindbergi B npodnILHOM aKBapHyMe YaCTHILB
NPOXOAWTH Yepes KHIIeYHUK 3a 14,1 + 2,3 muH.

Ta6auna 6.1. KonuuecTBo AoHHOTO ocafika (cyxas Macca), HPONYCKAeMOro uyepe3 KHIIEUHMK
ronoTypuii-genosutodaros

Taxrcon

Paifon

Macca,
r-eyr {xr-mtrog™]

Herounnk

Orpax Aspidochirotida

Bohadschia bivittata o-Ba Ilanay 124 Yamanouti, 1939

B. vitiensis 3 [1,9]

Holothuria atra MasabauBCKHe O-Ba 44 Gardiner, 1931
o-sa Ilanay 86 [13,7] Yamanouti, 1939
o. Pouresan 144288 Bonham, Held, 1963
0. DHHBeTaK 82 Webb et al., 1977
o. JIuaapa 67 Uthicke, 1994

H. arenicola BaraMckue o-Ba 105 [47] Mosher, 1980
SAmaiika 58 Hammond, 1981

H. difficilis 0. JHMBeTAK [>1] Bakus, 1968

H. edulis o-sa Ilaaay 59 Yamanouti, 1939

H. flavomaculata 24

H. floridana o. Topryrac 72-94 Mayer, 1917

H. leucospilota TonkoHr 441,0-594,8 Ong Che, 1990

H. mexicana Smaiika 116 Hammond, 1981

H. scabra o-sa Ilanay 197 Yamanouti, 1939

Apostichopus japonicus 3an. Ilerpa Bennkoro 49-120 coGCTB. AaBHBLIE

Isostichopus badionotus BepMyackue o-Ba 38 [6,8-13,8] Crozier, 1918
fAmaiika 107 Hammond, 1981

* PeaynnTaThl HaMepeHUs obbema, cM>.

Parastichopus o. Canra-Katamuna 0,5—3,8 (okTAGDE) Muscat, 1983
parvimensis 4,8-3,6 (anpesn)
2,3 (smBapb, xaMAu) Yingst, 1982
1,7 (anBapb, Hmecok)
P, tremulus Panne-propa 1,6 [0,02] Hauksson, 1979
S. chloronotus o. Jluzapa 59 Uthicke, 1994
S. variegatus o-ga Ilanay 50 Yamanouti, 1939
Orpan Apodida
Synapta maculata san. Havanr 130-980° CobcTs. pannbie
Leptosynapta tenuis 3an. Happarancer 19,5" Myers, 1977
[1700-8400"]
npona. Boxe 7,9-15,0 Powell, 1977
Scoliodotella lindbergi san. Ilerpa Beankoro 16,0-72,3 CobeTB. AaHHLIE
Orpan Molpadiida
Molpadia oolitica 3axn. Keitn-Kopa 158 Rhoads & Young, 1970
Paracaudina ransonetii AcamycH, 158 Yamanouti, 1927
o. Xoncwo
gan. Ilerpa Benukoro 56,4-103,2 Co6cTB. JaHHBIE
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Ilo ykasaRHEIM BhIIlle NPUYMHAM IPHBOAUMEIe PA3HEIMH ABTOPAMH BeJIHYH-
HBI, XapaKTepH3yomue KOJM4YecTBO nepepabaThiBaeMoro roJoTy pusiMu-Aeno3H-
ToaraMm ocaaka, pasauuarpTrca (Taba. 6.1). Oguako oyeBHMJHO, YTO BO BCEX
cAy4asx KOJHYECTBO NPONYyCKAEMOIO Yepes KHIMIEeYHHK MAaTepHasia BeChbMa 3Ha-
YUTEJBHO.

Huadopmanun o KOIHYeCTBe NHUIEBOro MaTepHala, nepepabaTeIBa€MOro ro-
JOTypHUAMH-CeCTOHO(DaraMu, B JJUTepaType o6HAPYKUTH He yaasock. IlpoBeseH-
HOe MHOK M3MepeHHe 00'beMa (peKasinii, BhjessieMbIX ABYMS BHAAMH JeHIDO-
xupoTux us 3aj. Ilerpa Beankoro, gajo caegyiomue pesyasratei: Cucumaria
japonica (Macca Tena 285 + 36 r, uncso aKkcnepuMenTos n = 37, TeMnepaTypa
poapl t = 2—-16 °C) 18-110 cm®.cyt !; Eupentacta fraudatrix (2,1 0,41, n =116,
t =6-18 °C) 0,1-1,8 em®.cyr’.

IInmeao6riBaTebHAA AKTHBHOCTh MHOTHX BHJIOB FOJIOTYPHH B TeUeHHe roja
pe3ko MeHsercsaA. Hanboslee osHO TaKasas Ce30HHAA M3MEHUMBOCTE IpocCIeie-
HA y JaLHEeBOCTOYHOTO TpenaHra. B onpeaenennniii nepuop roxa (Ha 6osbmeit
YacTH apeajia BUAA — JIe€TOM) 9TH JKHBOTHbIE IEPECTAIOT IHTATHCA M UX BHYTPEH-
HHUe OpraHhLI NpeTepneBalOT XapaKTepHble MopdoJiorHyecKne H3MEHEHHSA
(cm. m. 2.3). [Ina 0603HaYEeHHUA TAKOTO COCTOAHMA FOJIOTYPHI NMPEAJIOKEeHO HC-
NONb30BATH TEPMHUHH «THNO6M03» U ¢actnBanuss» (Jlesun, 1982a).

T'ogoBoit MK AKTHBHOCTH JAJBHEBOCTOYHOI'O TPEIAHTA MOKHO Pa3feHTh
Ha YeTHIpe NepHoja: aKTUBHEBIM, IPe3CTHBAILUM, SCTHBAIIMH, BOCCTAHOBUTEIb-
Hhll. CPOKH HACTYIJIEHHA M HPOAOJKUTEJbHOCTh 3CTUBALMH B MONYJIANUAX
M3 pasHBIX palfiOHOB 3HAUYHTEJIbLHO BapbUPYIOTcA. CPOKH H XapaKTep 3CTHBAIHH
MOJIOABIX Oocobeil 3TOro BHAA OTJIHYAIOTCA OT TAKOBBIX B3POCJBIX KHMBOTHRIX.
Ilepuon nHauana MaccoBoro runo6uosa MoxkeTr 6LITh PACTAHYT HA HECKOJBKO
MeCsLEeB; AKTMBHLIE, HOPMAJIBHO MUTAIOLHECA 0COOHM BCTPEYAIOTCA B TeUeHHE
BCero Jera. 3UMOM JBUraTeJbHAA M MHUIEBad AKTHBHOCTL TpPellaHra CHHIKa-
Jach He3HAUYHUTEJIBHO.

B cooTBeTCTBHM ¢ N3MEeHEHHEM AKTHBHOCTH BapbHpyeTCcsa M KOJHWYECTBO I'PyH-
Ta B KUIIeYHUKe TpemaHra. B san. Ilerpa Beaukroro MakcuMMaJIbHBIH HHAEKC
HAIOJHEeHHs KHIIeYHNKA OTMEeYeH B alipejie—Havale Mapra ¥ cocraBaser 20—
45 % oT Macchl KOXKHO-MBIIIIEYHOTo MernKa. I1o Mepe MOBHIMEHHA TeMHOepaTy-
PHl BOAB HANOJHEHHE KHIIeYHHKa CHHKaerca (B Mae — 15-30 %, B HioHe —
5-20 %). MuaumanbBasa BeauunHa (0-10 %) ormeyeHa B aBrycre.

Ce30HHAA U3MEHUYNBOCTh HHTEHCUBHOCTH MMTAHUA OTMeUeHa H Y APYTHX BH-
OB CTHXONOAMJ U3 yMepeHHuIXx Box — P. californicus (Fankboner, Cameron,
1985). ¥ P. parvimensis B KasmgopHun noTepsa BHyTPeHHNX OPraHOB ¥ MpPeKpa-
LIeHre IuTaHuAa HabawaanTes ¢ asrycra no noadps (Muscat, 1982, 1983).

OueHb CHJILHO BHIDA)KEHO 3TO ABJeHHe Y AEHAPOXUPOTHA. Leptopentacta
elongata y 6eperoB AHIJIMH NHTAETCA TOJLKO B TelJIble MECAIKI, & 3UMOH HAXO-
AUTCA B HeaKTHBHOM coctoaHuu (Fish, 1967). Neopentadactyla mixta y 3a-
nagaoil Upnanguu 6—8 mec. (¢ oceHH 1o BeCHBI), TAKKe HeAKTUBHA U 3aKAIBI-
BaeTCA B I'PYHT, YKPBIBAAChH OT YCHJHBAIOLIErocA 3MMOM BOJHOBOTO BO3jei-
cteusA (Costelloe, Keegan, 1984; Smith, Keegan, 1984). MeHnsieTcss BHyTPHIOL0-
BaA WHTEHCHUBHOCTb NuUTaHuA W y Eupentacta quinquesemita B BpuraHckoit
Konymbuu (Byrne, 1982).

HameHeHMe TeMIIepATYPHBIX M THAPOANHAMHYECKHMX YCJIOBHI B TeyeHHe roaa
CKa3hIBAeTCA He TOJAbKO HA HHTEHCHBHOCTH, HO M HA PHTME MUTAHMUA AeBAPOXH-
porua. ameHeHue puTMa 3apeructpupoBaso y Thyone fusus (Hunter-Rowe et
al., 1976) u Aslia lefevrei (Costelloe, Keegan, 1984) y 6eperos Upnanguu.

15 B. C. JleBun
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ITumenoOniBaTeIbHAA AKTHBHOCTD Y T'OJIOTYPHH B TPOMHKAX TAKJKE MEHAET-
ca B TedeHnHe roga. H. leucospilota B 3an. Hauaur B 3uMHuH nepuox (Hoa6ps—
AHBADBH) HECMOTPSA HA BBICOKYIO TeMuepaTypy BoAsl (25 °C) sHauHTeNBHO CHH-
3ula NHMEeZoOKBATeIbHYIO aKTUBHOCTL. Hanbojlee BhIpaskeHsl TaKHe H3MeHe-
Hua y S. chloronotus u P. graeffei. Kniueunuk y ocobeit 3Tux BUAOB GbLI BaOJI-
HeH JIUIIG YaCTUYHO, COACPIKMMOe He 06pa30BRIBAJIO CILIOLIHOIO MHYypa. Ocobu
S. chloronotus YacTo HENOABHYKHO PACHOJIATANNCH B YKPLITHAX, YTO BechbMa Ha-
NOMHIHAET NOBeJileHHe JaJIbHEeBOCTOYHOIO TPEeIlaHra B MEepHOZ JeTHero rumobHo-
3a. CHM’KeHMe HHTEHCHBHOCTH BhIAeNeHuA (peranmit H. arenicola na Baramcxkux
ocTponax B despasie o CPaBHEHMIO C TAKOBOU B aBrycte 3apeructpuposano K. Mo-
mep (Mosher, 1980).

Taxum o6pasoM, B TPONIMYECKOI 30HE HHTEHCHBHOCTD IIMTAHUA TOJIOTYPHIl B Te-
YeHHe rojia Tak:ke MeHsercsa. IlpeasaputesbHble HabMIOAeHNA OKA3HIBAIOT, UTO
AMHAMMKA TAKOH M3MEHUHMBOCTH CONDS’KEHA C MOHAJHBIM IMKJOM JKHBOTHBIX,
KAaK 3TO YCTaHOBJIEeHO A1A KanudopHuiickoro P. parvimensis (Muscat, 1983), ox-
HAKO 3T0 IPeAIIoNoKeHHe HYMKAAeTCA B SKCIIEPUMEHTAIEHOM NMOATBEePKACHUH.

6.3. HBMEHEHHE ®H3NKO-MEXAHHYECKHX XAPAKTEPHCTHK OCAJKA

JloHHBIE MOPCKHE OCaJlKH — CJIOKHAsA JHUHAMHYECKadA CHCTeMAa, HaXOoAAaAca
B HOCTOAHHOM B3aMMOJEHCTBHHU C paclojiaraioiueiicas Haj HUMHM TOJIHeH BOABI.
VYenoBus o6UTaAaHUS BeeX CBA3SAHHBIX C JHOM XHBOTHBIX B TOH HMJIM HHOH CTelIeHH
38BHMCAT OT MUKPOCTPYKTYPBI OCALKOB M HX PHINKO-MEXAHHYECKNX XapaKTepHc-
THK. PasMeprl yacTui, ocagka, ux ¢opMa, BellleCTBeHHEIH cOCcTAB H B3aHMHOE pac-
TOJIO}KEHHE, OTHOCHUTEJIbHBIN 00beM M KOHHUrypalHs MopPoBOro HpoCTPaHCTBAa,
KOJIMYECTBO BOJEI B OCAJKE, €r0 CIOCOGHOCTh CONPOTHRAATHCA MEXaHMYECKOMY
BO3AeHCTBHIO ( «IIPOYHOCTE » ), IPOHHUIAEMOCTD JJIs BOABI H Ta3oB — 3TH H APYrHe
TapaMeTpLl MMEIOT OTPOMHO€E 3HAUYeHHEe AJIA AOHHBIX Y NPHUAOHHBIX KMBOTHHIX,
BO3/leficTBYsI HA HUX IIPAMO MJIM KOCBeHHO. B cBolo ouepeas, caMu JKHBOTHHIE
B Ipoluiecce JKN3HEAEATEIbHOCTH HHTeHCHBHO H3MEHAIOT BCE 3TH XapaKTePUCTHKH.

K uncay HanGoJiee BAKHBIX MEXAHHUYECKHX XaPAKTEPHUCTHK OCAAKA OTHOCAT-
CA NPOYHOCTHBIE CBOMCTBA, O KOTOPHIX OGBIYHO CYJAT IO CONPOTHBJIEHHIO OCARKAa
casury. Kak sugno ns tabi. 6.2, conpoTusieHre CABUTY MOPCKHX OCaJKOB, OII-
pelensieMoe NMeHeTpalnyel ¥ BpaljaTeJIbHBIM Cpe3oM, BapbHpPYeTCA B Npefenax
0,25—370 klla. Bepxnue 3HaueHHA 9TOrO MOKA3ATEAA AJA MeJIKOBOAHBIX Ocaj-
KOR, onpefiesigeMeule in situ, He npessrmalor 10 klla.

HeTtanpHoe HccledoOBaHHE BIHAHUA JKUSHEASATE]bHOCTH OPraHU3MOB Ha CBOH-
CcTBa cpeJbl BOSMOJKHBI TOJBKO B YCJOBHAX AJNHMTEJNbHOrO 9KCIEPHMEHTa C HC-
MOJIb30BAHMEM CAXKOB MJIM AKBAPUYMOB. IIpMMEHUTENBHO K FOJIOTYPHAM TaKHe
3KCIIepUMEHTEl NPOBOAHJINCHE B aKkBapuyMmax ¢ Parastichopus californicus
{Brenchley, 1981) u B nouusnix cagkax c¢ P. parvimensis (Muscat, 1983). B oGonx
cydyasx M3ydasM BIHNAHUE IUTAHUA MOJOTYPHI Ha COMYTCTBYIOIMMe BUABI GeH-
Toca; GUINKO-MEXaHUYECKHE IapaMeTpPhl HE PEerHCTPHPOBAJIUCE.

