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PREFACE

The study of life in deep-sea trenches, i.e., at the maximum depths of the ocean that cover
a 5-kilometer range, from 6 to 11 km, essentially began less than four decades ago. Before 1948,
the question of the actual possibility of the existence of life at such depths was unresolved.
Starting in 1948, research on the animal world in the greatest ocean depths began to develop very
intensively. The greatest advances were made in the last quarter of a century in the development
of equipment used for this research, and in addition to traditional methods of collecting deep-sea
animals, basically new methods of studying them began to be applied.

Soviet expeditions had the greatest success in studying the fauna of deep-sea trenches,
primarily on the research vessel Vityaz, that made regular studies in the Pacific and Indian Ocean
trenches for over a quarter of a century starting in 1949. The year-round Danish expedition on the
ship Galathea also made a major contribution to the study of life in the trenches. It made the first
biological studies in five deep-sea trenches. American expeditions in the last decades have made
great advances in studying life in the trenches on several research ships using the latest methods of
deep-sea oceanography.

Academician Lev Aleksandrovich Zenkevitch was the creator and organizer of this trend of
research in our country and the leader of a number of deep-sea expeditions on the vessels Vityaz
and Akademik Kurchatov. Professor Anton Bruun was the organizer and leader of the expedition
on Galathea.

It became clear back in 1954-1956 that the fauna in the deep ocean troughs was so unique
that the depths over 6-7 km should be isolated into a special zone in the system of vertical
biological zonality of the ocean and it was called ultra-abyssal [Zenkevitch et al., 1954, 1955] or
hadal [Bruun, 1956a; Wolff, 1960]. The separation of this zone and its great originality were
further substantiated as the result of the generalization of new data [Beliaev, 1966b, 1972; Wolff,
1970].

The existence of life at all depths of the ocean has been proven by now; there is no doubt
about separating the trench depths into a special vertical zone of the ocean and it has been
accepted by the overwhelming majority of researchers on life in the ocean depths.

The author of this monograph published the book Benthic Fauna of the Greatest Depths of
the World Ocean in 1966 that correlated the information that had been accumulated by then
regarding life in deep-sea trenches, the composition of the benthic population at depths over 6,000
m numbering slightly less than 300 species of multi-cellular animals, and drew conclusions about
the laws governing the vertical and geographical dissemination of ultra-abyssal fauna, its origin
and evolution. In a number of subsequent publications I correlated the data regarding the pelagic
and bottom-dwelling fauna of the ultra-abyssal zone. I stated considerations about the age of the
deep-sea fauna, including the fauna in the trenches and substantiated the zoogeographical status of
the trenches as independent ultra-abyssal provinces, etc.

After the publication of the 1966 summary, Soviet and American expeditions also made
biological studies in many trenches whose animal world had heretofore remained completely
unstudied. The Vityaz made a special detailed study of the Kuril-Kamchatka trench, the American
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expedition PROA on the research vessel (R/V) Spencer F. Baird obtained thousands of
photographs of the bottom of several trenches with the animals living on it or near it, and the
American expeditions on the ship Thomas Washington obtained new data on life at the maximum
depths of several trenches based on descents to the bottom of photo-controllable bait and the use
of traps with bait.

Systematic processing of animals collected in the trenches previously and those newly
obtained by expeditions by different countries continued intensively. Numerous new taxons of
species and genus ranks were described, and in several cases, even new families. Underwater
photographs revealed a new group of animals of an order or class [Lemche et al., 1976] whose
representatives were already known from photographs from several areas of the World Ocean, but
had not yet been in human hands. The number of available species analyses of multi-celled
animals known from depths of over 6,000 m more than doubled and approaches 700. All the
publications that contain this information are distributed among numerous Russian and foreign
periodicals or individual collections; although processing of the animals collected in the trenches
is still underway (and probably will continue for another decade). I believe that it is necessary to
correlate and sum up the accumulated diverse information about life in the deep-sea trenches.

Consequently, it was the objective of the author of this book to combine the information
regarding biological research conducted in deep-sea trenches by the expeditions of various
countries and, if possible, to compile complete lists of the currently defined animal species that
populate the trench depths, with an indication of the vertical and geographical dissemination of
each species and the published sources upon which this information was based.

The objective set by the author also included, if possible, a correlation of all these data and
detection of the features inherent to both the ultra-abyssal fauna as a whole, and the fauna of
individual trenches, as well as the laws governing the distribution of the trench fauna.

The geologists link the concept of "deep-sea trench" not only with the depth, but also with
the common nature of the origin of the corresponding geomorphological formations. The deep-sea
trenches, therefore, sometimes include certain trenches from depths somewhat less than 6 km. I
will not discuss these trenches and their population.

From the very beginning of isolation of the special ultra-abyssal or hadal zone, the
transitional nature of the fauna in the 6,000-7,000 m level has been repeatedly noted between the
fauna of the ocean floor abyssal depths and the trenches proper [Zenkevitch et al., 1955; Wolff,
1960, 1970; Beliaev, 1966b, 1972; et al]. To a certain measure, I have therefore conditionally
limited the discussion of the deep-sea troughs and their fauna to the depths below the isobath
6,000 m. It is the depths over 6,000 m that are generally confined to the deep-sea trenches, and
only as an exception individual drops of somewhat over 6,000 m are encountered in the deep-sea
ocean floor troughs.

In the further discussion of the topics related to the vertical distribution of life in the ocean
my basis was the system of vertical biological zonality developed by a team of authors from the
USSR Academy of Science Institute of Oceanography that was published in 1959 (see [Beliaev et
al., 1959; Vinogradova, 1969c). According to this system I am adopting the following divisions
for the benthic fauna: sublittoral zone, depths from 0 to 200 m (transitional level between the
sublittoral and bathyal from 200 to 500-1,000 m), bathyal zone from 500-1,000 to 3,000 m,
abyssal zone 3,000-6,000 m (upper abyssal 3,000-4,500 m, lower 4,500-6,000 m), ultra-abyssal or
hadal zone of depth over 6,000 m. These boundaries, as noted by the author of this system, are
significantly conditional, and all the zones are interrelated by transitional levels whose range may
vary in different regions of the ocean and for different taxonomic animal groups.
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Appendix I gives information regarding the biological research conducted by different
expeditions in deep-sea trenches, about the gathering of animals, filming of them on the bottom or
observations of them made from underwater manned vessels.

Appendix II (Tables1-26) lists the animals of different taxonomic groups, from Protozoa to
fish as defined from the deep-sea trenches. When any group of animals was known from depths
over 6,000 m by only one or a few species, information about them was not included in the
Appendix II lists, but were discussed in the text in the chapter regarding the taxonomic
composition. The animal lists included not only already published definitions of species, but in a
number of cases, also unpublished preliminary definitions that were kindly provided to me by
specialists in various taxonomic groups of animals who are processing collections of the Soviet
expeditions. The surnames of the authors of these definitions are indicated in the "Source" column
of the Appendix II tables. I am sincerely grateful to all the individuals who provided me with this
data.

During the many years of working on the study of the trench fauna and deep-sea fauna of
the ocean in general, I repeatedly discussed many questions and consulted with my colleagues,
mainly from the Institute of Oceanography and the Zoological Institute of the USSR Academy of
Sciences: A. P. Andriashev, B. Ya. Vilenkin, N. G. and M. Ye. Vinogradov, G. B. Zevina, O. N.
Zezina, A. V. Ivanov, V. M. Koltun, R. Ya. Levenstein, V. V. Leont'yeva, N. M. Litvinova, V. Ya.
Lus, A. N. Mironov, L. I. Moskalev, K. N. Nesis, M. N. Sokolova, A. A. Shileyko, as well as T.
Wolff (Zoological Museum, Copenhagen).

The work whose results are covered in this book began jointly with my teacher, L. A.
Zenkevitch, who passed away long ago, and my colleague and friend, Ya. A Birstein. I also
remember with gratitude the deceased V. G. Bogorov and Ye. M. Kreps and their constant friendly
interest in my work. I am extremely grateful to Ye. M. Kreps for support of my views on the role
of hydrostatic pressure as an ecological factor, and for statement of his opinions on this topic in a
letter whose excerpts I cite in the book.

Joint work on studying trench fauna during trips on Vityaz also links me to many of these
individuals.

During preparation of the book for print, L. I. Moskalev, G. V. Agapova, A. V. Gebruk, D.
L. Ivanov, O. Yu. Pchelin and A. V. Smirnov provided major assistance in preparing the maps,
graphs and other illustrations, as well as the bibliography and refining the bibliographic data.

I am deeply grateful to all of the aforementioned individuals. Without the constant support
and friendly assistance of many of them I would hardly have been able to complete preparation of
this book for print.
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Chapter 1.
DEEP-SEA TRENCHES
AND THEIR CHARACTERISTIC ENVIRONMENTS

DISTRIBUTION OF TRENCHES IN THE OCEAN,
THEIR DEPTHS AND ORIGIN

Depths of over 6,000 m are mainly confined to the deep-sea trenches, although individual
depressions to depths 6-7 km, rarely to 7.5 km, are encountered in deep-sea troughs of all oceans
except the North Arctic. Depressions deeper than 6,000 m are usually encountered in ocean
troughs in the form of separated, small-sized spots, but sometimes they may occupy extensive
spaces of the trough floor which is especially characteristic for the northwest trough of the Pacific
Ocean. The total area of the regions with depths over 6 km is very small compared to the area
occupied by the abyssal depths (3-6 km). The first are only slightly over 1.5% and the second
about 76% of the area of the World Ocean.

There are currently 37 known deep-sea trenches, the majority of which (28) are located in
the Pacific Ocean, forming its periphery, and a few in the Atlantic (5) and Indian (4) Oceans
(Table 1, Figs. 1-12). According to the currently most accepted hypothesis of lithospheric plate
tectonics, the development of marginal trenches located along the coastal continents or island
curves is explained by the subduction of the ocean lithospheric plates on the boundaries of their
collision with the neighboring plates (usually bearing continents). During submersion of the edge
of one plate under the other a deep-sea trench is formed (see Fig. 16). All 9 of the deepest
trenches with similar depths about 9-11 km are located in the western half of the Pacific Ocean.

Comparatively few trenches of another type, trench-fault, are also formed on the
boundaries of the lithospheric plates, but usually at a great distance from the continents in the area
of the rifts, i.e., zones linked to the formation of underwater mountain chains and spreading,
separation towards the neighboring lithospheric plates as a result of elevation and eruption to the
surface of the ocean bottom of substance of the upper layer of the Earth's mantle (asthenosphere).
As a result of the nonuniformity of this process, cross chain faults are formed that in some cases
result in the development of deep-sea trench-faults (for more detail about plate tectonics see, €.g.:
[Menard, 1971; Shepard, 1973; Russian translation Shepard, 1976; Sorokhtin, 1974]). The trench-
faults include the Pacific Ocean: Imperator, Mussau, Lira, Vityaz and Hjort; in the Indian Ocean:
Vema, East Indian and Diamantina; in the Atlantic Ocean: Cayman and Romanche. All the other
trenches are classified as marginal and mainly related to subduction processes. However, the
structure of the trenches and the nature of their relief are severely complicated because of repeated
secondary tectonic disruptions, the development of faults and shifts in them such as grabens,
uplifts, lateral shifts, etc.

Table 1 gives a list of the deep-sea trenches and the main ocean troughs with an indication
of their greatest depths, the biological studies made in them and the research vessels that
performed this work. The numbers in Table 1 correspond to the numbers on the schematic map
(see Fig. 1) which shows the location of the trenches and the greatest depths of the ocean troughs.
The names of the trenches and troughs and their maximum depths are given per the map data
[Atlantic
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TABLE 1.
REGIONS OF THE WORLD OCEAN WITH DEPTHS
OVER 6,000 m , COLLECTIONS MADE IN THEM

OR OBSERVATIONS OF ANIMALS
(COORDINATES AND DEPTHS OF STATIONS

ARE GIVEN IN APPENDIX I)
No. in Trench or trough Greatest depth, m Range of depths Number of catches Research vessels,
order from which benthic | or observations years of operation
or bottom-dwelling
animals were
obtained or observed
1 2 3 4 5 6
Pacific Ocean
1. Aleutian 7822 6296-7286 8T, 4B, Vityaz, 1955-1969
1B Thomas
Washington, 1970
2. Kuril-Kamchatka 9717 6080-9530 26T, 5B Vityaz, 1949-1966
3. Japan 8412 6156-7587 1L Challenger, 1875
11T, 1B Vityaz, 1954-1976
1T Riofu-Maru, 1981
1T, 3B Hakuho-Maru, 1981
4. Izu-Bonin 9810 6770-9750 8T Vityaz, 1955-1975
O-several Archimede, 1962,
submersions 1967
2T
S. Ryukyu (Nansei) 7790 6660-7450 3T, 3B Vityaz, 1955, 1975
6. Volcano 9156 6330-8540 4T, 1B Vityaz, 1955, 1975
7. Mariana 110022 6580-10910 9T, 3B Vityaz, 1958,
1975%*
0O-1 Trieste, 1960
Catches of Thomas
amphipods on bait Washington, 1975
1T
8. Yap 8850 7190-8720 3T Vityaz, 1975
9. Palau 8069 7000-8042 P-1 station Spencer F. Baird,
1962
2T Vityaz, 1975
10. Philippine 10265 6100-10210 3T, 1B Galathea, 1951
9T, 6B Vityaz, 1973, 1975
2B, catch on bait Thomas
and filming of Washington, 1975
animals collected on
bait (at several
stations)
11. Banda (Weber) 7440 6250-7340 3T, 2B Galathea, 1951
2T, 2B Vityaz, 1973, 1975
12. Imperator 7900 - - -
13. Admiralty 6887 - - -
14. Mussau 7208 - - -
15. Lira 6881 - - -
16. New Britain 8320 7057-8260 P-1 station Spencer F. Baird,
1962
17. Bougainville 9103 6920-9043 2T Galathea, 1951
3T Vityaz, 1957
P-1 station Spencer F. Baird,
1962
18. Vityaz (East Melanesia) 6150 6135 1B Vityaz, 1958
19. San Cristobal 8487 - - -
20. Santa Cruz (North New 9174 8712-8930 P-1 station Spencer F. Baird,

10




Hebrides) 1962
21. New Hebrides 7633 6680-6830 1T Vityaz, 1958
P-1 station Spencer F. Baird,

1962

11
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TABLE 1 (continuation)
3

1 2 4 5 6
22. Tonga 10882 6600-10687 1T Albatross, 1899
4T, 2B Vityaz, 1957, 1970
23. Kermadec 10047 6180-10015 6T Galathea, 1952
2T Vityaz, 1958
24. Sedros 6225 - - -
25. Central American 6489 - - -
(Guatemala)
26. Peru 6601 6000-6364 1T Vema, 1958
2T, P-2 stations Eltanin, 1962
15T, 2B, P-2 Anton Bruun, 1965
stations
2T, 3B Akademik
Kurchatov, 1968
27. Chile 8069 6010-7720 1B Dmitriy
Mendeleyev, 1972
1T Eltanin, 1962
2T, 2B Akademik
Kurchatov, 1968
Photographs of Thomas
animals collected on | Washington, 1972
bait (at 7 stations)
28. Hjort 6727 6070-6650 3T, 2B Dmitriy
Mendeleyev, 1976
29. Northwest trough 6987 6010-6340 3T, 7B Vityaz, 1955-1968
13T Soyo-Maru, 1978-
1T 1980
Kayo-Maru
30. Northeast trough 6741 6017-6282 2T, 1B Vityaz, 1955, 1958
3T, 2B Thomas
Washington, 1970
31. Central trough 7600 6013-6400 1T, 1B Vityaz, 1957, 1970
32. East Mariana trough 6771 6040 1T Vityaz, 1957
33. West Mariana trough 6600 - - -
34. Philippine trough 7559 - - -
Indian Ocean
35. 7209 6433-7160 2T, 1B Galathea, 1951
4T, 2B Vityaz, 1959, 1962
36. Vema 6492 6160-6300 1T Akademik
Kurchatov, 1967
37. East Indian 6335 - - -
38. Diamantina 7102 - - -
39. North Australian trough 6240 - - -
40. West Australian trough 6500 - - -
41. Australian-Antarctic trough | 6089 - - -
42. Madagascar trough 6400 - - -
Atlantic Ocean
43. Puerto Rico 8742 6000-8330 1T Albatross-2, 1948
1T Vema, 1959
1T, P1 Cheyn, 1962
0-2 submersions Archimede, 1964
1T Dmitriy
Mendeleyev, 1969
over 8T John Elliott
Pillsbury, 1969,
1970
4T, 2B Akademik
Kurchatov, 1973

12
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TABLE 1 (end)

1 2 3 4 5 6
44, Cayman 7491 6000-6950 2T John Elliott
Pillsbury, 1967,
1975
5T, 5B Akademik
Kurchatov, 1963
1T
45. Romanche 7856 6330-7600 P-1 station Calypso, 1956
P-1 station Cheyn, 1961
5T, 1B Akademik
Kurchatov, 1967,
1972
46. South Sandwich 8248 6052-8116 3T, P-3 stations Eltanin, 1963
ST, 2B Akademik
Kurchatov, 1971
47. South Orkney T240*** - - -
48. North American trough 6591 - - -
49, Canaries trough 6750 6120 1B Akademik Mstislav
Keldysh, 1981
50. Zeleniy Mys trough 7282 6035 1T Princesse Alice,
1901
51. Brazil trough 6537 - - -
52. Argentina trough 6245 6079 1T Vema, 1959
33. Agulhas trough 6150 - - -
54. Africa-Antarctic trough 6972 - - -
55. South Antilles trough 7756 5650-6070 1T Akademik
(Scotia Sea) Kurchatov, 1971

*T - trawl lines, B - bottom grab, L - lead-line pipe test, O - bathyscaphe observations, P -bottom
photographs with animals.

**Vityaz in 1957 also made two trawlings at depths about 9,000 and 10,920 m which produced rocky or
muddy sediments, but no animals were caught [Birstein et al., 1958].

*** In February, 1968 the research vessel Ob' registered three times to the east of the South Orkney
Islands depths 7,200, 7,240 and 6320 m [Vaygachev, 1968]. Successful trawling was conducted in the
South Orkney trench deeper than 6,000 m in March 1989 by the research vessel Dmitriy Mendeleyev.

Ocean 1:20 million, 1974; Pacific Ocean 1:25 million, 1976; bathymetric map of the World Ocean 1:40
million, 1977; Indian Ocean 1:15 million, 1979] and publications [Vaygachev, 1968; Mikhaylov, 1970;
Faleyev et al, 1977; Leont'yeva, 1985]. Data on the catches of benthic animals are given for Soviet

expeditions based on initial materials and for the other expeditions the sources are indicated in Appendix
L.

Figures 2-12 show the contours of the majority of the trenches at the isobath 6,000 m (mainly per
the World Ocean map of scale 1:10 million [GEBCO, 1984]; the eastern part of the Cayman trench is
missing on this map and is given approximately per the smaller-scale maps; Hjort trench per [Zhivago,
1978]. These same figures show the stations at which biological work was performed.

13
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Figure 1. Distribution of Depths over 6 km in the World Ocean
The numbers correspond to the trenches and troughs in Table 1.

14
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Key:

Conventional designations of the research vessels whose stations are indicated in Figs. 2-

»

Vityaz

Akademik Kurchatov
Dmitriy Mendeleyev
Akademik Mstislav Keldysh
Galathea

Challenger

Princesse Alice
Albatross

. Calypso

10. Trieste bathyscaphe

11. Archimede bathyscaphe
12. underwater research vessel Nautilus
13. Albatross

14. Vema

15. Spencer F. Baird

16. Eltanin

17. Chain

18. Anton Bruun

19. John Elliott Pilsbury
20. Thomas Washington
21. Gillis

22. Riofu-Maru

23. Soyo-Maru

24. Hakuho-Maru

25. Kayo-Ivru

OPNAUN D W
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Figure 4. Japan and Izu-Bonin Trenches and
Northwest Trough of the Pacific Ocean
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Puc. 4. Anouckuit 1 Un3y-b oHnHckuit xenoba u Cesepo-3ailagHas KoTnoBHHA THxoro okeaHa

YCJIOBUA BHENHEN CPEIBI

YoioBuA, npH KOTOpHIX OGHMTAIOT XMBOTHHIE B INTyBOKOBOMHBIX en06axX, B HEKOTOPBIX
OTHOIEHHAX BeChbMa CXOMHBI C YCIOBHAMH Ha aGUCCATBHBIX IMTyGMHaX, HO Hapsady C 3THM
XapaKTepU3YITCA M PAJOM CBOeOGpasHbIX UepT, C OFHOH CTOPOHBI Or pAHHUMBAIOLUMX BO3-

* MOX>HOCTh CYLIECTBOBaHHsI B *Kennobax MHOrHX XHBOTHBIX (000561{!{0 Ha MX HaHGONBLIMX

rny6uHax), ¢ Apyrod — GnaronpHATCTBYIOWMX Golee OGWIBHOMY KONHYECTBEHHOMY pas3-
BHTHIO )XH3HH, 9eM Ha JIOXKEe OKeaHa.

TEMINEPATYPA

TemmepatypHble YCIOBHA Ha Iy6HHax Gollee 6 KM OTIIMIAIOTCA HCKITIOUHTENIBHOM CTabHIIb-
HocThio. Cyast MO HMEIOIIMMCA JaHHBIM, TeMIlepaTypa Ha I1yGHHax oT 6 #o 11 KM B pasHbIX
xenobax H3MeHseTca B npenenax or —0,27 po +4,49° (ra6n. 2) . OGumit pasMax U3MeHEHHit
TeMIlepaTypsl BO Bceil Y/bTpaabHCCAUTbHOM 30HE COCTAaBIAeT, TaKHM 06pa3oM, menee 5°,
TMpHYEM OH TOJIHOCTBIO YKII[bIBaeTCA B [HANA30H H3IMEHEHHIt TemrepaTypbl Ha aGHCCATBHBIX
rnyGHHAX pa3lIMUHBIX paHOHOB okeaHa. Ecin s HCkiTiounTs keno6a Banpa u KaiimaH, Boige-
JAIIMECA CpegM OpPYyTHX Xello6oB HauGollee BBICOKO#H TeMiepaTypoil, H HanGoee X0nOnHO-
BOIHBIH cyOaHTapkTHUeckHi Hhiaio-CaHmBHYEB Xe/100 ¢ OTpHIATENBHON TeMIlepaTypoH BOILI,
TO I BCeX OCTAIBHBIX >XENI0GOB [MaNa3OH M3MEHEHHHi TeMIepaTyphbl COCTABHT JIHIL 2°.
B mpenmenax e OTHeNbHBIX XeJIOGOB TeMIlepaTypa M3MeHAETCA elle MeHblle, H Ha BCex
ry6uHax oT 6 0o 11 KM HH B OTHOM H3 %eN0BOB ee H3MEHEHHA He mpeBbuualot 0,9°,

. 13




ENVIRONMENTAL CONDITIONS

The conditions under which animals live in deep-sea trenches, in certain respects are very similar
to the conditions at abyssal depths, but they have additional features and a number of unique
characteristics that, on the one hand, limit the possibile existence in the trenches for many animals
(especially at the greatest depths), and on the other hand, are favorable to a more abundant quantitative
development of life than on the ocean floor.

TEMPERATURE

The temperature conditions at depths over 6 km are exceptionally stable. Based on the available
data, the temperature at depths from 6 to 11 km varies in different trenches from -0.27 to +4.49° (Table
2). The overall scope of temperature changes in the entire ultra-abyssal zone is thus less than 5° and it
occurs completely in the range of temperature changes at the abyssal depths of various ocean regions. If
we exclude the Banda and Cayman trenches that have the highest temperature among the other trenches,
and the coldest sub-Antarctic South Sandwich trench with negative water temperature, then the
temperature change range for the remaining trenches is only 2°. The temperature within individual
trenches changes even less, and at all depths from 6 to 11 km, its changes do not exceed 0.9° in any of the
trenches.

19
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Figure 5. Ryukyu, Philippine, Palau, Yap, Mariana, Volcano Trenches, Philippine and East Mariana Trough
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Figure 6. New Britain, Bougainville, Santa Cruz, New Hebrides and Vityaz Trenches
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Figure 7. Tonga and Kermadec Trenches
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Figure 8. Peru and Chile Trenches
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Puc. 7. ¥eno6a Toura u Kepmanex

Puc. 8. XenoGa Mepyanckuit n Ynnuitckuit

XapakrepHoe wia rny6uH Goree 6 KM ABNIeHHe — MOCTeNeHHOe NMOBBILIEHHe TeMIIepaTy pbl
No Mepe yBeNHYeHHA INTyOHHBI, OGYCIIOBIIeHHOe YyBelHueHHeM NaBleHHA (amMabaTHyeckoe
noBsbIeHHe TeMmepaTypsl) . [TostoMy rimy6xe 6 KM TeMmepaTypa BOHBI BCEra HECKOJIBKO
BbIllIe, Y¢M B aBHCCaTH TOTO e palioHa OKeaHa. '

Ilps cpaBHeHHMM TeMIlepaTypbl B PasHBIX XenoGax Ha CXOOHBIX IyGHHaX BHAHO, 4TO,
KpoMe cybaHTapKTHYeckHX xeno6os Hwo-CanmBuuesa H Xpopr, HauBomee XONOMHOBOIHEI-
MH ABNIAITCA Xeno6a KepMapex, Toura u SIBaHCKHIA, 9TO 0GbACHAeTCA HauGonblel JocTyn-
HOCTBIO 3THX JeJIOGOB IJIA MPOHHKHOBEHHA B HHX XOJIOZHBIX IJyGHHHBIX aHTaDKTHYECKHX
Box. HanGonee Bricokas TemmepaTypa CBojicTBenHa jenoGam Kaiiman u Banpa. OGa a1h
e106a OTAENeHH OT OTKPBITHIX PafOHOB COOTBETCTBEHHO ATnaHTHueckoro win Hupuitckoro
# THXOTr0 OKeaHOB OTHOCHTENIBHO METKOBOJHBIMH NPOIHBAMH C IlTyGHHaMM, He NMpeBbIILAl0-
WMMH Iy6uH GaTHanbHOil 30HBI. I103TOMy B 3TH XenoGa He MOTYT IPOHHKAaTh XONOOHBIE
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Depths over 6 km have a characteristic feature of a gradual rise in temperature as the depth
increases due to a rise in pressure (adiabatic temperature rise). Water temperature below 6 km is
therefore always somewhat higher than in the abyssal of the same ocean region.

25




It is apparent from a comparison of the temperature in various trenches at similar depths that,
except for the sub-Antarctic trenches of South Sandwich and Hjort, the coldest are the trenches of
Kermadec, Tonga and Yavan due to the greatest accessibility of these trenches to the penetration of cold,
deep Antarctic water. The highest temperature is inherent to the Cayman and Banda trenches. Both of
these trenches are separated from open regions respectively of the Atlantic or Indian and Pacific Oceans
versus the relatively shallow straits with depths below the bathyal zone. Cold

26
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deep water of Antarctic origin therefore cannot enter these trenches, and the sources of deepwater
formation in these trenches are apparently limited to the local regions in which they are located. Due to
the isolation of these trenches to the shallow thresholds from the open ocean abyssal zone, they may be
called "pseudo-hadal" by analogy with the names "pseudo-bathyal" and "pseudo-abyssal" as understood
by A. P. Andriashev [1979].

The Bougainville trench (and, apparently, other Coral Sea trenches) is characterized by somewhat
higher temperature versus the other trenches, which is also probably explained by the relatively low
accessibility of the Coral Sea basin to the deep waters of Antarctic origin [Leont'yeva, 1985].

Figure 9. Northwest (A), Northeast (B) and Central (C) Pacific Ocean Troughs
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Puc. 9. CeBepo-3anapHan (4), Cesepo-Bocrounas (5) u LleHTpamsHast (8) KOTNOBHHEI THXOrO OKeaHa

rNyGHHHBIE BOMBI 8HTAPKTHUECKOTO NPOHCXOXIEHHA M HCTOMHMKH GOpPMHpPOBaHHA ITYOHH-
HbIX BOJ, 3THX XelOGOB, BHAMMO, OrpaHMYEHb! JIOKAIBHBIMH paifiOHaMM, B KOTODBIX OHH
pacnonoxeHsl. BoieqcTBHe H3OMAUMH ITHX XKeJlI0G0B MeJIKOBOIHBIMH [IOPOraMH OT OTKPBITOMH
OKeaHH9eCKOH aGHccanM K HHM MOXHO GbDIo GbI MpHMEHMTh Ha3BaHHe “’NceBIOXafanbHbIE”
10 aHAIOTHH C Ha3BaHHAMM 'TiceBAOGATHATIL” H nceBHoabuccans” B moHuMauuu AL Aup-
puaiesa [1979].

U3 npyrux xenoGoB HecKOIbKO Goree BBHICOKO# TeMiepaTypoil xapakTepusyercsa Byren-
BWIbCKHIt %eno6 (4, BHOUMO, OpyTHe xenoba KopawioBoro Mops), 9ro, BeposATHO, TaKxke
oObsicHAETCA OTHOCHTEIbHO MaJTof JOCTYNMHOCTBI0 Oacceiina KopamioBoro Mops mis rny6us-
HBIX BOJI aHTaPKTHYECKOIO MpOHCXOxzeHus [JleontseBa, 1985],

COJIEHOCTDb

Ilo MHOrOWHCIIEHHBIM M3ME PeHHAM, [IPOBEIEHHBIM BO MHOTHX kenobax (maHHbIe pa3HBIX
IKCleqMuuit cymmHpoBaubl B cBomke [JleonrbeBa, 1985]), comenocts Ha Imy6GHHax OT
6 mo 10 KM mpakTHYecKH He OTIHYaeTCA OT HODMAIBHOH OKeaHHuYeCcKOH. B mopasnamouieM
GONBILMHCTBE XelToBOB OHAa cocramnser okono 34,7%,0 ¢ xonebauusmu ot 34,64 1o
34,819%0. Camas HM3KaA CONEHOCTs OGHapyxeHa B xenobe Banma — ot 34,58 1o 34,67%0.
Insa xenoGoB, pacNoOJIONEHHBIX B TPONMHYECKOH ATIaHTHKE, XapaKTepHO He3HauHTelbHOe
TMIOBBLIEHHE COJIEHOCTH MO CpaBHEHHIO C OPYTHMH xenobamu: B xenoGe Pomanm — ot 34,67
0o 34,96%, B ITyapro-Puxo — 34,80—34,89% 4, u HauGomnee Bbicokasn B xenobe Kaitman —
34,99-35,00%0. Kax BumHO H3 3THX uHp, H3MEHEHHA CONIEHOCTH Ha BCeX Iy GHHaX ynbTpa-
aBGHccany B GoMbLMHCTBE XenoGoB coctaBnsmor  MeHee 0,290, HO JaXke ¢ yUeTOM KpaiHHX
noxasaresieit B Keno6axX ¢ OTIHYAIWIENACA CONEHOCThI0O OHHM He mpeBbmuant 0,42%4,. Takue
H3MEHEeHHA CONIEHOCTH He MOIYT OKa3bIBaTh BIIMSHHA Ha PaclpoCTpaHeHHe Hake Hauborlee
CTEHOTAIHHHBIX MO PCKHX OpraHH3MOB.

KHCIToOPOg

ConepiaHHe pacTBOpEHHOrO B BOJe KHCIOpOfa Ha BceX MmyGuHax oT 6 mo 10 xm mop:
BEPKEHO 3HAYMTE/IbHBIM KOJIeOaHHAM B pa3HBIX jkeJl06ax M Aaxe MO H3MepPEHUAM, IpOBeleH-
HBIM B PasHOe BpeMA WIH B Pa3HBIX YUaCTKaX OJHOTO M TOTO ke Xenoba (maHHbIe pasHBIX
aKCMegHUMA CyMMHpOBaHbt B cBofKe [JleonrtneBa, 1985]). YuacTtkoB ¢ neduuuToM KHCIO-
pofia B TIPUIIOHHOM CJI0€ BOABI Ha yNbTpaabGHcCaTbHBIX IMYGHHAX O CHX NOP HK pa3y oGHapy-
s#eHo He Gboio. HanGonee BricokuM conepxanneM O, XapaKTepH3ytoTcs CyGaHTapKTHYeCKHe

2. 3ax, 1380 "

5
g
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SALINITY

Based on numerous measurements made in many trenches (the data from different expeditions are
summarized in [Leont'yeva, 1985], the salinity at depths from 6 to 10 km essentially does not differ from
the normal ocean levels. In the majority of the trenches, it is about 34.7 0/00, fluctuating from 34.64 to
34.81 0/00. The lowest salinity was found in the Banda trench, from 34.58 to 34.67 0/00. The trenches
that are located in the tropical Atlantic are characterized by a slightly higher salinity versus the other
trenches: in the Romanche trench from 34.67 to 34.96 0/00, in Puerto Rico 34.80-34.89 0/00, and the
highest in the Cayman trench, 34.99-35.00 0/00. It is apparent from these numbers that salinity changes
at all depths of the ultra-abyssal in the majority of the trenches are less than 0.2 0/00, but even taking into
consideration the extreme indicators in the trenches with distinguishing salinity, they do not exceed 0.42
0/00. These salinity changes may not affect the dispersion of even the most stenohaline marine
organisms.

OXYGEN

The content of oxygen dissolved in water at all depths from 6 to 10 km is subject to extreme
fluctuations in various trenches and even based on measurements made in different seasons or in
different sections of the same trench (the data from various expeditions are summarized in [Leont'yeva,
1985]. No sections have yet to be found with a shortage of oxygen in the benthic water layer at ultr-
abyssal depths. The highest O, content is characteristic for the sub-Antarctic
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Figure 11. Sub-Antarctic Trenches of South Sandwich (A) and Hjort (B)
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Puc. 11. Cy6aHTapkTHYecKHe eno6a I0x-
Ho-Canpsuuen (A), XsopT (5) 168 189

weno6a I0xwHo-CanpiBuueB u Xpopt M xeno6ba Kaiiman u ITyapro-Puxo — or 4,9 pmo 6,9 mo/m,
WIK 0x0N0 65—70% HachILIEHHs, H Aaxe Gonee. JIHIB HEMHOrHM MEHbIUAA KOHIEHT PalMa
O, obuapyxeHna B xenobax Kepmanmek, Tonra u fleaHckom — 4,0—4,7 mi/n, Win oKojo
55 —63% HachIUEHHA.

