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Corals and Sea Pens, Indicators of she Hydrologioal Profile
Zoological Institute of the Academy of Scisnces USSR
. K. Xo Nosis

The problem of studying the prefile cf & wWater bhody
is one ¢of the leading prdbloms in marine hydrology. The
metbhed of studying the water prefils by the biolegioal charaste~
ristios oocoupies net the loass rtant place in the selutiem
of ¥his problom. ASs indiocators of the varieus waser masses,
varisus species er lubzgodidd of animals ocan Lie used, but the
exact classification them oam e wado usually enly by
specialists., It is much more cenvenieant o use greups of
animais as indicaters, QH or the majority o represontatives
of whioch are asseciated with enly certein waser masses. Under
conditions ef She Arotsic and Subarctic cerals and sea pems,
that is, representasives eof the sybolass Octocerallia and the
tve erders of Madreporaria and Antipatharia of the subolass
Hexaocerallia and class uthun.ﬁ‘.ou bs suoch imndicators. In
the Aslantic, to the north of 40  ncrth latitude and in she
Arotioc a few soore species of Octoocorallia, Madrepéruria and
Antipetharia are knewn, living ohiefly in the bathyal and
abyssal. In the shoals of the Arotic Seas enly repressata~
tives of the gonus Bunephthya s.l. (sloyonaria} can be en-
countered in this group. Thres species of Ootecerallia live
exolusively in the cold abysmal waters of the Polar Basin and
Scandinavian deep: these are the single northern » senta~
tive of the eirder Xeniidea, Caresocaulen wandelii (29), whioh
reaches a tremendeus size (almess three meters), the sea pen
Umbellula enorinus f. enorinus (1%, 13, 16) and ths, gergen
coral, noted by H. Brech as Acanella arbuscule (1%), but whioh,
in our opimion, 18 & nev species which has net yet been de~
scribed. Representatives of three genera: Runuphthya s.l. frem
the aloyonarids, Clavularia of the group of Steloniferas and Vire
gularia of the sea pens, can be enceuntsred both in she abysmal
Arctio and in the Atlantioc waters. All the other corals and
sea pens live enly in Atlantioc waters.

The general schema of water oiroulation in the Nerth
Atlantioc and the pertion of the Arctic Sea next te the Atlan-
tic Ocean may be represented in the fellew!ng way (2, 22, 235,
42, B3). Along the shores of Nerth Amerioca a povwerful warm
current, the Gulf Stream, moves te the mertheaszt, Fassing
threugh the seuthernmest part of the Grand Banks eof Newfsund-
land, the Gulf Stream begins to “spread out" inte separate
streams, the main ene of which--the North Atlantio owrrent--oros-
se3 the ococean and goes te the area of She Faroe Islands. Oune
part of this ourrent goes to the Norwegian Sea and then te the
North in several branches, penetrating inte the Barents and

-
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Gresniand Seas. Another parc of it, the Irminger ourreat,
running into the Farce-Iosland baffle and ths cold-water
wall of the Bast Ioeland ourrent, turns to the West, washes
the shores of Iceland and goes to Greenland. MNixing with the
Arotic waters of the Bast Greenland Current, the waters of
the Irminger current skirt Farewell Oape and form the West
Greenland ourrent, which Movqs to the North. The mwain part
of the waters of the Qurrent (about 78 percent) turns to the
West at the Greenland-Caradisn baffle and sixes with the
Canadian cold Ourrent. The dirrent formed has the name of
the Labraltor Ourrent; it moved to the South in two streamp,

The coastal stream extends along the teotonic frao-
ture parallel to the Rastern shores of labrador and Newfound-
land, and then partly turns to the Weat and goes into the
Gulf of St. Lawrence (M), partly washes the slopes of Greein
and St. Pierre banks and mixes with Atlantic waters. The
main stream woves along the outer urg‘:l.noof the shelf, .In
its oold center the temperature is 1,0-0"; the salt content,
32.5-34.0 grams per thousand. 'With increase in thg depth
the temperature and salt content increase to 2-3.5° sad 34.5-
34.8 grams per thousand (12, 13, '23).

The main stream separates off a quite large Flemish
Cape branch, whioh passes over the northern slope of Flemish
Cape benk and forms a oomplex system of eddy ocurrents on the
bank (1.23). .