Meroas! namepeHNA QPU3HKO-MeXaHUYEeCKHX XapaKTEPUCTHK OCaJKa XOPOoIo
paspaboTaHbl B LejoM page mucuunaud. OaHako uadbopMmanus o cBoiicTBax
ocazika, TpebyeMan OHOJOry, KAYeCTBEHHO OTJINYAETCA OT NCHOab3yeMo, HanpH-
Mep, T'e0JIOroM, JUTOJIOTOM HAH HHKEHepOM. JTH Pas/INuMsA ONpeJeNIAIOTCA IPesKAe
BCEro TeMm, 4TO OHOJIOrY 3A4ACTYI0O HEOo6XOZUMO DPErdHCTpHpPOBATH H3MEeHEeHUA
B CBOMCTBaX OCAJKOB B MacliTabe CAHTHMETPOB MM AaKe MHJIIHMMeTpoB. He-
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Ta6auua 6.2. ConpoTuB/JeAye CABHTY HEKOTODHIX MOPCKHX AOHHLIX OCAJKOB

Boma, Tun a Yc:(omm Cl:oeoG Conpornsiaenune cABUrY, Horousux
onp a onp klla
JIuTopanb, necok ? In situ 64,8—-94,4 Chapman u Newell,

Cy6auropans,
HecuaHOro HJa
HJHCTOTO HecKa
Cy6auTopans
Ocazok pasnolt
KOHCHCTEHII MM
IMlensd

Tny6oxkoBoABKNA HJa

Cy6antopans, ua
To e B6AH3H
nepHaBTapuit
IMennd:

nia

necoK
Hn

Cy6auTopannb

T'ny6okoBOABKIK HA:
1-2 ecm
10-20 ¢cm

CyGautopanhb, u;

Tany6oxoBoAHLIH Ha

JInTopaak:

6e3 nadayHnl

¢ nndaydoi
JInTopanh

Cy6auTopann, nJi

Bpamareas- In situ, sopo-

neHeTpanusa

0,96-1,8, nmo 10

BRI cpea Ja3
To ke In situ, soponas 1,4-7,6
Crarunueckasn Jla6oparopua < 7,6 go >190
neHeTpanua
To xke In situ, cnycxae- Ho 10
Moe ycrpoiicTBO
Bpaimareas- In situ, noaBoa- 0,7-90,7
HBIH cpes HH annapar
To xe In situ, sononas 0,98
1,83
» Jla6opaTopus 1-9
8-370
? » 17-35
AnsaMudec- » 68,4
Kasi NeHeTpanusa
Bpamartenh- » 0,68-0,82
HHIA cpes » 5,0-12,6
To xe » 0,59-10,10
HduaaMuyec- » 0,25-25
Kas HeHeTpanus
To xe » 0,3-0,4
» » 0,5-0,6
BpaujaTeis- In situ 1-6
HHIH cpea
Cratuveckas JlaGopaTropusa 10-30

1949
Moore, 1962

Dill, Moore, 1965

Rhoads, 1973
Monney, 1974

Rowe, 1984

Lomtadze, 1990

CoJsloRyXuH,
Apxanrennckuit, 1982
Deans et al., 1982

Richardson, 1983

Okusa et al., 1983
Meadows & Tait,
1985

Meadows & Tufail,
1986
Meadows & Tufail,
1986
Rubinshtein, 1986

cpaBHEHHO 60Jiee BHICOKHM U TpeGOBaHMA K TOYHOCTH OLIEHKH IAapaMeTpOB, IIO-
CKOJIBKY O0YCJIOBJIEHHBIE JKM3HEAEATEIBHOCTHIO OPraHN3MOB H3MEHEHHA CBOHCTB
0CajKa BHIPAYKAIOTCA, KAK IPABUJIO, OUeHb HeGOJBIIIMMHU BeJimYnHaMy. B cBAsn
€O CKa3aHHBIM 1A BHINIOJHEHHA paboThl BOSHUKJIA HeO6X0AUMOCTDh B HCIIOJB30-
BaHHM PAJA CIIEIMAJIBHBIX YCTPONCTB ¥ HeTPAAUIMOHHHBIX IIpHEeMOB o6paboTkn
pesyabTaToB uamMepeHuit (Jlesun, 1987a).

6.3.1. METOAMKA 3KCIIEPUMEHTOB

Biausiane KusHeAeATeILHOCT! TOJIOTYPHil Ha CBOMCTBa OcajKa B HOJIEBBIX YCJIO-
Buax usydanu B 1980-1986 rr. B 6. Burass u B 1985 u 1987-1988 rr. B 3an. Ha-
yaHAr. B KavecTBe 3KCIEepHMEHTAJNBHBIX JKUBOTHBIX HMCIOJB30BaHLI CEMb BHJAOB
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ronotypuit: Holothuria atra, H. leucospilota, Apostichopus japonicus (oTp.
Aspidochirotida), Cucumaria japonica, Eupentacta fraudatrix (orp. Dendrochi-
rotida), Paracaudina ransonetii (orp. Molpadonia) u Scoliodotella lindbergi
(otp. Apodida). B 6. BuTa3h HCIOL30BAIH CAAKH ¢ THEBMOOTDAMKICHHEM pasMe-
poM B miaHe 0,5 x1, 1 x1u 2x 8 M (puc. 6.2), ycranosnesHbie Ha riybune 3—5
M, ¥ KoHTposabHbIe maomagku 20 x 20 M Ha ray6une 4—6 M. B aan. Hauanr xon-
TponsHBle nnomaaku 30 x 80 M pacoosiarany Ha riaybuse 4-8 M. IIpogonskurens-
BOCTb NOJIEBHIX 3KcnepuMeHTOB 24—410 cyr (rabx. 6.3).

Pre. 6.2. Cagok ¢ nEeBMooOrpakAeHHEM

JlaGopaTopHrle 3KCnepUMeHTHI BHIOJHAANCE Ha MOB «Burasess. Ucmoan-
30BaJIM aKBapuyMe! eMKocThIo 120 i co ciioeM rpyHTa ToaIHHOMK oKono 20 cM,
pasMellleHHLIM Ha I'PAaBHIHOM OCHOBAHHH. I'Ipo,ao.nmnTeJIbHoc'rb SKCIEepHMeH-
toB 60-150 cyr (Taba. 6.3).

B skcnepuMenTax A3MepAaH cAeAYIONHe XaPaKTePHCTHKH: MJIOTHOCTH HaTY-
pansHoro ocagka (p), a6CONIOTHYIO BraxkHocTs (W), npounnaemocTs (g), conpo-
THUBJIEHUE CABHTY (T), YroJ BHYTPEHHero TpeHusA (), a TAKKe CTeIIeHb PASBUTHUA
(TOAIMHY) NOABHIXKHOTO NMOBepxHOCTHOrO cjaod (h) (tabu. 6.4).

Tab6aena 6.3. Ycaorrs nposefleAHs SKCHEPUMEHTOB

2 axcere- B eanoony | apompentia,| ronasaene | Hovassues | LICTE
pumenTa MeHTa Meo, eyT Macca Texa, r BK3-M”
1 Holothuria atra Kn vi-vaa 26 847 10
2 XI1-1 37 818 10
3 H. leucospilota » VI-VlI 24 997 10
4 XI-1 39 98+6 10
b Apostichopus Cap v-vi1 410 96 1
(] japonicus vV-viI 87 102+68 10
7 1IV-viI 106 194 1
8 IX-v 231 2028 10
9 Axs 1IV-1X 141 107 1
10 V-X 150 97+6 10
11 V-Vl 82 205 1
12 VII-I1X 60 2025 10
13 Cucumaria KII vi-vll 393 361+15 10
14 japonica Akp V-vi1 49 3427 10
15 Eupentacta KII VI-VII 392 10,1+0,8 150
16 fraudatrix AKs V-Vl 47 9,6+1,3 100
17 Paracaudina » VIII-1X 32 30+3 10
18 ransonetii vI-vil 46 26x2 10
19 Scoliodotella » VIII-IX 51 1,8+0,2 200
20 lindbergi Vil 24 1,6+0,2 200

IIpumeuanne. KIl — kourponsnas naomaska, Cag — cagox, Axkp — axksapuym. Konrponu
p omuitax 1-3, 24, 13—-15 u 14-16 coBmeineHs!.

* laa aKBApHYMA — PACIOTHAA BOIMIHHA.
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Ta6auna 6.4. KonnuecTso namepenuil B axcnepHMenTax (YHCJO HOBTOPOB B HAYA-
Jie onKTA RJR KOHTPOAsA/4HCAO HOBTOPOB B KOHIE OOLITA HJIH KOHTPOJA)

Cagok HAHM KOHTPONBHAA
TlokasaTexn Topa- Axnapaye LIoWALKS
JORT, OM
Onur | Kourpoas | Boero* Onnr | KouTpoas | Boero*
Inornocts 0o 3/8 3/38 342 5/5 5/5 510
5 3/3 3/8 5/5 5/5
10 38/8 3/3 5/5 6/5
BaaxHOCTH 0o 3/3 3/3 342 5/5 5/5 510
5 3/38 3/8 5/5 5/5
10 3/3 3/8 5/5 5/5
Conporusiaenue 0 3/3 3/3 342 5/5 5/5 510
CABHUTY 5 3/3 3/3 5/5 5/5
10 3/3 3/3 5/5 5/5
IIporunaeMoCTL 0-10 3/3 3/3 114 5/5 5/5 170
Yros BHyTpeHHEroO 0 2/2 2/2 76 3/3 3/8 102
TpeHHus
Tonmuea NOABHAK- o 3/3 3/3 114 5/5 5/5 170
HOrO ciyos
Bcero ’ 1330 1972

* Yuurnisas COBMEIOHHE KOHTPOJA B 9eThIpeX DKCNepHMeHTaX.

IInoTHOCTD M BJIAYKHOCTH OCAJKA ONPEAENANN CTAHJAAPTHBIMH METOAAMH, HC-
MOJIb3YEeMBIMH B TPYHTOBEJeHMH 4 OKEaHOJOrMH B Ipobax, oToGpaHHBIX HA MOPH-
soHTax 0, 5 1 10 cM. OcTaynbHEIe apaMeTphI onpeAeadan in situ cnenqHaibHBIMH
yerpoiictsami (Jlesun, 1987a; cm. n. 3.1.1). IIporunaeMocTs XapaKTepH30OBaAJIH
BpPeMeHeM MoAheMa BOAbI B OIPYKEHHOM B 0CAA0OK IO INTyOMHBI 5 CM CTaHAAPT-
HOM KoJiokoJe (cM. puc. 3.2). ConpoTuB/ieHHe CABUTY H3MEPAIH PYYHOUN KPHIJIb-
yaTKOM ¢ paamepoM JionacTteit 19 MM. Yros BHyTpeHHEro TpeHNA NOBEPXHOCTHOIO
CJI051 OCaJiKa O PpeAeIANN NOABOLHBIM SKJIUMETPOM, BHIPAKEeHHOCTh MOABHIKHOTO
c0Aa — GPaKIHOHMPYIOIHM BCACBIBAIOIIHUM I POGOOTOOPHUKOM.

6.3.2. PE3VJIbTATBI 3KCIIEPUMEHTOB

B GoarmuHCTBE 3KCIEPUMEHTOB, BBIIIOJHEHHBIX in 8itl N B AKBAPMAJIBHBIX YCJO-
BHAX, 3aPerucTPHPOBaHBI CYyL{eCTBeHHbI¢ H3MEHeHUA PH3UUYECKUX XapaKTepHC-
THK ocajka (Tabi. 6.5). OTH XapaKTepMCTHKH BAPbHPOBAJHCH B CAERYIOUIHX
npeaenax: mwiaoTHoeTs p= 1,05+1,83 r-cM73, abeosmoTHas BiaaxHocTs W = 30480 %,
nporunaemMocTs ¢ = 365+10 ¢, conporusienne casury 1T = 0,2+9,3 klla, yroa BRyT-
pennHero TpeHus ¢ = 40+85°, TonuuHa moABMKHOIO caoA A = 0+5 ycaoBHBIX
eUHMIIL.

BosgeiicTere annGeHTHYECKUX Aeno3UTO(AaroB B 000MX HCC/IeOBaHHBIX perH-
onax (H. atra n H. leucospilota B 3an. Hauyanr u A. japonicus B 3ax. Ilerpa
Beaukoro) ckasanoch TOJILKO HA ITIOBEPXHOCTHOM CJIo€ M BEIPAYKAJIOCH HPeuMYy-
ImMeCcTBEeHRO B YBeJIMYEHHUHN pasMaxa MOKasaTesed, T. €. B YBeJIHYEHUH CTeIeHH
TreTepOreHHOCTH (PH3HMYECKUX CBOMCTB OCaAKA MO ILIOI{aH.

ITpornmaemMocTp OCAAKOB Ha NOJHMroHax BO BreTHaMe Obljia B 00mieM BHIIIe,
YeM 3TOT NOKAa3aTedb B ocaJKax SIMOHCKOro Mops, YTO COOTBETCTBYET MMeEIO-
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Ta6aunga 6.5. HaoMeHenne GH3MKO-MeXAaHMUYECKHX XapPAKTEPHCTHK OCajKa B 3KCIHEPHMEHTAX
¢ TONOTYPHAMH

N Fopuaosr, " Onwmr KouTtpoas
Bug sKONEpPH-
MeHTa* oM Hauano [ Koner, Hauaxo l Konen
Ilxoruocrs, r-m3
Holothuria atra, 1, 8 0 1,35-1,42 1,24-1,47 1,31-1,37 1,24-1,33
H. leucospilota 5 1,37-1,40 1,32-1,47 1,35—-1,36 1,31-1,43
10 1,34-1,45 1,33—1,44 1,39-1,51 1,40-1,52
Holothuria atra, 2 4 4] 1,26-1,33 1,7-1,7 1,23-1,31 1,26-1,30
H. leucospilota 5 1,47-1,61 1,6-1,4 1,37-1,62 1,42-1,51
10 1,44-1,51 1,7-1,2 1,48-1,53 1,44-1,54
Apostichopus 6-12 (4] 1,51-1,66 1,47-1,72 1,45-1,60 1,54-1,61
japonicus 5 1,46-1,70 1,49-1,70 1,48-1,68 1,51-1,68
10 1,49-1,75 1,60-1,73 1,51-1,74 1,58-1,75
Cucumaria 13, 14 0 1,63-1,70 1,16-1,44 1,64-1,68 1,85-1,68
japonica 8 1,73 1,58-1,70 1,69-1,73 1,88-1, 76
10 , -1,75 1,81-1,83 1,71-1,73 1,72-1,7
Eupentacta 15,16 ] 1,61-1,70 1,19-1,52 1,63-1,68 1,63-1, 69
fraudatrix 5 1,72 1,68-1,68 1,67-1,72 1,88-1,71
10 1,69-1,72 1,67-1,71 1,68-1,73 1,69-1,75
Paracaudina 17,18 0 1,40-1,48 1,16-1,47 1,47-1,54 1,51-1,58
ransonetii 5 1,47-1,54 1,26-1,55 1,46-1,52 1,47-1, 59
10 1,61-1,61 1,12-1,65 1,46-1,53 1,47-1,5
Scoliodotella 19, 20 (] 1,40-1,51 1,30-1,61 1,45-1,50 1,44-1, 54
lindbergi 5 1,51-1,63 1,05-1,40 1,66-1,64 1,61-1, 66
10 1,563-1,65 1,361,562 1,58-1,65 1,80-1,6
BaaxspcTs, %
H.atra, 1, 3 0 296-337 211-420 322-357 312-355
H. leucospilota 5 295-338 312-350 301-311 300-314
10 316-348 299-340 339-351 310-323
H. atra, 2, 4 (4] 290-319 291-417 321-330 318-351
H. leucospilota 5 237-254 223-256 210-249 238-248
10 260262 236-270 231-297 259-260
A. japonicus 6-12 0 274-365 233-352 240-353 231-358
5 226-336 183-326 172-332 144-312
10 234-338 238-322 229-334 212-328
C. japonica 13, 14 0 224278 395-480 231-279 232-280
5 149-212 194-196 173-216 191-220
10 112-130 30-129 101-140 92-144
E. fraudatrix 15, 16 0 212-273 856460 235-275 223-270
5 154-233 190-194 170-215 192-237
10 110-130 71-134 92-108 68-106
P, ransonetii 17,18 0 255-356 270-459 294-361 290-330
5 287-337 271-396 291-353 274-318
10 250-312 230-460 292-328 232-298
S. lindbergi 19, 20 0 275-316 235-357 310-347 286345
5 296-337 265-439 294-331 245-296
10 286-340 275-408 306-388 290-310
Conporasaeure casury, xlla
H. atra, 1, 3 (1] 3,1-3,7 2,3-4,3 2,7-3,2 1,8-3,0
H. leucospilota 5 3,9-4,9 4,0-4,8 4,4-5,1 4,2-5,0
10 4,3-4,7 4,8 3,9-4,7 3,7-4,3
H. atra, 2, 4 0 2,5-3,1 1,0-3,4 1,8-2,3 1,7-2,7
H. leucospilota 5 3,9-4,7 4,2-4,6 8,7-4,2 4,1-4,3
10 3,5—4,3 3,4—4,6 4,0-4,4 3,9-4,5
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ITpodonmenue madba. 6.5