Camas HM3Kaa KoHuleHTpaums O, oGHapyxeHa B xeiobGe banma: mo HaHHBIM BOCHMH
H3MepeHHl, IPOBEJIEHHBIX B 3TOM >ellobe riyGxe 6 KM UeTBIppbMA IKCNEOHUHAMH, KOH-
uentpauns O, Geboa 2,03—2,38 moi/n, win 27—32%. OfgHaKO H 3TOrO KOJMIHYECTBA KHCIIOPONa
OKa3pIBaeTcA NOCTAaTOYHO YIS CYLIECTBOBaHUA Ha IHe xeno6a Banma ¢aynst He MeHee 0GHIIb-
HOHK H pasHOODOpa3HoOMH, YeM BO MHOTHX APYTHX >eno6ax. OcransHble xeno6a xapaKrepusy-
I0TCA TTPOMEXKyTOUHBIMM NOKa3aTelAMH. OmHaKo KoJieGaHHA ITUX NOKA3aTeNEeH, MOMYyYeHHBIX
B Pa3HBIX YUACTKaX Xeno6a, B pa3sHOe BpeMA M Ha PasHBIX INiyGHHAX, MOTYT GbITh BHIPaXKEHBI
B pa3nHuHOH cTenenH. Tak, Hanpumep, B OWIHNNMHCKOM XenoGe Mo 25 W3MepEeHHAM, Npo-
BellcHHBIM Ha NIATH CTaHUMAX 3KcNepuumed Ha “Tanmaree” [Kiilerich, 1964], u no 20 ua-
MepeHHAM TpeX Apyrux skchepuuuit (cM.: [Jleontsema, 1985]) konuenrpauus O, cocras-
nsana or 2,26 po 3,60 mn/n, wnn or 30 mo 47% HacklleHHsA, ITH MOKA3aTelIH 1A XenoboB
Kypuno-Kamuarckoro u Aneyrckoro GbpiH cooTBercTBeHHO 2,36—4,32 Mu/n (31-56%)
K 2,99-3,92 m/n (39—51%). Cxomubie mokasares ObDIH NOJYYeHBI Pa3HBIMHM IKCIEOH-
UMAMH K mis Mapuanckoro xenoba (3,07—4,42 mn/n). s cocemHero ¢ HuM xesnoba Manay
"Burasem™ B 1957 r. GbUIH nonydenbl GnH3KHe BeJTMUMHEBI MisA rTy6uH 6—8 kM — 3,66—
3,71 mu/n, win HeckoNbKO MeHble 50% HacemueHust. OOHAKO CICTHA NATH JIET IKCIEIH-
uei Ha cymae "Crnencep ®. bapn™ Ha Tex xe rmyGuHax B 3TOM %enoGe Gbula oGHapyxeHa
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trenches of South-Sandwich and Hjort, and the Cayman and Puerto Rico trenches from 4.9 to 6.9 ml/] or
about 65-70% of saturation, and even more. A slightly lower O, concentration was detected in the
trenches of Kermadec, Tonga and Yavan, 4.0-4.7 ml/l, or about 55-63% saturation.

The lowest O, concentration was found in the Banda trench: based on the data from eight
measurements in this trench at a depth over 6 km by four expeditions, the O, concentration was 2.03-2.38
ml/], or 27-32%. However, there was sufficient oxygen in this quantity for the existence on the floor of
the Banda trench of no less abundant and diverse fauna than in many other trenches. The other trenches
are characterized by intermediate indicators. However, the fluctuations in these indicators that were
obtained in different trench sections, in different seasons and at various depths could be expressed to a
varying degree. For example, in the Philippine trench, based on 25 measurements made at five stations by
the Galathea expedition [Kiilerich, 1964] and 20 measurements of three other expeditions (see:
[Leont'yeva, 1985], the O, concentration varied from 2.26 to 3.60 ml/], or from 30 to 47% of saturation.
These indicators for the Kuril-Kamchatka and Aleutian trenches were respectively 2.36-4.32 ml/l (31-
56%) and 2.99-3.92 ml/l (39-51%). Similar indicators were obtained by various expeditions for the
Mariana trench (3.07-4.42 ml/l) as well. For the neighboring Palau trench, Vityaz in 1957 obtained close
levels for depths 6-8 km, 3.66-3.71 ml/l, or slightly lower than 50% saturation. However, five years later,
the expedition on the vessel Spencer F. Baird at the same depths in this trough detected
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Figure 12. Cayman and Puerto Rico Trenches (A) (expedition Chain: a--dredging, b--photograph), Romanche trench (B), C, D--troughs:
Canaries, Zeleniy Mys (C), Argentine (D)
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WATER TEMPERATURE IN DEEP-SEA TRENCHES

TABLE 2

Trench Depth, m Temperature, °C Date Research Vessel
Aleutian 6328 1.78 02/1958 Vityaz
Kuril-Kamchatka | 6000-9000 1.65-2.15 06/1953 Vityaz
Japan 6000-6680 1.60-1.74 1954, 1961 Vityaz
Riofu-Maru
Izu-Bonin 7305 1.54 10/1955 Vityaz
9180 2.36 08/1962 Archimede
Bathyscaphe
Northwest trough | 6025 1.54 03/1959 Vityaz
Pacific Ocean 6660 1.84 10/1955 Vityaz
Ryukyu
Philippine 6000-10,035 1.84-2.48 05/1930 Snellius
6000-9864 1.85-2.56 07-08/1951 Galathea
Volcano 6080-7265 1.53-1.72 10/1955 Vityaz
Mariana 6000-8805 1.57-2.05 08/1957 Vityaz
10,910 24 01/1960 Trieste
Bathyscaphe
Palau 6000-7322 1.64-1.84 08/1957 Vityaz
Bougainville 6000-8725 2.29-2.76 10/1951 Galathea
6000-8700 2.21-2.70 03/1952 Vityaz
Tonga 7428-9318 1.40-1.74 03/1952 Galathea
6000-8820 1.14-1.54 12/1957 Vityaz
Kermadec 6000-8845 1.22-1.68 03/1952 Galathea
6000-7293 1.10-1.64 01/1958 Vityaz
Banda 6,000-7,293 3.43-3.63 09-10/1930 Sellenius
6,000-7,213 3.43-3.58 09/1951 Galathea
Hjort 6,200 0.76 07/1976 Dmitriy
Mendeleyev
Yavan 6,103-7062 1.36-1.52 09/1951 Galathea
6,040-6,813 1.25-1.31 02/1959 Vityaz
Puerto Rico 6,065-8,225 1.98-2.35 02/1973 Akademik
Kurchatov
Cayman 6,200-6,900 4.46-4.49 03/1973 Akademick
Kurchatov
South Sandwich 6,047-7390 -0.27- -0.09 1963, 1964 Eltanin
6,697-7,060 -0.23--0.14 12/1971 Akademik
Kurchatov

Note. Expedition data: Akademik Kurchatov--Filatova, Vinogradova, 1974; Arsen'yev et al., 1975a, b; Archimede--Cherbonnier, 1964;
Vityaz--Bogoyavlenskiy, 1955; Bogorov, Kreps, 1958; Leont'yev, 1960; Galathea--Bruun, Kiilerich, 1955; Kiilerich, 1964; Dmitriy

Mendeleyev--Leont'yeva, 1978; Eltanin--Jacobs, 1965 [in: Filatov, Vinogradova, 1974]; Riofu-Maru, Masuzawa, Akamatsu, 1962; Snellius,
Riel et al., 1950; Trieste, Piccard, Dietz, 1963.




a considerably lower O, concentration, 0.92-1.35 ml/], i.e., averaging about 15% saturation [Leont'yeva,
1985]. This is the only incidence of such a strong divergence in the data of different expeditions and such
a severe drop in the O; concentration. Nevertheless, even such a low O, concentration did not adversely
affect the animal population in the trench; at the same time, this station obtained numerous photographs of
the bottom which depicted abundant and diverse fauna [Lemche et al., 1976]. Numerous animals were

collected in 1975 in this same trench during two trawlings conducted by Vityaz [Beliaev, Mironov,
1977a].

Thus, based on temperature, salinity and oxygen content the water of the deep-sea
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trenches are not distinguished by any specific features and these factors may not have a limiting impact on
the development of life in the ultra-abyssal depths versus the abyssal. In the same way, the complete
absence of light is characteristic not only for the depths of the trenches, but also for the abyssal zone
depths.

CURRENTS

As a result of a comprehensive review of the conditions in deep-sea trenches, V. G. Bogorov and
Ye. M. Kreps [1958] concluded that the mixing of water in them encompasses the entire water mass to the
very bottom and occurs relatively rapidly. This allowed these authors to conclude that radioactive wastes
could not be buried in the trenches. The oxidized layer on the surface of the benthic deep-sea trench
sediments also indicates the mobility of water of the actual near-bottom layer [Bezrukov, Petelin, 1962].

During descents of the Archimede bathyscaphe in 1962 to the almost maximum depths of the
Kuril-Kamchatka and Izu-Bonin trenches, currents were found near the bottom whose velocities reached
0.2 knots, i.e., about 10 cm/sec [Anonym, 1962]. Based on the changes at the bottom of the Philippine
trench in different sections at depths from 9,600 to 9,800 m, currents were found with average speed of
1.8-7.5, and maximum up to 31.7 cm/sec [Hessler et al., 1978].

Based on a review of numerous hydrological data and data of V. V. Leont'yeva [1985] it is
concluded that the deep-sea trench waters are subject to mixing and participate in the overall ocean water
circulation.

HYDRODSTATIC PRESSURE

A factor that distinguishes the ultra-abyssal zone from all the overlying ocean layers is the
hydrostatic pressure which continually increases with depth. It is common knowledge that pressure
increases by 1 atm for every 10 m increase in depth, and at depths 6,000-11,000 m reaches enormous
levels of 600-1,100 atm. For organisms inhabiting almost 98.5% of the ocean floor and in the water mass
comprising over 99% of the ocean, regions with this pressure are beyond the normal existence conditions
both now and during the entire evolution path of these organisms. It is therefore a priori undoubted that
only comparatively few organisms could adapt to such unusual conditions for the overwhelming majority
of the ocean's population.

Chapter 10 will cover the role of pressure as an environmental factor.

FLOOR RELIEF

The deep-sea trench floor relief is distinguished by extreme diversity and complexity, and has a
number of features that are common for all or the majority of trenches. "All trenches have extended
outlines...Their length fluctuates from one-two hundred to two-three thousand kilometers...All trenches
are very narrow. Their width on the isobath 6,500 m for the most part does not exceed several dozen
kilometers. The trench slopes have a slightly complex profile that is more gently sloping in the upper
section, and steeper in the shallower section. Their average steepness fluctuates from 5 to 15°, but the
slopes are usually divided into a number of steep projections and gently sloping steps within which the
incline may fluctuate from several minutes to 45° and more. The height of the steep, almost sheer
projections reaches 1,000-1,500 m in places. The trench cross profiles have a characteristic V-shape, but
they are also characterized by a narrow, flat floor which is a surface of sedimentary mass that fills the
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deepest part of the trenches. For the most part, the width of the flat floor is very small, about 2-5 km, but
local expansions are observed up to 20-30 km" [Udintsev, 1962, p. 58-59]. The greatest width
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about 40 km, is found in the floor of the Puerto Rico trench [Heezen, Laughton, 1963]. The greatest
trench depths are often several separate basins that are divided by shallower depths. Descriptions of the
floor relief and numerous cross profiles of the Pacific Ocean trenches showing their extremely
complicated relief are given in the monographs of G. B. Udintsev [1972], as well as the publications of A.
Kiilerich [1959], R. Ficher and R. Raitt [1962] and D. Kheys [1970].

SEDIMENTS

The trench floor and their gently slope steps are characterized by fine-grained noncalcareous
sediments of aleurite-argillaceous and argillaceous silts. Sedimentation often does not occur at all on the
steep projections of the slopes. The trench slopes are therefore characterized by numerous sections with
base rock exposed outcroppings [Bezrukov, 1955, 1957, 1970]. Numerous bedrock fragments and stones,
etc. are found on the trench floors. They fall there from the slopes due to underwater rockslides and are
also brought from shallow depths by suspension currents caused by the high seismic activity in the trench
zones [Petelin, 1960; Bezrukov, Petelin, 1962]. The numerous residues of aquatic and land vegetation
that have been repeatedly found on the trench floor by various expeditions witness to the abundant
removal into the coastal hadal trenches from the shallows and even from the land (see, e.g.: [Bruun,
1958; Wolff, 1975; Wolff, 1976b, 1979]. Redeposition of sediments via removal is apparently a normal
phenomenon for trenches [Larsen, 1968].

The rates of sedimentation on different sections of the slopes and trench floor may differ
considerably depending on the nature of the relief even up to local absence of current sediments
[Bezrukov, 1955]. Several direct analyses of the sedimentation rate (by ion-thorium method) showing
levels from 0.5 to 6.3 mm in 1,000 years have been obtained for trench slopes in the northwest Pacific
Ocean.

There are no known direct analyses of the sedimentation rate for the trench floor by radioactive
methods, but based on lithological data of sediment columns, the sedimentation rate on the floor of the
Kuril-Kamchatka trench varies from 5-10 to 50-1,000 mm over a century [Bezrukov, Romankevich,
1970] which is considerably greater than the levels for abyssal ocean depths. The trenches on the whole
are thus ocean regions where the sedimentation rates are considerably higher than on the bed [Bezrukov et
al., 1961; Zverev et al., 1961; Bezrukov, Romankevich, 1970; Lisitsyn, 1971].

It may be stated that the deep-sea trenches are giant sedimentation tanks that accumulate both
particles from the water surface layers, and those transported from the ocean bottom sections adjoining
the trenches. Everything that somehow falls into the deep-sea trenches to depths below the neighboring
sections of the ocean bottom remain at these depths, thus determining the high sedimentation rate on the
trench flat floor.

The complex relief of the trenches, the related differences in the sedimentation rate in various
sections, and the diverse types of substrate from fine-grained silts to solid exposed surfaces, as well as the
ground vegetation residues create in the trenches diverse ecological niches that promote the existence of
the most ecologically diverse benthic population. Intensive sedimentation, and consequently, the
abundance of nutrients coming to the bottom in the marginal trenches located in the highly productive
ocean zones should ensure the abundant development of the animals inhabiting them.

Sediments of the trench floor located in the ocean productive regions are characterized by a
considerably higher Co content than sediments in ocean bed regions that are far from the shores
[Romankevich, 1970, 1977].
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In addition to the impact of high pressure that limits the qualitative diversity of the ultra-abyssal
population, there are also conditions in a number of trenches that foster abundant quantitative
development of those animals that could adapt to life under extremely high pressure conditions, and
diversity of their life forms.

SEISMIC ACTIVITY AND VOLCANISM

A characteristic map of essentially all the deep-sea trenches, their location in the high seismic
activity and volcanism zones is given in [Udintsev, 1955; Rikitake, 1970; Sayks, 1970; Menard, 1971;
Khain, 1973; Shepard, 1976; Ballard, Emory, 1976; Jumars, Hessler, 1976; et al]. It follows from these
publications that under the trench floor and on the boundary of the island curves and trenches earthquakes
are usually noted with a comparatively shallow depth of the foci (50-150 km). General earthquake foci
and active volcanoes confined to the island curves are graphically illustrated in Fig. 13-15. Volcanogenic
material is a significant filler of the trenches

Figure 13. Relationship between Deep-Sea Trenches in the Marginal Sections
of the Pacific Ocean and Earthquakes
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Taxum 06pa3oM, HapAxy ¢ BIHAHHEM BRICOKOrO JaBlieHHA, OrPaHHIHBAIOLMHM KadecT-
BeHHOe pa3HooGpa3He HaceneHHMA YNbTpaaGHCCAIBHOH 30HBI, B pAfe XeioOOB CylecTBYOT
H YCIOBHA, cnocoOCcTByIOUMe OGWIBHOMY KOMHYSCTBEHHOMY Ppa3’BHTHIO TeéX MXMBOTHBIX,
KOTOpBIe CMOITIH IPHCMOCOGHTBCA K MHM3HH B YCIIOBHAX KpaiHe BBICOKOIQ HaBIEHMSA, H
Ppa3Hoo6pa3nio HX KH3HEHHBIX GopM.

CEACMHUYECKASA AKTHBHOCTh H BYJIKAHH3M

XapakTepHan wWapra NPaKTHIECKH BCeX ITTyGOKOBOMHBIX JKeNOGOB — HX PacloJIONKeHHe
B 30HaX BBICOKOH CeiCMHUYeCKO#l aKTHBHOCIH H ByNKaHH3Ma [YnoumueB, 1955; Puxurake,
1970; Caitkc, 1970; Menapn, 1971; Xaun, 1973; Illenapn, 1976; Ballard, Emory, 1976;
Jumars, Hessler, 1976; u mp.]. Kak cienyer u3 nepemcienHsrx paGoT, mop gHOM xenoGos
H Ha IPaHHIle OCTPOBHBIX AYT H Xken0GOB OGBMHO OTMETIAIOTCA 3eMIIETPACEHHA CO CPaBHUTENb-
HO HeBonbuwo# rny6unoit ovaros (50—150 kM) . O6unHe 0YAroB 3eMIIETPACEHHI H [EfCTBYIO-
WHX BYJIKAHOB, MPHYPOYEHHBIX K OCTPOBHBIM [YTaM, HarfIAgHO BHOHO H3 pHc. 13—15.
B 3anonuenun xenoGoB B 3HAUMTENBHOM KONMHYECTBE YUAaCTBYeT BYIIKAaHOTEHHbIH MarepHaT
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Puc. 13. Cea3p rnyGOKQBOIHEIX Kel060B KpaeBhIX HacTeft THXOTO oKeaHa ¢ 3eMIIeTpACEHHAMH
1 — xenobs; 2,3 — 3emierpacenun: 2 — cpeaHedoxycusle, 3 — rny6oxodoxycHsie [no: Ulenapn, 1976]

24




Page 25

Figure 14. Volcanism and Earthquakes in the Kuril-Kamchatka Trench Region

Key:

1-3. earthquake epicenters with focal depth 0-60 km (1), 61-300 km (2), over 300 km (3)
4. active land-based earthquakes

5. underwater volcanoes [per: Udintsev, 1955, simplified]

[Khain, 1973]. Among the thin silts of the deep-sea troughs accumulations are often found of argillaceous
pellets and large boulders up to tens of centimeters in size, argillites, tufas and effusive rocks that could
only be brought in by underwater slides [Bezrukov, 1970]. A. P. Lisitsyn [1971] also notes the major role
of similar processes.

This feature is important for the organisms occupying the trenches because the frequent
earthquakes are related to the constantly developing turbidity currents, slides and collapses, that
considering the complex relief of the trenches and the often great steepness of their slopes could acquire
the nature of mud slides that occur in mountain regions on the Earth's surface, and could cause
catastrophic consequences, even the complete death of the animal population on significant sections of the
trench floor. The following data could indicate the scales of these phenomena. In the period from 1900
through 1950 in Japan (primarily in its Eastern section) and in its adjoining Pacific Ocean region there
were over three thousand strong earthquakes and moderately strong earthquakes [Rikitake, 1970]. The
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Puc. 14. BynkaHH3M H 3eMneTpscelns B pattone Kypwio-Kamyatckoro xenoGa

1-3 — snuueHTpPBI 3emneTpAceHuit ¢ rnyGuHoit ouyara 0—60 kM (1), 61—300 kM (2), Gonee 300 km (3)
4 — pecTBYIOAE WYJIKAHBI CYIIH; 5 — NOLBORHBIE BYNKaHb!l [Nno; Yaounues, 1955 — ynpoueno]

[Xaun, 1973]. Cpegx TOHKHX WIOB ITyGOKOBOAHBIX JKEMIOGOB HepEeOKO BCTPEYANTCA CKOI-
JIGHHA TIIHHAHBIX KaTYHOB M KDYIHBIX BATYHOB pa3MepOM JI0 IeCATKOB CAHTHMETPOB, april-
nuTOB, Ty$OB H 3¢ dy3HBHBIX 0 POM, KOTOPBIE MOITIH GBITH TPHHECEHHI TOJILKO MOJBOAHBIMH
ononsuamyu [Bespyxos, 1970]. Bonsuryio pons nmomoGHuIX mpoueccoB otmeyaer H A.IL. JIn-
cuupH [1971].

Iia HacensmowMx »eno6a OpraHM3MOB 3Ta OCOGEHHOCTb JkenofOB Baxda MOTOMY, UTO
C YaCTHBIMH 3eMIIETPACEHHAMH CBA3aHBI NOCTOAHHO BO3HHKaIOLIME MyTbeBble MOTOKH (tur-
bidity currents), onon3HH ¥ 0GBaIBI, KOTOPHIE NIPH CIIOXKHOM perbede kelloGoB H HePENKO
GonpllIOA KPYTH3HE HX CKJIOHOB MOrYT MpHOGpeTarb XapakTep cejied, IMPOHCXONAIINX B
FOPHbIX pafOHaX Ha TOBePXHOCTH 3eMIIH, H BbI3bIBaTh KaTacTpodHUeCKHE MOCIEeNCTBHA
BIUVIOTh [0 MOJIHOH rHGeNTH XHBOTHOIO HacelleHHA Ha 3HAUHTENBHBIX YYACTKaX JHa eno6oB.
O Macmrabax 3THX ABJIEHHH MOXHO CYHMTD IO CNedyIOIMM AaHHbM. 3a nepuop ¢ 1900 no
1950 r. B finoHuH (B OCHOBHOM B e¢ BOCTOMHOH YaCTH) H B NpPWIETAIOIWEM K Heil paitoHe
Tuxoro oxeaHa mpousouuio Gojiee TpeX TBHICAY CHIBHBIX H YMEPEHHO CHIBHBIX 3eMJIeTpsce-
Huit [Puxuraxe, 1970). Tonbko B pe3ynbTaTe OMHOrO CWIBHOTO 3eMIIETPsICEHHA B SIMOHUH
B 1923 r. 06beM nepeMelleHHBIX OMON3HAMH OCaZKOB B 3aBe CaraMu HOCTHT OrpOMHOR
BenuunHbl — 710 kM? (cMm.: [Bespykos, 1970]9).

BeposTHO, pe3ynsTaThl CHWIBHBIX 3eMIIETPACEHHH, MPOMCXOMAUMX B HeMOCPeICTBEHHOH
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volume of sediment slides moved as a result of one strong earthquake in Japan in 1923 in the Gulf of
Sagami reached enormous levels, 710 km3 (see: [Bezrukov, 1970]).
Probably, the results of the strongest earthquakes that occurred in direct
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Figure 15. Epicenters of Deep-Focal and Medium-Depth Earthquakes in
the Japan Region and Adjoining Waters in 1926-1956 [per: Rikitake, 1970]
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Puc. 15. dnuueHTps! rny60KopOKYCHBIX H cpenHelt rnyGHHEL 3eMneTpsiceHuit B palioHe SImoHuu H npwie-
*auHx Bof 3a 1926—-1956 rr. [no: Puxurake, 1970]

1—-60—-100; 2 — 101—-200; 3 —201-300; 4 — 301-400; S — 401—-500; 6 — > 500 km
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proximity to the trenches could elicit in them such catastrophic consequences. It is apparently this type of
slide that is related to the detection [Bandy, Rodolfo, 1964] in the surface layer of the ground obtained
from a depth over 6 km in the Chile trough of a whole complex of comparatively shallow Foraminfera
with calcareous shells that is not inherent to these depths. The slide results probably also explain the
absence of other trawling catches obtained by Vityaz in 1957 from depths about 9 and 11 km from the
bottom of the Mariana trench [Birstein et al., 1958].

It is indicative, however, that trench floor sections on which animals were buried due to slides are
apparently populated comparatively rapidly by animals from neighboring sections that were not exposed
to the slide effect. This is indicated by the extreme rarity of trawling catches from the ground, but without
animals. We do not know of any other similar cases except for the two aforementioned catches in the
Mariana trench.

AGE OF THE TRENCHES

Figure 16. Diagram Explaining the Development of a Marginal Trench by
Subduction of One Lithospheric Plate under Another [per: Menard, 1971]

Key:

1. Lithosphere
2. Asthenosphere




6nMH30CTH OT XKelMoGOB, MOTYT BBI3BIBATh B HHX CTOJNb e KaTacTpodHuYeCKHe MOCIIEACTBHA.
Io-BumMMOMY, HMEHHO C TaKOTO pPOfa OMOJI3HEM CBA3aHO oGHapyxenHe [Bandy, Rodolfo,
1964] B noBEepXHOCTHOM CJIO€ TpyHTa, MOJNYYeHHOTO C INTyGHHBI Gonee 6 kM B UnnnitckoM
senobe, HeCBONCTBEHHOTO TAKHM INTyGHHaM LEJIOr0 KOMIUIEKCa CPaBHHTENIBHO MENKOBON-
HbX dopaMuHHbep C H3BECTKOBO# paKOBHHOi. BepoATHO, pe3ynpTaraMH OnojisHei 0Gbsc-
HAETCA M OTCYTCTBHe XHMBOTHBIX B MOJNYUYeHHBIX “BHTA3eM” B 1957 r. AByX TpaoBBIX yIO-
Bax, MPHHECIUMX I'PYHT C INYyGHH okono 9 u okono 11 kM co aHa MapHanckoro semo6a
[Bupuureitn 1 mp., 1958]. :

Iloka3aTenbHO, OOHAKO, YTO YYAaCTKH JHa xkeynobGa, Ha KOTOPBIX B pe3ylibTaTe OION3HEH
NPOHCXOMMT 3aXOpOHeHHe XHMBOTHBIX, BHAMMO, CDaBHHTENIBHO OBICTPO 3aCENANTCA JKHBOT-
HBIMH M3 COCEIHHX, He MOJBePriMXCA BO3[EHCTBHIO OMON3HA y4acTkoB. O6 3TOM CBHLETEND-
CTBYeT Ype3BbMaif{Has pPEAKOCTb TPAIOBLIX YJIOBOB C IPYHTOM, HO Ge3 >xuBOTHbIX. Kpome
OBYX YNOMSHYTBHIX Bblllle JOBOB B MapHaHckOM xenobe, npyrue aHanorHuHble CIy4aH MHe
He U3BECTHBL

BO3PACT XEJIOBOB

O Bo3pacTe H [OITOBEYHOCTH XenoGoB HMeeTcs OYeHb Majlo.JaHHBIX, HO H3BECTHO, YTO
xeno6a MOTYT cyuiecTBoBath Ha nporskenud 107 ner u Gomee [®eiip6pumx, 1974). Mo
NaHHbIM, TPHBOJMMBIM TEM X aBTOPOM, GOpMHpOBaHHE AJIEYTCKOTO Xeo6a MpoHCXOmHI0
B PpaHHETpPeTHYHOE MIH nO3gHeMenoBoe BpemsA. Ilo-BHaMMoMy, ¢dopmupoBaHHe xenoba
Iyspro-Puko npoucxopwno c Hayana TperuuHoro nepuopa [Fisher, Hess, 1963]. ITo ppyrum
TaHHBIM, 3TOT enob, BeposATHee Bcero,chopmupoBaica B doueHe [Benc, 1970; Bansuxo
H Op., 1975]. B Teuenne kaiiHo30s chopMHpOBaTHCh H rinyGokoBomubie xeno6a Tixoro
okeaHa [Kponmorkum, lilaxBapcroBa, 1965; Ymuuues, 1965, 1972; Menapn, 1966; u mp.].
®opmupoBaHHe OAHOTO H3 HanGolee MOJIOMBIX XenoGoB — xkenoba KaiMaH, Mo pa3HbIM JaH-
HbIM, [TPOMCXOAWIO Ha I'paHHle 30LeHa—onuroueHa [Xaum, 1975; Xau u np., 1975], a Bo3-
MOXHO, 1 no3gHee [Erickson et al., 1970].

TaxuM 0Gpa3oM, B HX COBpeMEHHOM BHJIe MOYTH BCe ITTyGOKOBOIHBIE Xenoba, BHAHMO,
chopmupoBanuce B kaitHo30e. OmHako mpouecchl CyGOyKUMH Ha IpaHHLAX JTHTOCGeEPHBIX
IUIKT MOTYT NPOJOJIXATHCA 3HAUMTENIBHO JOJIbILE — CYIIECTBOBaBlilee KOIAA-TO JHO eyoba

P S NG e
%,

Puc. 16. Cxema, 06bACHAIOLIAA BOIHHKHOBEHHE KPaeBOro xenoba myTeM cy6ayKUUH OaHOH nHTOChepHOH
IIHTHI NOR ApyTYIo [no: Menapay, 1971]
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There is very little data regarding the age and longevity of the trenches, but it is known that the
trenches may exist for 10’ years and more [Feyrbridzh, 1974]. Based on the data cited by the same
author, the Aleutian trench was formed in the early Tertiary or Late Cretaceous time. The Puerto Rico
trench was apparently formed from the beginning of the Tertiary period [Fisher, Hess, 1963]. Based on
other data, this trench was most likely formed in the Eocene [Bens, 1970; Valyashko et al., 1975]. The
Pacific Ocean deep-sea trenches were also formed during the Cenozoic [Kropotkin, Shakhavarstova,
1965; Udintsev, 1965, 1972; Menard, 1966; and others]. Based on various data, one of the youngest
trenches, the Cayman trench, was formed on the border of the Eocene-Oligocene [Khayn, 1975; Khayn. et
al., 1975], and possibly, even later [Erickson et al., 1970].

Almost all of the deep-sea trenches in their modern form were thus apparently formed during the
Cenozoic period. The subduction processes at the depths of the lithospheric plates, however, could
continue much longer, the formerly existing trench floor
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continues to be submerged under the boundary plate into the asthenosphere where it is destroyed (Fig. 16)
[Menard, 1971]. The bottom of the marginal trenches thus should gradually be renewed, and also the
trench configuration during a geologically lengthy time may change. But insofar as these processes are
extremely slow, they may not prevent the preservation in a certain trench of its fauna over a lengthier time
than the existence of the trench in its modern appearance.

CHAPTER 2.
HISTORY OF THE ULTRA-ABYSSAL FAUNA STUDIES

Many publications have covered the history of the ocean depth animal world. In particular, an
extensive survey is made of the deep-sea biological research and main deep-sea expeditions that were
made in the 1960's in the monograph of R. Menzies et al. [1973]. I will therefore dwell here only on the
history of studies on the life in the greatest ocean depths from 6 to 11 km.

The fact that the ocean floor is populated everywhere by diverse animals all the way to depths of
about 6,000 m was proved without a doubt for the first time as a result of the famous British round-the-
world 1872-1876 expedition on the Challenger under the leadership of W. Thomson [1880].
Additionally, this expedition was able to obtain the first small sample from the bottom of the Japan trench
of soil by a sounding tube from depth 7,220 m. Fourteen species of Foraminifera shells were defined
from this sample [Brady, 1884]. Finding of the Foraminifera however could still not be considered proof
of the existence at this depth of living organisms, since it was not known whether these Foraminefera
were taken alive, or only their empty shells were found, and it could not be excluded that they were
removed posthumously from a shallower depth.

A quarter of a century later, in 1899, an expedition on the American research vessel Albatross
made the first trawling at a considerably greater depth in the Tonga trench. But it was unsuccessful, only
fragments of the skeleton of a siliceous sponge were brought up from a depth of 7,632. A more precise
determination of the system affiliation of these fragments was not successful and it still remained
unknown whether they belonged to a sponge that really lived at that depth, or were removed there from a
shallower depth [Agassiz, 1902; Nybelin, 1951].

But within two years, in August, 1901, the expedition of the Prince Albert of Monaco on the yacht
Princesse-Alice made a successful trawling at depth 6,035 m in the Atlantic Ocean in the Zeleniy Mys
trough. In the catch from this trawling there were Echiuroidea, Asteroidea, 4 specimens of two types of
Ophiuroidea and benthic fish [Koehler, 1909; Sluiter, 1912; Roule, 1913]. This catch proved for the first
time that various multi-cellular animals could exist even somewhat deeper than 6,000 m. It is true that the
depth of this catch was only 200 m above the maximum depth from which multi-celled animals were
obtained by the Challenger expedition.

The next step in studying life at the hadal ocean depths was only made in 1948 when the Swedish
expedition headed by Hans Pettersson on the ship Albatross (we will call it Albatross-2) caught benthic
animals in the Puerto Rico trench from a depth of 7,625-7,900 m [Nybelin, 1951]. In this catch there
were representatives of four benthic species: 2 Polychaeta, 1 Isopoda and 20 Holothurioidea [Eliason,
1951; Madsen, 1955; Nordenstamm, 1955]. Thus, within only over 70 years after the expedition on
Challenger
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for the first time animals were successfully obtained from a depth considerably greater than the depth
studied by Challenger. During this entire period, the long maintained opinion continued to dominate that
a lifeless zone existed in the deep ocean, but as knowledge was accumulated about it, its boundary was
shifted deeper and deeper. It is important that literally on the eve of the catch from the Puerto Rico trench
by the Albatross-2 expedition the very leader of this expedition in a small book entitled Zagadki
morskikyh glubin [Riddles of the Sea Depths] [Pettersson, 1948] expressed doubt as to the possible
existence of life at depths over 6,500-7,000 m.

The Albatross-2 expedition started a period of extremely intense study of life at the hadal ocean
depths due to the qualitative leap in the development of deep-sea research which will be discussed in
more detail in the next chapter. This period was primarily linked to numerous expeditions on the Soviet
vessel Vityaz and the Danish year-round expedition on Galathea.

The Vityza research began in 1949 and already during the first trip in the Pacific Ocean, the
expedition under the supervision of L. A. Zenkevitch made a successful trawling in the Kuril-Kamchatka
trench at depth 8,100 m. The first report about this trawling was published immediately by the leader P.
V. Uschakov. In the catch that was obtained from a depth over 8 km there were over 150 benthic
invertebrates belonging to no less than 20 species from 10 different classes [Uschakov, 1952]. The
Danish year-round expedition on Galathea in 1951-1952 under the supervision of Anton Bruun obtained
16 trawling catches and 4 bottom grab samples below 6,000 m in five deep-sea trenches (Philippine,
Yavan, Banda, Bougainville and Kermadec), and in the Philippine trench its greatest depths were studied
and 3 trawling catches were made from depths 9,820 to 10,200 m, and a dredging sample that brought
Holothurioidea from depths 10,120 m. It was thus proven that life in the ocean exists everywhere all the
way to depths over 10 km.

As a result of the Galathea work, the number of classes whose representatives were found at
depths over 6 m increased to 25, and below 10 km animals were found that belonged to at least six
different classes [Bruun, 1951, 1935a, b, 1955, 19564, b, 1958; Wolff, 1958, 1959a, b, 1960, 1966; and
numerous special publications by various authors in the "Galathea Report" series].

During the 1953 special Vityaz expedition (14th trip) in the Kuril-Kamchatka trench region, 6
mass trawling catches were obtained from depths ranging from 6,860 to 9,500 m. The study results of the
benthic fauna obtained by Vityaz in 1949 and 1953 in the Kuril-Kamchatka trench were correlated in the
articles of L. A. Zenkevitch, Ya. A. Birstein, and G. M. Beliaev [1954, 1955], and for the first time the
isolation of depths over 6-7 km was substantiated in the system of ocean vertical biological zonality into a
special ultra-abyssal zone with specific ultra-abyssal fauna "mainly consisting of species that are capable
only of inhabiting these great depths and are endemic for each trench" [Zenkevitch et al., 1955, p. 377].

Almost simultaneously with the Soviet authors, and independently of them, the same conclusion
was drawn based on the results of the Galathea expedition by its leader A. Bruun [1956a] who proposed
for the depth zone over 6,000 m the terms "hadal' and "hadal fauna"!