The main part of the water of the main stream passes
along the sastern slope of the Grand Banks of Newfoundland
and ocuts into the flank of the Gulf Streams The water of
the main stream mixes partly with the Atlantio and partly
submerges to great depths. . .

The ourrents=North Atlantic, Irminger, West Greenland
und labrader--make up a large oyolonio circulation with two
halistases=~labrador and Irminger. The oirculation is oo~
cupied by subarotic waters-<the product of the regienal
transformation of the Gulf Stream waters. In both halistases
snrface water drops actively to depths of more than 1.5-2.
kilometers and abysmal and bottom wateps of the North Atlantic.
are formed at a temperature of 2,2«3.,%5 and with a salt con-
tent of 34,88-34,97 grams per thousand (5, 42).

The Cabet ocurrent carries warm and freshened coastal
vaters, extending along the continental shelf of Nova Scotia,
ot of the Gulf of St, lawrence. VWhen the coastal waters mix
with vhe waters of the Gulf Stream, & special water mass is
ferined, the water of the ocentinental terrace, whioh oocoupies
the entire spaca hetween the ococastal shoalc and the main
vtream of the Gulf Stream and moves to the Bast in parallel
with the Gulf Stream (37). MNixing with the labrador waters,
the waters of the terrace form tnp 89-0alled abysmal coastal
vaters with a tewperaturs of 4~7° and a salt content of 34.5-
3.8 grams per thousand, which go through the laurentian
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Ohannel dnto the Qulf of 8%, Lawremce (26, 36). In reeond
yoars, it has beon noted repeatediy (i, 3) that varm waber
psnetrates from the scuthwest invo the shoais of The Grand
Banks of Newfoundland, wvhere they, mixing with the labrador
waters, form loocal bank ugorl; ﬂl‘n celd ysare the labrador
waters 000 all the zhoals o e bank.

aner wnﬁytmt is uo% can an lysis of the distribution
of corals and sea pens give te 8 pioture? .

In 1954=1960, colleotieons of she bottom fauna in the
Northwestern Atlantio (7) were made by expeditions of the Folar
Solentific Research and Planning and Designing Inatitute eof
MHarine PFishing and Oceanography imeni N. M. Knipovioh (PIMRO)

on the research ships "Sevastepol',” "Odessa," and "Kovorossiysk,"

In analysing this material we found the following species eof
corals and sea pens {Table 1) The Teble does not include
the surythermio species of seca pen, Virgularia mirabilis.
The distribution of the forms which ve feund is shown in Figs
1 and 2,

An analysis of tho Table and Pigs 1 and 2 shows that
the ocorals and soa pens whioh we found are distridbuted only
along ths ocontinental terrace and ars prectidally not found
at depths of lesc than 200 or more than i,ooo metors., With
wvhat is this adaptation to She bathyal /deep watep/ asso~
olated? The ccontinental shelves of the Aroctioc Subarctio
are ocoupied, as a rule, by reisntively ocold and freshened
vaters, At the same time, the upper bathyal of the Morth
Atlantic and Atlantic portion ef the Arotic Oong is washed
by waters with a temparature of no less than 2-3° and a salt
ocontent of higher than 39 grams per thousand. Naturally,
in going from the tropics te the pole, the shallow-water
species of oorals and sea pens drop out of the group of fauna,
and even in the temperate latitudes only bathyal warm-water
species are mainteined. Being adapted to speoific conditions
of the bathyal, primarily to a rolatively slow movement of'
water, they do net go inte the shaliow water even under
favorable temperature and salt centent oonditions. Thus, in
the Nediterranean Sea the appearance of Xophobelemnon stelli-
ferum and Funiculina quadrangularis are a sign of transition
from the sublittoral to the bathyal (35). A rise of the bath-
yal forme to depths of less than 200 meters is posaible only
in places where an intermediats warm layer goes out into the
shoals of the Atlantic waters, that is, in those places where
the sxistential oonditiens approach those of the bathyal at
these depths.