Bu akc:l:p“‘ Topuaour, Onuir KonrTpoab
MeHTA* oM Havaito Konen Hausasio KoHnerny
A. japonicus 8—-12 0 3,9-6,1 3,7-6,4 3,5-6,5 4,4-6,4
5 3,8-6,6 4,9-7,2 4,3-7,9 5,2—-8,0
10 4,7-7,4 5,1-7,1 4,8-7,3 4,8-7,4
C. japonica 13, 14 o 7,2 3,9 68,6-7,0 6,4-6,9
5 7,1-7,6 7,3-8,6 7,2-7,9 7,6-8,0
10 7,1-7,5 7,4-7,5 6,9-7,8 7,2-7,8
E. fraudatrix 15, 18 0 8,1-7,2 3,5-4,5 6,4-6,8 6,3-6,9
5 6,6-6,7 6,7-8,0 7,2-7,6 7,3-7,7
10 68,5-7,1 8,7-7,2 6,6—-7,3 6,8-7,3
P. ransonetii 17,18 (o] 4,3-5,9 1,8-6,5 4,6-5,2 5,1-5,8
5 4,7-6,0 3,1-6,8 4,8-5,1 5,2-6,5
10 5,1-6,4 1,0-4,8 4,7-5,2 4,6-5,6
S. lindbergi 19, 20 1) 4,9-5,9 3,5-9,3 3,9-4,7 4,4-5,8
5 3,8-5,5 0,2-2,3 4,3-5,1 4,2-5,6
10 5,3-6,7 1,4-6,8 5,4-5,8 5,3-6,7
IIpoHHaeMOCTs, ¢
H.atra, 1, 3 0-5 200-159 281-10 205-173 227-176
H. leucospilota 2, 4 0-5 308-279 305-202 268-241 283-220
A. japonicus 6-12 0-5 497-294 551-251 524-285 493-254
C. japonica 13,14 0-5 389-335 605—-387 362-331 443-380
E. fraudatrix 15, 16 0-5 440-360 578412 405-367 439-382
P. ransonetii 17,18 0-5 333-250 370-27 304-249 338-256
S. lindbergi 19, 20 05 331-247 389-65 287-232 360—-280
Yroa BEYyTPEeHHEro TpeHHd, ...°
H. atra, 1, 3 ] 5258 47-61 49-53 46-51
H. leucospilota 2, 4 0 54-56 48-58 53-57 52—-57
A. japonicus 6-12 0 58—-67 56—66 556—-69 57—68
C. japonica 13, 14 1] 80-67 85 6264 82-85
E. fraudatrix 15, 16 (1] 58—68 79 62-64 81-64
P, ransonetii 17,18 (V] 58 40-52 5458 57
S. lindbergi 19, 20 1] 80-62 61-63 58 56-80
ToamuEa NOABHAEHOrO CIOA, YCAOBHLIC ¢NHHHIIL
H. atra, 1, 3 0 2-3 5 2 2
H. leucospilota 2, 4 0 4 4 4 4
A. japonicus 6-12 0 3 1-4 3 2-3
C. japonica 13,14 0 2-3 5 2 2
E. fraudatrix 15, 16 0 3 5 2 2
P. ransonetii 17,18 (4] 2-3 5 2-3 2-3
S. lindbergi 19, 20 (1] 2 2-3 2-3 3

* Homepa cooTBeTCTBYIOT TaKoBbIM B Taba. 6.3.

IUMCS B JIUTEpaType CBeAEHHAM O COOTHOIIEHMH BeJHMYUH HNPOHHIAEMOCTH
OCaJKOB B TpOoNHMKax M B yMepeHHblx muporax (Webb, 1969). IloasmrHEil
noBepxHocTHBIN cnoit ocazka (IITIC) B 3an. Hayaur suMoit 6611 BRIpaskeH 3Ha-
YUTEAbHO CHIbHee, uYeM JieToM. Bo Bcex ombiTax OCafioK y rpaHHLBI pasgesa
BoAa—AHO 6Bl Gojlee PHIXJIMIM, BJAKHBIM M HMMeJl MEHbIee CONMPOTHBIICHUE
CABHUIY, YeM HIIKeJIesKalllhe CJIOH.

15%
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OueHb MHTEpPECHH PA3HYKA B XoAe HaMeHeHHs TonmuHn IITIC, aaperucTpu-
poBaHHBIe B 3aj. HAYaHr B JIeTHMX M 3MMHHX onniTaXx. Ee MOXHO O6BACHHTE
SHAYUTEJbHO GONBIIMM KOJHMYECTBOM B3BeCHM B BoJe B HEPHMOJ MOYTH Hempe-
PHIBHBIX SUMHHX IITOPMOB; B 9THX YCJAOBHMAX ¢BhleZICHHKII» CJIOH oYeHb GBICTPO
BOCCTAHABIMBAJICSA. ¥ MeHbIIeEHMe BIMAHNA Bosleiicteua H. atra n H. leucospilota
Ha OCaJIOK 3MMOH HPOCJEeXKNBAETCS M IO APYTMM MOKa3aTessM.

ITuranue cecronogaros C. japonica u E. fraudatrix npuseno Kk yBeJHYeHHIO
Toamues IITIC, 4To COmMPOBOKAANOCH CHIKeHHEM IJIOTHOCTH, NPOHHUIAEMOCTH
¥ NPOYHOCTHHIX cBoiicTB. OOpaiaer Ha ce6A BHUMaHMe Pe3Koe NOoBhILIeHHe (0co-
6enno B onmTax ¢ C. japonica) cBASHOCTH 9TOTO CJOA, O YeM CBHAETEJIHLCTBYET
ysenuueHue fo 85° yria BHYTpeHHEro TpeHHM.

B oTamune oT yIOMAHYTHIX BUAOB, BO3AEICTBHE Ha 0CAAOK HHpAYHHEIX JeTo-
suTogaroB P. ransonetii u S. lindbergi saTparuBaer He TOJIBKO MOBEPXHOCTHHIM
CIOM, HO M TOJINY OCafKa. Pagnuuusg MexKay 3TUMHU BUIAMH IPOARAAIOTCA B TOM,
YTO mepBHIii MOAMPHIMPYeET CBOHCTBA MPEUMYINEeCTBEHHO HIJKHEro CJIOsS, TOrJa
Kak BTOpoil — cpeaHero. PasauuaeTcAs M MX BJHAHHE HA NOBEPXHOCTH OCAJKA.
IInranue ckoaHOLOTENIBl IPAKTHYECKH He H3MeHIIo Tosmuny IITIC, xors u mo-
BJIMAJIO HA CBOMCTBA OCAJKa Y HOBEPXHOCTH, IPHBEMs, B YACTHOCTH, K HEKOTOPOMY
ero ymaotHeHuno. Iluranne napakayAMHEL HIPUBENO K PE3KOMY YBeJIMYEHHIO CTe-
nenu rereporenHoctu IITIC.

HucTpyMeHTaNIbLHEIE MCCIEAOBAHMA BO3AEHCTBUS roJOTYpHil Ha cpoiicTBa
JOHHBIX OCAJKOB OrPpaHMYMBAIOTCS, O-BHAUMOMY, paboToii A. Maiiepca (Myers,
1977), B KoTOpOii oLpefeNIANOCH BIMAHNE BOPOHKOCTpoAei anoakl Leptosynapta
tenuis Ha «BA3KOCTH» IIOBEPXHOCTHOIO CJIOA; KAYEeCTBeHHAA HHGODMAIMA HMeeTCH
elife mo ogHoMy Bugy — Molpadia oolitica (Rhoads, Young, 1971). Iloasromy
OTMeYeHHEIE B 9KCIEPHMEHTEe H3MeHEeHMA PUINYECKHX CBOMCTB OCaZKa IIOYTH He
C 4eM CpaBHMBATb; B CPAaBHHTEJLHOM IIJIAHE MOYKHO DACCMATPHMBATH TOJBKO
pe3yabTaThl, oTHOCAWIMECA K P. ransonetii — BUAY, 9KOJOrMYECKH BEChMa CXO[-
HOMY ¢ M. oolitica.

B akcnepUMeHTaX ¢ NapakayAWMHON 3aperucTpUpoBAHO NOBHILIeHHE BJIAYKHO-
CTH B INTyGOKMX CJIOSAX HACEJEHHOIO roJIOTYPHUAMH Oocafika, OTMEYEHHOE H AMepH-
KAHCKHMH HCCJIEAOBATEIAMH NDH HabGmwgeHuu Mmoasnaguu. Iloareep:xpaiorca
CBEleHHA O HAKOIUJIEHUM GOJBIIOro KOJIMYECTBA PHIXJIOTO deKalbLHOro MaTepua-
Jla B HOHMKeHHUAX rpyHTta. OQHAKO 3acelleHHA MOBEPXHOCTH KOHYCOB CceJleHTap-
HBIMH [IOJIMXETAMM B MOHX ONBITAX He MPOHCXOAIIO (BO3MOMKHO, H3-32 OTHOCH-
TeNbHOH HMX HEeNPOAOJIKMTENBHOCTH), ¥ OCANOK Y IpaHHMILI pasfesa BoAa—AHO
o Beeii miolagy dKCNEPHMEHTANBEOrO aKBapuyMa MMeJ MEeHBIIYIO CBA3HOCTD
M NPOYHOCTH, YeM 6oJjiee riIy0oKHe CJIOH.

B onmiTax ¢ rapaxkayauHoH (a Tak)Ke CO CKOJHOAOTENJIONH) MOATBEpAMIOCH
HHTepecHOe HabJogeHne aMepuKaHcKUX aBropos (Rhoads, Young, 1970, 1971)
O TOM, YTO TOJIIUHA IePEMEIIaHHOTO JKUBOTHBIMH CJIOS OCAAKA MOYKET BIAMATH
Ha cBoiicTBa raybike pacmoJioyKeHHBIX CJIOeB: PH BHICOKOM YpoBHe 6HOTypba-
OHMU HOBEPXHOCTHOTO CJIOA BAAYKHOCTH B TOJIIIE OCAAKA CHH)KAETCA HA MEHbIIYIO
BEJIMUHMHY, YeM B HemepepaboTaHHBIX OCAIKAaX.

PesioMupysa pesybLTaThl NpoBeJeHHBIX 9KCIEPUMEHTOB M yYHTHIBAA JIUTEDA-
TYPHBIE JAaHHbIE, MOKHO BBIAEAHUTH CJAEAYIOL{Ne OCHOBHEIe MYyTH BO3AelCTBUA OT-
JEJNbLHBIX TPOQHYECKHX KATEeropHmil roJIOTypu# Ha CBOMCTBA JOHHBIX OCAJKOB
(YOOMAHYTH TOJABKO BUAKI, 10 KOTOPHIM MMeeTCA NoJyYeHHas HHCTPYMEHTANb-
HBIM nyTeM HHopMauus).
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A. Henmosurodaru

Al. SuntGentuueckue (Holothuria atra, H.leucospilota, A. japonicus)
¥YBeIMYMBAIOT reTepOTeHHOCTSL CBOMCTB HOBEPXHOCTHOTO CJIOA OCAJ-
ka. IIpyn oTHOCHTEIBHO HM3KOI cKopocTH BoccTaHOBaeHHA I1IIC can-
KAIOT TOJILUHY MOCJHERHEro.

A2. Uudayunnie

A2.1. Kouseitepunie (Paracaudina ransonetii)
CHMXKAIOT ILIOTHOCTh M CONPOTHBJIEHHE CABUIY, MOBHIIIAIOT BJIAK-
HOCTB INIYyOOKHUX CJIOEB, YBeJIHUYMNEAIOT NeTeporeHHocTs Toamuan IITIC,
CHHIKAIOT CBA3HOCTh H HOBLIMIAKT NIPOHHIAEMOCTh IOBEPXHOCTHOIO
cJos.

A2.2. Bopoukocrposuue (Leptosynapta tenuis — no gannsimM: Powell, 1977;

Myers, 1977)
CHMKAJOT HJIOTHOCTH ocafKa Ha riay6une 2—10 cM, YBeJIHUHBAIOT HAH
He N3MEeHAIOT MJIOTHOCTh NOBEPXHOCTHOTO CJIOA.

A2.3. Tyunensnsie (Scoliodotella lindbergi)
CHWXAK0T IJIOTHOCTh ¥ CONPOTHBJIEHHE CABHIY, MOBBHIIAKOT BJIAK-
HOCTb ¥ IPOHHIAEMOCTb IPEUMYILeCTBeHHO CPEXHEro CJIOSA, MOT'YT He-
CKOJIBKO IOBBIIIATH NJIOTHOCTH OBEPXHOCTHOTO CJOA.

B. Cecronodarnu (Cucumaria japonica, Eupentacta fraudatrix)
CymectpeHHo yreanunsalor Toiuny I1TIC, HeCKOIBKO CHHMXAIOT ILIOT-
HOCTb, COIIPOTHRJIEHME CABUTY ¥ MPOHHIAEMOCTb IOBEPXHOCTHOIO CJIOA,
NOBBIMIAIOT €ro BJIAKHOCTh M CBA3HOCTh.

6.4. IIHPOTHO-30HAJBHHE 3AKOHOMEPHOCTHM CPEIOOBPA3YIONEN
H BHOJHOP®EPEHLIMONHON AEATEJABHOCTH

6.4.1. PACTIPEJAEJJEHHUE TPOOHNYECKHNX I'PYVIIIIMPOBOK
MEJIKOBOAHBIX T'OJIOTYPUA

IlnanerapHad MUPOTHAA 30HAJBHOCTh B Paclpelie/IeHNH OKeaHNYeCcKHX Xapak-
TePHCTHK CKa3blBaeTcA Ha BceM Hacelennd meabdor (Heitman, 1988). 3o mo-
JioJKeHMe B IIOJIHOM Mepe OTHOCHTCA K paclipeJeJeHHIO roJIoTypuif, o6uTaomux
B IpUGpeXKHOM 30HE.

K coxxanenuio, 06061aloinx 3akJI04YeHRH 0 3aKOHOMEPHOCTAX reorpadguyec-
KOTo pacIipeje/ieHUA KPYUHBIX TAKCOHORB rOJIOTYpHil oueHbs HeMHOTO. B OCHOB-
BOM OHH ¢BOJATCA K ToMy, 4To Dendrochirotida 6onee o6s14HBI B yMEpEeHHBIX
BOZaX, yeM B Tponudeckux (Pawson, 1970; Bakus, 1973). Kakux-n1n6o koau-
YeCTBEHHBIX JAHHBIX, NOATBEP/KAAIOIINX BRICKA3aHHOE NON0KEHNe, OOHAPYKHTH
B JuTepaType He yaanoch. I[Jisi BEIACHEHHA IIHPOTHLIX 3aKOHOMEpPHOCTei pac-
npeAeyeHHsa 3THX KMBOTHHIX 1 NPOAHAMMIMPOBaJ 29 perHoHaJbHBIX CIMCKOB
TOJIOTYPHMH M3 PasJMYHBIX paiioHOB Muposoro okeana. B cnmuckax npuseaensl
TPH OTPAAA ToJOTYypuil, NpPeACTABAAIIMX OCHOBHEIE TpPodHUeCcKHe IpPyMHIIb:
Dendrochirotida (cecronodaru), Aspidochirotida (suubenrnyeckue Aemno3muTo-
darn) u Molpadiida (undayunnsie genosurodaru).