! The literature has never discussed which of the two names suggested for the greatest depth zone and its fauna have the greater
right to existence, considering the convenience of use, the question of priority, etc. However, it is currently clear that both
names have caught on, although the Russian literature more often uses "ultra-abyssal" and the foreign uses "hadal”. Insofar as
both terms were proposed independently and based on original data, it is expedient to consider them to be equivalent and not
mutually exclusive.
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In subsequent years (1954-1959), the Vityaz expeditions (19, 20, 22, 24-27, 29th trips) continued
an intensive study of the dep-sea trench fauna in the north and west Pacific Ocean. The fauna of the
Japan, Aleutian, Izu-Bonin, Volcano, Ryukyu, Bougainville, Vityaz, New Hebrides, Tonga, Kermadec
and Mariana trenches were examined to a certain measure, as well as depths over 6 km in certain troughs
of the Pacific Ocean bed [Zenkevitch, Filatova, 1958; Zenkevitch et al., 1959; Birstein et al., 1958;
Birstein, Vinogradov, 1959; Beliaev et al, 1958, 1960; Beliaev, Sokolova, 1960a; Birstein, Sokolova,
1960; Filatova, Beklemishev, 1959; Filatova, Levenstein, 1961].

During the work of Vityaz in January, 1958 in the Kermadec trench recently studied by Galathea
to depth of somewhat over 8 km, two trawling samples were obtained from depths 9 and 10 km, and in
December, 1957 and May, 1958 benthic animals were lifted from depths over 10.5 km (10,415-10,687 m
in the Tonga trench and 10,630-10,710 m in the Mariana trench). In the greatest deep-sea sample from
the Tonga trench, Foraminifera of several species were found, 1 Nematoda, several Polychaeta,
representatives of Amphipoda and Isopoda from the Crustacea, Bivalvia and Gastropoda and
Holothurioidea; all the caught animals were very small; the total weight of all the animals (without the
Foraminifera) obtained from approximately 1 T of the silt brought in by the trawl was less than 0.5 g.
The catch from the greatest depth of the Mariana trench was less diverse, most of it comprised several
fairly large samples of Actinia Galatheanthemidae in very long calyptras, in addition to which there were
also fragments of Polychaeta and Isopoda and 3 samples of two species of Holothurioidea. These catches
(and another taken by Vityaz later also in the Mariana trench) are still the greatest deep-sea catches of any
taken.

As a result of the work in the Tonga and Mariana trenches, it was thus proven that representatives
of various animal groups exist essentially all the way to the greatest known depths of the World Ocean.
Summation of these data with the Galathea data for depths over 10 km in the Philippine trench
demonstrated that representatives of at least 9 classes of benthic animals inhabit depths below 10 km.

In 1960 a participant in the Galathea expedition, T. Wolff published the first summary work that
covered the data on hadal fauna accumulated by this time [Wolff, 1960]. Based on the calculations of T.
Wolff, in the fauna already known by that time from depths over 6,000 m, the endemic species for such
depths was 58%.

The presence of living creatures at depth 10,900 m was confirmed on January 23, 1960 by the
direct observations of J. Piccard and D. Walsh through the portholes of the Trieste bathyscaphe during its
submersion to the maximum depth of the Mariana trench [Piccard, 1960; Piccard, Dietz, 1963].

Vityaz obtained 4 trawling catches and 2 bottom grab samples in 1959 and 1962 in the Yavan
trench [Beliaev, Vinogradova, 1961a, b; Kuznetsov, Parin, 1964].

The French expedition of Jacques Cousteau on Calypso obtained two photographs of the bottom
with animals at depth about 8,000 m in 1956 in the Romanche trench [Edgerton et al., 1957; Cousteau,
1958]. These were apparently the first photographs that were successfully obtained at these depths. Five
years later photographs of the floor with animals were obtained in this trench by the American expedition
on the Chain vessel [Pratt, 1962; Heezen et al., 1964].

The American expeditions on Vema in 1958 and on Eltanin in 1962 made successful benthic
trawlings at four stations in the Peru-Chile trench that were not previously studied at depths from 6,000 to
6,328 m [Menzies et al., 1959; Menzies, 1963, 1964]. The second of these expeditions in the same region
of the Peru trench obtained photographs of the bottom at depth about 6,000 m which clearly showed
different animals. The Eltanin 1963 expedition examined
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the South Sandwich trench and obtained three trawling samples from depths to 7,700 m and another three
stations obtained bottom photographs with animals from depths 6,700 to 7,600 m [Studies in Antarctic
Oceanolgy, 1965; Hartman, 1967b]. Another two trawlings somewhat deeper than 6,000 m were made by
the Vema expeditions in 1959 in the Atlantic Ocean, in the Puerto Rico trench and in the southern part of
the Argentina trough [Clarke, 1961; Menzies, 1962], and by the American expedition on Chain by
dragging on the northern slope of the Puerto Rico trench at depth 5,800-6,400 m [Todd, Low, 1964].
Finally, one very successful trawling at depth about 7,000 (6,700-7,340) m was made in 1961 by the
Japanese expedition (JEDS-4) on the ship Riofu-Maru in the Japan trench [Nasu, Sato, 1962; Suyehiro et
al., 1962].

The Scripps Institute of Oceanography (United States) expedition in 1962 on the vessel Spencer F.
Baird obtained about 4,000 photographs of the bottom and benthic water layer with numerous animals in
five trenches of the western tropical section of the Pacific Ocean (Palau, New Britain, Bougainville, Santa
Cruz and New Hebrides) at depths from 6,700 to almost 9,000 m. A careful study of these photographs
and analysis of the extremely diverse animals imprinted on them, however, required considerable time.
This work was conducted by a group of highly skilled Danish zoologists, specialists for different
taxonomic groups of animals, mainly from the Galathea expedition participants (H. Lemche, B. Hansen,
F.J. Madsen, O. S. Tendal, T. Wolff). Extremely important results from a detailed study of these
photographs that contained a detailed description of the bacterial films and animals found on them and
frequently noted for the first time for such depths, as well as ecological remarks, and in a number of cases
calculations of the average population of certain animals based on their occurrence on many photographs
were only published at the end of 1976. The article is illustrated with 33 tables of photographs containing
over 150 individual photographs [Lemche et al., 1976].

The French bathyscaphe Archimede in 1962 also made several successful submersions to the
bottom initially in the Kuril-Kamchatka trench, and then at the junction of the Japan and Izu-Bonin
trenches. A total of 8 submersions were made over 7,000 m, including 3 deeper than 9,000 m. The
greatest submersion depth in the Kuril-Kamchatka trench was 9,545 m [Hout, 1968]. During submersion
in the second region (to the southeast of the Gulf of Tokyo) the submersion participants F. G. Uo and H.
Delauze through the bathyscaph portholes observed fish at depth 9,180 m. A sample of liquid gray silt
with small Holothurioidea in it was also successfully obtained from this depth [Anonym, 1962, 1963;
Delauze, Peres, 1963; Cherbonnier, 1964].

In May-June 1964 the Archimede bathyscaphe made several hadal submersions in the Atlantic
Ocean in the Puerto Rico trench. The deepest of these Archmide submersions reached a floor depth of
8,300 m. According to the preliminary published data, the fauna in the depths of the Puerto Rico trench
were considerably more abundant than previously thought. At this depth fish were also observed through
the bathyscaphe porthole [Anonym, 1964; Wolff, 1964; Peres, 1965].

Finally, in 1967 Archimede again made a hadal submersion near Japan. During the eight
submersions at depths from 5,500 to 9,750 m numerous benthic animals were successfully observed and
several samples were taken using the mechanical "arm" located outside of the bathyscaphe [Anonym,
1967; Laubier, 1985].

The majority of dep-sea trenches had already been studied to a certain measure by 1965 and
considerable data had been accumulated on the fauna populating them. The summary of the author that
was published in 1966 [Beliaev, 1966b; Belyaev, 1972] covered these data.

The subsequent years are characterized by further intensification in studies on the fauna in the
greatest ocean depths. In addition to continued study
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of life in the unexamined or poorly examined trenches, primary attention was focused on a more detailed
study of the fauna in individual trenches and their neighboring regions of the ocean floor in order to
pinpoint the previously already detected data regarding the composition of the ultra-abyssal fauna and
laws governing its distribution, detection of the genesis of this fauna, its links to the fauna of the abyssal
depths, and obtaining of its quantitative and ecological characteristics.

During the 39th trip of Vityaz in the Kuril-Kamchatka trench in 1966 that was headed by L. A.
Zenkevitch as in the previous trips to this trench, a repeated and considerably more detailed examination
than previously was made of the fauna in this trench and the adjoining ocean floor. At depths from 6,000
to 9,530, 17 successful benthic trawlings were made and three quantitative bottom grabs were obtained
from depths to 8,355 m. Exceptionally abundant catches were obtained of diverse animals, including
from the trench greatest depths [Zenkevitch, 1967; articles of many authors in two volumes entitled Trudy
Instituta okeanologiya AN SSSR [Proceedings of the USSR Academy of Sciences Institute of
Oceanography] that particularly covered the results of this trip: "Fauna of the Kuril-Kamchatka Trench
and Conditions of Its Existence", 1970, and "Fauna of the Kuril-Kamchatka Trench," 1971].

Two special expeditions covered the Peru-Chile-trench region. During the 11th trip of the
American vessel Anton Bruun in 1965 in the Peru trench at depths to 6.5 km 10 stations obtained trawling
samples (in several cases, two samples from large and small trawlings each), on two dredging samples,
and on another two, photographs of the bottom [Menzies, Chin, 1966]. During the fourth trip of the
Soviet vessel Akademik Kurchatov in 1968 both trawling and bottom grab samples were taken in the
Peru-Chile trenches, and in the Chile trench to depth 7,720 m which is close to the greatest depth of this
trench [Zenkevitch, 1969b; Zenkevitch, Filatova, 1971]. Similar work was done by Vityaz in 1969 in the
area of the Aleutian trench [Moskalev et al., 1973], and the American expeditions on the John Elliott
Pilsbury and Gillis in 1967-1975 in the Puerto-Rico and Cayman trenches [Voss, 1967, 1969; Staiger,
1969, 1972; Holthius, 1971; Wolff, 1979; Madsen, 1981].

Several trips by the research vessel Akademik Kurchatov from 1967 through 1973 covered
biological work in the Atlantic Ocean, including study of the Atlantic deep-sea trenches. During the 1967
second trip of this vessel, for the first time catches were made of benthic animals from the Romanche
trench, two trawlings and one bottom-grab sample from depths up to 7,340 m [Kovalevsksya et al., 1968;
Pasternak, 1968; Birstein, 1969a]. During the 11th trip in 1971-1972 that was dedicated to biological
studies in the southern Atlantic Ocean, work was conducted in the South Sandwich trench in which 5
extremely abundant trawling catches and 2 bottom grab samples were obtained from depths ranging from
6,050 to 8,116 m [Vinogradova et al., 1974; Mirovon, 1974; Murina, 1974; Turpayeva, 1974, Filatova,
1974, Filatova, Vinogradova, 1974; Basov, 1975; Beliaev, 1975; Gureyeva, 1975; Kudinova-Pasternak,
1975b; Levenstein, 1975]. Another three trawling catches were obtained in this same trip in the
Romanche trench [Vinogradova, 1974]. During the 14th trip in 1973 in the Caribbean Sea and its
adjoining regions the Puerto Rico and Cayman trenches were studied. The first of them obtained 5
trawling and 2 bottom grab samples deeper than 6,000 m from depths to 8,100 m and the second, 5
trawling and 5 bottom grab samples from depths to 6,950 m [Beliaev, 1974b; Wolff, 1975; Keller et al.,
1975; Litvinova, 1975; Mironov, 1975; Nielsen, 1975a, b; Pasternak et al., 1975; Wolff, 1976b, 1979;
Datta Gupta, 1977; Fauchald, 1977].

The 57th trip of Vityaz in 1975 in the western tropical section of the Pacific Ocean (the trip was
led by N. V. Parin and the benthic fauna team by A. N. Mironov) was extremely productive in terms of
study of the fauna in the hadal depths. This trip collected fauna in all the trenches surrounding the
Philippine Sea: Ryukyu, Philippine, Palau, Yap, Mariana, Volcano
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and Izu-Bonin, as well as in the Banda trench. During the three months of work, a record number of
catches for one expedition were made at depths over 6,000 m. Thirty trawling catches and 12 bottom grab
samples were obtained from eight trenches; 8 successful trawlings were made in the Philippine trench to
depth 9,990 m, and from seven trawling catches obtained in the Mariana trench, three trawlings were
made at depths over 10 km, including the deepest of all ever made, at depth 10,700-10,730 m. The
deepest hadal bottom grab samples were obtained from depth 9,340 m in the Philippine trench and 9,540
in the Mariana trench. The trawling catches obtained in the trenches on this trip are described in detail in
the publication [Beliaev, Mironov, 1977a]. Results of processing the data for certain groups of benthic
fauna from the collections of this trip are also partially published in [Kamenskaya, 1977a; Kudinova-
Pasternak, 1977; Beliaev, Mironov, 1977b; Levenstein, 1978a].

During the 59th trip of Vityaz in 1976, repeated work was conducted in the Japan trench: 5
trawling catches were obtained and one bottom grab sample from depths to 7.5 km. After the 59th trip,
the Vityaz continued to sail until 1979, but did not conduct further work in the deep-sea trenches.

During the entire period from 1949 through 1976, Vityaz studied life at the hadal depths during 20
expeditions and examined 16 trenches in the Pacific Ocean and Yavan trench in the Indian Ocean. During
this work, from depths over 6,000 m 40 bottom grab samples were obtained and at these depths 106
successful trawlings were conducted, of them 18 at depths over 9 km, including 5 deeper than 10 km.
Additionally, in a number of trenches during the Vityaz expeditions fairly numerous plankton catches
were made that covered depths over 6,000 m, including several catches of plankton networks in levels
limited to these depths. The author's article [Beliaev, 1976] correlates the data on the pelagic and bottom-
dwelling fauna of the hadal depths.

During all the expeditions on Vityaz, exceptionally abundant and diverse collections of ultra-
abyssal fauna were gathered. Much of the collected data has already been processed and the results have
been published, but for the majority of the taxonomic groups of animals data processing has not yet been
completed, and apparently will continue for many more years. It is quite substantiated to say that the
enormous contribution of Vityaz to the study of life at the hadal depths has not yet been surpassed by any
of the other research vessels that also collected animals at such depths.

Vityaz made its last sailing in 1979 and is currently in permanent dock in Kaliningrad where it
will become a marine museum. The book Nauchno-issledovatel'skoye sudno Vityaz' i ego ekspeditsi
Vityaz Research Vessel and Its Expeditions [1983] covers the correlation of all the oceanographic studies
made during the Vityaz trips.

The Soviet research vessel Dmitriy Mendeleyev continued work in the deep-sea trenches starting
in 1969. In 1969 it made one trawling in the Puerto Rico trench, in 1972 obtained a bottom grab sample
in the Peru trench, and in 1976 during work in the sub-Antarctic waters in the western Pacific Ocean
made a detailed study of the relief of the Hjort trench [Zhivago, 1978] and obtained 2 bottom grabs and 3
trawling samples from this trench from depths to 6,650 m [Vinogradova et al., 1978].

The Japanese ship Soyo-Maru in 1972-1980 made 13 trawlings at depths from 6,000 to 6,340 m in
the northwest trough of the Pacific Ocean, 2 trawlings at depths about 7.5 km in the Izu-Bonin trench and
one in the Mariana trench at depth 8,870 m [Okutani, 1974, 1982], and in 1980 and 1981 the vessel
Hakuho-Maru obtained trawlings and 4 bottom grabs samples in the Japan and Izu-Bonin trenches to
depths 8,260 m [Gamo, 1983, 1985; Shin, 1984; Kristensen, Shirayama, 1988].
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Extremely important results from the standpoint of the use of a box-corer that provides complete
meiobenthos samples as well as the use of independent instrument-carriers were obtained in 1970-1975
during several American expeditions, primarily on the Thomas Washington research vessel.

The special publication of P. Jumars and R. Hessler [1976] discusses the data regarding the
composition and population of the animals in the very abundant sample taken by the box-corer in the
Aleutian trench at depth 7,298 m during the Seventow expedition in 1970. The number of animals (in
conversion per 1 m?), based on the data of this sample, due to the use of a more advanced collection
technique was much higher than in the dredging samples obtained previously from similar depths by all
other expeditions. During the same expedition, several dredging samples were obtained in the northeast
trough of the Pacific Ocean at depths only slightly above 6,000 m [Hessler, Jumars, 1974].

During the Southtow expedition of the same Thomas Washington vessel at seven stations in the
Chile trench, descents of camera-controllable bait were made to depths from 6,767 to 7,196 m using an
independent instrument-carrier (see the next chapter) [Hessler et al., 1978]. The same work, also using
bait traps lowered on an independent instrument-carrier was conducted in 1975 during the Eurydice
expedition at depth about 9,600 m in the Philippine trench, and then at depths from 7,353 to 10,592 in the
Mariana trench [Wolff, 1976, 1977; Jayanos, 1977; Hessler et al., 1978]. The results of these
observations and catches will be discussed in the following chapters. The American expeditions also
obtained 13 samples by box-corer and 8 catches by epibenthic trawl at depths up to 9,600 m in the
Philippine trench [Hessler et al., 1978].

The fauna of the hadal trenches has possibly been studied by now even more completely than the
fauna of many regions of the ocean floor and underwater ocean ridges, and even more so the local
elevations. The composition of the population of the trenches is primarily known, the representatives of
individual genera and taxons of the highest rank that dominate in the trenches have been revealed. Many
laws governing the vertical distribution and geographic dissemination of the trench fauna, and many of its
ecological features have been clarified. The accumulated data make it possible to advance a number of
suggestions about the origin of the ultra-abyssal fauna.

However, the fauna in some trenches still remains completely unknown, e.g., the marginal
trenches: San Cristobal, Admiralty, Central American (Guatemala), as well as the trench-faults:
Imperator, Mussau, Lira in the Pacific and Diamantina in the Indian Ocean. The fauna of some other
trenches has still not been fully studied. Finally, quite a lot of the fauna data collected in the trenches both
by the Soviet and foreign expeditions have still not been processed by the zoologists or specialists in
different taxonomic animal groups. The final processing of all of the already collected data will
undoubtedly supplement our concepts regarding the trench fauna, but will hardly alter the concepts
already formed regarding the characteristic features of this fauna.

In addition to the aforementioned detailed summaries on the trench fauna, more concise
compilations been repeatedly published that cover the main data on the composition and uniqueness of
the ultra-abyssal, or hadal, fauna, the laws governing its dissemination, its origin, etc. [Wolff, 1970;
Beliaev, 1969a, 1971a, 1977a, b, 1980, 1983a, b; Birstein, 1969c, 1971a). The article published several
years ago by the chairman of the Working Group on Ocean Ecology of the International Union of
Environmental Protection and Natural Resources, M. V. Angel [1982] that surveys the characteristic
features of the trenches and their fauna makes special coverage of the need to protect the deep-sea
trenches and their unique
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TABLE 3.

TOTAL NUMBER OF CATCHES IN WHICH BENTHIC ANIMALS
WERE TAKEN FROM DEPTHS OVER 6000 M, NUMBER OF STATIONS
AT WHICH PHOTOGRAPHS OF ANIMALS WERE OBTAINED AT THESE
DEPTHS, AND NUMBER OF SUBMERSIONS OF BATHYSCAPHES AND
OBSERVATIONS OF ANIMALS THROUGH PORTHOLES
(NUMERATOR--WORK OF SOVIET EXPEDITIONS,
DENOMINATOR--WORK OF EXPDEDITIONS OF OTHER COUNTRIES)

Depths, m Number of | Number of | Numberof | Catches of Number of | Bathyscaphe
examined trawlings* bottom grab | animals on stations with | descents ***
trenches and samples bait bottom
troughs photographs

%ok
6,000-6,500 [ 24 33/39 23/5 -/1 -14 -/1
6,500-7,000 | 17 26/7 15/2 - -/8 -[?
7,000-7,500 | 17 22/14 9/2 -/1 -/4 -/1
7,500-8,000 | 12 11/6 3/- - -/5 -/?
8,000-8,500 | 8 13/2 3/- - -12 -/1
8,500-9,000 (9 13/3 1/- - -/1 -/?
9,000-9,500 |4 8/- 1/- - - -/1

9,500- 6 51 1/1 -/1 -5 -2

10,000

10,000- 2 2/2 -1 - -1 -

10,500

Over 10,500 | 2 3/- - -/1 -/? -/1

Total 24 136/77(+8) | 56/11(+13) | -/4+? -/(no less -I7(+5)

than 30)

*Additionally, in the Philippine trench at depths from 6 to over 9 km another 8 trawling expeditions were
conducted by the American WHOI (Woodhole Oceanographic Institute) and at the same depths another
13 samples were obtained by the American box-corer expedition USNEL (US Navy Electronic
Laboratory). These numbers are indicated in the parentheses.

**Including the photographs that monitor the clusters of animals at the bait lowered to the bottom.
***The bathyscaphe Archimede made another 5 descents to depths over 6, 000 m near Japan in 1967.

fauna and the impermissibility of any anthropogenic impacts (toxic or ship waste contamination, burial of
radioactive wastes? ,etc.) that could damage the trench ecosystem.

Summary data on the biological work done below 6,000 m are given in Table 3, and the station
data with coordinates and depths are given in Appendix 1. The station locations are also shown in Figs.
2-12.

'The article of V. G. Bogorov and Ye. M. Kreps that was published back in 1958 also covered impermissible burial of
radioactive wastes in trenches.
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CHAPTER 3
METHODS OF COLLECTION AND OBSERVATIONS
OF THE DEEP-SEA FAUNA

The intensive development of the study of the fauna in the hadal depths began at the end of the
first half of our century. Samples of benthic animals were only obtained by trawlers and bottom grabs
from the deep-sea trenches as a result of the acquisition of ultrasound fathometers-self recorders and the
construction of comparatively large research vessels equipped with powerful electric winches and drums
that accommodate up to 12-16 km of fairly strong cables and can hold up to at least several tons.

The ultrasound self-recorders allow clarification of the nature of the relief of the studied trench
even before the beginning of the trawling operations to its maximum depth and continuous monitoring of
the course of change in depths during trawling or lowering of the bottom grab. Without this monitoring,
it would be as impossible to trawl on the floor of a deep-sea trench as it would be to lower an instrument
on a cable into a mountain ravine from a balloon borne by the wind above this ravine at an altitude of 6-
10 km and separated from the earth by a dense cloud layer.

The publication of N. N. Sysoyev [1959] describes in detail the deep-sea trawling winch of Vityaz
that made numerous trawlings in many trenches to depths over 10,700 m in the Mariana trench. During
operations in the hadal depths in order to ensure sufficient strength of the cable over its entire length,
either a continuous cone cable or a graded cable spliced from different diameters had to be used.

The trawling winches of the Soviet research vessels adapted for deep-sea trawlings use steel cables
ranging in diameter from 6.8 or 7.2 mm on the terminal section and carrying a bottom-submersible
instrument to 15.5-16 mm in the base. The spliced cables are assembled so that each cable section had as
a minimum a double strength margin, considering the load on it, including the weight of the cable and the
instruments attached to it.

One of the main difficulties during trawlings at great depths was determination of the number of
cables required based on the direction and velocity of drift of the vessel during the operations. B.
Kullenberg [1951], a participant on the expedition Albatross-2, suggested a fairly complicated
mathematical calculation for the length of a cable, based on the theoretical course of the cable in the water
mass, depending on depth, weight of the cable, instruments, and angle of inclination of the cable at the
water surface, depending on the ship drift.

However, the practical work on the ships Vityaz and Akademik Kurchatov demonstrated that it is
expedient to use more simplified calculations for this purpose. The fact is that the currents above the
great depths in the water mass could change from the surface to the bottom in direction and velocity, and
the cable course often does not correspond to the theoretical calculation.

When working with the bottom grab Okean with area 0.25 m? lowered on comparatively light,
small-diameter cables, the moment that the instrument reached the bottom at depths to 5-6 km usually was
recorded by loosening of the cable (dynamometer readings, change in sound of the working winch). It
happened repeatedly that the actual length of the discharged cable does not correspond to that calculated
by the angle of its inclination at the water surface.

At depths over 6 km, determination of when the bottom grab reaches the bottom is very difficult,
and successful descents only occur in favorable weather and with weak drift. It is very indicative that the
only bottom grab sample from a depth over 10 km was obtained by Galathea in the Philippine trench only
during the fourth descent. The first three attempts were unsuccessful [Bruun, 1958].
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During the Soviet expeditions, the deepest hadal samples by bottom grab were obtained during the 57-th
trip of Vityaz in 1975 from depth 9,340 in the Philippine trench (station 7,208) and from depth 9,540 in
the Mariana trench (station 7,363) (see Appendix 1). The American expeditions in the Philippine trench
obtained several samples by box-core 0.25 m” from depths to 9,600 m.

During deep-sea trawlings, especially at depths over 6 km, the moment when the trawl reaches the
bottom by tension of the cable for the most part cannot be noted since the trawl weight is too low
compared to the weight of the actual cable. Approximate calculations of the requisite cable length should
therefore be made based on the only accessible criterion, the cable slope angle at the surface. Considering
that these calculations may only provide an approximate concept about the required cable length, the
Soviet ships made them by the simplest method, adopting the depth as the leg of a right triangle, and the
cable length as the hypotenuse. A table, calculated to the maximum depths for different slope angles of
the cable with 5° intervals was used in this case for convenience and speed. The actual length of the cable
had to be increased versus the calculated length the stronger that the ship drift was in order to guarantee
that the trawl reached the bottom and so that it could reach the bottom horizontally, without floating on
low relief irregularities. At depths over 5-6 km and with cable inclination angles at the surface up to 30-
40°, it is usually sufficient to increase the cable length versus the calculated by 20-30%. Insufficient
length of the cable could mean that the trawl does not reach the bottom. These cases were common in all
the deep-sea expeditions. Excessive increase in the cable length results in its entangling and the
formation on it of knots and kinks that could break it.

A precise idea about the moment when the trawl or bottom grab reaches the bottom is provided by
automatic ultrasonic signaling devices that send signals at the moment the equipment touches the floor or
at a specific distance from the bottom. The American expedition on the research vessel Thomas
Washington in the Philippine trench work also used pingers to depth 9,600 m [Wolff, 1976a] (see Fig. 33,
b).

It is extremely important for an oceanographic ship used for deep-sea biological work to be able to
move at minimum speeds on the order of 0.1-1 knots. At this speed, deep-sea trawling may be done even
if there is no drift in calm weather. Additionally, if there is too strong drift, this permits compensation for
the ship drift at the requisite (low) speed. The trawling technique used on the 11th trip of Akademik
Kurchatov during work under very difficult sub-Antarctic conditions in the South Sandwich trench was
covered in the article of E. A. Rebayns [1974], who was then the captain of Akademik Kurchatov and was
the direct leader of the deep-sea trawlings to produce abundant and diverse fauna for the first time in this
trench.

Deep-sea trawlings on the Soviet research ships were usually made by the Sigsby-Gorbunov trawl
with frame width 2.5 m and with side bars that prevent entangling of the trawl bag beyond the frame (Fig.
17). A similar attachment as an additional frame was mounted on the traw] of the Eltanin research vessel
(Fig. 18). If there is a calm relief and soft soil, a dual trawl with six-meter frame as used on the Galathea
yields very effective results.

In order to obtain approximate quantitative characteristics of the benthic fauna based on trawling
catches, Ye. I. Kudinov, a colleague in the Institute of Oceanography, designed a trawl-graph, an
instrument in the form of freely rotating wheel with an automatic recorder contained in it. The trawl-
graph was suspended from the frame of a benthic trawl, and the automatic recorder recorded the length of
the path traversed by the trawl over the bottom. Approximate calculations of the bottom area covered by
the trawl and the weight of the catch per unit of area [Zenkevitch et al., 1955] were made in the first years
of work of Vityaz based on the trawl-graph readings.

It was then found, however, that the trawl-graph readings could also be used for an approximate
quantitative evaluation of the macrobenthos biomass only under the most favorable conditions, with a
calm bottom relief on the ocean floor and
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Figure 17. Benthic Trawls Use for Deep-Sea Trawling on
Soviet Research Vessels

Key:
A. Sigebi-Gorbunov trawl
B. double six-meter Galathea trawl

loose silt sediments, freely passing during trawling through the trawling nets [Beliaev, Sokolova, 1960b].
During operations in the deep-sea trenches with complex macro- and micro-relief of the bottom, when the
depth during trawling often changed by hundreds of meters, the trawl-graph readings were very unreliable
and did not allow an actual judgment of the bottom area covered by the trawl. Under such conditions,
when two or three trawl-graphs were used at the same time that were suspended on the opposite ends and
in the middle of the trawl frame, their readings could diverge by tens of times. The further use of trawl-
graphs was therefore halted in work in deep-sea trenches.

Until the middle of the current century, the majority of deep-sea expeditions (with the exception of
the Danish expedition on the research vessel Ingolf) essentially discounted the meiobenthos that at great
depths plays an important role in the benthic fauna. The smallest animals were either washed out together
with the silt from the trawl through the trawl mesh during elevation, or were lost when the samples were
washed on the deck on large-mesh metal sieves. Starting in 1954-1955, Vitayz introduced the practice of
washing both trawling and bottom grab samples in a small net made of the finest mesh about 0.5 mm
which allows collection of even the smallest meiobenthic animals. The Soviet ships use a special washing
machine [Fedikov, 1960] to wash the samples. In order to prevent washing out of the entire soil and
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Puc. 17. [loHHble Tpasbl, HCMONB3yeMble IUIA INyGOKOBOA-
HBIX TpaNieHH! Ha COBETCKHMX 3KCMEQHUHOHHBIX CyHmax

A — tpan Curc6u—Top6yHoBa; b — RBOHHOM wecTHMeT-
POBbIit Tpan Tuna 'Tanaren”

JIBIX MITHCTBIX OCafIKaX, CBOGOMHO MpOXOAALMX NPH TPATEHHH Ye pe3 AueH TpaloBo# ceTH: [Be-
nses, Coxkonosa, 19606]. Ilpu paGoraxike B I1yGOKOBOIHBIX XEN0GaX CO CIIOKHEIM MaKpo-
H MHKpOpenbedOM [Ha, KOr[a 3a BpeMsA TpaleHUs ITyG1HHa Hepemico MEeHAETCA Ha COTHH MeT-
poB, NMOKAa3aHUA Tpanorpada OKa3bBAOTCABECbMA HEHA[EXKHBIMU H He MO3BOJIAIOT CYIHMTb O
¢dbaKTHYeCKH OGMOBIIEHHOH TpaTIOM IUIOWAAM JHA. B TakuX YCIIOBHAX NMpPH OJHOBPEMEHHOM
UCMOJIb30BAHHHM [OBYX HIIH Tpex Tpanorpados, NOgBe LeHHBIX HA PO THBOMOJIOXKHBIX KOHLAX H
B CcepeiHe TpPalOBOH paMsbl, HX MOKAa3aHHA MOTYT PacXOIMTLCA B AeCATKH pa3. Iloatomy B
DanbHer1lleM OT MCIOJIb30BAHWM TpasorpadoB npu paGoTax B INyGOKOBOAHBIX Xenobax
NPHIIIOCh OTKA3aThCA.

Jo cepemMHbl TeKyuiero CroyieTusi GONMbUIMHCTBOM IMyGOKOBOOHBIX 3KCMemuMi (3a Hc-
KJTIOYEHHEM OATCKOM aKcMegvuMK Ha 3/c “HHronbd’’) MeHoBeHTOC, HrpaoLMi Ha GONBLIMX
rnyGHMHaxX BaXKHYI0 poriib B JIOHHOHM ¢ayHe, NpakTHyecku He yuuThiBasicsi. HanGonee Menkue
XMBOTHBIE JINGO BBLIMBIBAIMCh BMeCTe C MIIOM M3 Tpana yepe3 fiyed TPAIOBOIrO MelUKa MpH
nogbeme, TMG0 TepATHCL MPU MpPOMBbIBKE MpoGbI HA nanyGe Ha KpyMHOAYEHCTBIX METAIIH-
yeCKHX cHTax. Haunnas ¢ 1954—1955 rr. va “Butase” Gbula BBeeHa B NPaKTHKY MPOMBIBKA
H TPANOBBIX M OHOYepMaTeNbHbIX MPOG B MATKOH ceTKe U3 MEJTBHHYHOTO CHTa C Ayeel OKOIO
0,5 MM, 4TO mMoO3BONAET COGHPATb [aKe MENKHX XHBOTHbIX MeHoGeHTOCa. J1s MPOMBIBKH
npoG Ha COBETCKHX CY[aX HCNOJB3YeTCA CMeUMIbHbIE NMpOMbIBHOH cTaHOoK [DemmKos,
1960] . IIns npenoTBpaieHHA BIMBIBAHHA BCETO IpyHTa ¥ MeitoGeHTOCa MpH MogbeMe Tpana
BHYTpb KOHLEBOH 4acTH TPaliOBOTO MeELUKA BLUMBAETCA MELIOK M3 MEJIKOAYEHCTOTO CHTA HIIH
Gosee MIOTHOM TKaHK. CXOOHAA MeTOMKa MPOMBIBKH TPaioBbIX Mpo6 ObU1a HCMONBL30BaHA B
50-x ropgax Ha aMepHKaHCKOM 3KCHeqUUMOHHOM cyaHe “Buma”. Teneps MpOMBIBK a NMpHHECEH-
HOTO Tp&JIOM IpYHTa Ha MATKHX MENKOAYEHCTBIX CHTaX OGLIENpHHATA MpH ITTyGOKOBOIHBIX
paborax.

Ilpu o6cnepoBanuu IlepyaHckoro xeno6a aMepHKaHCKHMH 3KCMeMUMAMA Ha 3/c “Hre-
HMH” 1 “’AHTOH BpyyH” pis c6opa MeroGenToca GbLT ycnelIHO MpHMeHeH MaJlbiH Tpeyroib-
HpI# Tpasl MeH3uca ¢ MelKOM M3 MeNKOAYEHCTOro CHTA H BXOAHBIM OTBE pCTHEM LLMPHHON
1 m u BbicoTOt 10 cM (cm. puc. 18). Kak yxasbmaetr MeH3uc [Menzies, 1963], 310t Tpan
BMecTe ¢ HeGonblroi TpyGKOH pyif B3ATHA KOJOHKH OCAfKOB MOXHO OMyCKaTh Ha TpoOce
mMameTpoM 4,8 MM ¢ neGenkH, HCMONb3yeMOH UIA IMAPONOrHYecKUX pador. OOHAKO 3TOT
TPAT MOeT ObITb HCIONB30BaH mifA c6opa rMyGOKOBOIHOTO GeHTOCa JIMLUD HApAZY ¢ OOBIY-
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meiobenthos, when the trawl is lifted, a bag made of fine-mesh or denser cloth is sewn inside the end of
the trawling bag. A similar trawling sample washing technique was used in the 1950's on the American
expedition Vema. Washing of the soil brought up by a trawl in soft small-mesh sieves is now generally
accepted in bottom drag operations.