In the Northwestern Atlantic sea pens go out to depths
of 130-~150 meters only ococasionally, in the region of Nova
Seotia, The finding of Poomatule eculends o8 o éopth of 3i30e
132 zotors botveon Sambre (7 ond Emersid bonks can 8erve
as an indiocation of penetration of Atlantic waters inte the
valley of the Scotian shelf and their rise to relatively
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Fig 1. Distributien of Pernomiaeos in tho Novkompdinnds
lnbroder Pegien Aeoording Co the Data of ths Rescaroh Ships
of PINRO; 1, Pavonaria finmarchioce; 2. Anthoptilum grandie-
florum; 3. Pemnatula grandis; &, P, aculeata; 5. Kophobelem-

non stelliferum; 6., Pennatula prolifera; 7. Funiculina quad-
rangularis,
b
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Fig 2, Distribution of Telastacea, Aloyonacea, Gorgonacea,

Hadreporaria and Antipatharia in the Rewfoundlandelabrader

Rogien According %o tho Daste of the Rescerch duips of PINRA;

1. Peragorgia arborea; 2. Anthathels grandiflorum; 3. Acane

thogorgia armata; 4. Paramurices placom as 3¢ Primnoa Tesadae~
5 7_ ontinued on next page/



Jontinued from previous page/ formis; 67 Rediocipes giraoilis;
é. Apaneila arbuscula; 8. 60;'-{1‘:9192-69@“&; 9. Bathypathes |
arotios; 10, Flabellum alabastrum; 11, Telestula septentrion-
alis; 12, Anthomastus grandifiorus; 13. lLopheila pertusa;

1%, Tradhymurices kikenthali.

oo .
' .

shallow depths; this is the résult ¢f the lov power of the
upper freshened layer of coastal wvaters at Nova Sootia (39). .

; Very many sca pens are feliid in the Laurentian Channel
the nnddwagtor valley of Cabot S8rait., Large Anthoptilum
grandiflorim and Pennatula griindis, whioch reach 60=70 ocenti-
meters in height and which are shught in commercial trawils
in quantities of several hundred Par héur of trawling are
the most charaoteristic components of the benthic bioccoenosis
of the Chennel. They are .snoountered only in wvarm abyssal
vaters, desper than 200-~250 meters, Their strict adaptation
to these waters confirmthe idoa (36) that the abysmal waters
of tae lavrentian Charnel andOabet Strait are an independent
troo of water. The abundance of sea pens in the laurentian
Chennel 38 the result not only of favorable tempirature and
salt conditions but also of the favorabls naturs of the bot=
tom: the sea pens, whioh dig into the bottom with the lower
end of the base and hot groving onto anytshiag, naturally pre-
for soft bottoms. The bottom ¢f the laurentiafn:Chennel is
covered with ¢oze and glayey 0830, whereas on the contimental
shelf at the same depth (250-500 meters) thers is usually
oozey sand, and less often, sandy édses The 'reason for the
unusually high ooze oontant of the Bettem deposits of the
trough is the presencs of a baffle, of an end moraine, which
separates the bottom of s$ho undervater walley of Cabet Strait
dug out by a glacier frem the continental ted¥race. Relative-
ly low (it extends a few score meters above the bottom of the
laurentiznChannel ), this moraine markedly ohanges the cone
ditions of the water oirculation, being responsible for the
slow movement of water in the bottom layers of she laurentian
Channels, The great ocome content of the bottam prevents the
development of cerals in the laurentian Channel, since they
attach to stones, Only Flabellum alabastrum, which lies
freely on the surface of the bottom, is quite common.

Corals and sea pens arse abundantly represented on

the southern slops of St. Pierre Bank. They are not Tare,
although they are relatively few on the southvestern slope
of the Grand Newfoundland Bank. This permits us to oonsider
that the southern slope of St. Pierre Bank and the southe
wostesrn slope of the Grend Dank azo windes ¢ho infiuones of
Atlantio waters. These waters are intermediate in theirp
tomporature and salt characteristics betweer the waters of
the terrace and thas labrador waters and represent the product
of their mixing. It must be supposed that the penetration of

6



Tabis
Lint of Goteceraiiia (With the BSocpbidn of Glawularia and
RBunephithya), Wadreporaria and Antipatharia, Found in North~
west Atlantic by Expeditions of PINRO in 1954-1360.