Br1j0 BHIABNEHO OYEHB YETKOE 3aKOHOMEpPHOE H3MeHeHHe BHAOBOIO COCTaBa
B MepHUAHOHAJIbHOM HanpasjenunH (Tabxa. 6.6, puc. 6.3). Xopowmo npociesxuba-
eTcs mocjeZloBaTeJbHOE NOBHIINIEHNEe NPH ABHXKEHWH OT 9KBATOPa K NOJIOCAM
LONH JeHAPOXMPOTHUA U, 0COGEHHO, CHH KeHHe BeJINYMHBI OTHOIIICHHUS YUCJIa BH-
AOB aCHUJOXHPOTHI K TAKOBOMY JeHJAPOXHPOTHA; IepBHl MOKa3aTe b BAPDbH-
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Ta6amna 6.6. TakcoHOMHYECKMIt COCTAB MEJKOBOAHEIX FOJOTYPHI B pasHuX paiionax Mupo-

BOTO OKeaHa

Obumee | pido- | Dendro- | Molpadii-
Paifon Hiupora ameao | - tida chirotida da Hcrounnk
Bunor * A
3emMaa Ppanna- 80-85° ¢. m1. 8 0 2 3 Bapanosa, 1972
Hocuda
BapenneBo Mope 70-80° ¢, m. 11 0] 7 0 Anvcumona, 1984
OxoTcKoe Mope 50-60° ¢. m. 18 1 11 0 Ywakos, 1963
Bpur. Koaymb6us  47-85° c¢. m. 30 3 22 2 Lambert, 1984
Hpnangua 50-55° e. m. 23 2 15 0 O’Connor et al., 1985
3an. Caxanun 46-51° ¢. m. 17 1 11 3 Dajeen, 1988
IOxunii Caxanun, 45° c. . 31 1 19 6 AbsixoHOB ¥ Ap., 1958
JOxkunle Kypuam
3an. Ilerpa 43° c. m. 21 1 11 3 Kaumosa u ap., 1987
Beaukoro
Boerox CINA 40-48° ¢c. m. 21 0 14 2 Pawson, 1977
Hranus 35-45° ¢, m. 286 8 12 1 Tortonese, 1965
MekcHKaHCKM I 25-30° ¢c. m. 46 17 21 2 Miller, Pawson, 1984
3aJ1.
Kanapckne o-Ba 28° ¢. 1. 17 10 4 1 Bacecalado et al., 1985
dnopupa 23-25° ¢c. m. 40 15 15 1 Hendler et al., 19956
ToEKOHT 22° ¢. m1. 20 7 9 1 Clark, 1980
Ileurp.-BocToudas  32° c. m1.— 97 25 81 4 Maluf, 1988
Hanuduka ~10° 0. m.
Ky6a 20-23° ¢c. m1. 16 12 3 0 Jlesun, Tomec, 1975
Kpacnoe Mope 14-28° c¢. m. 47 33 8 0 Cherbonnier, 1955
MaBpuTAaHUA 20° c¢. m1. 11 2 9 0 Massin, 1993
Autuiapckue o-sa 18-20° ¢, m. 26 20 4 (4] Deichmann, 1963
o. Xaiiuanb 18~-20° ¢. m. 19 5 2 (o] Liao, 1983
- Benna 17° ¢c. m. 12 6 ] 0 Pawson, 1976
Tyam 13° c. m1. 30 23 2 V] Rowe n Doty, 1977
HOxunii BoerHam 12° ¢. 1. 55 29 10 1 Co6eTB. HabmoaeHH s
ComManu 0-10° 10. m. 18 16 1 0 Tortonese, 1980
0. AcleHbChOH 8° 1. m. 5 4 0 0 Pawson, 1978
o. Aappabpa 9° 10. mi. 35 27 2 0 Sloan et al., 1979
o. Kokoc 11° 0. m. 36 25 5 0 Marsh, 1994b
CeBepnasd 10-20° 10, m. 90 38 32 5 Cannon ¥ Silver, 1986
AscTpanus
Cesepo-3anagHaa 14-17° 10. m. 28 24 2 0 Marsh, 1986
ABcTpanunda
Tantu 17° . m. 20 17 0 0 Cherbonnier, 1954
Majarackap 13-25° 10. m1. 122 65 40 (4] Cherbonnier, 1988
Hopas Kaneponua 20-23° . mi. 58 48 4 0 Féral u Cherbonnier,
1986
o. Xayr™Man 28° 10. m. 33 23 7 1 Marsh, 1994a
Abpoanioc
Yuan 20-50° 0. m1. 18 0 9 4 Pawson, 1969
3an. Ascrpaauns 35° 10. mi. 12 3 7 1 Marsh, 1986
Hopaa 3enamgna 35-42° . m. 31 1 18 4 Pawson, 1970
IIpon. Kyka 40° 10. m. 12 1 7 0 Pawson, 1963
Bemaa Apnenn 86° 10. mmI. 18 0 17 0 Cherbonnier, 1973
Mope Vaagmenna 65-85° 0. m. 37 2 30 2 Gutt, 1988

* VauThIBaiuch TOJHKO BUABI, OTMEUeHHbIe Ha IayGuHe xo 100 M.
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Prc. 6.3. IlpeacTaBieHHOCTE YKCJIA BUAOR TPEX OTPA/IOB MeJIKOBONHLIX
ronoryphii Ha pasBHX HIMpOTaX:
A — orHommenue aucas BAxoB Aspidochirotida k uneny suxos Dendrochirotida,

(ukana Ha ocu abeumcce norapudpmmueckasn); B — poas (%) wucna supos
Dendrochirotida or o6inero yucaa suaos s cnucke; C — 1o ke Molpadiida

pyeTca B npefesiax ABYX, BTOPO#l — Tpex HOPAAKOB. B Tponmuyecko-cybrponu-
YecKOi1 30He A0Js BUAOB JeHAPOXHPOTHA He npersimaeT 25 % oT obugero uuc-
Jia BHJIOB roJIOTYpHil, TOrJa Kak B YMEPEeHHBIX BOJAX OHA MOAHHUMAETCA AO
70 % . Heo6xoqumMo, OAHAKO, HMETh B BHAY, YTO MOJKXHO TOBOPHTH TOJBKO 06
OTHOCHMTEJBbHOMH BHAOBON 6eJHOCTH AEHAPOXMPOTHJ B TPOHMHMKAX; 00-
1ee YHCJIO BHJOB 3TOTO OTPsifa 37lech BechbMa 3HauuTeabHo. Tax, B Uugo-BecT-
nanuduKe orMedyenHo okojao 150 sugor Dendrochirotida nmpm 125 Bugax
Aspidochirotida (Clark, Rowe, 1971, ¢ aononsennsamu).

OueHp XapaKTepHO M LIMPOTHOE paclipefieleHue MeJKOBOAHEIX Molpadiida.
B npuskBaTOpHMaJbHOMN 1 B IPUOOJSPHBIX 30HAX OHHM IPAKTHYECKH OTCYTCTBYIOT
H HauboJee Xxopolo npeicrapaens Mmexay 30 u 50° Kak cesepHOro, TaK H I0XK-
HOTO NMoJymapHii.

He MeHee 3HaunTeJIbHA DASHHIA M B YHCJEHHOM OOWIHM IIpejCTaBHTejael
paccmarpuBaeMbIX rpynn. JeHAPOXMPOTHALI B YMEPeHHEIX BOJax o6pasyior
OBIITHPHEIe TIOCeJIeHUA C 0YeHb BHICOKOH mJoTHocThiO. Tak, y 6eperos Upaan-
auu obmiaume Aslia lefevrei mocturaer 70 aska.m 2, Thyone fusus — 100,
Neopentadactyla mixta — 420 axs.-m*(Keegan et al., 1985). ¥ atnanriudecko-
ro nobepexxpsa CIIIA Pseudocnus lubricus obpasyeT mocejieHMA IJOTHOCTHIO
4000-6000 ax3-m? (Birkeland et al., 1982), o6unue Eupentacta fraudatrix s
saj. Ilerpa Bennkoro nmpessiutaer 100 ax3-Mm 2 (coGCTB. aHHBIE), a ¥ 3alaJJHOTO
Caxanuna — 400 ska.-m 2 (Pagees, 1988).

B rponukax ke CKOILIEHHS ACHAPOXUPOTHJ OYeHb JIOKANLHBI ¥ MX ILJIOTHOCTh
B CPeJJHEM 3HAUHMTENbHO HMKe. Tak, B XOPOILIO UCCACA0BAHHOM MHOIO 3ai. Ha-
YaHT B MOAABJAIOLEeM GOJIBIIMHCTEE CAYYaeB 3TH I'OJIOTYPHH IPeACTABIEHEl € H-
HUYHBIMH 0COOAMH. AHAIN3 JINTEPATYPHBIX JaHHKIX 110 pacnpefeeHHIO roJIoTy-
puii 8 Uago-Becrnanuduxe (Clark, Rowe, 1971) nokasaj, yro cpeAHU# pasMep
BHJIOBOroO apeaJia (oONpefeAeMblii KaK OTHOLIeHHE YHCJIa YIIOMHHAHUH BHIOB AAH-
HOTO OTpsJia BO Bcex paiioHax K ymeay stux suaos) Dendrochirotida s 2,4 pasa
MeHbIIe, yeM TakoBoit Aspidochirotida. IloaTBepsxeHNEeM HHBKOM YNCIEHHOCTH
1peJicTaBUTE/IeH 9TOH IPYIIH ABNAETCA MOJIHOE HX OTCYTCTBHE B CIIMCKE NPOMBIC-
JIOBBIX TponudecKux rogorypuii (Sloan, 1985; Conand, 1986).

B T0 :%e Bpems 1 B TponMUeCKOil 30He BCTPEUAIOTCA XOTSA H OrpaHUUYEeHHbIe 110
ILJIOIaAM, HO IJIOTHbIE CKOIJIEHHA AeHApoXupoTuxA. Tax, Ha aTosle DHMBETAK
3aperucTpHpoBana ILIOTHOCTH Nocesaenus Afrocucumis africana 546 sx3-m2 (Law-
rence, 1980). HeGoabuioe no miowmanu ckonenune Semperiella sp. (no 30 axa.-m?)
Ha#AeHO MHOIO Ha Jutopaau o. Tam 3ayu. Hauanr.

IInoTHOCTH MOCENEHNA ACIMAOXHUPOTH/ B TPOIIHKAX 3HAUYMTENBHO HIDKE, YeM
MJIOTHOCTh ACHAPOXHPOTHA KAaK B TPONHKAX, TAK U TeM 0ojiee B YMEPEHHBIX
poax. MakcuMasibHbIe ee BeJIMUMHEI 3aPErMCTPUPOBAHLI HA aToJUle JHMBETAK:
Holothuria hilla — 324 sk3-m%, H. atra — 52, H. leucospilota — 24, Stichopus
chloronotus — 15, Actinopyga mauritiana — 12 sk3-m~? (Lawrence, 1980). Oxn-
HAKO TaKMe CKOILJIeHUA — SIBJIeHHe CKOpee HCKIIOUUTEeNbHOe; KaK COOCTBeHHbIe
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HabaioaeHusa (Taba. 6.7), Tak u JATEpaTypHEIE JaHHKIE CBHAETEILCTBYIOT O TOM,
4TO OOBIYHO OOHMJIMe AaCIMIOXUPOTHZ B TPOIIMKAX He NPEBLILIAeT OJHOIO 3K3eM-
nasgpa Ha HECKOJIBKO KBANPATHBIX METPOB.

Tabamna 6.7. Cpeansas NJAOTHOCTL HOCeJeHHs M 6HoMacca roJoTypHii-Zeno3mTodaror Ha KO-
panjaoBnx puHdax

Taxcos ’ N* | Ob6uaue, ax3-107 n? Buomacca, 10°r-10™'n? —I

Hupo-Becrnaunduxa

Pon Actinopyga 30 56,4-213,6 26,2-96,3
Pon Bohadschia 14 331,8-537,2 90,4-162,7
Holothuria nobilis 9 19,1-28,8 8,6—-9,9
H. atra 8 446,6—630,6 54,0-82,8
H. leucospilota
Opyrue Holothuriidae 39 13 953,7-79 982 96,1-425,4
CemM. Stichopodidae 8 39,5—-46,6 9,5-13,1
Pox Synapta, Euapta 19 23,2-43,2 6,3-14,9
O pyrue Synaptidae 21 51,4-96,5 2,1-6,9
CeM. Chiridotidae 27 23,2-85,6 0,04-0,11
Ky6a
Actinopyga agassizi 4 23,5-23,7 4,0-4,1
Holothuria mexicana 53 19,0-39,6 4,2~-8,3
HOpyrue Holothuriidae 12 4 605,3-15 245 33,4-121,7
Cenm. Stichopodidae 4 69,5-73,8 27,243,
Euapta lappa 11 6,3-9,7 1,4-2,

* Yucno ydeTHsIX MJOMAZOK pasMepoM 104 M2,

TakuMm 06pascM, IO MJIOTHOCTH IOCEJEHHA B CKOIJIGHHSIX paccMaTpHBae-
MbIe OPTaHHU3MBbl MOKHO PacHOJIOKHUTH B cieAyinuil pan: Dendrochirotida B
BhicoKMX ImmpoTax > Dendrochirotida B Tpommkax > Aspidochirotida B Tpo-
nukax > > Aspidochirotida B BricOKMX mmpoTax.

Huan xapTuna HabiaiogaeTca npu nmepexoie K 6momacce. Bece suam genp-
POXHMPOTHA, A KOTOPHX OTMeYeHbI CKOIJIEHUA B TPONHKAX U B YMEPeHHBIX
HMIMPOTax, — MeJIKHe HJIHU OYeHb MeJIKUe XHBOTHHIe. BeaencrBue oueHs BBICO-
KOH IJOTHOCTH HMOCEJeHHA B HEKOTOPHIX paHOHax OHH CHOCOOHHI XaBaTh 3HA-
YyuTeabHy0 6uomaccy. MaKcuMaJbHble BeJIWYHHB 3aPEerdCTPHUPOBAHBI IS
P. lubricus y sanagnoro nobepe:xkpsa CIIIA — okono 9000 r-m~2 (Birkeland et
al., 1982), ogHaKo aTO CKOpee MCKJIOYeHHe, YeM npaBuyo. OOBIYHO JKe 2TH
BeJIMYMHB Ha 1-2 mopsajaxa HH)Ke: Hanpumep, B Bepunrosom mope Psolus
phantapus — 180 r.m%, y samagsoro Caxanmna Cucumaria japonica —
164,6 r-m2, E. fraudatrix — 398,2 r-m? (Pagees, 1988). Banskue Benuun-
HBl MAKCHMAJbHOM GHOMAacChl OTMeYEeHBI ¥ 9TOM Ipynilbl M B TPONMHUKAX, HAIIPH-
mep A. africana — 491,4 r-m? (Lawrence, 1980).

BuoMacca TpoIHYeCKHX aCIHJOXMPOTH] U3-3a 6oabnX (YACTO Y OYeHb 60Jb-
IIHX) pasMepoB 3THX JKMBOTHBIX MOJXeT OBITh 3HAYHTEJbHO Briine. Tak, Ha
aTojle DOHMBETAK 3aperucTpHUpoBaHbl BeawdyuHhl (r-m?): H. atra — 2550,
H. leucospilota — 1180, S. chloronotus — 2180, A. mauritiana — 7880
(Lawrence, 1980). Ilsia aTHX >XHBOTHBIX B TPOIIMKAX XapaKTePHbI YCTOHYHNBO
BBICOKHe GMOMACCHl Ha 3HAUMTEJBHBIX Iolnagax (cMm. taba. 6.7). Exuaununsie
BHJBI MEIKOBOAHEIX aCIHJOXMPOTHA, IPOHHKIINE B YMepeHHble BOAHI, HA He-
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KOTOPHX YYACTKaX MOTYT OOpPa30BLIBATh 3HAYUTENBHYIO 6HOMaccy (B mepByO
odepeAb AIHHEBOCTOUYHBIN TpemaHr), HO B cpejHeM GmMoMacca 9Toil rpynnos
3/leCh OYeHb HEBEJHKA.