During examination of the Peru trench by the American expeditions on the research vessels
Eltanin and Anton Bruun to collect meiobenthos, a small triangular Menzies trawl was successfully used
with a bag made of a small-mesh sieve and inlet 1 m and height 10 cm (see Fig. 18). As indicated by
Menzies [1963], this traw] together with a small pipe to take a sediment column could be lowered on a
cable of diameter 4.8 mm from a winch to be used for hydrological operations. However, this trawl may
be used to collect deep-sea benthos only in addition to
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Figure 18. Trawls of Research Vessel Eltanin
Large Six-Foot (in Rear), Small Trawl Menzies to Collect
Meiobenthos (in Middle), and Machine for Washing Fish (Right)
[per: Menzies, Chin, 1966]

the regular, larger trawls, since the comparatively large animals are essentially not trapped by it.

Starting in the late 1960's, expeditions from the United States and other countries used an
epibenthic sled/sledge trawl for deep-sea work that was a good trap for the macrobenthos populating the
bottom surface and the ground layer surface (a more detailed description and an image of it are given in
the publication of [Hessler, Sanders, 1967]) (Fig. 19). R. Hessler et al. [1978] mention eight samples
taken by the sledge trawl in the Philippine trench at depths to 9,600 m. At the end of the 1970's in
England, a quantitative closing epibenthic sledge trawl was designed whose operation was monitored and
controlled by acoustic signals sent from the ship and received on it from the trawl sensors [Aldred et al.,
1976]. Then [Rice et al., 1982] developed a somewhat modified sledge equipped with a camera that made
photographs of the bottom 1.5 m ahead of the sledge every 15-30 sec, and an odometer that recorded the
length of the path made by the sledge over the bottom until its closure. The sledge of one of the models
was equipped with three bags trawling the bottom surface, two side ones with a net with 4.5 mm mesh
and a central one with 1 mm mesh; it also had under them a superbenthic net (0.33 mm mesh) to catch
bottom animals in the layer 0.6-1.2 m above the floor. This sledge model was successfully tested during
several catches in the Atlantic Ocean, so far at depths to 4 km.

During the 1964-1965 trip in the northwest Indian Ocean of the North German research vessel
Meteor, H. Thiel used the following special, extremely labor-intensive, but extremely effective technique
of collecting deep-sea microbenthos [Thiel, 1966]. A section 25 cm? in size was cut from the surface of a
dredging sample by a special instrument (Meiosteicher). The resulting sample was fixed in Formalin
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Puc. 18. Tpanst 3/c "HnteHun™ — Gonbiuro# wecTHYTOBIA (112 3anilicM fUtaHe), manblft Tpan MeH3suca
ans c6opa MeftoGentoca (B cepenimiic), CTAHOK Uil MPOMbLIBaHuA 1po6 (cnpapa) [mo:  Menzies, Chin,
‘ 1966]

HbIMM, GoNiee KPYTNHBIMM TpalNaMH, TAK KaK CPaBHHTENIBHO KpYTHbIX KMBOTHbBIX OH IIPaK TH-
YeCKH He YNIaBJIMBaeT.

C koHua 60-x rogoB 3xcrnemiumy CIUIA M psApa ApyrMX CTpaH OGLIMHO MCIOJI
mMyGoKOBOMHBIX paboT snuGeHTHYeckHi canasoubiit Tpan({sledge trawl, epibenthic sled), -
XOpoIIO OGNaBNHBAKIIKHA MaKpoGeHTOC, - HACENIAIOIHKX MO
HbIA cJIOW rpyHTa (noppoGHOe onMcaHHe W H30GpaxkeHHe ero npuBeneHo B paGorte [Hessler,
Sanders 1967]) (puc. 19). P. Xeccnep ¢ coaBtopamu [Hessler et al., 1978] ynomuHaert o
BOCbMH Ipo0ax, B3ATBIX CANIa30YHBLIM TpaoM B QuiIuMNNuHCKOM xenobe Ha rnyGHHax Do
9600 M. B xoHue 70-x ronoB B AHITIMH CKOHCTPYWPOBAaH KOJIMYeCTBEHHbIH 3aMBIKAIOLHACA
MUOEHTHYECKHH Ccana3oyHbi Tpai, paboTa KOTOPOTO KOHTPONMpYeTCA W yipaBifercsd aKy-
CTHYECKHMH CHIHAIaMH, HOCBUTAEMBIMH C CyOHAa W MPUHHMAaeMbIMM Ha HeM OT JATYMKOB Tpa-
na [Aldred etal,1976]. B nanbHeiimem [Rice et al., 1982] 6buin pa3paGoTaHbl HeCKOIBKO*
MomidHKalui TaKoro Tpana, cHaGxeHHoro ¢oToKamepoit, fAenarwei kaxasie 15—-30 ¢ do-
TOCHMMKHM fHa B 1,5 M Bnepey Tpana, H O[JIOMeTpOM, PeTHCTPHPY IOLUHM IMHY MY TH, MIPOH-
HOEHHOro TpajloM MO JHY A0 ero 3ambikaHuA. Tpam oHOH U3 3THX Mopeei 0GopynoOBaHTpe-
MA MeLIKaMH, 0GNaBIHBAIOIIMMA NMOBEPXHOCTb [HAa, — [IBYMA GOKOBBIMH M3 CETH C Ayeel
4,5 MM H LEHTpalIbHbIM C fYeell 1 MM, a TaKyke pacrosiOKeHHON HaJl HUMH CyTie pGeHTHYeCKOH
cetbio (Avest 0,33 MM) IIs TOB2 NPUOOHHBIX XUBOTHLIX B crnoe 0,6—1,2 M Hap mHoM. Tpan
3TOA Mofeny 6bUT yCnelHO ONpoBOBaH BO BpeMs HECKONIBKHX JIOBOB, IPOBeJEHHBIX B ATIaH-
THYECKOM OKeaHe, — HOKa Ha IMYGHHaxX 10 4 KM.

Bo Bpemsa mnaBanusa B 1964—1965 rT. B ceBepo-3ananHoi yactu Muomnickoro oxeaHa 3a-
nagHorepMaHckoro 3/c "Meteop” X. Tunb NpuMeHW ceLManbHyo K paiiHe TpyJOeMKYI0, HO
Ype3BbMAHHO 3pGheKTHBHYI0 MeTOmMKy cBopa rnyGokosomHoro mmkpoBenroca [Thiel,
1966] . C MOBepxHOCTM [QHOYepHATesbHOM MpoBbt cllelmanbhbiM pub6opoMm (“Meiosteicher™)
BBIPE3AICA YYacTOK pa3Mepom 25 cm?. IlonyyeHHast npoGa GpuKCHpPOBaTach GpOPMATHHOM,
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Figure 19. Epibenthic Sled Trawl [per: Hessler, Sanders, 1967]

stained with a special dye that acts only on animal tissue, and using a set of sieves was separated into
fractions with particle size 65-100, 100-150 and over 150 um. Then, a binocular microscope was used to
sample all the animals that were easily distinguishable from the soil particles due to the staining. After
using this method, Thiel successfully detected rich microfauna in the samples taken from the abyssal
depths (to 5,000 m). It was found the total number of orgamsms of the microbenthos (predominantly the
smallest Nematoda) are from 16 to 160,000 samples/m For the first time at such depths representatives
were found of Kinorhyncha and Tardigrada that were previously unknown from depths over 400 m, as
well as numerous Harpacticoida. The use of this technique apparently will permit a further detection in
deep-sea trenches of many representatives of the microbenthos belonging to groups that have not yet been
found at these depths.

The Damsh expedition on Galathea to obtain quantitative benthic samples used the Petersen
bottom grab 0.2 m? [Bruun, 1958]. All samples from depths over 6,000 m by the Soviet expeditions were
obtained by the bottom grab Okean-50 0.25 m’ ILisitsyn, Udintsev, 1955]. New, more advanced models
of bottom grabs were repeatedly designed (see, e.g.: Wigley, 1967; Menzies, Rowe, 1968; Thiel, Hessler,
1974, and others]). A model of a combined photobottom grab was even designed. This bottom grab
initially photographs the bottom and then takes a sample on the photographed section (Fig. 20). Since the
mobile animals often avoid capture by the bottom grab, the photograph could serve as a significant
supplement to the sample. This method was used, for example, to establish that the population density of
the Ophiuroidea inhabiting the depths of the slope is considerably higher than the bottom grab samples
indicated [Emery et al., 1965; Wigley, Emery, 1967]. However, none of these models of bottom grabs
were used at depths over 6,000 m.

The so-called box corer with area 0.25 m? [Hessler, Jumars, 1974] (Fig. 21) was extremely
effective in bringing a sample with completely intact section of the bottom from which it was taken and
suitable for use at any depths of the ocean. Because the sediment surface is preserved intact in the
samples obtained by this corer, the small animals, meiobenthos, were counted successfully with great
accuracy. This corer model obtained a sample in the Aleutian trench from depths 7,298 m [Jumars,
Hessler, 1976]. As a result of washing of this sample on a net with mesh 0.3 mm, 318 specimens of
macrobenthic animals were collected and 538 specimens of meiobenthos (the authors included in this
group the Foraminifera Allogromida, Nematoda, Harpatlcmda, Turbellaria and Ostracoda) which in
conversion yields respectively 1,272 and 2,152 specimens/m’. Based on the data cited by the authors in
different publications in 1956-1968, in the samples previously obtained from depths over 6,000 m by
bottom grabs of other models, the number of animals did not exceed 200 specimens/m”. Several samples
by a corer of this type were obtained in the Philippine trench all the way to depth 9,600 m [Wolff, 1976a;
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Tendal, Hessler, 1977; Hessler et al., 1978].
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Puc. 19. dmuGenTHieckuit canaszounnrit Tpan [mo: Hessler, Sanders, 1967]

OKpalHBANIACh CIEUMATBHBIM KpacHTelleM, NEACTBYIOLIHM TONBKO Ha TKAHH ¥MBOTHBIX, H
paspensach MpH MOMOLUM HaGopa cHT Ha ¢paxkim ¢ pa3mepom vactul 65—100, 100—~150 u
Gonee 150 mxm. Iocne 310r0 NMop GHHOKYIAPOM NMpPOH3BOJMIACH BHIGOPKA BCeX XHMBOTHBIX,
XOpOLIO OTIHYMMBIX NMOCIIe OKPACKH OT YacTHIL rpyHra. Ilpumenus aty Metomuky, Thiio yna-
nocTb OGHapy»mTh Gorateiiuryio MHKpodayHy B npobax, MONYUeHHbIX ¢ aGHCCAIbHBIX II1y-
6un (mo S000 M). Oxa3anocs, 4To O6llee YHCIIO OpraHH3MOB MHKpOGeHTOCa (TIpeHMylLilecT-
BEHHO Me/TbYafiLMX HEMATOM) COCTaBNAeT B Mepecyete 0T 16 o 160 Toic.3x3./M2. BriepBble
GbUTH OGHApYXeHBI Ha TaKHX IMyGuHax mpepcraBuTend Kinorhyncha. u Tardigrada, pauee
HeM3BecTHble ¢ rnyGuH Gonee 400 M, a Takxe MHorouxcineHHble Harpacticoida. ITo-Bumimo-
My, pUMeHEHHe 3TOH METO[MKH MO3BONUT B FANbHeiLleM OGHapy»HThH B 11y G0 KOBOJHbIX
KenoGax MHOTHX MpeacTaBHTesed MHKPOGEHTOCa, OTHOCAILMXCA K IPYNNaM, 0 CHX MOp He
Ha eHHBIM Ha 3THX IYGHHaX.

Hatckoit sxcnemiipet Ha “Tanatee” mis MonyyeHHs KONHYECTBEHHBIX NMPO6 GeHTOCa GbUT
MCNoNb30BaH mHouepnatens Iletepcesa 0,2 M? [Bruun, 1958]. CoBeTCKHMH 3K Clie THLMAMK
Bce MpoGhl ¢ IMyGuH Gonee 6000 M GbUTH MOMyyeHs! mHOuepnateneM “OxeaH-50" 0,25m?
[Mucuusin, Ymumues, 1955]. HeogsokpaTio KOHCTpyH poBaTHCh HOBBIE, GOJNee COBEpLIEHHBIE
MO[ENH QHoYeprateneii (cM., Hanp.: [Wigley, 1967; Menzies, Rowe, 1968; Thiel, Hessler,
1974; u pp.]). Booa gaxe CKOHCTPYHPOBaHa MOLENb KOMGHHHPOBAaHHOTO (OTOAHOUYe priaTe-
nsa. Tako#t pHOYepraTenb cHayana ¢ororpadpupyer gHO, a 3ateM Geper npoGy Ha cdoTtorpa-
¢upoBanHOM yuactke (puc. 20). ITockonbKy NMOmBHXKHBIE XHBOTHBIE 3aYaCTYIO YCNIEBAIOT H3-
GexxaTh 3aXBaTa JHOuYepnatenieM, ¢poTorpapus MoxeT CIYXHTb CYLIECTBEHHBIM NONMOJIHEHHEM
K MoJTyYeHHO#H npoGe. UIMeHHO 3THM NMyTeM YOanochk, HapHMep, YCTAHOBHTS, YTO MIIOTHOCTb
NOCeNIeHHH OGHTAIOIMX HA ITTYGHHAX CKIJIOHA O¢HYp 3HAaYHTesIbHO B, YeM JABATH OCHOBA-
HHe CYMTaTh OHOYepnaTenbHble MpoGer [Emery et al, 1965; Wigley, Emery, 1967]. Omiako
OHOuepIaTesiH BCeX 3TMX MOJIeNel He HCIONb30BAIKCH Ha ry6uHax Gonee 6000 M.

Upe3BbrMaitHO 3¢ ek THBHBIM, MPHHOCALMM NMpOGYy ¢ MOMHOCTbIO He HapyLIleHHOH MOBepX-
HOCTBIO TOTO YYacTKa JHAa, ¢ KOTOpOro oHa Gbuia B3ATa, H TPUTOJHBIM [j15 HCIONIb30BAaHHA Ha
n06bIX INMYGHHAX OKeaHa OKA3AICA TAK Ha3pBaeMblit KOpOGUaThii AHOuepmatenb (box corer)
wiowagpio 0,25 m? [Hessler, Jumars, 1974] (puc. 21). Bnaropaps coxpaHeHHI0 HeHapy-
LIEHHOH MOBEPXHOCTH OCafKa B NMpoGax, MONYYeHHbIX 3THM [QHOYepraTesieM, ynaeTcs ¢ Gonb-
LIOH TOYHOCTBIO YYMTBIBATh MEJIKHX XHBOTHBIX — MefoGeHTOC. JIHOYe priaTesieM 3TOH MOJIENH
6buta monyyeHa npoBa B AseyTckoM xenobe ¢ ry6uHst 7298 M [Jumars, Hessler, 1976].
B pesynbprate NpOMBIBKH 3TOM NpoGs! Ha cuTe ¢ sueeit 0,3 MM Gbu10 coGpaHo 318 3K3. KHBOT-
HbIX MaKkpoGeHTOoCca H 538 3K3. MeoGeHTOCa (aBTOpPbI BKITIOUHIIM B 3Ty rpymny ¢opMaMHHH-
dep Allogromida, HemaTof1, rapnaKTHLML, TypOe/UIApHA U OCTPAKOL), YTO B MepecyeTe AaeT
cooTBeTCTBEHHO 1272 W 2152 3K3./mM?. Ilo NpHBeeHHbIM aBTOPAMU JAHHBIM M3 Pa3HbIX pa-
601, onyGnuKoBaHHeIX B 1956—1968 rr., B mpoGax, MonyyeHHbIX paHee ¢ Iny6uH Gonee
6000 M mHOuepnaTenAMM APYTHX MOMENEH, YHCIO ¥HBOTHBIX He mpesbiuano 200 3x3./M2.
Heckonbko npo6 pHouepnaTenAMH 3TOro THNA GbUlO NMONMydYeHO B QHIMINHHCKOM XenoGe
BIUIOTb [0 INy6uHbI 9600 M [Wolff, 1976a; Tendal, Hessler, 1977; Hessler et al., 1978].
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Figure 20. Combined Photobottom grab (per: Wigley, Emery, 1971)

It is very important that the box corer could descend with 25 sections of cross-section 10x10 cm installed
in it and thus obtain a sample with area 0.25 m? already divided into 25 subsamples that could be studied
independently [Wolff, 1976a]. As a result, it became possible to compare among themselves the
composition and population of the animals obtained from different subsamples with an area of 100 cm?,
and to judge the degree of homogeneity or inhomogeneity of the small-scale distribution of the
meiobenthos.

Underwater photography yielded a lot in terms of studying the fauna at the greatest depths. The
first photographs of the bottom with animals were obtained at ocean depths about 40 years ago [Ewing et
al., 1946]. In the last 30 years slightly more than two dozen photographs have been published of the
bottom with animals obtained at depths over 6,000 m by the French expedition on Calypso in the
Romanche trench [Cousteau, 1958] and several American expeditions in 1961-1965 in the Romanche,
Puerto-Rico, South Sandwich, Peru, New Britain and New Hebrides trenches [Pratt, 1962; Menzies, 1963;
Heezen et al., 1964; Heezen, Johnson, 1965; Heezen, Hollister, 1971; Menzies et al., 1973]. All of these
photographs were obtained from depths from 6,000 to 8,650 m. In the Peru trench the expedition on
Eltanin at two stations obtained bottom photographs somewhat deeper than 6,000 m with animals and at
the same stations trawling was conducted during which some of the animals were caught that were in
these photos [Menzies, 1963] which facilitated their analysis. The Soviet expeditions during these same
years obtained numerous bottom photographs at abyssal depths, but only once in the Northwest trough of
the Pacific Ocean at depth 6,145 m [N. Zenkevitch, 1970].

A group of Danish zoologists [Lemche et al., 1976] in 1976 published extremely interesting
results of studying more than 4,000 bottom photographs and partially the benthic layer obtained by the
1962 American expedition on the Spencer F. Baird ship in five trenches of the western tropical section of
the Pacific Ocean (see
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Puc. 20. Kom6uHHpoBaHHLIA hoTopHOoYepnaTens (no: Wigley, Emery, 1971)

Becbma cyuiecTBeHHO, YTO KOpOGUATLIA JHOYEpnaTe/ib MOXHO ONYCKAaTh CO BCTAaBJIEHHBIMH B
Hero 25 ceKUMAMHM KBa[paTHOTO ceyeHHMA pa3mepoM 10X10 cM M TaKHM OGPa3oM MONYyYarh
npo6y rowansio 0,25 M2, yxe pasmeneHHyo Ha 25 Cy6npo6, KOTOpEIe MOXHO HCCIIeAOBATH
He3aBucHMO [Wolff, 1976a]. B pe3ynbrate 3T0r0 CTAaHOBMTCA BO3MOXHBIM COMOCTABJIATH
MeXIy COBOH COCTaB H YMCIIEHHOCTb XMBOTHBIX, MOJIYYEHHBIX H3 Pa3HBIX Cy6NpoG6 MIOLIAaAbIo
100 cM2, M CcymuTb O CTeMeHH OJHOPOIHOCTH HIH HEOHOPOJHOCTH MeNKOMACIITaGHOTO
paclipenenieHHs MeHoGeHTOCa.

OueHp MHOTOE B OTHOILEHHH M3YyYeHHA (ayHbl HAHGOMNBUMX [MyGHH OaN0 MOABOHOE do-
TorpadpupoBanue. Brnepsrlie ¢oTOorpadun mHa ¢ *MBOTHBHIMH GbUIM NMONY4YeHsI Ha MYGHHax
okeaHa okoso 40 ner Hazag [Ewing et al., 1946]. 3a nocnenytouke 30 et 66010 oIy GIIHKO-
BaHO HeMHOTIHWM Gollee OBYX OecATKOB ¢oTorpaduit AHa ¢ KHBOTHBIMH, NONYUYEHHBIX Ha IT1y-
6uHax Gosee 6000 M ¢paHuy3cKoi# Ikclemuimeit Ha *Kaunco™ B xkenobe Pomanmt [Cous-
teau, 1958] u Heckonskumu skcrnemuisaMu CIIA B 1961—1965 rr. B xeno6ax Pomau,
Myspro-Puxo, Mxmo-Canmsuuen, IlepyaHcxuit, Hoso-Bpuranckuit u Hoso-T'eGpunckuii
[Pratt, 1962; Menzies, 1963; Heezen et ai., 1964; Heezen, Johnson, 1965; Heezen, Hollis-
ter, 1971; Menzies et al., 1973)]. Bce 3t pororpadun Gbutn nonyyeHs ¢ rmyGux ot 6000 no
8650 M. B Ilepyanckom xenobe skcnemiuned Ha “HnTeHuHe'’ Ha OBYX CTaHUMAX GBUIH IO-
NydeHbl HeckoNbkO IMyGxe 6000 M ¢ororpaduu OHA C XMBOTHBHIMHM M Ha TeX >Xe CTAHUMAX
NpoBefeHbl TPATEHUA, BO BpeMA KOTOpbIX GbUIH YaCTHYHO MOAMAHBI XUBOTHBIE, TONABILIHE
H-Ha ¢pororpadun [Menzies, 1963], uro oGnerwsioonpenenéHue o cJie AHHX. IK CTie THLH AMU
CCCP 32 3t e rogp! GbUIH MONYYeHbl MHOTOUMCIIeHHble ¢oTOrpadMu OHA Ha aGHCCANBHBIX
myGuHaxX, HO JIMLIb OmHaxapl B CeBepo-3anmagHOfl KOTIOBHHE Tuxoro okeaHa Ha IMyGHHe
6145 M [H. 3enkeBny, 1970].

B 1976 r. rpynmo# patckux 30omnoroB [Lemche et al., 1976] 6bUTH onyGIHKOBaHBE Ype3-
BBIYaHHO MHTEpeCHble pe3ynbTaTbl H3yyeHUA Gosee yem 4000 doTorpadui AHAa M OTYACTH IpH-
OOHHOTO (/10sA, TOJIyYeHHbIX aMepUKaHCKOH 3kcnemuumeit 1962 r. Ha cygHe *’CreHcep
®. Bapn” B nATH xenoGax 3anmagHOM TponHueckod uacth Tuxoro oxeaHa (cm. Ilpuso-
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Figure 21. Box Corer 0.25 m” (A) and Diagram of Its Layout

Key:

a. View from the side of the closing lever in the open position
b. View from the side in the open position

c. View from the side of the closing lever in the closed position
d. View from above in the open position

e. withdrawn box with soil sample placed on sled

[A--per Wolff, 1976a; B--per Hessler, Jumars, 1974]
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Puc. 21. KopoGuatsift modepnatens 0,25 m? (4) H cxema
ero ycrpo#tictsa (5)

@ — BHO CO CTOPOHB! 38MBIKAIOUIErO PHIYArS B OTKPBHITOM
nonoxenun; 6 — BUX COOKY B OTKPBHITOM TMOJIOMEHHH;
6 — BUJX CO CTOPOMB 3AMBIKSIOMIErO PLINAra B 38KPLITOM
NOJIOXKEHHK; 2 — BHI CBEPXY B OTKPLITOM IOJIOMEHHH;
0 — BbHYTHIA KOpO6 ¢ mpoGoft rpyHTs, MOMELXEHHDIH
Ha Tenmexxy [ A — mo: Wolff, 1976a; -5 = mo: Hessler,
Jumars, 1974 ]
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Appendix 1) at depths from 6,758 to 8,930 m. The cameras were towed by a ship on a cable at ping-
controlled distance 1-2 m above the bottom and in intervals 10-15 sec bottom photographs were made that
covered a certain area (from 0.5 to 10 mz). During each of the successful descents, the camera was able to
take photos covering from several hundreds to over 2,000 m* of the bottom. The photographs were taken
simultaneously by two connected cameras, one taking black-and-white, the other color pictures and
producing paired stereoscopic images. Examination of these three-dimensional color images was very
helpful in analyzing the photographed animals. In particular, these photographs helped Lemche et al. to
create a graphic reconstruction of a new group of animals (apparently, class rank) of the Hemichordata
type, Lophenteropneusta (see Fig. 47).

Underwater photography has been successfully used in recent years to monitor the clusters of
animals and their behavior near bait lowered to the bottom. This work was conducted in the Chile,
Philippine and Mariana trenches, and to depths of 9,800 and 10,500 m in the last two [Wolff, 1976a;
Hessler et al., 1978].

Methods have recently been developed for successful use at depths of the ocean bottom not only
of underwater photography, but also underwater television. The scales and outlook for study of the ocean
bottom and animals living on it using these methods can be judged from the recently published works of
Foell and Pawson [1986]. During several American expeditions in 1979-1982 on the research vessel
Prospector in the eastern tropical section of the Pacific Ocean in a program to study the distribution on the
bottom of clusters of iron-manganese concretions, studies were made of the bottom at depths from 4,400
to 5,100 m using movie cameras towed at a distance of 1-5 m above the bottom or underwater TV units.
The work of Foell and Pawson covered the partial results of their study of epibenthic animals on the more
than 70,000 bottom images obtained by these expeditions. It is important that as in previously known
data of trawling collections from such depths there was a dominance of Echinodermata on these
photographs (over half of the 70 detected species). A number of previously unknown (new) animal
species were also detected. It is true that a precise analysis of the latter will only be possible after they are
caught. As far as I know, underwater television has not yet been used at depths over 6,000 m.

In recent decades, another step has been taken in the study of the hadal depths that has opened up
basically new opportunities; new independent bathyscaphes have been created to allow the researcher to
submerge to the ocean bottom at any depths, to make direct observations through portholes, and even
obtain benthic samples [Piccard, 1960; Piccard, Dietz, 1963; Cherbonnier, 1964; Wolff, 1964; Peres,
1965; Laubier, 1985].

There are currently also a number of other underwater research vessels that are more
maneuverable than the bathyscaphes and not as cumbersome, like the French Siana and the American
Alvin that could be transported on the accompanying ship. These underwater vessels were able to make a
detailed investigation of the "oases" of life at the outlets of the underwater hydrotherms at depths 2-3 km.
Quite recently a report was published about the descents of the French research submarine Nautilus to
depths 6,000 m in the area of the Japan and Kuril-Kamchatka trench [Laubier et al., 1986]. There is no
doubt that the future in the study of life at the greatest ocean depths belongs to this type of underwater
vessel.

A completely new outlook was afforded by the use of so-called free vehicles that study the water
mass and ocean bottom without having powerful winches on board the ship with an enormous supply of
heavy cables. The free vehicle essentially means that a cable of several dozen or several hundred meters
is lowered freely from the ship and a load and device (trigger) are attached to its lower end that at the
requisite time releases the cable from this load at the acoustic command from the ship. The upper end of
the cable has a float
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with a device that after the free vehicle floats to the surface begins to send various types of signals to
allow the free vehicle to be found and brought on board the ship (Fig. 22). Between the float and the load
on the cable, various instruments may be attached: current direction and velocity analyzers, inorganic and
organic settling particle collectors, cameras to photograph the bottom or benthic water layer, bait for
animals monitored by a camera, various animal traps, etc. [Phleger, Soutar, 1971; Dayton, Hessler, 1972;
Hessler et al., 1972; Yayanos, 1977; Smith et al., 1979; Macdonald, Gilchrist, 1982; Lampitt, Burnham,
1983; et al.].

The largest Crustacea of the order Amphipoda were successfully found for the first time using bait
monitored by a camera and lowered on a free vehicle. They were photographed at depth 5,300 m in the
northeast Pacific Ocean, and they were 282 mm long which was twice as long as the largest previously
known representatives of this order [Hessler et al., 1972]. The use of the free vehicle not only permitted
observation on bait photographs of colossal clusters of Amphipoda Hirondellea gigas at the maximum
depths of the Philippine and Mariana trenches, but also to catch them in bait traps lowered to the bottom
of these trenches [Wolff, 1976a; Hessler et al., 1978]. As indicated by Hessler et al., from depths to 9,600
m in the Philippine trench the American expeditions used a box corer to obtain 13 samples and 8 catches
by epibenthic sled. However they did not catch a single H. gigas. These crustaceans are apparently so
mobile that they easily avoid the trap lines. Only by using photo-monitored bait and bait traps lowered on
free vehicles can the largest representatives of the animal population in the benthic layers of the maximum
depths of the hadal ocean trenches, the Philippine and Mariana, thus be detected.

Using satellite navigation to determine the location of a ship with high precision, search for and
raising to the ship of a free vehicle floating on the surface now only takes about an hour or even less.

The animals that inhabit the abyssal depths, and even deeper, in the deep-sea trenches, do not
withstand the pressure changes that occur when they are lifted to the surface, from several hundred to one
atmosphere. They are therefore always dead when the catch is lifted onto the ship deck, despite the fact
that due to the lack of any gas-filled cavities in their bodies they could remain externally completely
undamaged.

Many questions related to the biology and physiology of deep-sea animals would be resolved if
methods were developed to obtain the inhabitants of great depths alive and keep them under conditions
close to their natural habitat. An experimental model of such an instrument rated for pressure to 1,000
atm has already been created for catching and bringing plankton organisms live to the surface
[Macdonald, Gilchrist, 1969; Macdonald et al., 1972]. A special isobaric trap was recently developed that
is lowered to the bottom on a free vehicle that can be sealed after catching bottom animals and allows
them to be brought to the surface alive while maintaining the pressure at which they were caught. The use
of this isobaric trap in 1980 permitted benthic Amphipoda to be caught and brought up from depths to
4,360, and then to conduct experiments for the impact on them of a pressure change [Macdonald,
Gilchrist, 1982]. It is common knowledge that these isobaric traps have already been developed for their
use at trench depths [Anonym., 1977; Yayanos, 1977], and the second of these publications mentions the
catch in this trap of Amphipoda at depth 9,600 m in the Philippine trench.

There is no doubt that the new methods of research on benthic animals as developed in the last
decades are promising, and the use of these methods to study animals inhabiting deep-sea trenches has
already provided important results. However, in addition to the use of new methods (underwater
photography, traps and bait lowered on free vehicles, the use of
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Figure 22. Diagram of Free Instrument Carrier
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Key:

From left to right: descent, position on bottom, lifting

a. isobaric trap for amphipods

b. load remaining on the bottom

c. float system with signal sensors after surfacing

d. cable to which various instruments may be attached [per: Macdonald, Gilchrist, 1982]
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Puc. 22. Cxema ycTpoiicTBa aBTOHOMHOIO IPHGOPOHOCHTENA

Cneps HANpPaBO: CIYCK, NOJOXEHHE HA OHe, NOAbeM, & — u3obapuvecxkas noBymxs mux ambmmon; 6 —

8KyCTUYeCKHMA MPHEMHHK CHTHANA C CYOH3 IJIA OCBOGOXKIEHHA OT Ipy3s; @ — OCTAIMMIACHK HE OHE IpY3;

2 — CHCTeM8 TNOMUIABKOB € MATYMKAMM CHIHAJIOB NMOCHE BCIUIMTHA; O — TPOC, K KOTOPOMY MOXHO MpH-
KPpeIUIATb pa3rmmuHbIe NpuGopnt [mo: Macdonald, Gilchrist, 1982]
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manned underwater vehicles, etc.), the traditional research methods still maintain their importance:
bottom grab and especially trawling collection by catching equipment lowered on a cable from a ship.
The knowledge that has been accumulated by now regarding the precise taxonomic classification of the
overwhelming majority of the animals populating the hadal depths is based on mass collections that were
made by benthic sleds of various models lowered on a cable. It is precisely these collections that allow
mass material to be obtained that is accessible for a detailed study by zoologists, specialists in various
taxonomic animal groups, and for clarification of the precise classification of these animals. The latter is
very necessary for research in other all-possible fields: study of different aspects of biology and ecology,
physiology and biochemistry, geographical and vertical distributions, endemism, etc.

CHAPTER 4.
TAXONOMIC COMPOSITION OF THE ULTRA-ABYSSAL DWELLERS

Extensive data has already been processed on the ultra-abyssal fauna collected by expeditions
from different countries. The results of fauna processing of the first two samples have been published that
were obtained from depths over 6,000 m in the Atlantic Ocean by the expeditions on Princesse-Alice and
Albatross-2. Processing and publication of the results of almost all taxonomic groups of animals
presented in the collections from the hadal trenches of the Danish Galathea expedition have been
completed.

Processing of the extremely extensive data collected during the 30 years of operation of Vityaz, as
well as by the Soviet expeditions on the vessels Akademik Kurchatov and Dmitriy Mendeleyev has not
yet been completed. But a lot of the collections have been processed and the findings have been
published in dozens of articles of specialists in different taxonomic animal groups. Over 200 new species
and over 30 new genera of animals encountered at depths over 6,000 m [Beliaev, 1983b] have already
been described based only on the data from the Soviet expeditions on Vityaz.

Based on the data of the Japanese expeditions on Riofu-Maru, Soyo-Maru, Hakuho-Maru, Kayo-
Maru and the American expeditions on Vema, Eltanin, Chain, Anton Bruun, John Elliott Pilsbury,
Thomas Washington and Gillis mostly preliminary data and only some species or generic analyses of the
animals collected in the deep-sea trenches have been published.

Despite the fact that the collected data has not yet been fully processed, the fauna lists of the
animals inhabiting deeper than 6 km that have already been defined to species (although some of them
have still not been described) already includes about 150 species of Protozoa and about 700 species of
Metazoa, i.e., more than double in 20 years versus the last summary [Beliaev, 1966b; Belyaev, 1972].

In the lists cited in this work of the ultra-abyssal fauna for different taxonomic groups (Appendix
II), new data were considered with final species analyses. In a number of cases, these data pinpoint or
alter the preliminary analyses previously published, mainly in the publications of [Uschakov, 1952;
Bruun, 1953a, b et al.; Zenkevitch et al., 1954, 1955; Beliaev et al., 1960; Wolff, 1960; Beliaev, 1966b;
Belyaev, 1972]. This is the precise explanation for some discrepancies between the lists cited in this work
and the preliminary publications.
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In order not to overload the work with too many remarks, I will make no further stipulation of these in
each specific case.

The lists also include previously published analyses of those new still undescribed species and
determinations up to genus or family of animals whose more accurate taxonomic classification had not yet
been established, as well as some yet unpublished definitions provided to me by specialists on various
taxonomic groups.

BACTERIA

Before switching to a discussion of the taxonomic fauna composition in the ultra-abyssal depths, it
should be noted that fairly diverse bacterial flora has been found at these depths. ZoBell [ZoBell, 1952;
ZoBell, Morita, 1959], a participant in the Galathea expedition found various live bacteria in the sediment
obtained from the bottom of the Philippine trench from depth over 10 km, as well as in the sediment from
the trenches: Kermadec from depths 6,790-9,820 m, Yavan 7,020 m and Banda 7,250 m. The specific
properties of these bacteria were their pressure-tolerance and temperature-sensitivity. Multiplication of
ultra-abyssal bacteria under laboratory conditions primarily or exclusively occurred when pressure was
maintained that was inherent to the depths from which these bacteria were taken (700-1,000 atm) and at
low temperature (3-5°). The bacteria from these depths were morphologically similar to the standard soil
and aquatic forms, but based on their physiological specific nature, C. ZoBell and R. Morita believe that
they belong to new species and genera. The quantity of bacteria in the sediment may be very high, and
apparently, they may play an important role in the feeding of the benthic fauna. The population of live
bact;:ria in the sediment from depth over 10,000 m in the Philippine trench was 10*-10° bacteria in 1 ml
(cm”).