¢ LTV ﬁ @Pﬂ‘m ’E%:

P @Kuuc Anthoszaa, nonnce Octoeon‘l"ﬂ'a
. ' Orpaa Telestogen .
L m-nnu nmnlrlmnsl 405—-338' Conopmas APalraxs . (+2] I 740-=3448

@oﬂu: Meyonuu

omastus grandiflo- | 248-8% T nlunl(uapmox oS08 0| 1403875
mnw t ihn’oummn 20 o-ae Tpemasy;

43NC0D APOX,, w00 Hcasnanx
@Orpaa Gorgonaces
. Parsgorgia.arboren (I..), 203520 (D Or munmu ey lcpmu =800

Op or JI
Ho-ol Auré.up:. Hcmua. &n Ay

50T Sunm 10
ue:.o't mumn o M I(n. as&ﬂm

Anthothels granditiors | 280--338

(M. Sars)
Authegecgia amists  818~-7000f gr“'l"ﬂyrym% :o mm d 2151287
e B | sca s, Houta: A A ! oo
1‘ wu’mu kihen- T » Cuuppm‘ uw. 1504200

mm: mis
i_(omu

!
'

» radd - 1000

Radicipss graciils (Ver] 840—700 1;- nnmnm a0 Hosolk Anrom,}  98T~-3473

‘ %h srbusenla | 348780 e e Hemmm 20 Kﬂtlpeuux oaop,| 1923173
Coratolsls omneta Var.d 200--548 g0 mynmn a0 o-9e Fpevegn,| 278--1840
,:m Dancuno ot Vipassake a0 o-308 3ene-

Ke lomnon stellife] 240--840

rum (O, ¥. Malter) bo e
pend oxesw, Sino
l’uuletu‘l:m quedranguie- 315350 L0 'rponieﬁnu:: Cpeanaemuscro no- 18--2470

| tie (Pal l" ot Hmcnyu.m“»

ATxantua (18 o 4104400
mnmeou nn'a). w:ul-

' Pavoneria finmarchica | 248--443 f) YT L ﬁypum 2 Cempuol 401790
(M. Sars) S uops., o:g:w, wasupa o n. Koa| .-
.o 03 o m

A Aanupmum grandifio- | 1772308 Loancons 1 mac-A 1003448
copoh e o |

rum (Veerl o :
Pms;ula geendia 20100 @805 A pognang, oF Maod  GO-2300

VBaynanenas 20 Bemmmm ot
ta Koe. et Dan.] (130= 132G Ten Ko A 01
M0 npoa‘:o w‘l‘c ‘rl:uou:::." Hn =500

P. pealiters Jungepsen | 2180
juv. .

raydmnx m—axsz M) ‘
4 {oontinued on next page]



.’u:j

B el

{Pabie, consinuad. from previous pagy/

| ) TaySuse efave.
@‘n "a AN s l mg...u -ﬁ

,n-ﬂhw.u,
AN —— s e m——— e
) oaxarace Hexﬁ;oull ia
ROt prg Madreporaria
~-430 r Jlenygosn npoa, au wkustupa, orf 357.-2088

Fll'htllum . alabusteans

e . asanit i Kauaperux o-som
wzlln'mM,(w { 20 <28 A e

' HA (W8 Couep 002100

i Sk ety

! ARABRexMA omonnm ‘ |
Orpwa Antipatharie

--:olswwm 0P, Gapepekue o-ns | 1100--£200

Bathrypatiios arctica Latkes)

s 3pecies; 3. Depth at Whieh Enccuntered, Neters; 3. Dis-

trtbntz:g B. lives gt & Depth of, Nesers (Acocending to Data
An the iiterature); 3. Olass ‘Anthozca, Subolads Gotocorallia;
6. Order Telestacea; 7. Nerth Atlantioc; 8. Order Alcyonacea;

9. Frow Trondheim $o0 fhe Oa Islands ihd Fism Kewfound-
land ¢ she Islend of Gesunde; Davis's Streit, Soush Ioceiand;
10, Oxder Mmeea; 1l. Prom the Southwestera Part of the