IloaToMy B pagy 6HMoMacc paccMaTpPHBaeMbie IPYINE! BRICTPOATCA B HHOM
nopaxke, 4eM B pAny obuius, a mMeHHo: Aspidochirotida B rponmkax >
> Dendrochirotida B Beicokux muporax > Dendrochirotida B rpomukax >
> Aspidochirotida B BRICOKMX mHpOTAX.

PaccMoTpeHHBIe KOJMYECTBeHHBIE 3aKOHOMEPHOCTH OTHOCATCA K IOKA3aTe-
JAM OOMINA ToNOTYpHt B c Ko mnJae H H A X. CpeiHMe 3HAYCHHA HTHX
BEJIMYUH B llepecyeTe Ha 001IYIO mIoOIaas paitona (¥, cnefoBaTebHO, HIOKA3aATE-
Ju obmeil yucieHEOCTH N BHoMacChl) pacnpelesieHbl HHaYe, YTO 0BYCJIOBJIEHO
OTMe4YeHHBIMM BhIIIIe PA3JIMYHUAMHE B PasMepe Tejla ¥ XxapaKTepe pacupeesieHHA
SKUBOTHBIX.

A KolnYecTBEHROH OUEHKH pacnpefesleHHA OTAeAbHLIX TRKCOHOMH-
YeCKUX IPyNI roJIOTypHil GBIJIH IpoaHaIN3NPOBAHKI COOTBETCTBYIOMHE AAH-
HBI€ IO JBYM PACHOJIOXKEHHEIM B PASHBIX MIKPOTAX paifonam (cm. puc. 1.1)
C IpUMEPHO OAMHAKOBOM CTENEHLIO U3yYeHHoCcTH — 3ai. Ilerpa Beamkoro
(43° c. m1.) u 3an. Hayaur (12° ¢. m.). B oboux cayyaax paccMaTpHBAIH

. IIoJIocy IPHUGPeKHOrO MeJIKOBOABS, orpaHNYeHHYI0 n3obatoit 20 M. B 3an. IleT-
pa Beaunkoro uccaegorann paiton miomaznesio 40 km? B ceBepo-BoCTOYHOM yac-
T 3ak. ITockera, BRAOUan 6yxThl Burass u Tpouns (cBrime 500 Bogonas-
HBIX M JIMTOPAJIBHBIX CTAHIMIi), B 3ajJ. Havanr — samagHyio 4acTh 3aJIMBa
TO# Ke miaomaau (okosao 140 crannmii).

IlonyueHnble HA DTHX yUYacTKaX pedyabraThl (Tabsx. 6.8), a Takke cobcTBeH-
Hble M JINTepaTYpHBIEe JaHHbIE HO APYTHMM padoHAM OKeaHa MOKA3HIBAIOT, YTO
COOTHOIIIEHHE CPEAHMX MO IJIOIadu palioHa IoKasaTeseil YHCHeHHOro OOKINA H
6uomacch! (a TaxkKe ob1ieil YUCIEeHHOCTH ¥ 6HOMACCHI) ABYX OTPALOB I'OJIOTYPpHit
B Pa3HLIX IIHPOTHRIX 30HAX MOKeT OHITh IPeACTABIEHO CAeAYIOIHM o6pasoM:
[Aspidochirotida B Tponurax ~Dendrochirotida B BrICOKMX mmporax] >>
>> [Aspidochirotida B Beicokux muporax ~Dendrochirotida B Tponukax].

CyMMHpys AaHHBIE IO IIMPOTHO-reorpadMuecKoMy paciipefie/IeHHI0 MEJIKO-
BoAHBIX Aspidochirotida u Dendrochirotida, caegyer o6paTuTs BHUMaRHE, YTO
H3MeHEeHHe BHJOBOro GoraTcTBa M obOMAKMA MMeeT B 3THX I'PyNnax HPOTHBOMO-
JIOXKHYIO HAIIPABJEHHOCTH: B MePBOil yKa3aHHble MOKA3aTeNH OT 3KBATOPA K BHI-
COKHM IIIHMPOTAM CHHIKAITCA, & BO BTOPOil — NoBmimaiTcA. OgHaAKO HAOMHIO,
YTO ACHAPOXHMPOTH/ALI B «IIeCCHMANbHON» JJIA 3TOH rpynnbl 30He (TPOMMKAaX)
TOJBKO OTHOCHTEJ b KO O¢fHee B BUAOBOM OTHOINIEHUH U MAJIOYHCJIEHHEE,
YeM aCIMAOXKPOTHABI, TOTAA KaK aCIHIOXHMPOTHALI B YMEPEeHHEIX 30HaX MPaKTH-
YeCKH OTCYTCTBYIOT.

TI'eorpadundeckoe pacnpoc'rpanenne eilie OAHOI IPyNIbI FOJOTYPpUii-ReIO3HTO-
¢aroB — snMOEHTHYECKHUX AMOJHUI — JOBOJIBHO CXOZHO C pacnpeAesieHueM aciu-
JoxupoTHA. KpynHeie cuHanTHbI B TPOMUKAX OY€HL MHOTOYHCJIEHHE! M 06pasyioT
BBICOKYI0 6momaccy (cM. Tabu. 6.7 u 6.8), B BEICOKHMX Ke IMPOTAX 3TH JKHMBOTHBIE
OTCYTCTBYIOT. XapaKTep pacnpocTpaHeHusa WHGAYHHBIX allOANA HECKOJIHLKO HAIO-
MHHaeT TaKOBOH MOJIbHaAHHA. B YMEDEHHBIX BOJAAX OHH HMEIOT OTHOCHTEJILHO
BBICOKYIO YHCJ€HHOCTh U GHOMaccy, TOr/[|a KaK B TPOIIMKAX MX OYeHb MAJIO.

AHaH3 TpopHUYECKOH CTPYKTYPHI LIeNAb(OBBIX TOJOTYPHit MOKA3aJ, YTO OHA MOA-
YHHAETCA 3aKOHOMEPHOCTAM, chopMmyanpoanHbiM A. A. Hefiman (1988) pis mens-
¢oBoro 6erTOCA B IIEJIOM, HO BRIABJAET O4YeHb CYIIleCTBeHHbIe pasauuud (puc. 6.4).
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Puac. 6.4. CooTHomenne G6uoMacc TPopHYECKHUX I'PYNIHMPOBOK MeJIKO-
BOJAHBIX TroJioTypu#i

1. Ha wensdax Temwnsix Mopeil o6man 6umomacca Bcex TpPodhHUYECKHUX TPyHI
GeHTOCA 3HAYUMTEIBHO HMXKE, YeM B XOJIOAHBIX M YMEPEeHHBIX BOAAX; AJIA MeJKO-
BOAHBIX JKe IOJIOTYPHH 3TH NOKasaTeJH OJIM3KH.

2. Ha wenbdax B TPOIMKAX OTHOCHTEJIbHAA AOJS OGHOMacchl ceCTOHODATOB
3HAYUTEJbHO BhIlIe, YeM 9SOHOeHTHYECKHUX Jemo3HTodaros; B yMepeHHbIX MIHpo-
Tax 6uoMacchl 3TUX ABYX TpopHMUEeCKHX KaTeropuil mpuMepHo paBHBI, a GoMac-
ca MH(pAYHHBIX AENO3UTO(ArOB OYEHDb Majia, Y MEJKOBOJHBIX TOJOTYPHIl KapTH-
Ha NIPUHIMINNWAJLHO HHANA: B TPONHUKaX cecroHodaru u genoaurodaru Haxogar-
cs B o6paTHOH (110 CPABHEHUIO C 3aPEerHCTPUPOBAHHOMN I Beero menbga) 3aBy-
CHMOCTH; B YMEPEHHBIX e LIHPOTAX ceCTOHOMArH COCTABAAIOT OCHOBHYIO JONIO

Tabasna 6.8. HuTencHBHOCTH HepepabOTKH TOJIOTYPHSIMH OCadKAeHHOro Marepuasna B gan. Ilerpa
Benuroro u Hsvanr (pacuernas maowafgs 40 kM%)

O6beM ne 6GOTAHHOTO
Yueno BuAOB Bromacca pepal
Obunne, ocagkxa
Tpoduueckan rpynna CemeiicTBo 2
BK3I M
N % r-m? % |emPerte M oM r ooyl %

3aa. Ilerpa Beaukoro (43° ¢. m.)

Anubenrnueckne Holothuriidae O 0 0 0 (o]
AenosuTodaru Stichopodidae 1 0,011* 1,590% 0,3 0,477
Synaptidae 4] [\] o 0o (4]

Hroro 1 4,8 1,590 32,4 0,477 23,5
HudayHubie Chiridotidae 8 0,019 0,019 5,9 0,112
RenosuTodaru Molpadiidae 3 0,009 0,270 3,1 0,837

Hroro 9 42,9 0,289 5,9 0,949 46,7
CecToHodaru Cucumariidae 10 0,020 3,030 0,2 0,806

Phyllophoridae O 0 (o] 0 0
Psolidae 1 + + 0,2 +
Hroro 11 52,3 3,030 61,7 0,606 29,8
Becero 21 100 4,906 100 2,032 100
3an. Havaur (12° c. m.)
SnubGentuyeckue Holothuriidae 20 0,023 2,490 0,5 1,250
Jleno3uTodaru Stichopodidae 4 + 0,101 0,4 0,040
Synaptidae 6 + 0,023 6,1 0,140

Hroro 30 75,0 2,614 99,9 7,0 1,430 99,5
HMadayHnnie Chiridotidae 2 + + 7,4 0,306
ACTIO3NTODATHA Molpadiidae 1 + + 3,4 +

Hroro 3 7,5 + + 10,8 0,008 0,4
Cectonodarn Cucumariidae 1 + 0,001 0,38 +

Phyllophoridae 6 + 0,002 0,3 +

Psolidae 0 0 0 4] 0
Hroro 7 17,6 0,003 0,1 0,8 + 0,1
Bcero 40 100 2,618 100 18,4 1,437 100

* [To peayapTaram yuera 1968—1969 rr. (40 nafeHHs 9NCIEHHOCTH JAILHEBOCTOUHOrO Tpenanra — oM. Jlesun, 1982a).
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6momacchl, Ha BTOPDOM MecTe — «Ge3BbIGOPOUYHBIE» , TOTAA KAK COGHpAaIoNMX Je-
NO3UTO(DATOB B BRICOKHMX IIHPOTAX, KAK NPABHJIO, IOUTH HET.

OrmeueHHuIe cnenudUyuecKle 0COOEHHOCTH TPoHUYECKOH CTPYKTYPHI TOJIOTY-
puil npu6GpeKHOI 30HBI MMEIOT UeTKYK TAKCOHOMMYECKYI0 ocHOBY. Ilpeobaana-
HHEe Ha MeJIKOBOJbe TPOIMUYECKO-CyOTpONHMYEeCKOH 30HBI I'oJIOTYpHii-Aenoauroda-
TOB — CJIeACTBHE NMpPOLBETAHHMS 3Jech NPEeACTABHUTeNeH ABYX CeMeHCTB OTpAAa
Aspidochirotida: Holothuriidae u Stichopodidae u cem. Synaptidae orpsanga Apodida.
Iopasnsaiomee GONBIIMHCTBO BHAOB 9THX IPyNI He omycKaeTcs riyGike 50—
100 M m He yuHTHIBaeTCA HPM aHaiude TpodHyYecKol cTPYKTyphsl GeHTOCA OC-
HOBHO# wacTy meabda. Pesxknii ke s«Jedpnuurs yrasaHHoH TpodHyecKoii KaTe-
ropu B upubpeskbe YMEPEeHHBIX 30H CBA3AH C OTCYTCTBHEM 3[1eCh XapaKTepHel-
HIero JUIA HUKHAX TOPU3OHTOB 1eiikda ceM. Synallactidae (oTp. Aspidochirotida).

Yem MOKHO OGBACHHTH PACCMOTPEHHBIN XapaKTep NIMPOTHO-30HAJBLHOTO
pacnpeziesieHHuA MeJKOBOAHBIX rosoTypuii? B nureparype (Pawson, 1970; Bakus,
1973) oH CBAIBIBAETCS TOJBKO ¢ H3MEHEeHHEeM B MEPHANOHAJNLHOM HaNpaBIeHHH
KOJHMYEeCTBa M KauecTBa NMHUINEBOro marepuasa. OfHAKO, KAK NPEACTABIIETCH,
3TO He eAUHCTBEHHBII, & B HEKOTOPHIX CIy4YasiX U He I'IaBHBIN GaKTop.

ITo MouM faHHBIM, B0HAJIBHBIE TPaZHEHTHl OOMJINA MUIIKH HauboJiee cylle-
CTBEHHO CKAa3BIBAIOTCA Ha pacnpefetenunn Molpadiida u saxanmsiBarommuxcsa
Apodida. Umeroniuiica MaTepuaJs MOJHOCTBIO COIJIACYETCA C PE3YJIBTATAMH, NO-
aydeHHBIMM A. A. Hefiman (1988) nns 'KMBOTHBIX C AHAJOTHMYHBLIM THIIOM
nuradua. 51 cormacen ¢ Heiiman u B ToM, uTo Takoe pacnpezeseHne o6bACHAETCA
HHU3KUM collep;KaHHNeM M HU3KHMM INHUIIeBbIM JOCTOHMHCTBOM OPraHHU4YeCcKOoro Be-
mecTBa B TponuydecKkux ocagkax. Cosepsranne OB B ocaake Bo/skHO B HaM60JIb-
uieil 1o cpaBHEHMIO ¢ APYTHMH roJIOTYPHUSIMH CTEIeHH CKas3blBAThCA Ha MOJbINA-
JANaX — MAJIOIOABISKHBIX JKMBOTHEIX, 06JIMTaTHO IHTAIOLUIMXCS B TOJIIE OCAJKA.

3oHANBLHBIM BaphNPOBaHNEM OOHINA MUINA 00LACHAIOT B JUTEPATyDe U pac-
npeneienne Aspidochirotida u Dendrochirotida. [I. Ilocon (Pawson, 1970) cBa-
3bIBaEeT 06HINe ReHAPOXHUPOTHL B YMEPEHHOI 30HE ¢ IPeHMYIIeCTBeHHOH! pea-
CTaBJIEHHOCThIO TaM B3BelleHHo# numu. k. Bakyc (Bakus, 1973) npusogur
B CYUIHOCTH TO e, HO 60JIee pazBepHyToe obbsicHernue. OH Nojaraer, YTo NpHIH-
Ha TaKOI'o paclpejejeHUA roJoTypuil — HH3Koe obuine PUTOIIaHKTOHA B TPO-
MHUYeCKMX BOJaxX U BEICOKOe O0MJIMe IJIAHKTOHA U B3BeIIeHHBIX YACTHII JeTPHTA
B YMEPEHHBIX.

Opnaxo, kak ykassiBaer 0. H. Copokun (1986, c. 8), B mocieanmne roant
«...1oJIoKeHHe o 6eJHOCTH IIIaHKTOHA B BOJAX KOPaJJIOBBIX pH(OB 6b170 mOJI-
HOCTBIO IIePECMOTPEHO. ¥ CTAHOBJIEHO, YTO 3TH BOABl XAPAKTEPHU3YIOTCA OOHINEM
B3BELIEHHON IMINY, BKJIIOYAA MIaHKTOH». IloCKONBKY KOopanjoBeie pUPH —
OCHOBHOE MeCTOOGHMTaHME TPOIIMYECKHUX TOJIOTY Ui, HICXOAA N3 COBPEMEHHBIX KOH-
nenui NpoRyKIHUOHHOTO Npouecca B TPONIMYECKHX BOgaxX oO'bsicHeHHe aMepH-
KaHCKHMX aBTOPOB He MoXKeT OuITh npmuaTo. IlogTREpiKAeHMEM TOrO, YTO B3Be-
MIeHHOH NHINH B TPONHKAaX MHOro, ABJAETCA TOT (paKT, YTO TPONHMYECKHE
Aspidochirotida «Bp1AEIHIK U3 CBOMX PAJOB» CEEHKOTYPHI B CEMIEPOTYPHIA,
NPHUCIOCOOUBIINXCH K HOTPEOJIeHHIO TAKOMH [THIIfH.