The quantity of carbon contained in the live bacteria from the deep-sea benthic sediment taken by
them from the dissolved or colloidal organic compounds, sea water, and to a lesser degree, from the
settling detritus is 0.2- 2 mg per liter of sediment. The rate of reproduction of these bacteria is from 10 to
100 generations per year. Judging from these quantities, the bacteria may produce from 200 mg to 20 g of
organic carbon per year in a ten-centimeter layer of sediment on an area of the bottom equal to one square
meter, which could provide a considerable amount of food for the bottom-dwellers [ZoBell, Morita,
1959].

A considerable number of benthic heterotrophic bacteria were also found in the soil from depths
over 6,000 m in a number of other Pacific Ocean trenches, Kuril-Kamchatka, Tonga, Peru and Chile, and
in the Atlantic Ocean, South Sandwich trench [Kriss, Biryuzova, 1955; Kriss, 1959; Mitskevich, Kriss,
1971; Mitskevich, 1975].

Based on the data of R. Hessler et al. [1978], clusters of extremely numerous bacteria and their
accompanying detritus were found on smears obtained from the intestinal contents of the Amphipoda
Hirondellea gigas caught in traps in the Philippine trench at depth 9,600 m. Among the caught
crustaceans, it was possible to distinguish those whose anterior part of the intestine contained particles of
the bait (dead fish), both from the crustaceans with empty intestines, and from those that were trapped
with an intestine (including its posterior part) that was already filled with a dark mass consisting of
bacteria and particles of detritus. Based on the data from 965 specimens, crustaceans in the latter group
averaged 60% in the smallest dimensional class (male-1 and female-1, length less than 20 mm), and with
a increase in the crustacean size, this percentage dropped (inverse linear dependence); in individuals of
the largest size class (females-6, length about 40 mm), the bacterial/detritus mass was encountered in less
than 10% of the specimens. This mass consisted mainly of bacteria in many of the small specimens.
Apparently, the established relationship indicates a shift in the feeding methods and food composition in
the crustacean ontogenesis.
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The bacteria found in the H. gigas intestine mainly belong to two morphological types, spherical
and bacillary. Bacteria of only one type was invariably found in one crustacean. The authors discuss
whether the Amphipoda swallow the bacteria together with the detritus on the bottom, or mass
reproduction of the bacteria occurs in the intestine after the detritus is swallowed. In any case, however,
there is no doubt that bacteria even at such great depths play an important role in the feeding of bottom-
dwellers.

One of the greatest discoveries of our century is the detection in the last decade of oases of life
related to the underwater hydrothermal springs at depths from 1.5 to 3 km in the ocean tectonic active rift
zones. Directly next to the hydrothermal springs and on their neighboring bottom sections, unusually
abundant and diverse communities of benthic animals live, which for the most part are classified as new
species, genera, and sometimes new taxons of a higher class previously unknown to science. Some of
these animals reach giant dimensions, e.g., Riftia pachyptila from the Pogonophora Vestimentifera class
(tube up to 3 m in length, and body size up to 1.5 m) or bivalve mollusks Calyptogena magnifica , up to a
quarter of a meter in length. The biomass in the areas of accumulations of these animals could be several
kg, and even tens of kg per 1 square meter of the bottom. Similar levels were previously known only for
shallows in the most productive ocean regions, while at depths 2-3 km the benthic biomass usually does
not exceed several grams or several dozen grams per square meter [Zenkevitch et al., 1971; Beliaev,
1985c¢].

It has been established that this abundant life does not exist because of organic substances coming
to the bottom from the surface ocean layers, and in the final analysis owes its origin to phytoplankton
photosynthesis, and local autochemosynthesis of the bacteria that exist in enormous quantities in the
waters of the hydrothermal layer and near it. These bacteria synthesize organic matter of their bodies,
using the energy released during oxidation by them of various reduced compounds taken from the Earth's
depths with the hydrothermal water (hydrogen sulfide, methane, ammonia gas, etc.), and the carbon
dioxide of the surrounding sea water. There have been descriptions of clusters of such bacteria that form
mats on the bottom not only near the hydrothermal springs, but also in the areas of seepage from the
depths of cold water that also contains hydrogen sulfide or methane of thermal origin. The local primary
product created by these bacteria is the initial food source for those animals that comprise the community
of these deep-sea life oases. Moreover, the symbiotic clusters of these bacteria exist in the tissues of a
number of animals inhabiting these oases (e.g., the trophosome tissue, a special section of the rift
dwellers, or gills of Calyptogena) and life products of such bacteria, and possibly, they themselves could
serve as food for their hosts. There have been extensive publications on life in the hydrothermal regions,
therefore here I will only cite several works [Corliss, Ballard, 1977; Ballard, Grassle, 1979; Oceanus,
1984; Jones, 1985].

Until recently, these life oases were mainly known from the regions of hydrothermal springs in the
rift zones of the Pacific and Atlantic Oceans from depths no more than 3 km. Extremely interesting
reports have recently been published, however, [Lallemant et al., 1986; Laubier et al., 1986] about finding
similar oases at a depth of about 6,000 m.

During the 1985 summer work of the French-Japanese expedition of the research submarine
Nautile, numerous deep-sea submersions were made at the Pacific Ocean coasts of Japan in the
subduction zone between 33 and 41°20 n.l.. During seven of these descents at depths from 3,800 to 5,960
m, exceptionally abundant communities were found on the bottom that mainly consisted of Calyptogena
mollusk clusters (three new types), as well as other animals accompanying them. Thus, for example,
during descents in the Japan trench and in the junction area of the Japan and Kuril-Kamchatka trenches at
depths over 5,600 m and at 5,900 m, the density of mollusk clusters, converted per unit of area was 400,
700 and 1,500 specimens/mz,
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and their biomass, was respectively 24, 42 and 51 kg/m? (!). The benthic biomass at these depths in this
part of the ocean is usually no more than several g/m?, based on Soviet expedition data (see, e.g.:
[Beliaev, 1960, 1966b, 1985c]).

No hot water springs were found in the regions of such oases, but the water temperature washing
over the mollusk colonies was 0.2-0.6° higher than in the neighboring regions where it was 1.2°C.
Geochemical analyses of the water samples taken at the sites of mollusk clusters indicated the presence of
interstitial seepage water containing thermogenic methane, the source of energy for bacterial
chemosynthesis whose products are the reason for existence of these mollusk clusters and the animals that
accompany them [Laubier et al., 1986; Lalleman et al., 1986].

It is quite likely that when research submarines are designed that are capable of active search at
any depths, similar oases of life will be detected at even greater depths of many trenches, insofar as the
latter are confined to tectonic active zones where the possible existence of thermal water springs is so
likely.

It is important that Lemche et al. repeatedly found on the color stereoscopic photographs of the
bottom of the Bougainville, New Britain and Palau trenches obtained at depths from 7 to 8.5 km dark
spots delimited from the surrounding lighter bottom, that apparently are bacterial films. Judging by
certain photographs, these films are partially destroyed apparently by the organisms feeding on them, e.g.,
Pseudopoda, Xenophoridae, Holothurioidea, etc. [Lemche et al., 1976].

PROTOZOA
RHIZOPODA
FORAMINIFERA

Foraminifera were detected at all depths, up to depth 10,415-10,687 m in the Tonga trench
[Beliaev et al., 1960]. At depths over 6,000 m they were first found by the Challenger expedition in a
sample obtained by a sounding tube in the Japan trench [Brady, 1984], and further by the Vityaz and
Akademik Kurchatov in many trenches and troughs of the Pacific Ocean, in the Yavan and South
Sandwich trenches [Zenkevitch et al., 1955; Shchedrina, 1958; Beliaev et al., 1960; Beliaev,
Vinogradova, 1961a; Saidova, 1961, 1964, 1969, 1970, 1975, 1976; Khusid, 1973, 1977, 1984; Basov,
1974, 1975], expeditions on Eltanin in the Peru trench [Menzies, 1963, 1964; Bandy, Rodolfo, 1964] and
on the research vessel Thomas Washington in the Aleutian trench [Jumars, Hessler, 1976]. Foraminifera
were also observed on bottom photographs taken in the New Britain trench at depth over 8 km [Lemche et
al., 1976].

The number of species (more precisely, the species names) of Foraminifera that were defined by
different authors in collections from depths exceeding 6,000 m already approach two hundred, i.e., exceed
the number of species known from such depths of any class of multi-celled animals, except the
crustaceans. It would seem that the example of the Foraminifera could be the best tracking of the laws
governing their vertical distribution in the ultra-abyssal, geographical dissemination in the trenches of
various ocean regions and the link between the fauna of different trenches. However, for a number of
reasons, the data on this group was not very suitable for such an analysis and only some generalized
conclusions can be drawn about the features of the Foraminifera fauna in the ultra-abyssal zone as a
whole.

V. A. Dogel' [1951], in discussing the appearance of the Foraminifera, noted the extreme
indistinctness of their distinguishing features and their color changes even in different genera, which
significantly impairs identification of different forms. Dogel' indicates that the number of Foraminifera
genera known by that time (including the fossil forms) was about 700, while the number of species names
proposed by various authors reached 9,000.
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The situation with this group has become even more complicated in recent years. The article
pessimistically entitled "Twilight of Foraminiferology" by E. Boltovskoy [1965] cites amazing data about
the confusion and chaos reigning in the taxonomy of benthic Forminifera. In only a few cases the same
species names are used throughout for the same species, but even in these instances there is no uniformity
in the generic names. At best, one can only name several dozen species that can be unequivocally defined
in different laboratories. In the American National Museum alone, the species Nonion affine was
catalogued under 11 different names, of which 5 belonged to new species [Boltovskoy, 1958]. The
increment in "new" species of this group in the 1950's averaged about three daily, and in the majority of
cases, these species were invalid. By 1965, the number of Foraminifera species names had already
reached 30,000, and the genera exceeded 1,700. Boltovskoy believes that at least 25,000 of these 30,000
"species" are invalid. It is true that all of this primarily refers to fossil species or shallow-water species
from the modern. The deep-sea fauna, and especially the fauna of the greatest depths have been studied
incomparably less than the shallow-water species, and it is natural that many valid new species may be
encountered when it is studied, nevertheless, the history of Foraminifera study in the hadal ocean depths
could serve as an illustration of Boltovskoy's pessimistic statements.

The situation is complicated even more by the fact that until recently the researchers who were
analyzing the deep-sea benthic Foraminifera almost always had collections that did not separate the
Foraminifera that were collected live from their empty shells. The latter could be partially at great depths
in the secondary depth as a result of drift from shallower depths or as a result of movement of the shells
not only of modern, but also dead species after washing away of the buried sediment.

The sample obtained by Challenger from a depth of 7,220 m in the Japan trench [Brady, 1884]
revealed 14 species of Foraminifera. According to Brady's analysis, all of these Foraminifera belonged to
already known and widespread eurybathic species.

Further information about the composition of Foraminifera detected deeper than 6,000 m did not
appear until the publication of Z. G. Shchedrina [1958] of the Vityaz collection processing results in 1949
and 1953 in the area of the Kuril-Kamchatka trench, including at five stations at depths from 6,860 to
9,050 m. Shchedrina found 28 species below 6,000 m. Only one of them (new species of the genus
Miliolin) belonged to Foraminifera with a secretion and not agglutinated shell. Eight species (about 30%)
were new, and 7 of them were only found below 8,000 m. Twenty species were characterized by more or
less broad dissemination. Unfortunately, the new species found by Shchedrina have not been described,
and the question of their identity with species of subsequent collections in the same trench is still
unanswered.

A number of subsequent works that cover the Pacific Ocean Foraminifera, including those in
various deep-sea trenches, were published by Kh. M. Saidova [1961, 1964, 1969, 1970, 1975], and the
refined list of Kh. M. Saidova [Beliaev, 1966b]. However, as Saidova processed the materials, the
composition of the Foraminifera defined in them from depths over 6,000 m changed so much (the change
in the volume of species, species names, generic classification of the same species, and sometimes even
their classification to different families and even orders) that the compilation of a unified, common list
with precise data on the vertical and geographical distribution of the species was essentially impossible.

In her last summary, Saidova [1975] in the overall list of species of benthic Foraminifera found in
the Pacific Ocean for depths over 6,000 m indicates over 103 species (Appendix II, Table 1), among
which 57 have been described by Saidova as new (in this or earlier publications). Endemic animals of
depths over 6,000 m number 18 (less than 20%). Only 4 species belong to Foraminifera with secretion,
lime shell

72



Page 51

of the order Miliolida (in her 1976 publication, Saidova adds to it another 2 species from the order
Rotaliida), 2 with organic shell from the order Allogromida, and all the rest belong to different groups of
Foraminifera with agglutinated shell.

Foraminifera were studied in the Peru trench from two trawling samples obtained on the Eltanin
expedition (stations 37 and 35) from depths 6,006 and 6,250 m [Bandy, Rodolfo, 1964]. The list of
Foraminifera from these stations includes 19 species, among which, as deeper than 6,000 m in other
regions of the Pacific Ocean, there is rarely a predominance of forms with agglutinated shell (15 out of 19
species and 99% by population) that belong to the same families as in other trenches. However, there are
no common species names from Saidova's list [1975] for the entire Pacific Ocean, nor with the lists of T.
A. Khusid for the Aleutian (Appendix II, Table 2) and for the Chile [Khusid, 1977, 1984] trenches in the
list of Bandy and Rodolfo. It is unfortunately impossible to judge to which measure this discrepancy in
the species reflects the actual specific nature of the Foraminifera fauna of various regions or is the result
of inadequate analyses made by different authors. Bandy and Rodolfo did not find any species endemic to
depths over 6,000 m, which is understandable if one considers that the samples were only obtained from
depths to 6,250 m. For the trawling sample obtained in the Chile trench from depth 7,720 m (Akademik
Kurchatov, st. 244), Khusid [1977, 1984] notes 7 species (6 from the order Astrorhizida and 1 from the
family Komokiidae of the order Testulariida, defined only to the genus Normanina sp.). Of the 6 species
of Astrorhizida, 5 were previously known from bathyal depths, and only one new one, endemic for this
trench (Thurammina decimana Khusid).

Among the 29 species noted by Khursid [1973] for depths 6,500-7,000 m of the Aleutian trench,
there were no endemic species. It is true that 9 of the 29 species have only been defined to the genera and
it has not been excluded that there could be new species among them.

As for the Foraminifera defined from the surface layer of the sediment column taken by Eltanin
(st. 79) in the Chile trench at depth 6,011 m [Bandy, Rodolfo, 1964], the overwhelming majority belong
to the shallower deep-sea forms with secretion shell (37 of 42 species and 96% by population), clearly
brought from shallower depths (see: [Beliaev, 1966b]), and they should not be included in the
Foraminifera fauna dwelling deeper than 6,000 m.

Brief information about Foraminifera from one sample obtained from the South Sandwich trench
(Akademik Kurchatov, st. 895, depth 6,875 m) is given in the works of I. A. Basov [1974, 1975]. Basov
indicates that this sample contained 13 species, of which he only names five: Hyperammina laevigata
(Wright), Proteanella minuta Saidova, Rhabdammina abyssorum Sars from the order Astrorhizida,
Conotrochammina abyssorum Saidova, and Trochammina sp. from the order Atazophragmiida. Judging
from the graph [Basov, 1975, Fig. 1], among the other species there were 1 or 2 species with secretion
shell, but their population was only about 1%. The total Foraminifera population in this sample was
344,000 specimens/m’. Of the five listed species, one (P. minuta) was previously only known from depth
8,220-9,220 m in the Kuril-Kamchatka trench. Yet another species, Trochammina sp. in the discussed
sample comprised about 50% of the population. Judging from the fact that it was only defined to the
genus, it may be assumed that this is a new species that is possibly endemic for the South Sandwich
trench. Basov [1975] and Saidov [1976] note that the Foraminifera with secretion (lime) shell at depths
over 6,000 m are only found alive, since the remaining hollow shells are rapidly dissolved.

As I have already mentioned, numerous Foraminifera of the order Allogromida [Jumars, Hessler,
1976] were found in the sample obtained by a box corer at depths over 7 km in the Aleutian trench.

No other information has been published about the Foraminifera composition from the deep-sea
trenches (with the exception of data on the superfamily Komokiacea, discussed below).

Despite the stipulations regarding the difficulties of an objective evaluation of the Foraminifera
data, it may be noted that there is a considerable similarity between the group composition of the
Foraminifera ultra-abyssal fauna based on the data of various authors.
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In the northern and western Pacific Ocean trenches, only a few species of Foraminifera have been
found with secretion lime shell, mainly from the order Miliolida, and in the Peru trench at depth 6,250 m
only two species from the same order and two species from the order Rotaliida have been found. Singular
species of the order Allogromida with soft shell made of organic material were also noted for the northern
Pacific Ocean [Saidova, 1975; Jumars, Hessler, 1976].

All the other species are classified as Foraminifera with agglutinated shell, averaging 90% based
on the data of different authors. All the lists have a predominance of species of the order Astrorhizida
(averaging 45%); from 20 to 40% (averaging 25%) there are species of the order Ammodiscida, and an
average of 10% of the order Ataxophragmiida. This coincidence may undoubtedly be random. For the
overwhelming group composition of Foraminifera, Saidova isolates depths over 6,000 m as the
Astrorhizda zone. Khusid [1977] in the Chile trench isolates the biocenoses Sorosphaera abyssorum-
Thurammina decimana for depth 7,720 m. These two species (both from the order Astrorhizida) comprise
two thirds of the total population here of the Foraminifera with total population density of live creatures
15,000 specimens/m>.

It is important that the Foraminifera of the two most widely representated orders in the abyssal and
ultra-abyssal are the most ancient and archaic [Fursenko, 1950; Dogel', 1951]. It is possible that
representatives of these groups inhabited the ocean depths back in ancient times and these deep-sea forms
were the main genetic pool for deeper depths of the ocean trenches as the latter were formed. These
orders include 90% of the species that are endemic for depths over 6,000 m.

Species with a broad vertical dissemination dominate in the Forminifera that penetrate to the hadal
ocean depths. The upper habitat boundary of almost 60% of the species is confined to the bathyal depths
and 24% to the abyssal (3,000-6,000 m). The species that are endemic for depths over 6,000 m, judging
by Saidova's list [1975], are only 17%. However, as the depth increases beyond 6,000 m, in addition to
the overall decrease in the number of species, the degree of fauna taxonomity increases. Of the 26 species
encountered deeper at 8,000 m, already 46% are endemic for depths over 6,000 m, and 31% do not rise
above 8 km.

The species that are endemic for any one trench are encountered in the Kuril-Kamchatka,
Kermadec, Bougainville and Chile trenches. Species that live at shallower depths are for the most part
common for several trenches. But two new species described by Saidova (Recurvoidatus ultraabyssalicus
and Recurvoides mutilus) were only encountered in several trenches separated from each other and
unknown from depths less than 6,500 m, while the species Proteanalla minuta, as already mentioned, is
only known from depths over 6,800 m from the Kuril-Kamchatka and South Sandwich trenches.

There are three known endemic genera in the ultra-abyssal Foraminifera fauna, Xenothekella
(habitat depth 9,170-9,335 m), Astrorhinella (6,860-7,320 m) and Cribostomellus (8,220-9,850 m). These
three genera were established by Saidova [1975]. All of them are monotypical, and their dissemination is
limited to the Kuril-Kamchatka trench.

The boundary of the ultra-abyssal zone for Foraminifera fauna should apparently be made
somewhat below 6 km insofar as it is precisely at the 6-6.5 km level that there is a shallower boundary of
dissemination of half of the species that are known below 6,000 m, and at shallower depths.

Data about the extremely high quantitative indicators (population and biomass) of the benthic
Foraminifera at all ocean depths have appeared in recent decades after the development of the technique
for separation in the mass samples of live Foraminifera from the their empty shells. Based on the data of
Saidova, the number of live Forarmmfera at depths over 6 km in the Kuril-Kamchatka trench fluctuated
from 20,000 to 95,000 specimens/m?, and their biomass plasma (without shell weight), from 2t0 10 g/m
[Zenkevitch, 1967; Saidova, 1970]. The biomass of Forminifera is just as great (10 g/m ) also in the
Chile trench at depth over 7.5 km [Saidova, 1971]. However, these data are apparently very
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exaggerated since later publications of other authors indicate shallower levels. Thus, per the data of
Khusid [1977] obtained on the same materials, the biomass of live Foraminifera (and not only their
plasma) in the Chile trench is 1 g/m in the Aleutian trench at dcpths up to 6,980 it fluctuates from 0.1 to
2.1 glm and in the South Sandwich at depth 6,875 m was 0.09 glm [Basov, 1974, 1975].

Despite the fact that the data of different authors regarding the Foraminifera biomass are far from
unequivocal, there is no doubt that the Foraminifera play a very significant role in the deep-sea trenches in
the diet of the benthic soil-eating forms. The concept of the importance of Foraminifera in the deep-sea
benthos diet increases even more, if one considers the exceptionally important data of O. Tendal and R.
Hessler [1977] cited in their monograph that covers the new sub-family of Foraminifera that they
established, Komokiacea (order Textulariida).

Many, predominantly deep-sea expeditions by a number of countries that have been conducted in
the last three decades often encountered in the trawling, and especially, in the bottom-grab samples, small
(from 1 to S mm) formations that are a varying form of clusters made of branching, thread-like tubules
that form complex networks. The space between the tubules is usually filled with silt benthic sediment,
often even covering the surface of the cluster. It became the practice in the field logs by the Soviet
expeditions on the vessels Vityaz and Akademik Kurchatov to give these formations the conventional
designation "branching clusters"”. For a long time their nature was unknown. As Tendal and Hessler
write, during examination of the samples they were generally ignored and it was assumed that they were
fibers encrusted with soil.

Using histological methods and an electron scanning microscope, Tendal and Hessler have only
studied a small part of the numerous specimens sent to them from different countries, including from the
Soviet expeditions. These authors have quite definitively established the affiliation of the "branching
clusters" to a special sub-family of Foraminifera that they have called Komokiacea, the Latin derivative
from the Russian word for "cluster" (Fig. 23). These authors have isolated two families, Komokiidae with
five genera and seven species (Ipoa fragila, Komokia multiramosa, Lana neglecta, L. reticulata,
Normanina saidovae, N. tilota and Septum octotilla) and Baculellidae with two genera and four species
(Baculella globifera, B. hirsuta, Edgertonia argillispherula, E. tolerans). Only the genus Normanina was
previously known from this group, while all the other genera and all the species were established by
Tendal and Hessler for the first time. Descriptions of all these species are based on the specimens
obtained in one trawling sample obtained in 1970 by the American expedition on the vessel Thomas
Washmgton from depth 6,065-6,079 m in the northeast trench of the Pacific Ocean (st. H-30) (Fig. 23).
Additionally, based on the data of the same authors, Komokiacea were found deeper than 6 km that were
defined only to the genus in the Aleutian (Thomas Washington, st. H-39, 7,298 m, Lana sp.) and Puerto
Rico trenches (Akademik Kurchatov, two stations 6,650-8,100 m, Ipoa sp 2 stations 7,950-8,150 m,
Edgertonia sp; 8,150 m, Baculella sp.). The greatest depth of finding Komokiacea was 9,605 m in the
Philippine trench (Thomas Washington, st. H-189 and H-196) (closer was not defined). All the genera of
Komokiacea known until this time were widespread in the ocean abyssals, and some are known from the
bathyal depths.

Tendal and Hessler write that the study of this group has only just begun. In characterizing the
unusual abundance and species diversity of the Komokiacea, they cite data that from a single 500 cm?
area that corresponds to one-fifth of the sample obtained by the box-corer from the northeast trench of the
Pacific Ocean from depth

! It is erroneously indicated in the cited monograph [Tendal, Hessler, 1977] that the samples at stations H-30 and H-39 were
obtained by the research vessel Argo in 1969. Precise data about these stations are cited in the works of Hessler and Jumars
[Hessler, Jumars, 1974; Jumars, Hessler, 1976] (see Appendix I).
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Figure 23. Komokiacea

Key:
A. Edgertonia argillispherula; B. Normanina saidovae; C. Baculella hirsuta; D. Lana neglecta (per:
Tendal, Hessler, 1977)
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Puc. 23. Komokiacea

A — Edgertonia argillispherula; 5 — Normanina saidovae; B — Baculella hirsuta; I' — Lana neglecta (no:
Tendal, Hessler, 1977)

5597 m (“Tomac Bawmnrron”, ct. H-153, 21°26' c.w., 155°30"3.0.),, 66U OGHapysKeHb
56 BugoB M 1984 sk3. atux ¢opamuuudep, u3 koropeix Gonee 80% OGbulM MpHypOUEHDB
K BepxXHeMY CJI0K0 ocafka TonwHHo#i 1 cM. OGLuee e YMCIIO BUAOB 3TOM TPYMNIIbI, 10 HX MHe-
HHIO, BAOHMO, COCTaBJIfieT HECKOIbKO coTeH. KoMokHalleit MOXXHO OGHapyKUTh MPaKTHYECKH
B KaX a0 riny60KoBOIHON OUHHOW Npobe,a B NpoGax CaBHCCATIbHBIX TITyGHH ONHrOTPOdHBIX
palOHOB OKeaHa W B MpoBax M3 MyGOKOBOMHBIX XeNodoB (HanpuMep, Ha rryGuHe 9600 M
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5,597 m (Thomas Washington, st. H-153, 21°26', n.1., 155°30' w.1.), 56 species were found and 1,984
specimens of these Forminifera, of which more than 80% were confined to the upper sediment layer of
thickness 1 cm. It was of their opinion that the total number of species in this group is apparently several
hundred. Komokiacea can be found essentially in every deep-sea benthic sample, and in samples from
sub-abyssal depths of the oligotrphic ocean regions and in samples from deep-sea trenches (e.g., at depth
9,600 m
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in the Philippine trench) "their volumes exceed that of all the Metazoa taken together" (Ibid, p. 193).’
These data permit the assumption that the Komokiacea should play a major role in the diet of the
benthic invertebrates dwelling in the deeo-sea trenches.

XENOPHYOPHORIA

Protozoa of yet another group, Xenophyophoria, play a major role in the dep-sea benthos. These
remarkable animals, which sometimes look like leaf-like forms lying on the ground surface could reach
20-25 cm in diameter and thickness 1-2 mm. They were first found in the 1870's by an expedition on
Challenger and were described by E. Haeckel [1889] as sponges of a special group of Keratozoa. Their
real taxonomic position for almost a century remained indefinite, however, various studies classified them
as Spongia, or different groups of Protozoa , most often Foraminifera.

Based on a review of numerous previously known data, as well as a study of extensive materials
collected by expeditions in the last decades (mainly, numerous deep-sea collections by the Danish
Galathea expeditions and the Soviet Vityaz expeditions), O. Tendal in his monograph [1972] that covered
these enigmatic animals established that they are Sarcodina of the Rhizopoda class, and isolated them into
a special sub-class Xenophyophoria, close to the Foraminifera sub-class.

Xenophyophoria are widespread in the World Ocean from the shallows to the ultra-abyssal depths,
but they are the most numerous and diverse at the abyssal depths of the ocean floor. Tendal established
two orders in the sub-class Xenophyophoria, Psamminida and Stannomida. The first of them contains 4
families, 8 genera and 20 species, while the second contains a single family, Stannomidae with two
genera, Stannoma (2 species) and Stannophyllum (13 species). The predominantly abyssal genus
Stannophyllum known from a single finding from bathyal depths and even from shallow water, also
includes two species that were found both in the abyssal, and deeper than 6 km [Tendal, 1972; Tendal,
1973]. Tendal knew S. granularium from the Kuril-Kamchatka trench (Vityaz, st. 5,617 and 5,625, 6,215
and 6,710 m) and from the northwest trough of the Pacific Ocean (Vityaz, st. 3,232 and 3,363, 6,116-
6,282 m), as well as from the north and west Pacific Ocean, starting from depth 4,365 m. Tendal found S.
mollum in the Japan trench (Vityaz, st. 3,593, 6,380 m) and it is also known from the Indian Ocean and
northwest part of the Pacific Ocean from depths over 4,700 m. Xenophyophoria have also been found on
many photographs of the bottom that were taken in four trenches of the western tropical section of the
Pacific Ocean (Palau, New Britain, Bougainville and New Hebrides) at depths to 8,662 m [Lemche et al.,
1976]. It should be noted that O. Tendal was among the group of authors who studied these photographs
which indicates the high reliability of the Xenophyophoria analyses made from these photos. I will cite
some information about the Xenophyophoria stressed in this work.

Representatives of the genus Psammetta have been found in three deep-sea trenches. They are
spherical, reach 2-5 cm in cross-section and are usually surrounded by "threads" diverging from the main
body in a star shape (Fig. 24), reaching lengths of 6-12 cm, and apparently, are Pseudopoda. These
organisms are usually found in soft ground and form clusters that are separated by bottom sections on
which they are absent. At depths slightly less than 8 km in the New Britain trench, Psammetta sp. were
found on 325 photographs, and their mean density was 1 specimen/mz. The mean density calculated by
the photographs

! The authors apparently mean only the Metazoa of the meiobenthos from the bottom-grab samples.
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Figure 24. Xenophyophoria Psammetta sp. on Floor of New Britain
Trench at Depth 7,900 m [per Lemche et al., 1976]

of the Xenophyophoria of genus Stannpohyllum was 1 specimen per 3 m*in the New Britain trench at
depth 8,260 m, and in the New Hebrides at depth 6,770 m 1 specimen at 10 m”>. Xenophyophoria of
another genus were encountered more rarely, Cerelasma; based on the photographs obtained below 8 km
in the Bougainville trench, the average density of their populations was about 3 specimens per 100 m*.

Xenophyophoria previously were not taken into account as live organisms and were ignored in the
determination of the biomass of the deep-sea benthos from dredging samples. However, based on the data
of the trip of the research vessel Akademik Kurchatov in 1986, in the abyssal of the southern Atlantic
Ocean the biomass of Xenophyophoria could significantly exceed the biomass of all other animals in the
dredging samples. L. A. Levin et al. [1986] demonstrated that at depths up to 3,350 m large
Xenophyophoria play an important role in the communities of the soft soil and serve as a substrate, food
and shelter for various Metazoa.

It may be hypothesized that in the deep-sea trenches Xenophyophoria play a very significant role
in the primary use and reprocessing of the organic matter contained in the benthic sediment, and
correspondingly in the nutrition of various benthic Metazoa animals.

METAZOA
SPONGIA

At depths over 6,000 m representatives of two classes of Spongia are encountered, the class
Hyalospongia and the class Demospongia, represented at these depths almost exclusively by the order
Cornacuspongida; from the second order of this class (Textraxonida) only one species is known that was
found at depth 6,065 m in the northeast trench of the Pacific Ocean. Spongia are found in the Pacific
Ocean in 17 trenches, but the species analyses are only known for 18 species from the Aleutian, Kuril-
Kamchatka, Bougainville and Kermadec trenches, as well as from depths slightly over 6 km in the
northwest and northeast troughes. Five of these
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Puc. 24. Kcewopuodops: Psammetta sp, Ha nHe Hoso-BpuTaHckoro xeno6a wa rnyGuse 7900 M [mo:
Lemche et al., 1976]

kceHodnadop poaa Stannophyllum 6ruta B HoBo-Bpuranckom xetoGe Ha rimy6uHe 8260 M
1 3x3. Ha 3 mM?, a B HoBo-T'e6pusackom Ha rny6une 6770 M 1 3k3. Ha 10 M2, 3HaunTensHo
pexe BCTpedyaTHCh kceHodHodoph eite opHoro popa — Cerelasma; no ¢ororpadusam, nony-
YeHHbIM Ha IyGuHe Gonee 8 kM B ByreHBWIbCKOM XenoGe, CpemHAA IVIOTHOCTb HX MOCene-
HHMit COCTaBNANa OKONO 3 3K3. Ha 100 M2,

Panee xcerHodHOGOpBI YacTO He NPHHHMATHCh BO BHHMaHHe .B KayeCTBe XHBLIX OpTraHH3-
MOB H He YUMTBIBUIHChH IIPH onpeneleHHH GHomMacch Tiny6okoBoaHoro 6eHroca o mHouepna-
TeNIbHBIM NpoGam. OgHako No MarepuaniaM npoxopmsiiero B 1986 r. peitca 3/c ’AxageMux
KypuatoB”, B abHccanH 10XHOH uacTH ATIaHTHYecKOro oxeaHa Guomacca kceHoduodop
MOXeT 3HAYMTENIbHO NpeBBIILATh GHOMacCy BceX HPYTHX XHBOTHBIX B [JHOYEpNATENBHBIX
npobax. JI.A. JleBun c_coaBropamu [Levin et al, 1986] nokasanu, yro Ha riTyGHHAX
po 3350 M kpymnHble KceHOGHODOPB! HIpaloT BaKHYI0 PoNlb B COOGLIECTBaX MAFKHX IPyH-
TOB H CITYXaT DJISl Pa3fIMYHbIX MHOTOKJIETOYHBIX KHBOTHBIX CyGCTpaTOM, NHLIEH H y6exxuieM.

MoOXHO mpepnoOnararb, YT0 H B [MTyGOKOBOIHBIX XKenmobax KceHo(pHOGOpbI HFPAIOT BeChMa
3HAYMTEJIBHYI0 PONTb B NEPBHYHOM MCIOJNIB30BAHHH H NepepaboTke OPraHHKH, coAepiKaLiefics
B HOHHBIX OCagKaX, H COOBETCTBEHHO B MHMTaHHM DANTHYHBIX HJOHHBIX MHOTOKJIETOYHBIX
MHBOTHBIX.

MHOT'OKJIETOYHBIE — METAZOA

FYBKH — SPONGIA

Ha rny6uHax Gomee 6000 M BcTpeyeHbl NpepCTaBHTENH ABYX KITaccoB rybok — Kiacca
creknauHbIX ry6ox Hyalospongia u xnacca Demospongia, mpeAcTaBneHHOro Ha 3THX FNyGH-
HaX MOYTH HCKJTIOUMTENBHO KpeMHeporoBeIMH ry6kamu (otpsag Cornacuspongida); u3 ropo-
ro orpsapga sroro kiacca (Tetraxonida) M3BecTeH JIMIIb OfMH BHM, HalileHHBbIH Ha rimyGHHe
6065 M B CeBepo-BoCcTOYHOH KOTNOBHHe Tuxoro okeada. B Tuxom okeaHe ryGku HaifieHbI
B 17 xenoBGax, HO BHOOBbIE ONpeneNieHHA NMOKa H3BECTHBI JTHIIb AJIA 18 BHAOB H3 KeMoGOB
Aneyrckoro, Kypuno-Kamuarckoro, ByredBunscixoro u Kepmanek, a Takxe ¢ riny6uH He-
MHOTHM Gonee 6 xkm B CeBepo-3anaguoil u CeBepo-BocTOUHON KOTIOBHHaX. IIATh M3 3THX
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species belong to four genera and families of both orders of Hyalospongia, and 13 to six genera of five
families of both orders of the class Demospongia. Another several species from different Pacific Ocean
trenches have only been defined to the genus or the family level. Undefined Hyalospongia or
Cornacuspongida have also been found in three Atlantic Ocean trenches. Spongia have been found by
now in trawling nets obtained at approximately 45 stations by various expeditions, mainly by the
expeditions on Vityaz. However, the systematic processing of a considerable portion of these materials
has not yet been completed (Appendix II, Table 3).