Barents Sea $o Pertugal, Frem labrader to New IEngland, loe-
land, the South Atlautic, and Mersh Paoifie; 13, From Fine
sarken to the Cape Vexrde Islands, from Newfoundland to Cape
Cod, veat Indies?: 13, From Portugal to Moroose; From Mew=
foundland to Cape Ood, Ioceland; 1%. From Lofoten to the Cape
Verde Islands, Newfoundland, Mew England and Ioelund; 15,
Irom Lofoten S0 Skagerrak, Ioceland, and the Faree Islands;
16, From Western Muramsnak to Portugal, from Davis's Strait
%o the Gulf of Maine, Nerth Bmeific, 3ea of Qikhosek and Sea
of Japan; 17. Frem Davis's Strait to New England, loeland;
18, Frem Iceland to the Camary Islands, from Davis's Strait
to Nev England; 19. Prom Newfoundland to the Island of Gren-
ada, Possibly from Ireland te the Cape Verde Islands; 20,
Order Pennatulacea; 31. sh Atlantic (to the Nerth of
Lofosen and Davis's Strais), Indian Oceau and Japan; 22,
¥Yrem Trondiheim ¢o the Nedit¥sranian Sea, from Newfoundland
1o Yuocasan, the Indian Ooean and Japani 33. From Western
Musmansk So ¢ho Nordh 322, frem Hewfoumdland $6 Gape Ged,
the Sea of Japan and ¢he Sea of Okhotak; 24. Prom Davis's
Strait to Buenos Aires and the Cape of Good Hopo; 25. From
lofoten to Skagerrak, Fros Newfoundland to the Bakama
Islands; 26. From lofosen to the Aseres, from Davis's Strait
to Chesapsake Bay, the Indian Ocean; 27, Davis's Strait

5 Laontumod on next page/



fable ocatinusd fgom previcus page/ (In the Opinion of F. A.
asternak {8), Gne of the Ferms of P, phosphorea L., Wide~
spread in the Atlantia. Pasifi: and Indian Oseans a¢ Depths
of 20-3,182 metors); 28, Subolkss Hezacorallisa; 29. Order
Nadreporarias 30, From Davis's Strait So the Equator, From
Ireland to the Canaxry Islands; 31i. Atlantic (In she North

as far as Newfoundlamd, Icoland mnd Finmarken) and the

Indian Qoesnss 33, Order Antipatiarias 33. Bavis's S¥fait,
Yaros Islands; o o : ' .

%

Atlantic waters ifito the shodls of the Grind Bank is a regu~
lar phenomenon iih this itea, e relitive paucity of corals
and sea pens in this ares is pesiibly the result of the fact
that the labrador waters come heres from time to time also.
There 12 an entirely different pioture cn the Bast~
ern slope of the Grand Banke. Here, in the uppsr bathysl we
did not find either corals or sea pens. They live here only
at a depth of more than 00 meters, whioch we practiocally did
not study because of the exoeftional difficulty of trawling
operations on the steep slope cut up by underwater oanyons.
The main stream of ths Labrador ourrent on the Bastern slope
of the Grand Bank is -squeezed between the Bahk waters in the
West and the Atiantio waters in the Rast, Along the Sastern
margin of the Stream active water-mixisg prooesses oooun and
the mixed water drops aoctively to the bottom. Sponges, hy~
droids, bryoscans and polychetes, sabellids, thet is animals
vhich feed on particles suspended in the water and whioh
develeop only when there are bottom ocurrents of adequate inw
tensity, are very abundantly represented on the Rastern slope
of the Bank and drop te.deptha of 300-400 meters. As far
dovn as 300-400 and,in piaces 500 meters, such shalldwewater
animals as the oake urohin, Rohinaraochnius parma, and the
bivalve mollusk, Oyrtodarie aliqua, are found. The sandy
bottems hore are noted to a depth of 200«230 meters; oomney-sandy
bottoms, to 700300 meters (on the southwest slope of the
Bank, to 100-150 and 200-250 mejers, respectively). The low
water temporature; usually 0=4+2° and the hard bottoms do not
permit the warm-water Sea pant and corals to live here.
We found & multitude of corals and sea penz (15 speciss) on
Flemish Cape Bank: It is separated from the Grand Bank of
Newfoundland by a narrow (about 10 miles) underwater strait
whose flat battom lies at a depth of 1200 meters. Despite
the narrowness of the strait, the fauna of FPlomish Caps are .
vory muoir differsnt from the fauna of the adjacent area of
Grand Bank. There afe practidally no cold<water animals here.
A number of loWwer-arctio«bareal spevies with divided aread
of distribution (norlhesn part of Shc Paoific Goean anf
Northwest Atlantio), suoch as the oake urchin, Bohinaradhnius
parme, the crab Ohionoecetes cpilio, and a number of others,

9



are alse absent foem the nﬁiiish Capee &5 depiis. foes 208
o 308330 materas W BRriGs ARl GRyescoas oo aulists vare
ieusly represented, sltheugh thers ars much fever of them
than on the Rastern siepe ¢f Grand Bank: This speaks for
an inoressed rate Qs‘ MTAmeRS of the water im the Lohtem
layers, sithough the speed of the eurrent is far frem reach~
_ ing the level of that ¢n the Reters slope of Grand Bask.