BesycnoBro, 06unne 1 COCTAB IJIAHKTOHA HA PA3HBIX MIMPOTAaX HEe OAUHAKO-
BbI, YTO CKA3bIBAETCA HA YCJOBUAX NHUTaHKA roJIOTYPHii, HO MMEIOTCA U Apyrue
daKTOpHI, ONpeAedlolie 30HAJIbHOEe paclupejeieHre 3TUX KUBOTHHIX.

B mocneanue roan! Hakamineaercs nuagopmanus (Legendre et al., 1986) o Tom,
YTO NPOAYKUMA CECTOHOGATOB KOHTPOJMPYETCH He CTOJBKO GHOJIOrHYeCKHMH,
CKOJIBKO (PUINYECKUMHU GaKTOPaMH M 4TO B obecrieyeHUH TAKMX JKMBOTHHIX NH-
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meit KPUTHYECKUM 3BeHOM ABJAETCA He HaJHYKe MUIIEBOIO MATEpHAJA, & aK-
THBHOCTh TMAPOJHHAMH4YEeCKHX mpoieccoB. Kak y:xe ynomMuuainocs B 1. 3.3,
xapaKTepHad o0COGEeHHOCTb NPHOpPe)KHON 30HHI — Begylias pPoJb IMIPOLHHA-
MudecKkoro ¢axropa. IloaToMy BapHaGenbHOCTE CTENEHH MOABMMKHOCTYH BOAB K
XapakKTepa O0CaJKOHAKOIJIEHUA HIpPAEeT CYLIeCTBEHHYIO POJb B pacnpefesieHun
MeJIKOBOAHBIX OPraHM3MOB C Pa3HLIM THIOM HHTaHHA. B cBA3H ¢ 9THM KpaT-
KO paccMOTPHMM XapaKTepHble THAPOAMHAMHUYECKHEe U CeqHMEeHTOJIOrHYecKHe
YepTH NPHPOAHBIX (KINMaTHYeCKHX) 30H Muposoro okeaHna (JIucunnu, 1974).

Jiexosnie 30HEI. BosHOBOE Bo3geiicTBHe Ha Geper, abpasusa U BOJHOBAA Ie-
pepaboTka ocafoYHOro MaTepHaja MHHHUMaJbHH. I'OCIOACTBYIOT 06J10MOYHBIE
ocajgxu. Hakonnenme GHOTeHHBIX OTIOKEHMH PAKTHYECKH OTCYTCTBYET.

Ymepennsie 30561, CpegHAA HHTEHCHBHOCTD BOJIHeHHA Gojee 5 6a110B, BOJ-
HOBoe Bo3JeiicTBre Ha Geper, abpasusa u nepepaboTka MaTepuaia MAKCUMAJIbHBI.
IIpeobaagaoT pasHoo6pasHelie 06J10MOUYHEBIE U IIMHUCTRIE OCAAKH, K HUM 4acTo
NpPHMeIINBAaIOTCA GHoreHHbIe (Ipex e Bcero pakyeunsie). CKopocTs ceMMeH-
TAIMM NOBHIIEHA.

Apuananie 30abl. CpefHAA MHTEHCHBHOCTHh BOJIHeRuA 3—5 GannoB, aGpasus
6eperoB u nepepaboTKa ocagouHOro MaTepuasua ocnabiensl. IlocTynienue rep-
PHMIreHHOI'O MaTepHala He3HAUHUTEJbHO. BHoreHHas ceAMMEHTallNAd He3HAYMTEIb-
HA, HO KapOGoOHATHBIE OTJIOKEHMUS FOCIOJACTBYIOT B CBA3M C HEAOCTATKOM TeppH-
renHoro matepuaja. CKOpoCTh CeJUMEHTALINM OUEeHb HU3KAaA.

JxBaTopHaabHadg 30HA. IIpeobaazaroT LITHIL MIN BOJHEHHE HHXKe 3 6aIoB,
abpasna 6eperoB U BOJHOBaA Ilepepaborka caabel. IlocTymienune TeppureHHOro
MaTepHaa MAKCHMMAJIbHOE M COUeTAeTCA ¢ BBICOKO IpoAyKIpei GMOreHHOIo Ma-
Tepuasa. CKOpoCcTh CeJHMEHTAIMH BhIIIe TAKOBON B ApPHAHLIX 30Hax B 3—10 pas.

TaxuM o6pasoM, oJJHa U3 XaPAKTEPHBIX I'MAPOAHHAMHYECKHX ocoGeHHOCTEH
TPONHMYECKO-CyOTpONNUYeCKO 30HbB — HHU3Kasi WHTEHCHBHOCTH BOJIHOBOTO BO3-
JeficTBUA, YTO MOJKET CKa3blBaThCA HA 00eJHeHUH COCTABA M CHIDKEHUH OOMINA
B TPOIIMKAX rOJIOTYPHI-ceCTOROG}AroB.

IIupoTHBIe USMEHEHHA B pPACIPEJeICHMHU MOJOTYypPHil MOTYT OBITE IPAMO CBS-
3aHEI C COCTABOM H MEXaHHYEeCKHMH CBOMCTBAMU I'PyHTOB. I BBICOKHX INHPOT
HauboJiee XapaKTepHHI 06JJOMOYHEBIe OPO/bI, AJIA HUSKUX — MJIBI; OCAAKH Hep-
BOI'O THIIA MMEIOT GOBIIYIO HeCYIYIO cioco6HocTh. ¥ craHoBaeHo (Boucot, 1981),
YTO HA MEHee «IIPOYHBIX» OCaAKax OOHTAIOT NPEHMYILeCTBEHHO IIOABUKHBIE CEC-
ToHO}ArH, a Ha CTabHJIBHBIX — CeCCHIIbHbIE cecToHOMaru. PrxjgocTs Tponudec-
KHX MATKHX MPYHTOB MOXKET NPEeIATCTBOBATH PA3BUTHIO 3/ieCh JEHAPOXHPOTHS,
HYKJAIOIIUXCA B HaACKHOM onope 1A 3aKpenieHusa. Ot ¢pusnyecKUX CBOHCTB
OCcajiKa B SHAUHTENLHOMN CTENeHN 3ABHUCHUT JIErKOCTh 3POAHPOBAHMSA TOBEPXHOCTH
JHA BOJIHAMM, MHTEHCHUBHOCTH IIPOLECCOB B3MYYHNBAHHUA U PeCcyCHeHAUPOBAHUA
ocajiKa, BIMAKIINAX Ha TpodHyecKHe CBOMCTBa NPUAOHHOIO CJIOS BOABI, & B MeJI-
KHX YYACTKaX BoJoeMa — H Bcel ee TOJIIIH.

Eme ogun ¢pakTop, MOTyIIHi BAMATE HA paclipefieleHHe roJIoTypuii, — nps-
Mble 6HOTHYECKHe OTHOLIEHUA MEXKY JKHBOTHBIMU. Peub HieT 0 iBJIeHHH, KOTO-
poe onucapiine ero aBrophl (Rhoads, Young, 1970) nassanu ¢«aMeHCATH3MOM
TpodMYECKHX IPYII»; MO3Ke ero 6sli0 npeanoxeno paccmarpuBats (Thayer,
1983) kak yacTHBII cayuail 6osee obulero geHomeHa — «GHoJOrMYecKoi pac-
ynctku» [bulldozing].

CorsnacHo 3Toi#l rumoTese, MOATBEPXKIAEMOM COJUAHBIM (PAKTHUYECKHIM MaTe-
pHasioM, Ha HeKOHCOJMAKPOBAHHAIX PYHTAX MPOMCXOAUT IPAMOE YTHEeTEHHE AEeMo-
suTodaraMm HeNOJABMKHEBIX ceCTOHodAaros (aMeHCaIN3M) JHG0 HenOABHMYKHBIX
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OpraHM3MoB BooOIlle, BKJOYaA U pacrenuda. Habmogalomancsa yeTkas obpar-
HadA 3aBHCHMOCTH MEXAY YMCJIOM BHUAOB (M, MeHee BRIDAKEHHASA, YHCJIOM OCO-
6eit) Aspidochirotida u Dendrochirotida nosunocTsio cornacyercs ¢ rumoTesoit
aMeHCaJIN3Ma.

HecoMHeHHO, CymeCcTBYIOT M NPHYMHE PH3N0JIOrMYECKO-EHOXMMHUECKOTO
xapaxkTepa. Tak, panee Mul nokasanau (Kpacuos u gp., 1976), uTro B MepHgHO-
HaJIbHOM HaIPaBJeHNH MeHAETCA XapaKTep KaJbIUu(HKAaIUH CKEJIeTHLIX dJIe-
MEHTOB I'OJIOTYPHI, & IMEHHO: OT 9KBATOPA K BHICOKHM HIMPOTAM B HHX IOBHI-
maerca ornowmienue Ca/Mg.

Takum 06pa3oM, MIKPOTHO-30HAJNIbHEIE H3MEHEHUsA paciipefieSIeHNA roJIOTypuii
MOryT O6'bACHATHCA LEJIBIM KOMILJIEKCOM (PaKTOPORB; IIPH 3TOM Habophl dakTo-
POB, OO'BACHAIOIINX <«TOJIO;KHTEILHbIE» M «OTDHIATEJbHLIE? YEPTHI pacnpezeJie-
HHUS, MOTYT He coBlafaTh. Hanpumep, oTHOCHTENbHAA BUAOBaA 6eXHOCTSH U CHH-
JKeHHe YNCICHHOr0 00MINA ACHAPOXHPOTH] B TPOIIMKAX 00YCJIOBJIEHDI, IO MOEMY
MHEHHIO, CJIEeAYIOIIMM KOMIIJIEKCOM: a) ¢J1abbiM BOJHOBHIM BO3ZAeMCTBHEM, 3a-
TPYAHSAIOLIUM BOCCTAHOBJIEHHE «BblefileHHOro» cecTonodaramu OB us npuaoHHo-
I'o CJIOA BOIBI; 6) caaboil KOHCOMMANPOBAHHOCTBIO OCAJIKA, IPeNATCTBYIOmeH 3a-
KPpeIlJIeHHIO KaK 3NHOeHTHYECKHUX, TAK H 3aKAallbIBAIOIIMXCA JKUBOTHBIX; B) IpA-
MBIM YTHETAIOIUM BO3JAeHCTBHEM pa3HOOOpa3HBIX M MHOTOYHMCJIEHHBIX 3J€Ch
acnugoxuporus. IlpensitcTBeM K 06MTAHKIO B TPOMMKAX I'pYNN roJIOTYpHH,
TMHUTAOUUXCA B TOJIE TPYHTA (MOJABIAAMUABI ¥ 3aKATLIBAKIIHECA alOoANIKI),
MOKeT ObITh, HOMUMO PACCMOTPEHHOTIO BBIIIE BeAYLIero GpakTopa — Coep:KaHNsA
B rpyHTe OB, — cinabasa Hecylias ciocOOHOCThL TPYHTA, SATPYAHAIONAA YCTPOMH-
CTBO HOP.

6.4.2. ININPOTHASA 30HAJIBHOCTL XAPAKTEPA
¥ MHTEHCHUBHOCTHN BO3IENCTBHSA HA AOHHEIE OCAIKH

W3 paccmoTpeHHOI B IpebIAYIKMX pasiesaX CXEMbI TPAHCIIOPTA MHII[EBOTO MaTe-
pHaJia FroJOTYPHAMU M Pe3yJbTATOB 3KCIIEPMMEHTAJILHOIO MCCAEAOBAHNA BJIMSA-
HHSA 9TUX JKMUBOTHHIX Ha GUSHKO-MeXaHHYeCKHe CBOHCTBA AOHHBIX OCAJKOB CJIEAY-
€T, YTO OTAeJIbHbI€ TAKCOHBI TOJIOTYPHil BeChbMa CYLeCTBEHHO PasjH4aloTcA Xa-
paxTepoM Bo3ZeiicTBusA Ha cybctpaT. Ilockoabky, Kak ObLIO IOKa3aHO BhIIIE, HA-
6J1I01a10TCA OYeHb YeTKHe LHIMPOTHhIe 3AaKOHOMEPHOCTH paclpefiefieHHA OTAeJb-
HBIX BUJIOB H OGHMIMA MX NpejcTaBuTel]ell, B MepHIHOHAJLHOM HallpaBJI€HHH Me-
HAeTcA U 0611ad MHTEHCHBHOCTh BO3JeHCTBUA rOJIOTYPHIl Ha OcaKIeHHoe Belle-
CTBO, 8 TAKYXKe KOHKPeTHHI! XapaKTep Takoro BosjeiicTeusi. Haubonee cymecTseH-
HbI Da3JINYUA B BO3JEHCTBUM Ha cyGeTpar :Ku3HeAeaTeabHocT Aspidochirotida,
snubenTuecKux Apodida u Bcex Dendrochirotida, ¢ ognoii croporsr, u Molpadiida
H saxkaneieaionuxcsa Apodida — ¢ apyroit: B nepBoM cayuae OHO CKA3bIBAETCS
TOJIBKO HA CAMBIX BEPXHMX CJHOAX OCAJKA MJIHM IMOBEPXHOCTH TBEPABIX I'PYHTOB,
BO BTOPOM — Ha Bceli TOJIIIE OCaZKa.

AcningoxupoTHALI ¥ 9NTMOGEHTHYECKNe allOANAL! YBEJIHYHNBAKOT NeTePOreHHOCTh
CBOHCTB IIOBEPXHOCTHOTO CJIOS, TEM CAMBLIM CHHUIKAA ero crabuapHocTh. JleRApo-
XHMPOTH/AKI Yallje CHOCOOCTBYIOT HAKOILIEHHIO HA IIOBEPXHOCTH OCaJKA CJIOA CBA3-
Horo OB, yBenumuupasa cTabWIBHOCTD M CHMOKAS IPOHMIAEMOCTDH OCAJKA; BHIOB
JEeHAPOXMPOTH, IUTAHNE KOTOPBIX He NIPUBOAUT K OCAKAEHHUIO B3BECH, HEMHOTO.
3aKanbIBAOLKECH NOJOTYPHH-AeN03UTOdArd YBeJINUYMBAIOT BEPTUKAJIBLHYIO Terte-
POTr€HHOCTh (PMIMUYECKUX CBOHCTB ocajka. Mosbmaguuasl U 3aKanbiBAIOLIHECH
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anoAUALl YCJHOMNKHAIOT MUKDPO- H Me3opesned moBepXHOCTH AHA (CTaGUILHOCTE
ocanKa IIpH 3TOM MOJKeT KaK BOGpaCT&TB, TaK N CHHJK&TBCH); OAHAKO IepBasa
rpynna 3HePru4yHo pecycHeHAUDYeT ocakACHHEIl MaTepuaJ, TOTAa KaK Bropas
HaKaILUTUBaeT ero B pekatunax. dusHegesareasnocTs «TyHHeabHbIx» Chiridotidae,
aKTHBHO BJMAA HA CBOMCTBA INIYOHHHBIX CJIOEB OCajlKa, He MeHAeT peibeda
NOBEPXHOCTH, HO MOXKET HECKOJIBKO MOBHLIIIATh €€ CTaCHILHOCTD.