Below 2,000 m in the Pacific Ocean, 109 species of Spongia were known by 1970 [Koltun, 1969,
1970]. The species in the composition of this fauna penetrating below 6,000 m comprise about 17%.
Their taxonomic composition is very variegated. Of the 10 genera represented at these depths, none of
them includes more than three ultra-abyssal species. Only two species are known that are endemic for
depths over 6,000 m (each from a single finding), 11% of all the species encountered at these depths.
Among the Spongia dwelling deeper than 6,000 m there is a predominance of abyssal species that do not
rise above 3,000-5,000 m (44%). The species that dwell in the bathyal comprise 28%, and 17% from
those known from depths less than 500 m. Only three from the already defined species were found below
8 km. The majority of the species encountered in the trenches does not penetrate deeper than 6,500 or
7,000 m. As V. M. Koltun [1970] notes, the ultra-abyssal Spongia fauna is a depleted fauna of the
abyssal depths.

Three new species from the Kermadec trench [Levi, 1964] have been defined in the already
completely processed collections from the Galathea expedition, but one of them, Asbestopluma hadalis,
was subsequently classified with the synonomy of the eurybathic species A. occidentalis [Koltun, 1970].
The last, known hadal Spongia species, was found at depth about 7 km in the Kermadec trench and at
several stations in the Kuril-Kamchatka trench in the depth range from 7,265 to 8,840 m. However, this
same species, based on V. M. Koltun's data [1970], is known in the Pacific Ocean northern section and
from abyssal and bathyal depths, starting from 820 m.

Because there are no Spongia at the hadal depths of the Kuril-Kamchatka trench, V. M. Koltun
[1970] advanced the opinion that penetration of the Spongia to the maximum depths of the trench floor is
prevented by the dominance here of silt: the presence on the bottom of numerous suspended silt particles
results in clogging of the Spongia irrigation system and their death. Koltun also considers the shortage of
solid substrates for attachment on the bottom to be an obstacle to a Spongia habitat. Based on this, he
advanced the hypothesis that in the deepest trenches (Mariana, Philippine, Tonga and Kermadec) the
depth of dissemination of the Spongia may be somewhat greater than in the Kuril-Kamchatka, since the
Spongia in these trenches may descend lower on their slopes without reaching the very silted floor. This
hypothesis was seemingly confirmed by the result of the 1970 trawling in the Tonga trench when from
depth 8,950-9,020 m several small Spongia (not yet defined) were raised with other animals. However, in
1975 Vityaz found single Spongia defined by Koltun as Asbestopluma sp. in the Philippine trench all the
way to depth 9,990 m, only by less than 300 m reaching the maximum depth of this trench, i.e.,
essentially confined to its floor. Thus, the dissemination of Spongia in the trenches is apparently
determined not by the depth, but by the presence at any depths of ecological niches related to the nature of
the bottom microrelief that are favorable for the existence of the Spongia.

Although fairly diverse Spongia inhabit many trenches, very few of them usually dwell here, most
often single specimens are found in the catches. It is indicative that in analyzing the animals on
approximately 4,000 photographs of the bottom obtained in five trenches of the Pacific Ocean western
tropical section, Spongia (apparently, Cornacuspongida belonging to the Cladorhizidae family) were only
found on three photographs from the Palau trench and on six from the New Britain trench [Lemche et al.,
1976].
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There are only three known instances of mass finding of Spongia from depths over 6,000 m. In
the Pacific Ocean northeast trough (on the east slope of the Imperator trench) in the trawling catch
(Vityaz, st. 3363, 6272-6282 m) there were 207 specimens of five Spongia species, in which 200
specimens were of one species, Hyalonema apertum [Koltun, 1970]. This was 12% of the total number of
species in the take and 16% of the total number of animals caught. Such a massive number of Spongia at
this depth is also surprising because an abundance of Spongia is generally not characteristic for deep-sea
regions of the northern Pacific Ocean.

Even more massive were the Hyalospongia in two of the five trawling catches obtained from
depths over 6 km by the Akademik Kurchatov expedition in the South Sakhalin trench [Vinogradova et
al., 1974].

In the first of these takes from depth 7,200-7,216 m (st. 864, 56 species, 4,880 specimens),
Spongia belonging to 4 species comprised about 7% both in number of specimens, and in the number of
caught species, and their biomass percentage was 70%. In the second instance, in a catch from depth
6,766-6,875 m (st. 895, 27 species, 1,100 specimens), one species of Hyalospongia comprised 36% of the
take of specimens and 98% in biomass (30 kg of 30.5). Such a significant dominance of Spongia at such
depths is unique even for the Antarctic region, where it is well known that the Spongia are generally
extremely characteristic for the benthic fauna. However, this refers mainly to the comparatively shallow
depths of the shelf and the upper bathyal where Spongia often dominate in biomass above all other groups
of animals [Beliaev, Uschakov, 1958; Pasternak, Gusev, 1960; Koltun, Pasternak, 1961; Koltun, 1964a].
At abyssal depths, even in the Antarctic waters, the Spongia usually lose their dominant role. Such a
significant dominance of Spongia was not found as in the two aforementioned catches from the South
Sandwich trench, nor in any of the 10 trawling catches obtained on the same trip in the abyssal depths in
the neighboring regions of this trench [Vinogradova et al., 1974].

Representatives of the Calcispongia class have not been found in the deep-sea trenches. The
greatest known depth of the dwelling of these Spongia until recently was less than 3,000 m [Burton, 1963;
Koltun, 1964b] and only in 1966 was a lone representative of this class found near the Kuril Islands at
depth 5,045 m [Koltun, 1970].

COELENTERATA

Representatives of almost all the major Coelenterata groups inhabit depths below 6,000 m
(Appendix II, Table 4).

Hydrozoa. Hydroid polyps have been found in several Pacific Ocean trenches, in the Yavan
trench and the Cayman trench. The deepest of the species defined as Hydroids is known from the
Kermadec trench, from depth 8,210-8,300 m at which the Galathea expedition found a new species
described by P. Kramp [1956] as Halisiphonia galatheae. Then, undefined close Hydroids were found by
Vityaz at even greater depths, in the Kuril-Kamchatka trench at depths up to 8,185-8,400 m (st. 5612) and
in the Tonga trench at depth 8,950-9,020 m (st. 6327). Based on the Hydroid data from the trenches only
collections have been processed from Galathea in which Kramp defined 3 species. In the Kermadec
trench, in addition to the aforementioned species, at a depth somewhat over 6.5 km yet another species
was discovered that Kramp defined as the already known species Aglaophenia tenuissima that was
previously found in the Great Australian Bight at depths 293 and 585 m. Kramp, however, notes some,
although insignificant, differences between the Indian Ocean and Kermadec colonies. The third species
found in the Yavan trench at depth about 7 km was a new one that apparently belonged to the same genus
of Aglaophenia. According to the preliminary analysis [Keller et al., 1975], a representative of the same
genus was also found in the Cayman trench.
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It is important that at depths between 6 and 7 km in various regions of the Pacific Ocean, very
large, single hydroid polyps from the genus Branchiocerianthus were found several times. For the first
time 1 specimen of this hydroid was defined by D. V. Naumov in a sample obtained by Vityaz from the
northwest trough from depth 6,096 m. Then in catches from depths over 6,000 m hydroids of this genus
were not found, but they were detected on three photographs of the floor obtained in the New Hebrides
trench, and on one in the Peru (see: [Lemche et al., 1976]). Lemche et al., assume that these giant
hydroids (the size of the those photographed in the New Hebrides trench exceeds 25 cm) are classified
predominantly with the abyssal Indian-Pacific Ocean type B. imperator, insofar as all the other known
species of this genus are considerably smaller and are unknown in abyssal depths.

It should be noted on the whole that hydroid polyps at depths over 6,000 m are extremely scarce
both in the species and in a quantitative respect, and are not characteristic for these depths.

Vityaz during its work in the Kuril-Kamchatka trench for the first time in a catch by a closing
plankton net in the level from 8,700 to 6,800 m for the first time at these depths caught a small
Hydromedusae described by D. V. Naumov [1971] as belonging to a new genus and species, Voragonema
profundicola (Fig. 25). These findings are still singular, but different Hydromedusae (Anthomedusae,
Leptomeusae and Trachymedusae) were found in the Palau, New Britain and New Hebrides trenches on
17 photographs at depths from 6,758 to 8,260 m [Lemche et al., 1976]. Trachymedusae (Fig. 25, B),
probably belonging to the Crossota genus were noted in the Palau trench at depth about 8 km on 12
photographs, and by the calculations made by Lemche et al., their mean population density here was
about 1 specimen per 100 m’.

Scyphopolyps belonging to the genus Stephanoscyphus, including to the species S. simplex, from
the Scyphozoa class were found in many trenches (all the way to depth 10 km). However, even judging
by their external appearance (dimensions, color, theca shape), there are different species among them.
Naumov [1961] believes that Stephanocsyphus is undoubtedly a combined genus that includes species of
different families. S. simplex is apparently also a combined species. Numerous findings of scyphopolyps
below 6 km indicate that Scyphomedusae must also live at these depths, although they have not yet been
caught, apparently because their settlements are sparse and there are few plankton collections made
deeper than 6 km. However, the existence of Scyphomedusae in the ultra-abyssal has now been proven.
Scyphomedusae, apparently from the Ulmaridae have apparently been found on several photographs
obtained in the Bougainville trench at depths 7,847-8,662 m [Lemche et al., 1976].

From the Anthozoa class, the only representatives of the Alcyonaria, Gorgonaria and Pennatularia
corals have been found on photographs from several trenches in the western Pacific Ocean [Lemche et al.,
1976], while the Pennatula of several species of the genus Khophbelemnon and Umbellula were caught at
15 stations in several trenches at depths slightly above 6,000 m. The most common sea fans were found
in the Peru and South Sandwich trenches where they were caught several times, including in one trawling
sample from the Peru trench (Akademik Kurchatov, st. 296) where there were 26 specimens and 1
specimen even in the bottom grab sample taken at this same station from depth 6,040 m. In the most
extensively studied Pacific Ocean northern trenches, sea fans were only found at three stations and were
not found once in this region on the bottom of the deep troughs, possibly because they mainly populate
the slopes.

Of the Hexacorallia, representatives of the orders Antipatharia and Madreporaria are known below
depth 6 km only from single findings. More characteristic, and sometimes mass, representatives of the
Coelenterata in the ultra-abyssal depths are various Actinaria (Fig. 26), and primarily, the extremely
unique Actinia of the family Galatheanthemidae Carlgren, 1956, whose body most often
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Figure 25. Trachymedusa

A. Voragonema profundicola from the Kuril-Kamchatka trench [per: Naumov, 1971]; B. ?Crossota sp.
from bottom of Palau trench at depth 8 km [per: Lemche et al., 1976].

is located inside of a long coriaceous covering which looks like a black or dark brown cone. The
dissemination of these Actinaria was extremely enigmatic for a long time. The first two species of
Actinaria of this family were described by O. Carlgren [1956] from Galathea collections in the Philippine
trench from depths from 9,820 to 10,210 m (Galatheanthemum hadale) and the Kermadec trench from
depths from 5,850 to 8,300 m (G. profundale). The Galatheanthemums were then found repeatedly in
various trenches. Until recently, they had only been known in 45 findings below 6,000 m from 16 Pacific
and Atlantic Ocean trenches to maximum depths of the Mariana and Philippine trenches (five findings
below 10 km). These Actinaria were also found on photographs taken in the Bougainville and New
Hebrides trenches [Lemche et al., 1976], as well as the Puerto Rico trench [Heezen, Hollister, 1971] (Fig.
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26, C). At the same time, Actinaria from this family from depths less than 6 km have only been known
by three findings: one on the slope of the Kermadec trench at depth 5,850-5,900 m and two in the Scotia
Sea in the South Sandwich and South Orkney trenches at depths between 5,465 and 6,000 m. There were
thus all the grounds to consider the Actinaria of the family Galatheanthemidae, that are widespread in
many separated trenches, to be essentially endemic for depths over 6,000 m.
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Puc. 25. Tpaxumeny3ni

A — Voragonema profundicola u3 KypwuroKamuarckoro xeno6a [no: Haymos, 1971]; 5 — ? Crossota
. sp. y mHa xeno6a IManay Ha rnyGuuxe 8 kM [Ro: Lemche et al., 1976]

HaXOOUTCA BHYTDH [VIHHHOIO KOXGICTOTO YeXJIHKa, HMEIOWEro BHI KOHYCa YepHOTO HIIH
TeMHO-KOPHYHEBOIO LBeTa. PacnpocTpaHeHHe 3THX aKTHHMH [ONroe BpeMsA NMpeCTaBIIANOCh
Ype3BLIYAHO 3arafoyHbiM. IlepBbie mBa BMAA aKTHHMA ITOrO CeMeiCTBA GBUTH ONMHCAHBI
0. Kapnrpesom [Carlgren, 1956] no c6opam "Tanaren” k3 QuwinnmuHckoro xeno6a ¢ riy-
oun or 9820 mo 10210 m (Galatheanthemum hadale) u u3 xeno6a Kepmanex ¢ rinyGHH OT
5850 mo 8300 M (G. profundale). B manbHefiem ranareaHTeMHIbI HEOOHOKPAaTHO BCTpeya-
JIUCh B Pa3NHyHbIX Xenobax. JIo HemaBHEro BpeMeHH OHH GbUTH M3BECTHBI IO 45 Haxosxne-
HHAM rnyGxe 6000 M 13 16 xenob6os Tuxoro # ATNaHTHYeCKOro OKeaHOB BIUTOTh OO MAaKCH-
MaJibHBIX ITY6HH MapuaHckoro ¥ QUIHNONKHCKOTO Xeno6oB (NATs Haxo#oK rny6xke 10 kM),
Byt 3TH aKTHHHH 0GHapysKeHbI H Ha poTOorpadusx, nonyyeHHbIX B Byresswinckom 1 Hoso-
I'e6punckom xenobax [Lemche et al., 1976], a Takxe B xenoGe Ilyapro-Puxo [Heezen,
Hollister, 1971] (puc. 26, B). B 10 e BpeMs C I'TyGHH MeHee 6 KM aKTHHHH 3TOTO CeMeiCT-
Ba GbUTH M3BECTHBI NHLLIb 1O TPeM HAXOXKOEHMAM: OIHO — Ha ckJioHe xkeito6a KepMmapek Ha
rny6une 5850—-5900 m ¥ gBa — B Mope CkoTtus B paitone Hxwo-CangsuueBa H F0x#HO-Opk-
Hefickoro xenoGoB Ha rnyGuHax mexay 5465 u 6000 M. Takum o6pa3om, GputH Bee OCHO-
BaHHA CYMTaTh aKTHHMHA ceMeficTBa Galatheanthemidae, unpoko pacnpocTpaHeHHbIX BO MHO-
IHX pa3o6LIeHHBIX Xemo6ax, MPaKTHYECKH 3HIEMHYHbIMHA WA rny6uH Gonee 6000 M. Taxoe
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Figure 26. Various Actinaria Photographed on the Trench Floor

Key:

a. New Hebrides, about 6,770 m, height without feelers 8 cm

b. New Britain, 7 km

¢. Galatheanthemum, Bougainville trench, about 8 km [per: Lemche et al., 1976]

It was difficult to explain this dissemination, and it remained enigmatic until the 1983 publication of data
on numerous findings of Galatheanthemidae during the seven expeditions of the ship Eltanin in the
Antarctic waters [Dunn, 1983]. As indicated by these expeditions, the Galatheanthemidae, classified as
the same species as those described form the Kermadec trench (G. profundale), are essentially widespread
throughout the Antarctic at depths from 4 to 5 km (over 200 specimens have been found at 16 stations
during trawlings at depths from 3,947-4,063 to 5,087-5,124 m). The currently known dissemination of
Galatheanthemidae is shown in Fig. 27. The new data allow us to hypothesize that the family formation
center was confined to the Antarctic water abyssal, from which these Actinaria resettled into many deep-
sea trenches. It is still not understood why the Galatheanthemidae in all the regions, except for the
Antarctic, are confined only to depths over 6 km. Unfortunately, all the data on the Galatheanthemidae,
except for the Galathea and Eltanin collections, have not yet been processed, and it is not known if they
are endemic species in various separated trenches.

There is about a 70% rate of incidence of various Actinaria at depths over 6,000 m (the stations for
which group animal data composition are known in trawling catches were taken into account), and their
population role at depths over 10 km exceeds 20% of all benthic invertebrates that are represented in the
trawling catches obtained from these depths (see Fig. 55).
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Puc. 26. Pa3Hble akTHHHH, cpoTOrpadHpoBaHHble Ha NHe XeNoGoB

a — Hoso-T'e6punckuit, okono 6770 M, BbicoTa 6e3 mynaneu 8 cM; 6 — HoBo-Bpurtanckuii, 7 km; 6 — Ia-
nareaHtremuabl, ByreuBunsckuit xe106, oxono 8 km [no: Lemche et al., 1976]

pacnpocTpaHeHHe 6bU10 TpYAHO OGBACHMTH, H OHO OCTaBANOCH 3arafIkOd BIUIOTH HO NYGIH-
Kauud B 1983 r. JaHHBIX O MHOTrOYHCIEHHBIX HAXOXOEHHAX rajlaTeaHTeMK/L BO BpeMs CeMH
sKcnemMuMit cygHa “UntenuH” B aHTapkTHYeckHx Bogax [Dunn, 1983]. Kak noxasanu atH
9KCNEeJHUHHM, TAUTaTeaHTeMHbI, OTHOCALMECA K TOMY € BHAY, YTO M OIHCAaHHBbIE M3 XKeNo-
6a Kepmapmex (G. profundale), pacnpocTpaHeHbl NpaKTHYECKH LHMPKYMaHTapKTHYECKH Ha
rnyfuHax ot 4 go 5 kM (Gonee 200 3K3. HailAeHbI HA 16 CTAHUMAX MPH TPUTEHUAX HA IITY-
6uHax ot 3947-4063 mo 5087—5124 M). HU3BecTHoe Tenmepb pacHpoOCTpaHeHHe raaTeaHTe-
MHJ NoKa3aHo Ha puc. 27. HoBbie gaHHble NMO3BONAIOT NPEONIONAraTh, YTo LEHTp GopMHpO-
BaHUA ceMeficTBa GbUT MpHYpOueH K aGHCCATH AHTAPKTHYECKHX BOJ, OTKYHa H MPOH3OLIIO
paccelleHHe 3THX aKTHHMA M 3ace/leHMe MMM MHOTHX IyGOKOBOOHBIX XenoGos. Octaerca
BCe K€ HEMOHATHbIM, MOYeMYy rajaTeaHTeMHIbl BO BCEX padOHaX, KpoMe AHTapKTHKM, NpH-
ypoueHbI TOJIBKO K InyGuxamu Gonee 6 kM. K coxaneHuio, Bce MaTepHaibl MO ranareaHte-
MHZaM, kpoMe c6opo “Taraten” u "WnTeHHHa”, OCTAalTCA OO CHX NOp He 06pabGoTaHHBIMH
H He H3BECTHO, MpPEJCTABJIEHBI JTH OHM B Pa3HbIX Pa3o6LIEHHBIX XKeno6ax 3HAeMUYHBIMH BH-
AaMH,

YacroTa BCTpeyaeMOCTH pa3fIHYHbIX aKTHHHH Ha rnyGHHax Gonee 6000 M (yuTeHbI CTaH-
UMM, JJIA KOTOPbIX H3BECTHBI JaHHbIe N0 IPYNINOBOMY COCTAaBY XMBOTHBIX B TPATOBLIX YIIO-
Bax) cocTaBnser okono 70%, a ©X ponb MO YHCIIEHHOCTH Ha rny6xHax Gonee 10 KM mpeBbI-
maeT 20% Bcex AOHHBIX Be3MO3BOHOYHBIX, MPEACTABIEHHBIX B MONYYEHHBIX C ITHX TITyGHH
TpPaIOBBIX yoBax (cM, pHc. 55).
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Figure 27. Dissemination of Actinaria of the Family Galatheanthemidae

Key:
1. at depths 4,000-6,000 m; 2. from 6,000 to 10,700 m; 3. findings in Scotia Sea at depth 5,650-6,070 m; 4-6. regions of repeated findings
below 6,000 m in trenches: 4--Kuril-Kamchatka and Japan (12 stations), 5. Philippine (6 stations), 6. Kermadec (5 stations)
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Puc. 27. PacnipocTpateHte akTHHHHA cemMeitcTa Galatheanthemidae

1 — na ryGunax 4000—6000 M; 2 — ot 6000 no 10700 M; 3 — HAXOXKIEHHE B mope CxoTus Ha rnyGuHe S650—6070 M; 4—6 — pPailOHbI HEOMHOKPATHLIX HAXOXIE-
HHit IyGxe 6000 M B xenobax: 4 — Kypuno-Kamuarckom u Anonckom (12 crammnit) , 5 — Owinmmunckom (6 cranmmit) , 6 — Kepmanex (5 cramumii)
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PLATHELMINTHES
TURBELLARIA

Turbellaria from the order Polyclada were found twice in the Kuril-Kamchatka trench during a
detailed examination in 1966. One specimen was taken during trawling at depth 7,265-7,295 m, and the
second was found in a catch at depth 9,170-9,335 m, but it is not excluded that this was a pelagic form
that fell into the trawl net at a shallower depth. Additionally, Turbellaria were found in several catches
from the research vessel Anton Bruun in the Peru trench from depths 6,000-6,354 m with a small-mesh
(500 um mesh) trawl net by Menzies [Menzies, Chin, 1966]. Based on these data, in order to find
Turbellaria it is necessary to use special collection methods, since catches by standard trawl lines
apparently destroy these animals with an extremely fragile structure. This is confirmed by the data from
the only sample taken by the box corer 0.25 m? in the Aleutian trench from depth 7,298 m [Jumars,
Hessler, 1976]. In this sample made of 518 specimens of meiobenthos animals, there where 37 specimens
of Turbellaria, which converts to 148 specimens/m?.

NEMATHELMINTHES
GASTROTRICHA

Based on preliminary data, Gastrotricha are apparently represented in collections from depths
6,000-6,354 m taken in the Peru trench by a small-mesh trawl net [Menzies, Chin, 1966].

NEMATODA

Until the mid-1950's, free-living Nematoda were not known from depths over 4,570 m [Wieser,
1956]. But during an examination of deep-sea trenches they were encountered at all depths, even up to
depth 10,415-10,687 in the Tonga trench [Beliaev et al., 1960]. Below 6,000 m they were found at more
than 60 stations in 18 trenches of all three oceans [Wolff, 1960; Menzies, Chin, 1966; Menzies et al.,
1959; Pasternak, 1968; Vinogradova, 1974; Vinogradova et al., 1974, 1978; Beliaev, Mimov, 1977a].

During special collections of microbenthos by the Meteor expedition in the Indian Ocean, the
larger Nematoda averaged 84% of the spemmens at the abyssal depths. Their population at these depths
fluctuated from 57 to 199 specimens per 25 cm” of the bottom surface [Thlel 1966], which in conversion
for 1 m? yields enormous levels on the order of 20,000-80,000 specimens/m?. The use of the same
collection methods to process six bottom grab samples obtained by Meteor in the Iberian trough of the
Atlantic Ocean at depths from 5,270 to 5,340 m yielded even more amazing results. Nematoda here
compnsed 95% of the entire meiobenthos, and their population fluctuated from 390 to 696 specimens per
25 cm? [Thiel, 1972], which in conversion yields from 156,000 to 278,000 spemmens/m These data
permitted the hypothesis that even below 6 km there could be numerous Nematoda and they could
comprise one of the characteristic fauna features of the meio- and microbenthos. This was confirmed by
the data from the aforementioned box corer sample in the Aleutian trench from depth 7, 298 m [Jumars,
Hessler, 1976]. There were 194 Nematoda specimens in this sample (776 spec1mens/m or 36% of the
total number of meiobenthic animals).

Only collections from the research vessel Anton Bruun from the Peru trench have already been
taxonomically classified and four new species have been described [Timm, 1970] of the order
Desmoscolecida: Desmoscolex bathybius, st. 98, 5,989-6,052 m; D. gladisetosus, st. 113, 5,986-6,134 m;
D. volifer, st. 191, 6,313 m; Quadricoma desmoscoleocoides, st. 193, 6,073-6,281 m. Of these species,
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only the first was not found at shallower depths. The other three had been found in the area of this trench
and at depths between 3,086 and 5,047 m [Timm, 1970].
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CEPHALORYNCHA
PRIAPULOIDEA

Only one species of Priapuloidea, Priapulus tuberculatospinosus abyssorum, is known from depths
over 6 km. This Priapulus was initially [Menzies, 1959] described as an independent species of P.
abyssorum based on a single specimen from the eastern Pacific Ocean near the coast of Central America
from depth 5,690 m. Subsequently [Murina, Starobogatov, 1961] the status of this species was reduced to
a subspecies level within the species P. tuberculatospinosu Baird, P. t. abyssorum Menzies. In contrast to
the other two subspecies in this species that are known only from low depths (P. t. tuberculatospinosus, a
circum-Antarctic subspecies widespread at depths up to 625 m, and P. t. japonicus Mur.et Starob., the
only finding in the Sea of Japan at depth 130 m), P. t. abyssorum is widespread at depths over 3,000 m in
the Pacific Ocean, and is also known from the eastern Indian Ocean. This subspecies has now been
found in Vityaz collections from the Aleutian trench (st. 6,085 and 6,140--6,960-7,000 m), Kuril-
Kamchatka (st. 2208 and 5616--7210-8015 m), Japan (st. 3227, 3571 and 6151--7190-7587 m), Yavan (st.
5168--6433-6475 m), as well as in collections of the research vessel Anton Bruun from the Peru trench
from depth 6,229 m and research vessel Dmitriy Mendeleyev from the Hjort trench (st. 1306--6,100-6,210
m) [Murina, Starobogatov, 1961; Beliaev, 1966b, 1972; Frankenburg, Menzies, 1968; Murina, 1969,
1971, 1978b].

The overall vertical habitat range of P. t. abyssorum is from 3,013 to 8,015 m. In almost all cases
of finding this subspecies there were only single specimens.

NEMERTINI

Individual Nemertini (usually only fragments) have been found below 6,000 m at seven stations in
the Kuril-Kamchatka, Aleutian and Peru trenches, and in the northeast Pacific Ocean trough, the South
Sandwich trench, and the Scotia Sea in the Atlantic at depths to 7,230 m by Vityaz and Akademik
Kurchatov expeditions [Beliaev, 1966b, 1972; Vinogradova et al., 1974].

ANNELIDES
POLYCHAETA

In the deep-sea trenches, as in the ocean abyssals, Polychaeta are one of the most customary and
abundant groups of benthic invertebrates that are characterized by great species diversity. Polychaeta
occupy first place in frequency of encounter among all benthic invertebrates, about 90% both in the
trawling and bottom grab samples. They are inferior in population and biomass on the average for the
entire ultra-abyssal zone only to the Holothurioidea and Bivalvia. They also occupy one of the first places
in the trench benthic fauna in the number of species.

Polychaeta have been found below 6,000 m in all the studied trenches and troughs, except for the
Zeleniy Mys trough from which only one not very representative sample was obtained. The greatest
depths of finding Polychaeta are from 10,160 to 10.730 m in the Philippine, Mariana and Tonga trenches
(several species of the family Polynoidae and Poecilochaetus vitjazi from the Disomidae family).

Polychaeta have been processed by now from most of the collections from the Soviet expeditions
on the vessels Vityaz, Akademik Kurchatov and Dmitriy Mendeleyev [Uschakov, 1952-1982; Levenstein,
1961-1983; Levenstein, 1971, 1977, 1984; Kucheruk, 1977-1981; Detinova, 1982; Safronova, 1984], data
of the Galathea expedition [Kirkegaard, 1956] and some of the collections of other foreign expeditions
[Eliason, 1951;
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Hartman, 1967a, b; Jumars, 1974; Fauchald, 1977; Shin, 1984]. Pettibone [1976] also reviewed deep-sea
representatives of the Polynoidae family (formerly the Macellicephalinae s. lato sub-family) with re-study
of the materials collected by a number of expeditions in deep-sea trenches. As a result of this review,
Pettibone isolated several new subfamilies and genera, including subfamilies Macellicephaloidinae and
Bathyedithinae endemic for the ultra-abyssal and 4 endemic genera Bathykermadeca, Bathykurila,
Bathyedithia, and Bathylevensteinia.

Numerous findings of Polychaeta have also been noted in five trenches of the western Pacific
Ocean in which a large number of underwater photographs were taken from depths from 6,758 to 8,930 m
[Lemche et al., 1976].

The composition of Polychaeta dwelling at depth over 6,000 m is extremely variegated (Appendix
II, Table 5). At these depths, representatives have been found of 7 orders, 26 families and 50 genera. Of
the 75 species (one with two subspecies) for which there are species analyses', 30 species (40%) are
endemic to depths over 6,000 m (of them, 14 species are known by a single finding and 16 by several
findings). Additionally, many species have been defined only to the genus or to the family (not precisely
defined because of the fragmented nature or poor preservation of the material; preliminary analyses
requiring refinement; forms known only from underwater photographs), 26 such analyses are known for
85 samples from various trenches and different depths.

The endemic genera are 7 out of 50, i.e., endemism at the generic level is 14%. Insofar as the
species affiliation has only been defined for some of the collected Polychaeta, while collections from
some expeditions have not been processed at all, one can hypothesize that the total number of Polychaeta
species dwelling below 6,000 m should be no less than 150-200.

Of all the Polychaeta for the trench depths, the most characteristic representatives are the
Polynoidae family belonging to the group that was previously combined into the Macellicephalinae
subfamily. Of the number of Polychaeta for which there are species analyses, this family includes 20
species (28%), of them 17 (85%) are endemic for depths over 6,000 m; these 20 species belong to 9
genera, of which 6 are endemic to the ultra-abyssal. Of all the other ultra-abyssal Polychaeta, over 5
species do not belong to any of the families, and of the 40 genera, only 1 (Vityazia from the
Phyllodocidae family) are endemic to the ultra-abyssal. Both endemic ultra-abyssal subfamilies belong to
the Polynoidae family.

Based on the underwater photographic data, Lemche et al. [1976] calculated that the abundance of
two Polynoidae representatlves on the floor of the New Hebrides trench at depth 6,758-6,776 m averages
1 specimen each for 100 m? of bottom. Up to 4 specimens of Polynoidae were sometimes visible on one
photograph. In 5 trenches where photographs were taken, Polynoidae were detected on many
photographs at 6 of 7 stations (depths 6,758-8,930 m). It is important that in a number of cases the
photographs showed Polynoidae not only on the bottom, but also floating near the floor. This capability
to float was detected in Polychaeta of this family for the first time and was noted for at least three species
[Lemche et al., 1976].

According to the nature of the vertical distribution (Fig. 28), among the species found below 6,000
m, the most eurybathic species known from the sublittoral to the ultra-abyssal play a major role based on
the available data; these species comprise 26% of all the ultra-abyssal Polychaeta species. Abyssal-ultra-
abyssal species that do not rise above 3,000 m comprise 21%. It is very curious that the species which are
intermediate between the two known groups from the bathyal (500-3,000 m) to the ultra-abyssal comprise
only 10% of all the species dwelling below 6,000 m, i.e., 2.5 times less than the number of species noted
in a still broader range of depths. This species ratio with a varying degree of eurybathic nature forces us
to hypothesize that many

! In several cases the analyses are questioned by their authors; it is most likely that these doubted analyses refer to new species.

90



Page 66

Figure 28. Vertical Dissemination of Polychaeta Known from Depths over
6 km (A) and Change with Depth (B) of the Number of Species (1) and
Percentage of Endemic Species (2). Ordinate: depth, km.

species, that per the available analyses, are classified as sublittoral-ultra-abyssal species are defined
erroneously. It is possible that the representatives of such species that were found in the deep-sea
trenches penetrated into the ultra-abyssal comparatively recently and that their evolution under the new
conditions has not yet proceeded so far as for fairly distinct morphological signs to appear so as to
distinguish them from representatives of the shoal populations. In any case, from general biological
positions it is extremely difficult to assume that populations separated 6 km and more in depth could be
classified as the same species. Lengthy experience of working with hadal fauna under field conditions
indicates that live and viable representatives of different animal groups can rise to the surface from a
depth over 1,500-2,000 m. Apparently, in this case under discussion either we are not catching the
morphological differences existing between representatives of populations from different depths, or we
are dealing with so-called biological species where the differences between them are expressed on
physiological and biochemical levels.

As is apparent from Fig. 28, as the depth increases within the ultra-abyssal zone, the number of
Polychaeta species diminishes drastically, in a depth range from 6 to 7 km there are 51 known species,
and over 10 km there are now only 3 known species. Additionally, of the 90 locations in which
Polychaeta were found, 39 locations have been defined only to the genus or to the family (27 taxons of

these ranks) belonging to the depth interval from 6 to 7 km, 22 from 7 to 8, 17 from 8 to 9, 8 from 9 to 10
and only 4 to depths over 10 km. In addition, the percentage of ultra-abyssal endemics rises as the depth

increases: in the level 6-7 km there are only 22% endemics, while below 10 km there are 100%.

Pelagic Polychaeta have been found in the Kuril-Kamchatka trench all the way to depths over
7,000 m. In the 7,000-8,700 m range their biomass is 6.5% of the total biomass of mesoplankton
[Vinogradov, 1968, 1970a].
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Puc. 28, BeprukanbHoe pacnpoctpaHenue Polychaeta, H3BecTHBIX ¢ rnyGuH Gonee 6 kM (A), H H3MeHe-
HHe c rnyGuHo#t (5) uucna BupoB (/) 1 npoueHTa 3HgeMHKoB (2) . OpomHaTa — rnyGHHA, KM

THEe U3 BHJIOB, OTHOCAIUMXCA, COrIaCHO HMEIWMMCSA ONpeaeIeHMAM, K CyG/IHTO paJIbHO-yIIbT-
paabuccaTbHBIM BHOAM, ONpeferneHbl OMGOuHO. BO3MOXHO, YTO HaiifieHHble B Iy GOKO-
BOJHBIX est06ax NpeACcTaBHUTENTH TAKUX BHAOB MPOHHKIIH B YNbTPaabGHCCallh CPABHHTENILHO
HEeJaBHO U HMX 3BOJIIOLMA B HOBBIX YCIOBHAX €llle He 3alUIa HacTOIBKO AaleKo, YTo6bl mos-
BWIHCh JIOCTaTOYHO YeTKHE MOD(OIOrHYeckHe NMPH3HAKH, OTIIMYAIOUIME HX OT NpeACTaBUTe-
ne# MeNKOBOAHBIX Monynsuuid. Bo BcAkoM ciyuae, ¢ 06e6HONMOTHYECKHX NMO3HUKA Ypes-
BBIYAifHO TPYAHO OOMYCTHTb, YTOGBI MOMYIAUMM, pasfiefieHHble 6 KM H 6onee 1o riyGuHe,
MOITIH OTHOCHTBCA K OJHOMY H TOMY ke BUAY. JTHTeNIbHbIH ONBIT paGoThI ¢ riTy6OKOBOIHOM
¢ayHoi#t B NOneBBIX YCIIOBHAX NMOKa3bIBaET, YTO XHMBBIX H HHM3HECNOCOOHBIX TIpeiCTaBHTENEH
Pa3HbIX IpYTIN »MBOTHBIX YAaeTCA NMOAHMMATb Ha MOBEPXHOCTH C INTYGHHBI He Gonee 1500—
2000 M. ITo-BumuMOMy, MbI B OGCY>XAaeMOM cliyyae JTHGO He YIaBIHBaeM CyLIeCTBYIOIIHX
MeX Ly NpefCTaBUTENAMM NOMYIAUMA C pasHbIX IIyGHH MOPGOIOTHYECKHX paNTHyHit, THE0
HMeeM [eno C TaK Ha3b[BaeMbIMM GHOJIOTHYECKHMH BHAAMH, Pa3lIMUMA MOy KOTOPBIMH
NOKa BBIPaXKeHbI Ha (PH3HOIOrHYEeCKOM H GHO XMMHYECKOM yYPOBHSAX.