IIpun anmanuse mWHpPOTHO-reorpadpHUecKUX ACHEKTOB cpefioobpasyiomei u
6noauddepeHIMOHHON POJIM TFOJOTYPHII PACCMATPHMBAJOCH HATH IIHPOTHBIX
30H: TPONMMYECKO-cyOTponHUYecKada (9KBATOpPHANbHAS + JABe apHAHbIE)', ABe
yMepeHHEIe U JBe JeRoBble (puc. 6.5).

Puc. 6.5. OcHoBHLIe BHAHW BO3JeiicTBMA roJIOTYpH#l HA JIOHHBLIE ocaf-
KH TpH6peskHOM 30HE Ha PasHLIX NINPOTAxX

Iindpet B kpyre — cpefHAs cyMMapHasa HHTEHCHBHOCTHL BOJHOBOro BoajleicTBHA
(JInchupm, 1974)

B rponuuecko-cyOTponuuecKoi 3oHe, rje Hanbojiee IIHPOKO IPeACTaBJAEHEI
Aspidochirotida n sun6enTuuecxkue Apodida, ocagok npakTudecku He GHOTYp-
6UpoBaH, U BJIUAHHUE IOJIOTYPHUH CKA3hIBAETCA TOJHKO Ha CBOHCTBAX IIOBEPXHO-
CTHOIO CJIOA.

Heb6onpmana o6masn unciaeHHocTs Dendrochirotida o6ycnoBinBaer nx 3Ha-
yuTeabHOE yuyacTue B ocaxkAeHun OB B sToil 30He.

B yMepeHHBIX 30HaXx, rae npakrudecku oTrcyTeTByior Holothuriidae n npen-
CTABJIEHO TOJIBKO HECKOJIbKO BHJOB Stichopodidae, mpeoGaasaiomee paspuTHe
moay4aioT Dendrochirotida u Molpadiida, a Tak:ke sakansiBaroniuecsa Apodida.
B cOOTBeTCTBHHM C TAKMM paclnpejiejieHHeM T'OJIOTYypHil HX BO3JefiCTEHe Ha oca-
AOK B 9THX 30HAaX HauboJiee NHTEHCUBHO H MHOI‘OO6p&3HO H 3aTparuBaeT KaK
IIOBEPXHOCTh OcafKa (6MoocaKiAeHHe W TOPM3OHTAJbHOE HepeMelleHue), TakK
u ero romy (6uoTypOupoBanue).

B nepoBrIX 30HaX OCHOBHEIM BUAOM BO3[€HCTBHUSA roJOTYypHil Ha CpeAy ABJIA-
eTcs, 10-BUAMMOMY, GroocaskieHue; FOpM3OHTaIbHOE NepeMellleHie MHIIeBOro
MaTepHaJia MOJHOCTHIO OTCYTCTBYeT.

B MepuaHOHABHOM HAIPABJICHMH MEHAETCA M MHTEHCHBHOCTH Gnoxmudde-
PEHIIMOHHOMN ReATEIbHOCTH MEJIKOBOAHBIX roJIoTypuii. IMemomueca B 1uTepary-
Pe CBeJIeHNA KacaloTca TOJBKO KOJIMYeCcTBa 0CaiKa, mepepabaThiBa€MOro OTAeNb-
HbIMH BHAaMH (cM. Ta6a. 5.1); nadopmanma o6 obieM koJuuecTBe MaTepHaia,
nepepabaTHBAEMOrO rOJOTYPHUAMHU, HACENAKIIUMY ONpPeAeSeHHBIH YUacTOK,
OTCYTCTBYeT.

MHO10 GbLNIM BHIIIOJIHEHBI pacueThl HMHTEHCHBHOCTH 6HoNepepaboTKH roJIioTy-
PHAMH OCAYKJAEHHOTO MaTepHajia Ha YYACTKAaX OMMHAKOBOH miuomaau (mo 40 km?)
B 3anuBax Hayanr u Ilerpa Beaukoro (cMm. Tabn. 6.8).

! Mue He yAaJaoCh BLISBUTh YETKHX I'PaJiIHeHTOB B TIPeACTABJEHHOCTH TOJOTYPHH Mexay
SKBATODHAJILHOM ¥ apHAHOH B0HAMH, KOTOPHBIX MOXHO 6LIJO OXMJaTh, YYMTHIBAS NPHHNMIH-
aJbHLie Pas/MYMfA YKa3aHHLIX 30H IO XapaKTepy ceJunMeHToreHesa. Iloxka HescHO, fABJfAeTCH
3TO CJAE/CTBUEM OTHOCHTEJLHOTO CXOACTBA TeMIEpPATYPHBIX M THAPOAMHAMMYECKHX YCJOBHH:
MAM Ke NPOCTO HEJOCTATKA JAHHKIX HO paclpefelieHNIO TONOTYPHMIA.
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OcHoBHOM BKJIaJ B 6HOomepepaboTKy ocagka B 3ai. Hauanr BHocAT anubexn-
Tiyeckue genosurodaru. B san. Ilerpa Beankoro ocamjeHARI MaTepuas HaM-
6ojlee MHTEHCHBHO NepepabaTHIBAETCA CECTOHO(ATAMY, CYLIECTBEHEH M BKJAK
nEdayHHNX Aenosutodaros. HabaiogaeMele 3jiech O4eHb BHICOKHE MOKA3aTeaH
MHTEHCHMBHOCTH IIUTAHUA 3MHOeHTHYECKOro fenodutodara (JanpHEBOCTOUYHOIO
TpenaHra) — ABJeHHE AJI YMEPEeHHBIX BOJ YHHKAJIBHOE.

IlpusegenHLIe fJaHHBIe HOKASKIBAIOT, YTO 0DL{aA HHTEHCHBHOCTH GHonepepa-
6OTKH roJIOTYPHAMH OCAKACHHOIO MaTepHaja B IPHOpe’Kbe YMEPEHHHX BOX
BHIIIe, YyeM B Tponukax. OgHa U3 NPUYHH STOTO — PA3JHYUA B TeMIepaType
BOJKI, HOJ BINAHMEM KOTOPHX CpeHAA MHAHUBHAYAJIBHASN CKOPOCTH mepepa-
60TKM rpyHTa Aeno3nurodaraM¥ B TPOIHYECKHUX BOAAX MOJKET B YETHIPE C JIMII-
HHMM pa3a NpeBsmaTh TaKoByI0 B ymepenHbIX (Thayer, 1983). Ognako K y -
MYJNTATHNBHAA HUHTEHCHUBHOCTH OuonepepaboTKM roJIoTypPHAMH
ocajKa B yMEPeHHBIX BOJAaX — 30HAX C BLICOKMM cofepykannieM OB — HecMmoT-
PAHA HH3KYIO HMHAMUBHAYAJABHYI CKOPOCTSbH, BHIE, YeM
B obennenunx OB palionax.

Bropas npuumHa pasianuuii B HHTEHCHBHOCTH GHonepepaboTKH ocagKa 3a-
KJIOYaeTcA B 0COBEHHOCTAX CaMOTrO 3TOro NPOHecca, HPHCYIIUX IPEJCTARHTEIAM
pasHBIX QYHKIHOHAJIBLHBIX IPYMII MEJIKOBOAHBIX royorypHii. Tak, KoHBeiiepHbie
B 2—3 pasa adpeKTNBHEee BOPOHKOCTPOAIIHUX B OTHOIIEHNH NepeMelleHuA Beel
KOJIOHKM ocaaxa. B To ske BpeMd eciii nepBhle, HOIJIONIaA IOPIUIO OCAXKa, CO-
BEpILIAIOT TOJBKO OJUH aKT 6HOTYp6aLHi, BTOPhIE B T€X JKe YCIOBUAX OCYLIeCTB-
JAIOT ABa Takux akra. [losToMmy cymMmapHas HHTEHCHBHOCTH BO3JeHCTBMA I0JIO-
TYpHUil HAa OCAAOK B 3HAYMTENbHOH cTeneHNn 00yCJIOB/I€eHa COOTHOIIIEHEM (PyHK-
IUOHAJNBHBIX I'PYNI, T. €. TAKCOHOMHWYECKHMM COCTABOM 3THX KMBOTHHIX B JAaH-
HOM paiioHe.

Hmeromuecs KaHHbIe IO3BOJSIIOT OLUEHUTD OOIYIO MHTEHCHBHOCTS OHoepepa-
60TKHM MEJIKOBOAHBIMM TOJIOTYPHAMH OCAKACHHOIO MaTepHuaja B OCHOBHOM 6Guo-
TOIeE TPOMHYECKOH 30HA — Kopasaossix pudax. Ilpunsas caepyomne pacueTHEIe
napaMeTphl: oAb Kopa/Ltosrx pudos Uuxo-Becrnamuduxu (MBIT) — 520.10°,
Becer Ungun (BU) — 97-10° M2 (Smith, 1978); cpegusas 6uomacca rojiorypmii Ha
pudax UBII — 29,8 r-m? Ha pudax BU — 7,0 r-Mm? (cm. Tabn. 6.7); cpeanss
UHIABUAYANbHAA HHTEHCHBHOCTh IIMTAHUA NPeJcTaBUTeNeil BeeX Pyl roloTy-
puit — 0,52 cm®.rl.cyT !, noay4uum, 4To 061U CyTOYHBIH 0O'beM NepepabaThiBa-
€MOro roJIOTYpMAMM Ha KOPAaJJIOBBIX pudax MaTepuaia COCTABJIAET OrPOMHYIO
BeJu4YuHy — 8,3-10° M3,

B nepecuere Ha eauHuLy Wwiomaau pudor ato aaer 13,5 em®.mZ.cyr!, nan
4860 cm®.m2.roa!, IlocrefHue BeJIMUNHBI OUEHDb XOPOIIO COTJIACYIOTCA C JIMTE-
PaTypPHBIMH AaHHEIMH 10 HHTEHCHBHOCTH MHTAHUSA OTAEJNBHBIX BHAOB TPONHYEC-
kux rojiorypuii (Thayer, 1983), uro moaTeep:KAaeT pealbHOCTh NPUBEAEHHOMN
BeJIMYKHBI o6nieii MHTeHCUBHOCTH GHOoNepepaboTKM.

Wadopmauusa o6 o6mux Macmrabax nepepaboTKM ocazka MeJKOBOAHBIMH IO-
JIOTYPUSIMM 338 NpedesiaMy TPOOUYECKOH 30HBI OIDAHMYHMBAETCH TOJBKO OJHHM
BHIOM — JAABHEBOCTOYHBIM TPEMAaHIOM; NaHHbIE IO YMCJISHHOCTH JPYrHX BH-
0B (KaK Jemo3HTO-, TAK M CeCcTOH0¢AroB) CHMUIIKOM OTPBIBOYHBI IJIA OTBET-
CTBEHHBIX 3aKJaoueHMil. O61ian GuoMacca AaIbHEBOCTOYHOIO TPelaHra o BceMy
apeany onpeaesena MHOI0 B 200-260 teic. T (Jlepun, 1982a). Ilpunsas ans
cpenHell MHAUBMAYAJIbHOM CKOPOCTH SHONEpepaGoTKH MHMHMMAJIBHYIO BEJIMUUHY
0,3 cv?®.rl.cyT!, mosydnmMm, YTO ATH roJioTypHUH mepepabaTteiBaior B cyTkH (0,06~
0,08).10° m® ocanka.



244 Buodugpgpepenyuonnas u cpedoobpasyouias GeAMeEALHOCMb MeAKOS0OHbLIX zoxomypull

TonoTypum cocTaBAAIOT CyIIeCcTBeHHeH MUl s1eMeHT 6HoguddpepeHINORHOM
CHCTeMHI GeHToca NpHGPesXKHOIl 30HK M JeATeJbHO YYACTBYIOT B IIpollecce ce-
AumeHTanuu. I'onoTypun-cecToHOGArH HIPUHUMAIOT yYacTHe B GHOOCAKAHNHA
B3BellICHHOT'O Bell[eCTBA, dIHGeHTHYeCKHE AeNI03UTOGhATH TPAHCIIOPTHPYKOT OCEB-
IIYIO HA HOBEPXHOCTh IPYHTA H KMBHIX OPTaHU3MOB B3Bech, HHpayHRELIe Jelo-
suTodaru y4acTBYIOT B pasfieJIeHHH ocago4yHoro MaTepuaia. Bece Tpodudeckue
rpynnsl H3MeHAIOT FMAPOAMHAMHYECKHEe KayecTBa BJI€KOMOro MaTepHaJa.

Tonorypun (Hapsaay ¢ TAKMMH rpynnaMu 6ecIjo3BOHOYHBIX, KAK CIIATAHTOHJA-
HEIe MOPCKHE eXKH, KAJMAHACCHABI, ADeHHUKOINALI) SBJIAIOTCA CAMBIMHY WHTEHCHUB-
HbIMH COBPEMEHHBIMH NepepaboTYHKAMHE OCAAKA, +UeMIHOHAMH GHOTYPOAIIH
(Thayer, 1983). IlaneoHTONIOrHYeCKHe JaHHBIE PETHCTPUPYIOT GMonepepabaThi-
BAIOIYIO JeATeJbHOCTD FOJIOTYPHil ¢ (paHHero?) AeBoHa, T. €. 3Ta I'PyIINa OTHO-
CHTCA K YHCAY HanboJiee ApeBHUX HHTEHCUBHBIX 6GHonepepaborunKkoB. Belio mo-
kasaHo (Thayer, 1983), uto sBosonuoEHO 6MomepepaboTKa ocaKka BOSHHKJIA Ha
MeJIKOBOABLE, OTKYa Hayajla MPOoABHraThcA Ha Gosabmue ray6unnl. Taxum ob6pa-
30M, HMEHHO MEJIKOBOJHBI€ I'OJIOTYPHHN ABJAAIOTCA HE TOJBKO HauboJiee HHTEH-
CHMBHBIMH, HO M 5BOJIIOUMOHHO HaubGoJiee pAHHUMH yYaCTHHKAMH Imponecca 61o-
nuddepennuany GeHTOCHBIMH OPraHN3MaMH OPraHMYECKOT'O BellleCTBAa B NIPH-
6pesxHOM 30He MupoBoro okeaHna.



BBIBOAR

1. TonoTypuu npubpesxHOH 30HK menbda XapaKTepU3yIOTCA o6 UMHU MOPdO-
SKOJOrMYEeCKHMMH 0COOeHHOCTAMU M cuocobamMu nutaHusa. Ha ocHoBaHuM aHa-
Ju3a CTPOEHMs miynaJel,, XapakTepa HUCHOJL30BAHMA MHUBOTHBIMH CYy6-
cTpaTa M HAIPABJEHHI TPAHCHOPTA NMHUIEBOTO MATEPHAJA BbiJICJIEHBI CJIEHLY-
I0lIKe OCHOBHBIE TpodHUeCKHEe PPYIIbI MEJKOBOAHBIX I'OJIOTYPHiL: 3IUGEHTH-
YyecKkHe AenosuTodaru, nHhaynHele Jeno3utodaru (KoHBeillepHbBIe, BOPOHKOCT-
poAlIxe U TYHHEJbHbIE) H CeCTOHOdArH.

2. PasMepHBbIi COCTaB YaCTHIL, OTOUPAEMEIX SITHOEHTUYECKUMH I'OJIOTYPHAMH
Ha PYHTaX PasHOIo THIA, OTHOCUTEJIbHO CTA6HMIIeH M XapaKTepU3yeTcs pacipe-
LelleHueM ¢ MeguaHHbIM guamerpom 0,13-0,19 mm. dddexkTHBHOCTS 3aXBaTA
MEJIKHX YacTHIL OCafKa ¥y BCeX BUJIOB CXOJHA, & MEXKBHIOBbLIE PA3TUUMS IPOAB-
JSIIOTCA MPEeMMYIIECTBEHHO B CIIOCOGHOCTH 3aXBATHIBATH YACTUI(HI KPyHHEee 2 MM.
CxopHble rpaHyJIOMEeTpUYECKHE PAcCIIPeZie/IeHUA NCIOJb3yEeMbIX YacTHl, obeciie-
YHBAIOTCA HA PA3BHOTHIHBIX YYACTKAX MATEPHAJIOM PA3JHYHOTO BellleCTBeHHO-
TeHEeTHYEeCKOTO COCTaBa.