Kak BupgHo u3 puc. 28, no Mepe yBenHueHHs IyGHHBI B Npefenax ynbTpaaGUCCaTbHOR
30HBI YHCIO BHJOB IOJIHXET PE3KO YMEHbIUAeTCA — M3 AMana3’oHa riny6uH oT 6 o 7 KM H3-
BecTeH 51 BHA, a ¢ rny6un Gomee 10 kM moka u3BecHsl nuum 3 Bupa. Kpome toro, u3 90
MECTOHaXOXXOEHHH, B KOTODbIX HaieHbI MOJIHXEThI, ONpeAesIeHHbIe TOJILKO [0 pOja HWIH OO
ceMeiicTBa (27 TaKCOHOB 3THX PaHroB), 39 MeCTOHaXOXOeHHH OTHOCHTCA K WHIEPBAY INy-
6uH 0T 6 00 7 kM, 22 — o1 7m0 8,17 — o018 p0 9, 8 — 019 mo 10 ¥ nub 4 — K rTyGHHAM
Gonee 10 kM. Hapsagy ¢ 3THM NpOLEHT 3HAEMHKOB YNbTpaaGHCCaH MO Mepe YBETHYEHHS
rnyOHHBI BO3pacTaeT: B FOpH30HTe 6—7 KM 3HOEMHMKH COCTAaBJIANT nHIb 22%, a riy6xe
10 kM — 100%. '

Ilenaruyeckue monuxersl BcTpeueHnl B Kypwio-Kamuarckom xenoGe BIUTOTH [0 INMyGHH
6onee 7000 m. B ropusonre 7000—-8700 M ux 6Momacca cocraBnsana 6,5% ot obuueit 6uo-
Macchl Me30IUIaHKTOHAa [BuHorpapos, 1968, 1970a].

OJIUIT'OXETbl — OLIGOCHAETA

IpencTaBHTENHM KiIacca OJIMIOXET, MepeluefiiHe BTOPHYHO K XM3HH B MOpe, IO HeJaBHe-
ro BpeMeHHM He GbUIM H3BeCTHBI ¢ Gonpumx rny6uH. Ho B koHue 60-x rofioB MpeacTaBHTENH
cemerictBa Tubificidae BnepBble GbUIM HalOeHBI B CeBepO-3aNafHON YacTH AHTaHTHYECKOIO
okeaHa Ha rny6uHax go 4850 M [Cook, 1969, 1970]. B pmanpHeMHIIeM OTHIOXEThl 3TOTO JKe
cemeicTBa GbUIM HalOeHBI H B JIPYTHX paiioHax MHpOBOro oxeaHa, B TOM YHCIIE K CeBepy OT
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OLIGOCHAETA

Representatives of the Oligochaeta class that made a secondary transition to life in the sea were
not known at great depths until recently. But at the end of the 1960's representatives of the Tubificidae
family were found for the first time in the northwestern part of the Atlantic Ocean at depths up to 4,850 m
[Cook, 1969, 1970]. Oligochaeta of the same family were then found in other regions of the World
Ocean, including to the north of
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the Hawaiian Islands where single specimens were found in five samples taken by box corer by the
American research vessel Argo at depths from 5,600 to 5,700 m [Hessler, Jumars, 1974]. Then the
deepest sea of the currently known Oligochaeta species was described, Bathydrillus hadalis Erseus, 4
specimens from a bottom grab sample obtained by the research vessel Thomas Washington in the
Aleutian trench from a depth of 7,298 m [Erseus, 1979].

ECHIURA

Echiura representatives have been found below 6,000 m in 17 trenches at all depths all the way to
10,150-10,210 m in the Philippine trench. They are known at these depths from over 60 findings
(Appendix II, Table 6). The frequency of finding Echiura in trawling catches from depths over 6,000 m is
about 35%. Most of the collections of Vityaz, Akademik Kurchatov and Galathea have already been
processed [Zenkevitch, 1958, 1964; Zenkevitch, 1966; Zenvitch, 1966; Zenkevitch, Murina, 1976,
Murina, 1976, 1978a; Datta Gupta, 1977]. All the Echiura dwelling below 6 km belong to one family,
Bonelliidae. Representatives of no less than 10 genera, and apparently, no less than 14 species have been
found in the deep-sea trenches.

Several species that were initially considered to be endemic for the ultra-abyssal zone were
subsequently found at shallower depths. There are now only 4 known endemic species of the 13 for
which there are species definitions. Five of the species, except for depths over 6 km, are known also from
the abyssal depths (below 3,800 m), three have been found at bathyal depths (520-2,900 m). Yet another
species found in the Ryukyu and Palau trenches at depths 7,440-8,035 m have been classified [Murina,
1978a] as the widespread Arctic-Antarctic sublittoral-bathyal species Hamingia artcitca that is known
starting from depth 65 m. It is likely that in this case Echiura from the deep-sea trenches belong to a
special biological species whose morphological differences from the shoal species have not yet been
detected. None of the Echiura genera penetrating from deeper than 6,000 m are endemic for these depths.

Despite the comparatively low percentage of endemic species, the Echiura comprise a very
characteristic element of the ultra-abyssal fauna, including the fauna of the greatest depths (no less than
five species penetrate below 9 km). It is characteristic that in this group which is small in the number of
species (based on the data of A. Kaestner, by the end of the 1960's there was a total of 150 known species
of Echiura [Kaestner, 1969]) almost 10% of the species had populated depths over 6,000 m.

Interesting Echiura that belong to a new genus and species described by Datta Gupta [1977],
Kurchatovus tridentatus, were found by the expedition on the Akademik Kurchatov. They were found in
the Puerto Rico trench in a wood fragment raised from depth 5,890-6,000 m (st. 1187), in the Cayman
trench at depth 6,740-6,780 m among the Thalassia sea grass rhizome (st. 1267) and in the Yucatan trough
in a coconut shell raised from depth 4,580 m (st. 1272). T. Wolff [1976b, 1979], a participant of this
expedition, judging by the contents of the intestines of these worms, indicated that they feed on the
vegetation among which they live.

ARTHROPODA
TARDIGRADA

For a long time only very few Tardigrada were known from the seas, where they were only found
at shallow depths (up to 385 m). But in special microbenthos collections made by the Meteor expedition
in the western Indian Ocean, Tardigrada, although only a few, were found in the abyssal in several
samples from depths up to 4,690 m [Thiel, 1966]. In 1969, the only miniature Tardigrada specimen
(which unfortunately was subsequently lost) was found in
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a bottom grab sample obtained by Vityaz in the Aleutian trench from depth 6,520 m. A more accurate
taxonomic affiliation of this Tardigrada has not been established. It is known that representatives of this
group are distinguished by extreme eurybiontic nature and the ability to survive in a condition of
anabiosis under the most unfavorable conditions. It can therefore be hypothesized that the Tardigrada
could also adapt to dwelling at ultra-abyssal depths where they may be found in the future.

CRUSTACEA

Of the shallower Crustacea below 6,000 m representatives have been found of the order
Copepoda, Cirripedia and Ostracoda. Of the higher, representatives have been found of Mysidacea,
Cumacea, Tanaidacea, Isopoda, Amphipoda and Decapoda Natantia.

COPEPODA

At depths over 6,000 m both pelagic Copepoda, Calanoida (Appendix II, Table 7) and benthic,
Harpacticoida are represented.

Data on the ultra-abyssal Calanoida are known from the Vityaz Kuril-Kamchatka trench
collections. K. A. Brodskiy [1955] in a sample first obtained in 1953 by a closing plankton net during a
catch from level 8,500 to 6,000 m defined 20 taxons of the species rank belonging to 17 genera and 10
families. Two genera, Zenkevitchiella and Parascaphocalanus, were new. But subsequently another two
species of the first of these genera were described from the Atlantic and Indian Oceans from shallower
depths [Grice, Hulsemann, 1965, 1967]. Of the 20 species and forms, 10 were described by Brodskiy as
new, and regarding another five that had insufficient data, they could not be classified to any of the known
species. Further, of the 10 new species, 3 were also encountered at low depths: Batheuchaeta gurjanovae
and Lucicutia ushakovi in the area of the same trench [Gentner, 1971, 1973, 1986; Markhaseva, 1986a],
and Scaphocalanus bogorovi in the Atlantic and Indian Oceans [Grice, Hulsemann, 1965, 1967].
However, the 12 species (or forms) found by Brodskiy in the discussed sample have not yet been found in
other places, and it is not excluded that they are endemic for the ultra-abyssal depths of the Kuril-
Kamchatka trench. It is quite characteristic that precisely some of these species have been found in
massive amounts in a sample: 64 specimens of Spinocalanus similis profundalis, 97 specimens of
Parascaphocalanus zenkevitchi, and 37 specimens of Metridia similis abyssalis. There were only single
specimens in the sample of the other species.

In collections of subsequent years from the Kuril-Kamchatka trench during catches covering
depths over 6,000 m (but not limited only to these depths, see Table 7) another 11 new species were
described [Gentner, 1971, 1986; Markhaseva, 1981, 1986a, b; Vyshkvartseva, 1987], but only for three of
thlcm can it be hypothesized that their vertical dissemination range does not cover depths less than 6,000
m.

Of the 32 species, or forms, found in the Kuril-Kamchatka trench, thus 15 (47%) are apparently
not present at depths less than 6,000 m. Ten species are known from even lower depths, but do not rise
above the abyssal 93-4 km) and have a local geographical

! When this book was at press, a description was published [Vyshkvartseva, 1989] of a specimen of the family Scolecithricidae
belonging to a new genus and species, Puchinata obtusa. The only adult specimen was found in a sample obtained by a closing
plantkon net in the Kuril-Kamchatka trench at level 8,000-6,500 m (Vityaz, st. 5628). Vyshkvartseva classified as this same
species the previously described specimen [Brodskiy, 1955], that had only been defined as the fourth Copepoda stage caught in
the same trench at level 8,500-6,000 m (Vityaz, st. 2218), see Appendix II, Table 7. This Crustacean that is known from two
findings may be considered as belonging to ultra-abyssal endemics on a generic level.
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dissemination only in the northwest Pacific Ocean (only one of these species, Lucicutia curvifurcata has
also been encountered in the Bougainville trench). The other 6 forms defined to the species level belong
to eurybathic and for the most part widespread species.

Deep-sea benthic representatives of Copepoda that belong to the suborder Harpacticoida are so
small that in order to obtain fairly representative samples of these Crustaceans it was necessary to use
special methods of collecting benthic sediment and then process them. Thus, for example, the use of a
special meiobenthos collection technique allowed H. Thiel [1966] to find numerous Harpaticoida in the
thin surface layer of soil brought up by the bottom grab in all the samples obtained at abyssal depths
(3,000-5,000 m) in the Indian Ocean by the Meteor expedition. In conversion for unit of bottom area,
their population fluctuated from 400 to 11,600 specimens/mz. In the sample taken by the box corer in the
Aleutian trench from depth 7,298 m there were 83 specimens of Harpaticoida (mainly in the surface three-
centimeter soil layer) [Jumars, Hessler, 1976] which in conversion yields 332 specimens/mz.

Of the Harpacticoida found below 6,000 m, a precise species affiliation has been established only
for one (Vityaz, st. 3471, 6071 m) that belonged to a new genus and species from the family Cerviniidae,
Herdmaniopsis abyssicola Brotzkaja as described by V. A. Brotzkaja in her posthumously published work
[1963]. This same publication describes three new species of the genus Cervinia (C. brevipes, C.
tenuicauda and C. tenuiseta) that were found in one sample obtained from depth about 5,700 m somewhat
to the east of the northern Izu-Bonin trench. Judging by the depth of their location, it is quite likely that
these species dwell even below 6 km. Based on one specimen, another two species were found in the
Yavan and Mariana trenches [Beliaev, Vinogradova, 1961a; Beliaev, Mironov, 1977a]. In the Yavan
trench (Vityaz, st. 4535, 6841 m) Crustacea were caught that per the analysis of V. A. Brotzkaja, belong
to a new genus and species from the family Gletodidae, and in the Mariana trench (Vityaz, st. 7360,
6,580-6,650 m) a new species of the genus Bradya from the family Ectinosomatidae (analysis of L. L.
Chislenko).

In addition to the already mentioned, there were Harpacticoida that were not precisely defined (for
the most part single specimens) and were caught below 6 km in the Aleutian, Tonga, Kermadec, Peru,
Yavan and Romanche trenches [Beliaev et al., 1960; Menzies, Chin, 1966; Pasternak, 1968; Jumars,
Hessler, 1976]. The deepest sea findings were in the Kermadec trenches at depths about 9 and 10 km
(Vityaz, st. 3827 and 3831).

Cirripedia

Cirripedia are not characteristic for the ultra-abyssal depths, and with a single exception, are not
specific for these depths. They have been found in 16 trawl samples from depths 6 to 7 km in the Kuril-
Kamchatka, Japan, Izu-Bonin, Ryukyu, Kermadec, Peru trenches and in the northwest trough of the
Pacific Ocean, and only once was a juvenile specimen of the Acroscalpellinae family found in a sample
from the Philippine trench from depth 7,420-7,880 m. In the majority of cases, the Cirripedia were only
represented in samples as one or two specimens. All of the known Cirripedia from depths over 6 km
belong to the family Scalpellidae, of them 7 were defined to the species and another 3 to the genus or
subfamily. Only one of the 7 species, Meroscalpellum ultraabyssalis, has been known by a single finding
in the Ryukyu trench at depth 6,660-6,670 m. Two species that were only found slightly deeper than 6
km also dwell in the lower abyssal and have a narrow geographical dissemination. The other 4 species
are characterized by broad geographical dissemination and dwell in the range of depths from the bathyal
to over 6 km. The list of species is given in Appendix II, Table 8.
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Ostracoda

There are apparently very few Ostracoda in the deep-sea trenches, but they have not yet been
studied sufficiently. Both benthic and pelagic forms are known from depths over 6,000 m (Appendix II,
Table 9). From the benthic Ostracoda 7 species are known from Soviet expedition collections in five
trenches of the Pacific, Indian and Atlantic Oceans, but three of them have only been defined to the genus,
and another new species has not been described. One eurybathic species has also been described from the
Peru trench based on the research vessl Anton Bruun expedition collections and three undefined
specimens were found close by in the Aleutian trench (Thomas Washington, st. N-39). Of the five forms
defined to species, 3 species and 1 genus had not been found higher than depth 6 km, and 2 are classified
as eurybathic widespread species. The greatest depth from which benthic Ostracoda are known is 7,950-
8,100 m in the Puerto-Rico trench. The list of the already described deep-sea Ostracoda is given in the
work of G. Hartmann [1985].

Pelagic Ostracoda found below 6,000 m are only known from Vityaz collections and belong to six
species; of them, 2 species from the Kuril-Kamchatka trench are not been found at lower depths; 3 species
are also known from the abyssal depths and are encountered in several trenches of the western part of the
Pacific Ocean, and yet another widespread species is known, starting from depths 500-700 m.

Mysidacea

There are still few data about deep-sea benthic (more precisely, bottom-dwelling) Mysidacea. In
the list of benthic Mysidacea found in the Pacific Ocean at depths over 2,000 m published in 1969 only 5
species were indicated [Burshteyn, 1969b], including only one (Amyblyops magna) from the ultra-abyssal
Kuril-Kamchatka trench. In 1971 Bacesco [1971] from the Peru trench described a second species from a
depth slightly over 6,000 m, Mysimenzies hadalis. According to preliminary analyses of Yu. G.
Chindonova [1981 and unpublished data] benthic Mysidacea from depths over 6 km have been known by
now from 8 trenches of the Pacific Ocean (Aleutian, Japan, Volcano, Ryukyu, Yap, Palau and Banda, and
from the Antarctic Hjort trench), as well as from the South Sandwich trench. Yet another, apparently new
species was also found in the Kuril-Kamchatka trench (see Appendix II, Table 10). Ten new species were
found in these trenches. Their descriptions have not yet been published, however. The greatest depth of
finding Mysidacea is 8,560-8,720 m in the Yap trench. Of the 12 known species from depths over 6,000
m, only 3 species have also been found in the lower abyssal subzone (below 4,500 m), and the other 9
(75%) are endemic for depths over 6,000 m.

All the ultra-abyssal Mysidacea belong to 5 genera of the Mysidae family (Amblyops,
Birsteiniamysis, Mysimenzies, Michthyops and Paramblyops), and none of these genera are endemic for
the ultra-abyssal depths.

Crustacea apparently belonging to the order Mysidacea were also found near the bottom on more
than 40 underwater photographs taken at four stations in the Palau, New Britain, Bougainville and New
Hebrides trenches at depths from 6,758 to 8,662 m [Lemche et al., 1976].

As indicated by M. Ye. Vinogradov [1968, 1970a], the catch by closing plankton net from depth
7,000-6,000 m in the Kuril-Kamchatka trench caught the pelagic Mysidacea Boreomysis incisa Nouvel
that is also known at abyssal depths. Mysidacea of this same species were successfully caught several
times during open catches by a plankton net from depths over 6,000 m to the surface in the Japan, Izu-
Bonin and Ryukyu trenches. Additionally, based on a single specimen caught during a catch from 6,600
m to the surface in the Ryukyu trench, the species Dactylamlyops tenella Birst. et Tchind. was described
[Birstein, Tchindonova, 1958].
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J. M. Peres reports that when the bathyscaphe Archimede submerged in the Puerto Rico trench, he
observed Euphausiacea at depths between 6,100 and 6,450 m and 1 specimen below 6,600 m [Peres,
1965]. However, as indicated by Peres himself, as well as by a participant in one
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of the descents of this bathyscaphe, T. Wolff [1971], the rate of submersion (20-30 cm/sec or more) made
it very difficult to make an accurate determination of the plankton animals floating past the porthole. As
far as it is known, the greatest depth of catching Euphausiacea by closing plankton nets during repeated
operations in the Kuril-Kamchatka trench was 6,000-5,000 m [Vinogradov, 1970a]. It is therefore very
likely that the Crustaceans noted by Peres were not Euphausiacea, but Mysidacea [Vinogradov, 1968].

Cumacea

There are very few ultra-abyssal representatives of Cumacea known from depths to 8 km. They
have been caught at 18 stations in 8 trenches and the Northeast trough of the Pacific Ocean, as well as in
the Japan and South Sandwich trenches and the Scotia Sea. Only 2 new species have been described from
the genus Makrokylindrus from collections from the Yavan and Japan trenches by expeditions on
Galathea and Hakuho-Maru. Another 8 Cumacea representatives from the Vityaz collections were also
defined by N. B. Lomakina as new species, but they have not been described. It is important that of the 6
specimens, 4 species classified as different genera and families were found in one trawling catch from
depth 6,065 m in the Northeast trough of the Pacific Ocean (Vityaz, st. 4074). All the Cumacea that were
defined as species had not been known from depths below 6,000 m. There is not a known more accurate
taxonomic classification of Cumacea from the Soviet expedition or Vema collections. The list of
Cumacea findings below 6,000 m is given in Appendix II, Table 11.

Tanaidacea

The Tanaidacea order is known from depths over 6,000 m from the majority of studied trenches of
all three oceans (Appendix II, Table 12). They have been found at depths to 9 km. Collections from the
expedition on Galathea and most of the collections from the Soviet expeditions have already been
processed. The taxonomic composition of Tanaaidacea dwelling below 6,000 m is very diverse.
Currently, 53 species of 15 genera and 9 families have been defined. The richest representation is from
the family Leptognathiidae that includes 30 species of the 53 (57%), including 19 species of the genus
Leptognathia, i.e., over 1/3 of all the Tanaidacea species known from these depths.

Despite the broad dissemination of Tanaidacea in the deep-sea trenches, there is the impression
that they are distributed in the trenches very nonuniformly and sporadically. The frequency of encounter
of Tanaidacea below 6 km in trawling catches (based on Soviet expedition and Galathea expedition
collections) is somewhat less than 30%, and in the bottom grab samples, about 40%. There were 8
species (11 specimens) represented iin one trawling catch from the Northeast trough of the Pacific Ocean
(Vityaz, st. 4074). In two catches from the Izu-Bonin trench obtained in the 57th trip of Vityaz from
similar depths 6,770-6,850 and 6,770-6,890 m (st. 7404 and 7407), in the first there were 6 species (11
specimens) of Tanaidacea, and in the second, 5 species (56 specimens), while in the 4 catches from the
same trench from depths between 7,300 and 8,900 m there were none.. In the bottom grab sample from
the Aleutian trench from depth 6,520 m (Vityaz, st. 6139) there were 5 specimens of Tanaidacea of three
species [Kudinova-Pasternak, 1973], and in the bottom grab sample from this same trench from depth
7,298 mm there were even more, 18 specimens or 72 specimens/m2 [Jumars, Hessler, 1976].

Figure 29 shows the vertical dissemination of ultra-abyssal Tanaidacea. Based on the available
data, the endemism of ultra-abyssal Tanaidacea averages 40%, but as is apparent from Fig. 29, B, it
increases uniformly with depth from 16% in the level 6-6.5 km to 75% in the level 8-8.5 km; apparently,
the only species found at depth about 9 km (Leptognathia longiremis?) is endemic for this depth.
Attention is drawn to the high percentage of eurybathic species that are found
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Figure 29. Vertical Distribution of Tanaidacea Known from Depths over 6 km (A)
and Change with Depth in the Number of Species (1) and Endemic Percentage (2) (B)

in the depth range from sub-littoral or bathyal to ultra-abyssal (see Fig. 29, A). However, this vertical
distribution is highly doubtful. At least one and a half of the dozen species known from depths over 6,000
m depths in the Pacific Ocean trenches have been determined by R. K. Kudinova-Pasternak as belonging
to species that were already previously known from depths of the sub-littoral or bathyal in the Atlantic
Ocean (most often in its northern part), while in the Pacific Ocean they are not encountered at all above
6,000 m or do not rise above the abyssal depths. It is extremely doubtful that with these hiatuses both in
vertical and geographical dissemination, the Pacific Ocean and Atlantic forms could belong to the same
species. It is difficult to allow that genetic differences did not emerge among such diverse and
reprodutively isolated populations during their lengthy existence. Most likely, we are dealing here with
twin-species, that as defined by E. Mayr are "morphologically similar or identical, but reproductively
isolated populations" [Mayr, 1968, p. 42]. If we are dealing with different species in the discussed cases,
then the number of so many eurybathic "species"” is reduced approximately from 40 to 10%, and the
number of abyssal-ultra-abyssal species rises from 20 to 50% with 40% endemics.

Based on the data of other authors [Wolff, 1965b; Lang, 1968], the range of vertical dissemination
of the majority of deep-sea Tanaidacea does not exceed 2 km, and their geographical dissemination is
limited only to one ocean or a more narrow region.

Tanaidacea genera endemic for the ultra-abyssal regions are not known. The genus Herpotanais
Wolff, whose only species H. kirkegaardi was described from the Kermadec trench from depth about 7
km [Wolff, 1956b]), was considered for a long time to be endemic to this trench. But in 1973, a second
species of this genus, H. birsteini [Kudinova-Pasternak, 1973a] was described form the northwest Pacific
Ocean from depth 4,954 m.. The monotypic genus Arthrura Kud.-Past is only known in the depth range
from 4,000 to 6,065 m.

An interesting finding was made in two trawling catches from the Philippine trench from depths
6,290 to 7,880 m of 77 specimens endemic for this trench of the species Gigantapseudes adactylus (Fig.
30) isolated into individual genera and the family Gigantapseudidae [Kudinova-Pasternak, 1978]. The
body length of this species reaches 37 mm and is 1.5 times longer than the length of the previously largest
known representatives of this order. However, even larger representatives of this genus, G. maximus
(Iength to 75 mm!) were described from depths 5,460 to 5,567 m from five locations
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Puc. 29. Beptukanstoe pacnpocrpadedne Tanaidacea, u3Becrtbix ¢ rny6uH Gonee 6 kM (4), H H3MeHe-
HHe ¢ rnyGuHo#t uucna ugoB (/) u npoueHTa 3HeAeMUKOB (2) (5)

ci B [Mamna3oHe IimyGuH OT CyGnuropanu unu Garvanu fo ynbTpaabuccamu (cM. puc. 29,4).
OpHAaKoO TaKOe BePTHKaIbHOE PaclpOCTpaHeHHe BbI3bIBaeT Cepbe3Hble COMHeHHUA. 1o K paiiHei
Mepe MOJITOpa AeCATKa BHAOB, H3BECTHBIX ¢ Iy6uH Gonee 6000 M B sxkenobax Tuxoro okeaxa,
onpepeneHsl P.K. Kynunosoii-TlactepHak kak OTHOcAIMeC K BHOAM, KOTOpble yxe GbUTH
M3BECTHbI paHee ¢ IyOGHUH CyGnMMTOpany WiM GaTHaIH B ATIIaHTHYECKOM OKeaHe (ualle BCEro
B €ro CeBepHOi YacTH), Toraa Kak B THXOM okeaHe OHM BoOOGlue He BCTpeyeHs! Bolie 6000 M
WIH He MOJHWUMAIOTCA Bblllie aGHCCANIBHBIX IlyOuH. Upe3BbIYaiHO COMHHUTENIbHO, YTOGBI NpH
TAKMX XMAaTyCaX KakK MO BEpPTHKAIBHOMY, TaK H MO reorpaduyecKoMy pacnpOCTpaHEeHHIO
THXOOKEaHCKHe H aTIIaHTHYeCKHe GOPMbI MOIJIH Gbl NpHHa/JIeXKaTh K OHHUM H TeM e BHAAM.
Tpynso pmomyctuTb, YTOGBI NPH IJIMTENIBHOM CYLIECTBOBAHHM CTONb pa3QObLUeHHBIX H pelpo-
AYKTHBHO H30JIMPOBAHHBIX MOMYJALMA MeXAYy HHMH He BO3BHHMKIIO FeHETHYECKHUX Pa3THUMA.
Ckopee BCero, Mbl B 3THX CIlyYassX UMeeM [eJI0 ¢ BHIaMH-IBOHHHKAMH, KOTOpbIE, MO Onpe-
pmenenmio J.Maiipa, npencTaBaswT coGoi ’MOpdONOTHUECKM CXOOHble MM HIEHTHYHbBIE,
HO penpoAYKTHBHO M30JHpOBaHHble momynsauuu” [Maiip, 1968, c. 42]. Ecnu B obcyxnae-
MBIX CITyYyasix Mbl HMeeM [eJi0 C pa3HbIMH BHJAMH, TO YHCIIO CTOJIb IBPHOATHBIX “BHAOB”
COKpaTHTCA npumepHo ¢ 40 po 10%, a umucio aGuccanbHO-ynbTpaabuccanbHbIX BHAOB BO3-
pactet ¢ 20 no 50% npu 40% 3HOEMHKOB.

Ilo mauubiM papyrux aBTopoB [Wolff, 1965b; Lang, 1968], mnsa GonmbuumHCTBa rny6o-
KOBOJHBIX TaHaWJ [HaNa30H HX BEPTHKAIBHOIO PacMpOCTpPaHeHHs He MpeBbIIAET 2 KM, a
reorpagHyeckoe pacnpoCTpaHeHHe OTrpaHMYeHO TOJIbKO OJHHM OKeaHOM WM Gosee y3KHM
PaHoOHOM.

OHOEeMHUHbIX I yNbTpaabuccanu pomoB TaHauj He u3BecTHO. Pog Herpotanais Woiff,
eIMHCTBeHHbIR BUA KoToporo H. kirkegaardi 6bu1 onucan u3 xenoba Kepmagek ¢ riyGuHbl
okonmo 7 km [Wolff, 1956b], monroe Bpems cunrancs 3HOEMHMKOM 3TOro enoGa. Ho
B 1973 r. u3 ceBepo-BOCTOUHO! yacTH THXOro oxeana ¢ riyGuHbl 4954 M Gbul onucaH BTO-
poit Bup, 3T0oro poga — H. birsteini [Kymuxosa-Ilacrepuax, 1973a] . MoHoTUIIHYeCKH# pof
Arthrura Kud.Past. u3BecrteH nuius B Auana3soHe rny6us ot 4000 go 6065 M.

HHTepeCHO HaxoXeHHe B ABYX TpPaJOBbIX YJIOBax H3 DWIMNIMHCKOTO Xesloba ¢ riy6uH
ot 6290 mo 7880 M 77 3K3. 3HAEMHYHOTO [Is ITOTO Xestoba Buma  Gigantapseudesadactylus
(puc. 30), BblmeneHHOro B OTAeNbHble pof M ceMeitctBo Gigantapseudidae [Kynunosa-
Macrepuak, 1978]. IiMHa Tena payukoB 3TOr0 BMAA AOCTHraeT 37 MM M B IOJITOpa pa3a
MpeBbILIAET [UIMHY CaMbIX KPYNHBIX M3 HM3BECTHbIX paHee IpefCTaBHTeJlel 3TOro OTpPAfa.
OpHako B [panbHeiiweM ewle Goiee KpymHble MpefCTaBHTENH 3TOro poga — G. maximus
(pnuHa mo 75 mMm!) — GbutH onKcaHbl ¢ ry6uH OT 5460 1o 5567 M K3 MATH MeCTOHAXOXKHe-
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Figure 30. Isopoda (1, 2) and Tanaidacea (3, 4) from Vityaz Collections

Key:

1. Storthyngura hercules, st. 2208, depth 7,210-7,230 m

2. Hydroniscus sp., st. 7300, depth 7,190-7,250 m

3. Neotanais insignus, st. 7371, depth 8,215-8,255 m

4. Gigantapseudes adactylus, st. 7206, depth 7,420-7,880 m (per: Research vessel Vityaz, 1983). Scale
lines equal 1 cm

somewhat to the east of the southern Philippine trench [Gamo, 1984], i.e., close to the location of the
hadal species G. adactylus. This genus and family are thus endemic for a narrow local region and depths
from 5,460 to 7,880 m. The other Tanaidacea genera that are known from depths over 6 km are
eurybathic.

The Tanaidacea, typically benthic animals, are usually confined to the surface layer of the bottom
sediments. However, it was found that some Tanaidacea are capable of floating, and even rise
considerable distances above the bottom. Leptognatha sp. was once caught in the Kuril Kamchatka trench
by a plankton net in the level 8,700-7,000 m no less than 50-100 m above the bottom. A Crustacean of
the same genus close to L. breviremis was found in the intestine of an Ascidia caught in the same trench
at depth 7,265-7,295 m; it could have fallen into the Ascidia siphon that was only in the benthic water
layer.

Isopoda
Isopoda is one of the groups that are very characteristic for hadal ocean depths. The number of

Isopoda species found below 6,000 m is greater than the species of any other order of Crustacea and any
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pOIbI TAHAMA, H3BECTHBIX C ITyOHH Bonee 6 KM, 3BpubaTHbIe.

nomnacrtb B CHCI)OH aCUMOHH OH MOTI, TOJIbKO HaXOAsACh B IIPDUIOHHOM CJ10€ BOJbI,

PaBHonorse - Isopoda

Puc, 30. PaBHoHOI'e pakoo6pa3usie (1, 2) M TaHanae! (3, 4) u3 cGopoB “Bursaaa™

1 — Storthyngura herculea, ct, 2208, rn. 7210—7230 m; 2 — Hydroniscus sp., ct. 7300, rin. 7190—7250 m;
3 — Neotanais insignus, cr. 7371, rn. 8215-8225 m; 4 - Gigantapseudes adactylus, ct. 7206, rn. 7420—
7880 M (mo: "HayuHo-#cw1enoBaTeNbCKoOe cyaHo 'Burasp’ , 1983) . MacuutaGHble TMHeliky paBHBI 1 cM

HH# HeCKOJIBKO BOCTOYHee H0KHOM yacTH QWIMNnuHCKOro xenoba [Gamd, 1984], T.e. 6nu3ko
0T MeCTOHaXxoxueHu#i xapanbHoro Buaa G. adactylus. Taxum o6Gpa3oM, 3TH pon u ceMeRCTBO
NOKa JHAEMHYHbI IS y3KOJIOKAJIBHOIO paitoHa H riy6un ot 5460 mo 7880 M. OcTaibHble

TaHaugpl — THIHMYHO OOHHBIE >KUBOTHbIE, OGBHIYHO NpPHYpPOUEHHble K IIOBEpPXHOCTHOMY
CIT010 IOHHBIX OcafkoB, Oxa3anoch, OHAKO, YTO HEKOTOpble TaHAHIbI CMOCOGHBI BCIUIBIBATH
M Jake TOJHUMAThCA Ha 3HAYMTEJIbHOE paccTosAHHe Haf AHOM. Pavok Leptognathia sp. omHax-
pbl Gbut moitMaH B Kypuno-KamuaTckoM senobe NMIaHKTOHHO#H ceThio B ropusoHTe 8700—
7000 M He MeHee yeM B S0—-100 M Hap gHOM. Payok Toro xe popa, Gnuskuii k L. breviremis,
6bUT BaliieH B KHILIEYHHKE acLMIMH, IOHMAHHOK B TOM e »eJlobe Ha ri1ybuHe 7265—7295 Mm;

H3onoppl — opHa M3 Ipynn, Ype3BBIYAHHO XAapaKTEpHBIX MJIA GOJIBLUMX OKeaHHYeCKHX
riny6uH. Uucrno BHEOB M3onopn, HaWaeHHbIX rinyGxe 6000 M, Gonblile, yeM BHAOB N0Goro
Zpyroro orpspga pakoo6pa3HbiX H JII0BGOro Apyroro kjacca MHOTOKJIETOUHBIX >KMBOTHBIX.
K Hacrosiuemy BpeMeHH INOJIHOCTbIO 06paboTraHbl c60pb! 3K crieguuuy Ha “"Tanmaree” u 60b-
was 4yacTb cOOPOB COBETCKHMX IKCNeAMUMH (KpoMe 3Kcmemuuui mociemiux 10—15 ner);
onpefeneHpl 122 TaKcOHa BMAOBOIO PaHra M M3BeCTHBI elle N0 KpaiHed Mepe 2—3 pecATka




other class of multicellular animals. Collections from the Galathea expedition have been completely
processed by now and most of the collections of the Soviet expeditions (except the expeditions of the last
10-15 years); 122 taxons have been defined of species rank and at least another 2-3 dozen species are
known

101



Page 74

TABLE 14. GREATEST DEPTHS OF FINDING AND NUMBER OF
GENERA AND SPECIES FOUND BELOW 6,000 m IN VARIOUS
SUB-ORDERS AND FAMILIES OF THE ISOPODA ORDER

Key:

1. Suborder and family

2. Greatest depth, m

3. Number of genera

4. Number of species (including subspecies)
5. Number of findings below 6,000 m

that have only been defined to the genus or family (Appendix II, Table 13). The frequency of encounter
of Isopoda in the trawling catches is about 70%, and 36% in the bottom grab samples. Isopoda have been
found in almost all of the examined trenches and troughs, and at all depths, all the way to 10,700 m in the
Mariana trench. There were few Isopoda in the majority of catches, e.g., in the very rich and
representative bottom grab sample from the Aleutian trench (7,298 m) in which there were dozens of
animals of a number of groups, and some over 100 specimens, there were only 2 Isopoda specimens
[Jumars, Hessler, 1976]. But in a number of cases, their number in the trawling catches reached several
dozen specimens belonging to several species, and they comprised 10-40% of the entire haul in
population. All the cases of such mass finding belong to large representatives of two genera, Eurycope
and Storthyngura, in the trenches of the northwest Pacific Ocean (Kuril-Kamchatka, Japan, Izu-Bonin).
Thus, for example, in the trawling catch from the Japan trench from a depth about 6,200 m (Vityaz, st.
3214) there were 159 specimens (7 species, including 150 specimens of S. biocornis) which comprised
27% of the total number of animals caught: in the catch from depth about 7,200 m in the same trench (st.
3227), 9 specimens, or 41% were Isopoda of two species, including 8 S. herculea, and at depth about 8
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Tabnuua 4

HauGonblume riyGHHbI HAXOXASHHA K THCIO POAOB H BHAOB,
HaiirenHbIX riyGke 6000 M B Pa3sHbIX NOAOTPAAAX
M ceMeiicTBax oTpAaaa lsopoda

TMopoTpap u cemeiicTBO \ HauGonbman rmy6u- | Unoro po- | Uxcno Bu- '-f 'lucng HAaXO0X-
Ha, M a_ | moe 3 moB (Biumo- | memmit ryGe 5
vas nogpuanl)| 6000 M
Anthuridea
Anthuridae 6580 1 2 2
Asellota
Desmosomatidae 6700 1 2 2
Echinothambematidae 6850 1 1 5
" Eurycopidae 9345 6 30 75
Haploniscidae 10687 3 18+ 37
llyarachnidae 10687 1 8 18
Ischnomesidae 8580 4 24 40
Janirellidae 8000 1 8 14
Janiridae 7000 1 3+ 12
Macrostylidae 10700 1 15+ 30
Mesosignidae 7880 1 3+ 12
Munnidae : 6450 3 3 3
Munnopsidae 8225 ? ? 4
Nannoniscidae 9000 5 7 12
Flabellifera )
Cirolanidae 6134 1 1 1
Serolidae 5650-6070 1 ? 1
Valvifera
Arcturidae 7230 2 4+ 7

BHJOB, NOKa ONpefefieHHbIX JIMIIb A0 poxa Wik fo ceMeiictea ([Ipwioxenue I, Tabn. 13).
YacToTa BCTpeyaeMOCTH H30MOJ, B TPAOBBIX YJIOBaX cOCTaBisieT okono 70%, a B pHOYepmna-
TenbHbIX NpobGax — 36%. HM3omopasl HaifieHbl NMOYTH BO BCeX 0OCIemoBaHHBIX xKermobax
KOTJIOBHHaX M Ha Bcex INyGuHax. BIioTh A0 ray6unel 10 700 M B Mapuanckom xemnobe.
B GonbluHHCTBe YJIOBOB H30moAbl ObUTH HeMHOTOYMCIIeHHBbl. Tak, Hanpumep, B OyeHb Dora-
TOi M MpefCTaBUTE/IBHON JHOUEpraTeNIbHOH! Npobe u3 Aneytckoro xenoba (7298 M), B KoTO-
podl KMBOTHble psfla Ipynn GblUIM INpeCTaBJIeHb! OECATKAMH, a HEKOTOphix — Gornee
yem 100 ak3. okasasioch nuuis 2 3k3. usonop [Jumars, Hessler, 1976]. Ho B page cnyuaes
HX YHCIIO B TPaJIOBBIX YJIOBaX AOCTHIANO HECKOJIBKHX HECATKOB 3K3eMIUIAPOB, NpHHAMJIE-
KAIKUX K HECKOJIbKHM BHOAM, M OHM cocTaBnanu 10-40% Bcero ynoBa no UMCIEHHOCTH.
Bce cnyuyau TaKoro MaccoBOIO HaxXOXXIEHHUS OTHOCATCA K KpYINHBIM IpPEACTaBHTENIAM ABYX
ponoB — Eurycope u Storthyngura — B enobax ceBepo-3amajiHO# 4acTH THXOro okeaHa
(Kypwio-Kamuarckom, AnoHckom, Mn3y-bBouuHckom). Tak, HanpuMep, B TPaJIOBOM YJIOBE
n3 flnoHckoro xkenoba ¢ rnyGuHbl oxono 6200 M ("Burass”, cr. 3214) Gbulo 159 9K3.
(7 BupoB, B TOM umcile 150 3k3, S, bicomnis), uro cocrasnano 27% obuiero yucaa nonMaH-
HbIX XHBOTHBIX: B YJOBe C I'TyGuHbI oKkono 7200 M B TOM e xenobe (cT. 3227) — 9 ak3,,
Wi 41% coCTaBISAIM K30MOMAbI ABYX BUAOB, B TOM uucie 8 - S. herculea, a Ha riryGune oko-
no 8 kM B Kypuro-Kamuarckom xenobe (cr. 5616) — 44 3k3., win 13% ynoBa cocraBif-
nu 2 Bupa (40 — S, vitjazi u 4 — Euricope magna),

ITopaBnsoniee GONBUIMHCTBO HaideHHbIX IiyGxe 6000 M BuUAOB (Tak Xe KaK H CpedH
rnyGoKOBOAHBIX H3omoA BooGwe [Xaccrmep, YwmncoH, 1988]) orHocATcA K NopoTpAdy
Asellota, npencrasyieHHoMy 13 ceMeiictBamu M 29 pojamu. B mpemenax 3Toro nogorpsana
Haubollee XapaKTepHbI M pa3HOOGPa3Hbl y>ke YHNOMAHyTble ABa popa ceMeiictBa Eurycopidae
(12 Bupos Eurycope u 13 — Storthyngura), npoHukamowHe g0 riny6uH Gonee 9 kM. [pen-
CTaBHMTENIH TpPeX CeMeHCTB NpPOHUKAWT [0 HauGombwmx rinybuH (Gomee 10 km). IIBa M3
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km in the Kuril-Kamchatka trench (st. 5616) 44 specimens, or 13% of the catch comprised 2 species (40 S
vitjazi and 4 Euricope magna).

The overwhelming majority of the species found below 6,000 m (in the same way as among the
deep-sea Isopoda in general [Hessler, Wilson, 1988] belong to the suborder Asellota represented by 13
families and 29 genera. Within this suborder the most characteristic and diverse are the aforementioned
two genera of the family Eurycopidae (12 species of Eurycope and 13 Storthyngura) that penetrate to
depths over 9 km. Representatives of these three families penetrate to the greatest depths (over 10 km).
Two of

103



Page 75

Figure 31. Vertical Dissemination of Isopoda Known from Depths over 6 km (A),
and Change with Depth in Number of Species (1) and Percentage of Endemics (2) (B)

them are represented below 6 km each by species of only one genus, Janirella (Janirellidae) and
Macrostylis (Macrostylidae), while a third, Haploniscidae, is represented by three genera, but the majority
of the species belong to the deepest sea genus Haploniscus. There are few representatives of other
suborders at depths over 6,000 m and they do not penetrate below 6.5-7.5 km. Table 4 cites data on the
taxonomic diversity and the greatest dwelling depths of various families of Isopoda.

Isopoda were found several times on bottom photographs from depths to 8 km in the Palau,
Bougainville and New Hebrides trenches [Lemche et al., 1976].

The vertical distribution of ultra-abyssal Isopoda is shown in Fig. 31. It is apparent from this
figure that the species endemic for depths over 6 km comprise 63%, the abyssal-hadal species over 35%,
and only two species (about 1.5%) eurybathic dwelling in the range from 2,400 to 6,100-6,200 m. Of the
species that are endemic for the ultra-abyssal depths, about 75% are known only from one finding, which
does not allow an opinion about their vertical dissemination range. But, judging from the endemic
species that are known from several findings, a great stenobathic level is inherent to them, 50% of them
have a vertical range less than 1,000 m, 40% from 1 to 2 km, and only 10% from 2 to 3 km. Among the
species that are not endemic for depths over 6,000 m, there is also a dominance of stenobathic species
with vertical range less than 1,000 or 2,000 m (54%); species with range from 2 to 3 km are 29% and only
17% more eurybathic species, among which, however, there is none with a vertical range that exceeds 4
km.

There is weak endemism of the genus rank. Of the 34 genera, only 3 are endemic:
Austroniscoides Birstein, whose only species A. bougainvillei was found three times in the Bougainville
trench at depths from 6,900 to 9,000 m, and another two monotypical genera from the same family
Nannoniscidae from the Puerto Rico and Cayman trenches indicated by T. Wolff as new [Wolff, 1975;
Wolff, 1979], but their diagnoses have not yet been published.
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The Isopoda are a good example of ultra-abyssal fauna endemism in individual trenches or
neighboring trenches combined by depths about 6 km, as well as the relationship of fauna in the trenches
and abyssal of their neighboring ocean regions. In the chain of the Pacific Ocean northwest trenches
Aleutian - Kuril-Kamchatka - Japan - Izu-Bonin there are 18 known ultra-abyssal endemic species that are
inherent to only one of these trenches, 8 species common for two or three of these trenches, and
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Puc. 31. BeprukaneHoe pacnpocrpaHelue Isopoda, W3BecTHuIX ¢ rnyGul Gonee 6 kM (A), U H3MeHeHMe
c rny6uHoit uncna Buaos (/) u npoueHra augeMukon (2) (b)

HUX NpeAcCTaBlIeHbl Ty6xe 6 KM KaXaoe BUAAMH JIMIIb onHoro pona — Janirella (Janirel-
lidae) u Macrostylis (Macrostylidae), a Tperbe — Haploniscidae — mpepncrasneHo Tpems
ponaMu, HO OONBIIMHCIBO BHAOB OTHOCATCA K HauGonee rinyBoxoBomHomy pomy Haplo-
niscus. IlpencraBuTenu APYTHX NOAOTPARNOB Ha rinybuHax Gonee 6000 M HeMHOrouMcineH-
HbI U He NpOHMKaWT My6xe 6,5—7,5 kM. B 1abn. 4 npuBeneHs! faHHbIE IO CUCTEMaTHYECKO-
My pa3Ho0o6pa3ui0 W HauGONBIIMM ITyOHHaM OOMTaHHA Pa3HbIX CEMEHCTB PaBHOHOIUMX paKo-
06pa3HbIX.

Heckonpko pa3 u3omoppl ObutH OGHapy>keHbl Ha ¢ortorpadusx [OHa, MONYyueHHBIX Ha
rny6uHax no 8 kM B xenobax Ilanay, ByrenBuwisckom u HoBo-I'eGpunckom [Lemche et al.,
1976].

BepruxanbHoe pacnpepeiieHHe ynbTpaabuccanbHBIX H30MOp Moxa3aHo Ha puc. 31. Kak
BMOHO M3 3TOrO PHUCYHKa, SHAEMHuHble [NA Iny6GuH Gonee 6 XM BHIBI cOCTaBnAlT 63%,
aBuccanbHO-xafanbHble BUAbl — Gonee 35% W mub fBa Bupa (oxono 1,5%) sBpubatHsle,
ob6uTtaroiue B auamnasoHe ot 2400 mo 6100—6‘200 M, U3 BUIOB, 3HAEMHYHBIX [UIS YNIbTpaabuc-
CaJIbHBIX TIY6GHH, Ok0NO 75% HM3BECTHBI JIMILb IO OMHOMY HaXOXX[EHHIO, YTO He N03BOJAET
CYyOuTb O AHana3oHe MX BePTHKAJIBHOIO pacrnpocTpaHeHus. Ho, cyds no sHpeMMYHBIM BH-
[iaM, U3BECTHBIM IO HECKOJIBKMM HaXO>XIeHUSAM, UM CBOHCTBeHHa Gonblliass CTeHOBaTHOCTb —
50% u3 HHUX MMEWT BepPTHKAIbHbIA fauana3oH meHee 1000 M, 40% — or 1 mo 2 KM H
mme 10% — ot 2 go 3 kM. Cpeny BHAOB, He 3HAEMUYHBIX AJA riy6uH 6onee 6000 M, Takxe
npeo6r1afanT creHobaTHble BHIbl C BepPTMKAIBHBIM JMama3zoHoMm MeHee 1000 wru 2000 m
(54%), BMABIC AMAMa30HOM OT 2 10 3 KM cocTaBnsioT 29% unmns 17% — Gonee 3B pubaTHbIe
BHObBI, Cpeld KOTOPBIX, OfHAKO, HET HH OJHOIO C BEepPTHKaJIbHBIM AMHAMR30HOM, JOCTHIalo-
LIHM 4 KM,

JHAEeMH3M pOJIOBOTO paHra BblpaxieH crmaGo. M3 34 pomoB sHoeMuuHbI TONBKO 3: Austro-
niscoides Birstein,, enuHCTBeHHbIH BUA KoTOporo A. bougainvillei Hafinen Tpuwxab! B ByreH-
BWIbCKOM J>enobe Ha rmy6uHax ot 6900 go 9000 M, M eie ABa MOHOTHIHYECKHX pOAA M3
TOTrO e ceMeiicTBa Nannoniscidae u3 xeno6os Ilyapro-Puxo u KaifimaH, ykasanusre T.Bosnb-
¢om kak HoBble [Bonbd, 1975; Wolff, 1979], Ho mHarHo3sl UX noka He OmMyGIHKOBAHBI.

Ha npumepe u3onon XOpOLIO MpOCIEXHBAEeTCA IHAEMH3M YIbTpaabuccanbHoil ¢ayHbl
OTHENBHBIX XeJIOGOB WIH COCegHHX XenoGoB, oObeoMHEHHBIX ITYOHHaAMH OKOJIO 6 KM, a
TaK)Ke POAICTBO ayH XelMoGOB M aBUCCaTM COCeAHHX C HMUMHM PaHOHOB OKeaHa. B uemouxe
ceBepo-3anajHbIx xeno6oB Tuxoro okeaHa Aneyrckuit — Kypuno-Kamuarckuit — Snos-
ckuit — Wp3y-BoHuHCckHil H3BecTHO 18 RMIOB-3HOEMHKOB YJbTpaabuccanu, CBOHCTBEHHBIX
TOJNIBKO OJIHOMY K3 3THX XeJloGOB, 8 BUIOB, OBLIMX AJIA ABYX WIM TpeX M3 3THX >XenoboB, H
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27 species that are not endemic for the ultra-abyssal, but that are known beyond these trenches only from
the abyssal of the northwest Pacific Ocean adjoining it. From the Kermadec trench 10 species endemic
for it and 3 species encountered in the adjoining ocean region at abyssal depths have been described for it.
Only three endemic species are known from the Tonga trench; from the Bougainville 7 endemic species
that are not known anywhere beyond its limits; from the Peru 1 endemic species and 5 species found in
the abyssal of the region adjoining the trench. From the Puerto Rico trench there are 9 known endemics
and 6 species that dwell in the abyssal of the adjoining region; from the Cayman trench, 3 endemics and 1
species that are also disseminated in the Caribbean Sea abyssal. Finally, from several trenches (Banda,
Philippine, Mariana, Yavan, Romanche and South Sandwich) only species endemic for each of these
trenches have been defined. Isopoda species that are common for several very dispersed trenches have
not yet been found.

Figure 32. Vertical Dissemination of Amphipoda Known from Depths over 6 km (A)
and Change with Depth in Number of Species (1) and Percentage of Endemics (2) (B)

These data graphically indicate the high degree of species endemism of Isopoda ultra-abyssal
fauna of each trench or group of adjoining trenches, and the origin of the fauna of each trench from the
deep-sea fauna of the ocean region neighboring this trench.

Amphipoda

The Amphipoda, in the same way as the Isopoda, comprise a very characteristic fauna element in
the trenches in which they dwell all the way to the greatest depths, over 10.5 km. They are encountered in
all the studied trenches. The frequency of encounter of Amphipoda in the trawling catches is 70% (based
on the data of 124 successful trawlings for which there is known information on the group composition of
the catches). Among the Amphipoda caught below 6 km, there are 20 known real pelagic species (species
of the suborder Hyperiidea, and from the suborder Gammaridea Crustaceans of the family Hyperiopsidae
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and some representatives of other families). Additionally, it is possible that several pelagic species live
below 6 km, each of which were only caught once in an open catch from depths over 6,000 m to the
surface.
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27 BHOOB, He 3HAEMHUHBIX 1A yJIbTpaabHCCay, HO H3BECTHBIX 32 NpefeIaMH ITHX Xel060B
TONBKO K3 abHccanu Mpuiierawilell K HHM Ce pepo-3anafHoi yactu Tuxoro okeaHa. M3 e-
no6a Kepmanex omucadb! 10 3HIeMHYHBIX [UIA Hero BHAOB U 3 BHAA, BCTPeYeHHBIX B MpHIle-
raioimieM K HeMy pailOHe OKeaHa Ha abuccanbHbIx ryGuHax. M3 xenoGa ToHra H3BecTHbI
TONBKO 3 3HAEMHYHBIX IJIA Hero BHAA; M3 BYTEeHBWIBCKOro — 7 3HOEMHUHBIX BHAOB, He
H3BECTHBIX HHMITle 3a ero mpepenamH; H3 Ilepyanckoro — 1 3HOeMHUHbIA BHO H 5 BHMOB,
BCTPeYeHHbIX B abHCCaIM NpWieramoiero K xenoby paitona. H3 xeno6a Ilyapro-Puxo u3-
BECTHBI 9 3HIOEMHKOB K 6 BHUOOB, OOHTAIOIIMX ¥ B aGHCCATH NMpPHIEraloLero K HemMy paifoHa;
n3 xenoba Kafiman — 3 sHpmeMuka M 1 BuA, pacnpocTpaHeHHBIH Takoke B abuccanu Kapu6-
ckoro Mops. Haxonen, #3 Heckonbkux xeno6os (Banna, Oumunmunckuit, MapuaHckuit, fiBan-
ckuii, Pomanut u lemo-CaHanqu) MOKa oOmpefdesieHbl TOJNBKO BHABI, 3HOEMHUHBIE A
KaX[I0ro M3 3THX xeno6oB. Bunst uzonop, obuiMe [jis HECKONBKHX AaNleKO pa30bILeHHBIX
%eNo6oB, TOKa He OGHApyKeHBI.

IlpuBenmeHHble HaHHble HArJIAJHO CBUMAETENbCTBYIOT O BBICOKOH CTeNeHH BHAOBOTO 3Hfe-
MH3Ma yJIbTpaabHccanbHON ¢ayHsl HIOMOA KaXOOro Kenoba WIH TPYNIbI CMEXHBIX JKeIo-
GOB M O NMPOMCXOXIeHHH (ayHBl KaxmOro xemnoba or rnyGOKOBOAHON (ayHbI COCE[HETO C
JaHHBIM XeJloGoM paitoHa okeaHa.

Pa3HoHorue, nnu 6oxomiaBsl, — Amphipoda

AMHIIOLBI, TAK XK€ KaK M H30MOMIbl, COCTABNAKNT BeCbMa XapaKTepHbI 3MIeMeHT (dayHsl
%enoGoB, B KOTOPSIX OHM OGHTAIOT BIUIOTH JO HaHGONBUMX rinyGuH — Gonee 10,5 xM. Omu
BCTpeYeHbl BO BCeX 06cCiIemoBaHHBIX kenobax. UacToTa BCTpeyaeMOCTH aMGHIION B TPaioBbIX
ynosax cocraBnfer 70% (no paHHeIM 124 ymayHbIX TpajeHMH, A KOTOPbIX H3BECTHBI
CBE[EHMA MO FpYNNOBOMY COCTaBy YNOBOB). Cpemu amdurion, NoWMaHHBIX riny6xe 6 KM,
u3BecTHsl 20 HaCTOAIUMX Mearuyeckux BuaoB (Buanl noporpana Hyperiidea, a u3 nopgotps-
ma Gammaridea pauku cemeiictBa Hyperiopsidae H HekoTOpble NpeACTaBHUTENH MpPYTHX
CeMEHCTB) . Kpome TOro, BO3MOXHO, OGHTal0T rimyGxe 6 KM elle HeCKOIbKO Ieslaruye Ckux
BHJIOB, KaXOpIA H3 KOTOpBIX GbUT MOAMAH JIMIUB OJHAXMBI NMPH CKBO3ZHOM JIOBE C rnyﬁm-l
Gonee 6000 M 10 MOBEPXHOCTH.
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Puc. 32. BepTukaneHoe pacnpocrpaHelne Amphipoda, H3BeCTHBIX C Ty GuH Gonee 6 kM (A), ¥ H3MeHeHHe
¢ rny6uHoft uucna punos (/) u npouenTa sugemuxkos (2) (5)

76

NS o ey

— -




Page 77

Figure 33. Autonomous Benthic Traps with Bait (A) and Bait Lowered
Independently to the Bottom (Fish Bundle) and Its Monitoring Camera with
Flash and Pinger (B) [per: Wolff, 1976a]

Of the real benthic species and bottom-dwellers mainly due to the nature of eating, but capable of
freely floating and rising to considerable distances above the bottom, there are 36 known species (and
another 2, only defined to the genus), of which 78% have not been found above 6 km. Of these endemics,
half of the species are only known by one finding, and half, by several or many findings. Among the
pelagic species of the trenches the endemics are known from several findings. The list of Amphipoda
known from depths over 6 km is given in Appendix II, Table 14, while the nature of vertical
dissemination of the benthic and near-bottom species and change with depth in the number of species and
degrees of species endemism are shown in Fig. 32. As is apparent, the percentage of endemics increases
naturally as the depth increases.

In the Kuril-Kamchatka trench and in 6 trenches surrounding the Philippine Sea, at their greatest
depths, including below 10 km, apparently the only mass species of Amphipoda is Hirondellea gigas. The
Crustacea of this species are known in numerous catches, but none were ever caught at depths less than
6,770 m. It is true that
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Puc. 33. ABTOHOMHEIE NOHHbIE JIOBYIIKH C NpUMaHKoill (4) M onyckaeMble aBTOHOMHO Ha JIHO npUMaHka
(cBA3Ka pb16) M KOHTpONHpYOILAA ee HOTOKaMepa co BCNbUUKOA H NHHMkepom (B5) [no: Wolff, 1976a]

M3 HacroAmMx AOHHBIX BMIOB M NPHIOOHHBIX, CBA3aHHBIX C - JIHOM, IJ1aBHBIM 0Gpa3om
Mo XapaKTepy MHTaHMA, HO CIIOCOOHBIX XOpOLIO IUIaBaTh W NMOOHHMAThCA Ha 3HaYMTENbHbIE
pACCTOSIHUAL HaJl JHOM, M3BEeCTHBI 36 BHOOB (M ewje 2, OnpefesieHHbIe JIMIUb OO POMa), U3
KoTopbiX 78% He HafimeHnl Buiue 6 KM. M3 uMcna 31X 3HEEMMKOB MOJIOBMHA BHOOB M3-
BeCTHa. JIMIIb 1O OOHOMY HaXOXHEHHMI0, a NMOJIOBMHA — MO HECKOJIBKHM WIH MHOTHM Ha-
xoxaenuaM. CpeM menardyecKMX BHIOOB 3HIEMMKOB JXeJIOGOB MeHbllle — OHM COCTaBIIAIOT
44%, HO 5 ¥3 8 3HOEMUYHBIX BHOOB W3BeCTHBI IO HECKOJIBKHUM HaxosxueHHAM. CMcok amdu-
nof, U3BECTHBIX C riyOHH Oonee 6 kM, npuBeneH B [Ipunoxenun 1I, 1aGn 14, a xapakrep
BEPTHKAIIBHOTO DAacNpOCTPaHEHHs [OHHBIX M TNPUIOHHBIX BMIOB H M3MeHeHHe C INIyGHHOH
yHcla BHAOB M CTelleHM BHIOBOTO 3HAEMH3Ma MOKa3aHbl Ha pHc.32. Kak BHOHO, NpPOLEHT
9HIEMHKOB 32aKOHOMEPHO BO3paCcTaeT 110 Mepe yBellHUe HUs [Ny OHHbI.

B Kypwio-Kamuarckom xesnobe u B 6 xenobax, okpyxarwwndx OUIHNNHHCKOE MOpe,
Ha MX HaubBONBIIMX riyGHHax, B TOM uMciie rnybxke 10 KM, MO-BUOMMOMY, eIMHCTBEHHbI
MaccoBblit BuA, ambrmon — Hirondellea gigas. Pauku 31010 BHAa H3BECTHBI 0 MHOTOYHCIIEH-
HbIM FIOBAaM, HO HHM pa3y He ObUIM NONMaHel Ha rny6uHax meHee 6770 m. IlpaBma, cymMTh
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Figure 34. Amphipoda Hirondellea gigas Caught in Self-Contained Traps
with Bait in the Philippine Trench at Depth 9,604 m (a) and Fish Skeleton
Gnawed Clean by Amphipoda H.-gigas in the Same Place (b) [per: Wolff, 1976a]

it is difficult to judge the real range of the vertical distribution of many benthic-pelagic Amphipoda
species found below 6 km, since they are very mobile and easily avoid the catching equipment. Thus, for
example, in the Philippine trench the Galathea expedition made 4 trawlings at depths 9,820-10,210 m and
4 specimens of H. gigas were found in only two of them, and in 8 trawling catches of Vityaz from depths
6,300 to 9,990 m in this same trench, Crustaceans of this species were missing altogether, and in 13
bottom grab samples and 8 trawling catches obtained here by the American expeditions. In addition to
these benthic catches with bait (Fig. 33) lowered to depth 9,604 m (Thomas Washington, st. H-186), over
4,000 H. gigas were caught
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Puc. 34. Amounonel Hirondellea gigas, nofiMatHbic B aBTOHOMHLIC JIOBYLIKH C NMPUMaHKOH B- QHIIHNNHH-
ckoM xenobGe Ha rayGude 9604 M (a) W ckenet pbIGbl, HauncTo obrnomaHHem amdunonamu H..gigas,
TaMm xe (6) [no: Wolff, 1976a)

O MeiCTBMTENIBHOM [MAaNa3oHe BEPTHKATBHOTO pACTpOCTPAHEHMS MHOTHX BCTPEYEHHBIX
rnyGxe 6 kKM OEHTO-NejlarHyeCKUX BHAOB aM$HION TPYHHO, TAK KaK OHM OYEeHb MOIBIDKHBI
M Jerko H3BerawT opymus JoBa. Tak, Hanpumep, B QwiHnnuHckoM enoBe akcnemuuMei
Ha "Tanaree” GbU10 NMpoBeneHo 4 TpateHua Ha ry6uHax 9820—10210 M M TONBKO NpH ABYX
M3 HMx GbutM moimanbl 4 3k3. H. gigas, a B 8 TpanoBpx ynmoBax "BUTa3a” ¢ rmyGuH OT
6300 o 9990 M B 3TOM >Ke xenobe pauky 3TOro BUIA BooOIe OTCYTCTBOBAIH, TaK Xe KaK
¥ B 13 pHoyepnatenbHbIX Npobax M 8 TPAIOBBIX YNOBAX, MOJYYEHHBIX 3[ieCb aMe pHKAaHCKHMH
akcneguuuAMd. Hapsany ¢ 3TMM [OHHBIMM JIOBYHIKaMH ¢ NpuMaHkoit (puc. 33), omyiueH-
HbIMH Ha rnyGuHy 9604 M (“’Tomac Baumurron”, c1. H-186), 6pu1M noiiMate! Gornblile 4 ThIC.
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Figure 35. Amphipoda Hirondellea gigas Collected on Bait Lowered to the Bottom on a Self-Contained Instrument-Carrier
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Key:

a. within 2 hours

b. within 12 hours after lowering of the bait in the Philippine trench to depth 9,604 m, photograph from
distance 2.44 m

c. the same at another station at depth 9,605 m within 6 hours 40 minutes after lowering of the bait,
photograph from distance 1.22 m

d. at depth 5,861 m on the slope of the Philippine trench on bait only fish were collected of the family
Brotulidae [per: Hessler et al., 1978]
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Puc. 35. Amounons Hirondellea gi-

gas, cobMpaoLIHecs Ha ONyIIEeHHYIO

Ha aBTOHOMHOM npHGopoHocHTene
Ha OHO MPHMaHKY

a — yepe3 2 y; 6 — yepe3 12 4y nocne
CITyCKa NMPHMAHKH B OHIHNMHHCKOM
*esn06e Ha rny6uHy 9604 M, chemKa
C paccTosanmA 2,44 M; 6 — TO e Ha
OpYrod CTBHUMH Ha rnyGHHe 9605 M
uyepe3 6 u 40 MHMH mowre cnycka
NPHMAaHKH, CbEMKE C pAaCCTOAHHA
1,22 mM; 2 — Ha rnyGuHe 5861 M Ha
CKJIOHe QWIHIMIHHCKOTO eno6a Ha
NMPUMBHKY COGHpBIOTCA TONBKO pbi-
6b1 cem, Brotulidae [mo: Hessler et
al., 1978]
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Figure 36. Attraction of Benthic Animals to Bait Monitored by Camera
in the Chile Trench

Key:

1. depths to 4,600 m, fish mainly gathered on the bait (upper photo)

2. depths from 6,767 to 7,196, Amphipoda gathered on the bait (lower photo)

Numbers from the left are station numbers of the research vessel Thomas Washington. Numbers from the
right are the depths, m [per: Hessler et al., 1978]

(Figure 34), while the photographs that monitored the bait lowered to the bottom at these depths (Fig. 35)
demonstrated that many thousands of these Crustaceans gathered near it [Hessler et al., 1978]. Hessler et
al. note that abundant catches of these Amphipoda by bait traps were also made at depths from 7 to 10.6
km in the Mariana trench.

Insofar as H. gigas have been found in various trenches separated by depths less than
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Puc. 36. TMpuBneyeHne NMPUAOHHBIX XUBOTHBIX Ha NPUMAHKY, KOHTpONUpYeMywo ¢doToxkamepoit B Unnuit-
CKOM xenobe

] — rny6uHbI 0 4600 M, Ha npuMaHKY coGHupanuch rmaBHbM o6pa3om pbibbr (BepxHee ¢oTo) ; 2 — rny-
GuHbl OT 6767 mo 7196 M, Ha npuMaHKy coBupanuck ambunonsr (mxHee ¢GoTo). Uucia ciesa — HOMepa
craHumit 3/c "Tomac BawMHrToR” cripaBa — rny6Gunsl, M [ mo: Hessler et al., 1978]

H. gigas (puc. 34), a ¢poTOorpapun, KOHTPOIHPOBABILUKHE ONYCKaeMble Ha OHO HA TaKHMX Xe
rny6uHax mpumankH (puc.35), MOKasanM, YTo OKONO HHMX COBHDATMCh MHOILHE TBICAYH
atux pauxoB [Hessler et al., 1978]. Xecciep ¢ coaBTOpamM# OTMEYAKOT, YTO OGHIIbHBIE JIOBBI
3THX amQHIIO[ JIOBYIUKAMH C NPHMAHKOH OBUIM MpOBeJeHbl TaKXe Ha MyOHHax or 7 [0
10,6 xm B MapuanckoM xemnoGe.

Iockoneky H. gigas BcrpeueHbl B pa3HbIX XenoGax, pa3obLueHHbIX riiyGHHAMH MeHee
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6 km, but have not yet been caught beyond the trenches, it is still not clear whether they dwell as isolated
specimens in different trenches, or still not morphologically distinguished populations of this species (or
very close species), or are these Crustaceans capable of penetrating from one trench to another, rising to
depths less than 6 km. Mass clusters of Amphipoda near bait lowered to the bottom were also observed in
the Chile trench (Fig. 36) at several stations at depths from 6,767 to 7,196 m [Hesssler et al., 1978]. In
this same trench, Amphipoda were caught in both trawling catches made at depths 7,000 and 7,720 m
(Akademik Kurchatov, st. 244 T-1 and T-2), but a more accurate taxonomic classification of Amphipoda
from this trench has not yet been defined.

Amphipoda have also been repeatedly noted on photographs of the floor obtained in the trenches
of the western tropical Pacific Ocean [Lemche et al., 1976].

Amphipoda found below 6,000 m belong to 15 families and 33 genera of the suborder
Gammaridea and 2 families and 3 genera of the suborder Hyperiidea. Of the 28 genera of the first
suborder that include benthic and bottom-dwelling species, 3 genera are endemic for depths over 6 km:
Bathyschraderia Dahl, including 2 species known from 11 findings in the Philippine and Kermadec
trenches; Metaceradocoides Birst. et Vinogradova, a monotypical genus that is known from 5 findings in
4 trenches of the western Pacific Ocean; and Steleuthera Barnard, a monotypical genus that is known
from a single finding in the Peru trench. The endemism of the benthic and bottom-dwelling Amphipoda
on the genus level is 11%. Among the pelagic Amphipoda there are no endemic ultra-abyssal genera.

At one of the Vityaz stations (st. 4355) in the northwest trough of the Pacific Ocean trawling and
bottom grab samples were obtained from depth 6051 m. There were very small Amphipoda of a third
suborder, Caprillidea (respectively 7 and 3 specimens) in both of these samples. Crustaceans of this
suborder were found for the first time at that depth. They were previously not known from depths over
4,000 m [McCain, 1966]. Unfortunately, these Caprillidea were lost and their more accurate taxonomic
classification remained unknown.

Decapoda

The most reliably known dwelling depths of the benthic Decapoda (suborder Reptantia) only
slightly exceed depth 5 km. At depth 5,160 m in the Celebes Sea Parapagurus sp. [Wolff, 1970] was
caught, and at depth 5,035-5,210 m in the northwest Pacific Ocean, Munidopsis subsquamosa latimana
Birst. et Zarenkov [Birstein, Zarenkov, 1970]. Three specimens of Decapoda were caught in the area of
the Peru trench at depth 5,740-5,940 m [Menzies, 1964], but it is unknown whether they belonged to
benthic or pelagic species.

J. M. Peres [1965] regarding bottom-dwelling shrimp (suborder Natantia) reports that during
descent of the Archimede bathyscaphe in the Puerto Rico trench he observed through the porthole shrimp
floating above the bottom at depth 7,250 m. Unfortunately, no photographs were taken of these
Crustaceans. In the report of R. Hessler et al. [1978], on the photographs of animals collected near bait
that was lowered to the floor in four parts of the Chile trench at depths from 6,767 to 7,196 m, among the
mass clusters of 