3. O6muit ypopeHbh M3OUpATEIbHOCTH MUTAHUA rOJIOTYPHii-Aenosurodaros
HeBbIcoK. Jlo3axBaTHasa NabUPaTEJbHOCTD ONPEIeIAeTCHA IOBeJeHYeCKHMH aJall-
TANUAMH, RATIPABJICHHFIMUA Ha MCIIOJb30BAHHE «BHEIIHUX» CEJIEKTHBHBIX YCT-
poHCTB: FPAHHILI pa3fesa BOAA—OHO YV SIIH6EHTHYECKHUX BHAOB; BOPOHOK H IIO-
JocTtey B rpyHTe — y uHbayHHbIX. U36HpaTeabHOCTS NPH 3aXBaTe ONMpeaesiaeT-
cA PUIHYECKHM B3aMMOJEICTBHEM IyNasel ¢ MUIeBbIMH YacTHIaMH. XeMope-
HenuuA o6orameHHoro OpraHHYecKUM BEHIeCTBOM MaTepHajia OTCYTCTBYET; pac-
IPOCTPAHEHHOE NpeJCTaBJIeHUE O XeMOCEeJeKTHBHOCTH NMUTAHUA 3THUX SKHMBOT-
HBIX — pe3yJbTAT HEeAREeKBATHOCTH HCIOJIb3YEeMHBIX MeTOAOB OTGOpa npob ocaaxa.

4. Tpodpuueckasn cnenmanusanusa B orpasax Aspidochirotida m Dendrochirotida
o6ycsioBaeHa MOP(POIKOJIOTHYECKHMH NpeobpasoBaHUAMHM Pa3HOrO THIA: Yy Iep-
BOM rpynmsl — OpeHMYIeCTBEHHO BapbHpoBaHHEM (OPMbI M padMepa LIyma-
Jern, y Bropoil — ¢opmel Tena. Cnenuanusanusa HauboJiee BHIDasKeHa B CEM.
Holothuriidae, rage ora ocyutecTBasANach yCHUIeHVeM BeTBJGHUA mynaJen, (IpH-
oOpeTeHMeM HMMH «JPEBOBHAHOCTH») M yBeJIUYeHHEM pa3dMepoB LIymaJel, TH-
NHUYHOM (OPMBI.

5. ITapamMeTphbl ABMKEeHUA 3NIHGEHTHUECKUX TOJIOTYPHil IPH JOOBIBAHHMM ITHIIU
He OTKJOHAKTCA OT NPEeAYCMAaTPHUBAEMBIX MOJEJBIO CJIYUaiHbIX HepeMeleHHi.
KopmoaobriBarenbHas CTpaTerns 3TUX MKUBOTHBIX COCTOHUT B MOAJEP KAHNH HA
CcTaGMIIBHOM MaKCHMaJIbHO BO3MOXXHOM YPOBHE KOJHUYECTBA IPOINYCKaeMoro
Yyepes KMIIEYHHMK MaTepHaja HHBAPMaHTHO K €TI0 COCTaBy M, TAKMM oOpasoM,
HE COrJIacyeTcs ¢ MOJIOKeHHAMH TeOPHH ONTHMAaJIbHOro Joobianusa muiny. Cra-
OMJIBHOCTH MOMEHTHOIO 00beMa MpPONyCKaeMoro uepes KMIIeYHUK MaTepHaja
obecrieunBaeTca o6paTHOM 3aBHCHMOCTHIO CKOPOCTH ABHIKEHHUSA JKUBOTHBHIX OT
TOJIHHBI [THI{EBOro CJOA.

6. HHTeHcuBHOCTH nOTpebieHHuA INHOEHTUYECKHUMH MOJIOTY PUAMU ITHIIH ONIpe-
JelsieTcs mapaMeTpPaMH ABHMXKE€HHA Y)KUBOTHHIX, CKOPOCTHIO BOCCTaHOBJIEHUSA
M NPOCTPAHCTBEHHBIM pachnpelejieHHUeM IIHUINEBOTO MaTepuaa. XapakKrep-
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HaA TpoduyecKad (LJIA roJIOTYPHil) 0cO6eHHOCTh NPUOPEKHOM 30HBI — BBICO-
Kafd CKOPOCTh BOCCTAHOBJEHMA MHUIEBBHIX 3AIACOB [10 CPABHEHHIO CO CKOpOC-
THIO MX BBIeAAHUS; BOCCTAHOBJIEHHE OCYLIECTBJASETCA INPEeHMYIeCTBEeHHO Jia-
TepaJsLHBIM IHEePEeHOCOM IHUIEBOr0 MaTepHaja.

7. OcHOBHBIE BHABI BO3JeficTBUA SUUGEHTHUYECKUX M MHGPAYHHBIX TOJIOTY-
puit Ha cpeny obuTaHusA B HPUOpPE:KHON 30He — HAIpABJEHHBLIN TPAHCIOPT
IHUIIIeBOro MaTepHajia M yBeJIMYeHHe MOPH3OHTAJbHOH M BEeDTHKAJILHOH rere-
poreHHoOCTH (pU3HUYECKHUX (IJIOTHOCTH, BJIa’KHOCTh, IPOHNIAEMOCTh) 1 MEXaHH-
YecKUX (COIPOTHUBJIEHHE CABHIY, YroJ BHYTPEHHEro TPeHHs) XapaKTePHCTHK
ocazKa.

8. Ha MenKoBObEe TPOIIUUYECKOI 30HBI CpegHAA OGHOMACCA TOJIOTY pHI-Jeno-
3uTo}haroB 3HAYUTENLHO BhIIIE, YEM CECTOHO(ATOB; B YMEPEHHBIX BOJaX B I PH-
6pesxkbe OCHOBHYIO JOJIO 6MOMACCHI COCTABISIOT CECTOHO(ArH, HA BTOPOM Mec-
Te — HHpayHHBIE fenosutodaru; SNHOeHTUYECKHUX Aeno3uTo(daroB o4eHb MAaJo,
a B BBICOKHMX LIMPOTAX OHH B 9TOM 30He orcyTcTBYIOT. Crienudpura Tpodirdeckoii
CTPYKTYPBI TAKCOHA [OJIOTY PHI IPHO PEX#CHOM 30HBI O0YCJIOBJIEHA IIUPOTHRIMY N3~
MEHEeHHAMH OOMJINA U COCTABA HMHUIEBOr0 MaTepHaa, TMAPOANHAMHYECKMMHU U
CeANMEeHTOJOMMYECKUMH MPagieHTaMH, a TAKIKE HelTOCPeACTBEHHBIMM GHOTHIECKMMM
B3aMMOAEIICTBUAMH IIPeJCTABHTENell pPa3HBIX TPoHIECKHUX IPYIIL.

9. B xapaKTepe cpesoobpasyIolei eATeJIbHOCTH MeTKOBOAHBIX MOJIOTYPUH 1 6HO-
AnddepeHI A UM 0CaJJOYHOI'0 MATepHaa IIPOABIAeTC OTYeTANBaA HIHPOT-
HO-reorpaduyecKas 30HAILHOCTh. B Tponmdecko-cybTponnueckoii 30He OCHOBHOM
BHJ] BO3JIEHCTBHA — MHTEHCHBHOE rOPH3OHTAJIbHOE IlepeMellieHHe MaTepuaia, 6uo-
Ty pbanusa MPAKTHYECKH OTCYTCTEYET; B YMEPEeHHBIX IIHPOTaX Bo3AeiicTBMe Hanbo-
Jlee MHTEHCHBHO M MHOI006pasHo, BKJIIOYaeT GHOTYPOAIIHIO TONIH OocajKa K 6Ho-
ocaIeHHe; B JeOBBIX 30HAX — NPEHMYIIleCTBeHHO GroocakeHHe.
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YKA3SATEJDb TAKCOHOB IOJIOTY PHI

A

acanthotrapeza 139, 145

Actinocucumis 140

Actinopyga 139, 141, 145, 146, 154, 174, 177,178,
199, 201, 193, 235, 236

actinopyga 236

africana 140, 235, 236

Afrocucumis 140, 235

agassizi 139, 146, 236

ananas 140, 194

anax 140

APODIDA 141, 142

Apodida 139, 143, 144, 148, 149, 150, 152, 153,
154, 209, 214, 224, 228, 239, 241, 242
Apostichopus 136, 140, 141, 142, 145, 151, 1586,
159, 207, 212, 182, 187, 190, 224, 228, 230
arenicola 140, 146, 155, 161, 162, 175, 224, 226
argus 139, 145,174, 175

ASPIDOCHIROTIDA 139, 141

Aspidochirotida 139, 141, 143, 144, 145, 150, 152,
153, 154, 156, 157, 158, 159, 163, 174
Astichopus 140, 141, 145

atra 139, 180, 161, 162, 174, 175, 177, 178, 198,
199, 201, 212, 183, 187, 190, 193, 194, 224, 228, 229,
230, 231, 232, 233, 235, 236

B

badionotus 140, 155, 163, 224
bivittata 146, 175, 224
Bohadschia 139, 141, 145, 146, 175, 224, 236

C

calcigera 140

californicus 138, 140, 141, 142, 156, 163
cebuenses 140

chilensis 141

Chiridota 141, 149

Chiridotidae 141, 149, 150, 236, 238
chloronotus 140, 141, 146, 157, 163, 177, 178, 224
cinerascens 140, 151, 152, 159, 160, 175, 176
Cladolabes 140

coluber 139, 175

cubana 139

Cucumaria 140, 154, 159, 230

Cucumariidae 140, 147, 148, 150, 238
Cystipus 139,146,161

D

Dactylochirotida 143, 144, 149, 162, 153
DENDROCHIROTIDA 140, 142

Dendrochirotida 139, 143, 144, 147, 150, 152, 153,
154, 158, 163, 223, 233, 235, 236, 237, 239, 241,
242, 245

difficilis 140, 146, 161, 224

discrepans 140

Duasmodactyla 140, 142

E

echinites 139, 145, 174

Echinodermata 143

edulis 139, 145, 160, 175, 177, 178, 181, 201, 224
Elasi podida 158

elongata 148, 225

Eostichopus 140, 141, 145, 163

erinaceus 140, 176

Euapta 141, 149, 224, 236

Eupentacta 140, 151, 163, 158, 225, 228, 230, 233,
235

F

fabricii 152

flavomaculata 140, 161, 175, 176, 224

floridana 139, 224

forskali 181, 209

fraudatrix 140, 151, 153, 225, 228, 230, 231, 232,
233, 235, 236

fuscocinerea 139, 146, 161, 175, 193

fusus 225, 235

G

galliennei 156, 223

glaberrima 140

glacialis 140

graeffei 139, 141, 145, 151, 154, 162, 174, 175,
177, 178, 199, 201, 214, 226

grisea 139, 141

gyrifer 161

H

Halodeima 139, 145, 161

Heterothyonidae 148

hilla 140, 161, 162, 175, 176, 194, 235
Holothuria 139, 141, 145, 146, 147, 151, 155, 159,
160, 161, 162, 174, 175, 176, 177, 178, 198, 201, 209,
212, 214, 187, 188, 190, 193, 196, 223, 224, 228, 230,
233, 235, 236

Holothuriidae 139, 141, 143, 159, 161, 162, 163,
174, 193, 222, 223, 236, 238, 239, 242, 2456
Holothurioidea 139, 143, 152, 158, 216

horrens 140, 146, 190, 194
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I

impatiens 140, 161, 162, 175, 194

inhabilis 161

intercedens 140

Irenothuria 146

Isostichopus 140, 141, 145, 155, 163, 188, 190,
224

Jd

japonica 140, 154, 159, 225, 228, 230, 231, 232,
233, 236

japonicus 138, 140, 141, 142, 151, 159, 1683, 207,
212, 182, 183, 187, 190, 224, 228, 229, 230, 231, 233

K
kurilensis 140, 142

L

Labidodemas 139, 141, 146, 162, 163, 174, 175,
194

lappa 141, 224, 236

lecanora 139, 174, 177, 178, 199, 201, 193
lefevrei 225, 236

Leptopentacta 148, 149, 225

Leptosynapta 156, 207, 223, 224, 232, 233
Lessonothuria 139, 146, 161

leucospilota 139, 145, 161, 175, 176, 178, 198, 199,
201, 202, 212, 183, 193, 194, 196, 223, 224, 226, 228,
229, 230, 231, 232, 233, 235, 236

lindbergi 141, 142, 156, 207, 183, 185, 223, 224,
228, 230, 231, 232, 233

Loisettea 148

longicauda 140

M

macra 141

maculata 141, 224

magnum 140, 150, 153, 155

marmorata 139

martensi 139

mauritiana 139, 145, 174, 235, 236
Mensamaria 140

Mertensiothuria 139, 145, 146, 161
Metriatyla 139, 146

mexicana 139, 188, 190, 224, 236
Microthele 140, 145

miliaris 139

mixta 1565, 223, 225, 235

mollis 163

Molpadia 208, 224, 232

MOLPADIIDA 141

Molpadiida 139, 143, 144, 149, 150, 152, 153, 154,
158, 209, 223, 224, 233, 235, 239, 241, 242
Molpadiidae 238

multifidus 140, 190

N

Neopentadactyla 148, 155, 223, 225, 235
Neostichopus 141

Neothyonidium 140, 148, 150, 153, 163
nhatrangensis 140, 142

nigripunctatus 142

nobilis 140, 236

0

obesa 139

Ocnus 140

ocnus 235

Ohshimella 140, 142
oolitica 208, 224, 232
Opheodesoma 136, 141, 149

P

Panningothuria 161

Paracaudina 141, 207, 208, 183, 224, 228, 230,
233

paradoxa 139

Parastichopus 140, 141, 142, 156, 163, 209, 212,
188, 190, 224, 226

pardalis 139, 161, 175

Parvimensis 175

parvimensis 141, 156, 212

Pearsonothuria 139, 141, 145, 151, 162
Pentacta 140, 148, 163

Pentacta sp. 140

Pentamera 140

pervicax 146, 175

phantapus 236

Phyllophoridae 140, 147, 148, 150, 223, 238
Phyllophorus 140

Placothuriidae 148

Platyperona 140, 146, 161

plebeja 139

Polycheira 141

pseudofossor 139

Psolidae 140, 147, 163, 238

Psolus 140, 152, 236

pulla 139

pyxis 139, 175

Q

quinquesemita 158, 225

R

ransonetii 141, 207, 208, 183, 224, 228, 230, 231,
232, 233

recta 141 .

regalis 140, 156, 163

rigida 141, 148, 161

rufescens 141

rugosum 139, 174, 175
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S

scabra 140, 224

Scoliodotella 141, 142, 149, 1586, 207, 183, 185,
223, 224, 228, 230, 233

semperianum 139, 175

Semperiella 140, 235

Semperiella sp. 140, 235

Semperothuria 140, 147, 151, 154, 159, 160, 161
serratidens 139

spectabilis 136, 141

spinifera 140

Stauropora 140, 146

Stichopodidae 140, 141, 143, 163, 222, 238, 238,
239, 242

Stichopus 138, 140, 141, 142, 145, 148, 156, 163,
177, 178, 198, 201, 190, 235

Stolus 140

strigosa 140, 174, 175, 193

surinamensis 140, 147, 160

Synallactidae 239

Synapta 141, 149, 224, 236

Synaptidae 141, 149, 150, 152, 154, 223, 236, 238,
239

T

tenuis 156, 207, 208, 223, 224, 232, 233
tenuissima 139, 146, 175

Theelothuria 140, 145, 146

Thelenota 140, 141, 145, 194

thomasi 145, 162, 190

Thyone 225, 236

tremulus 142, 156, 163, 209, 224

U
uschidae 142

v

Vaneyothuria 146

variegatus 140, 174, 190, 194, 224
vegae 140

vitiensis 139, 146, 175, 224