At this dopth there is s predeminanes of boreal ferms eof
animals; hewvever, 6 are 10 son pens even here and cerals
ars snoeuntered ehly ¢¢ uouny. rmuy. toginning with

qa h of 3 £ serals
‘ ON ” :::m;ﬂor mh:n anoirel . il.u Bank
u AS ﬁm M (212 3 ).

Y
L 4 7
wt

[ Y I X K]
W o lety

‘ longitudinal Seoctien Threugh Flemish Cape Bank at

b7 !om Lasitude (the Versiocal Seale is Appreximetely 200
Times Gréater Than the Hoerisemtal) amd the u@mﬂru gu-
irtbutgn of Corals and Sea Pens on ths Baci Between

and #7°20° Nerth Latitutsde: 1. Paragersia ccdezea; 2. Antho-
thele fleza; 3. Paramuriocea guunn b. Radicipes
greoilisy 5. Acamella arbuscuiss Bathypathes arotioa;

7¢ Flabellum alabastrum; 8. Anthsmastus grandifierus; 9.
laphella persuasa; 10, Pavenaria fimmarehioa; 11, Anthep~
tilus grandiflerum.

The shallevest water part of the Bank is washed by
subarotic v ters of the Flemish Cape zh bettom tn-
perature at dogtha up te 200 mun 8 2,6=3.67¢ the salt
ocentent, 38.40=24.7 grams per thousand., In tho w@a in whieh
tha _oosals and see pens 1dvo She bo%@a 8ec-onalnr0 40 Jo3e
4.07; the salt oentent, I4,8=34,9 grams per thousand, These
ars sbyssal Labrader vaters, appsrently, with a certain ad-
atasure of the waters of the terracs ceming %o Fiemish Oape
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Bank from the Southe. At a depth of 300 to 300-350 meters

the mlxing arca of these waters is feund. It must be sup=
posed that the lecoalisation of the three vepticsl hydro-
logloal m um% sones in “p::. i; 8800 igg. mom
degree, h the topography of the bottom oI the e
Characteristic of the geomorphel of the Flemish Cape

Bank is the stespness of the southern and eastern slopes

and the gently sloping nature of m northera and western
slopes, vhere two terraces are readily noticeable mnoaﬂ,y
submerged shorelines, at deptbe of mbeut 150 snd 270 meters.
The lover terrace 18 boumded by lev (5-10 sieters) prejec-
tions at depths of 2350 and 300 maters whieh apparently en~
oirole the entire Bamk (4). It may be suppceed that the

age of thess terraces is.Pleistecans, because the terraces
found by Holtedahl (37) at a depth of 270 meters along the
shores of Norway, Saosland, Ireland and Iceland were oon~
sidered by him and Rigg (41) to beleng to the od of maxi~
mum glaciatien amd the terrace feund at a depth of 150 meters
in the region of the underwater Mudson Canyes (New Engiand)
is referred %o the Wiscensin Gi‘qots:l Peried (a4).

At a depth of less than 170 meters, en the ugpor
terrace, the bottoms are sandy, ourrents are quite acte
ive. On the western slepe of the Bank, on the surface of
the second serrace, there is ; patoh of sandy cose (&) whioch
coinoides with the position of the region of warm ourrents
(23)e Along the margins of the seocond terrace the speed of
the ocurrent is inoreased; the bottom is ooay sand witn
stones. Such a bottom oocurs alse in the area of develop~
ment of the corals and sea pens. BRyidently, the sbsence of
corals and sea pens frem the lewer terrace ic not determined
by the conditiens of the hettom and not by the differsnce in
temperature and salt contont which are net negligible faoters
for the animals, but specifically by the faot that lower than
300350 meters thexre is a prevalence of abysmal labrador
waters mixed with waters of the siepe. Acocording to the biologh
cal characteristicathis type of water is very much different nst only
from the subarctic water of the Plemish Cape branch but also
frem the waters of the mizing srea at depths of 200 to 300~
350 metera, It is ocurious that at depths of 200 to 300-330
meters there is a predomimance of the "golden redfish"
Sebastes marinus {(linne) and lower than that, of the “deep-
water redfish" (Sebastes mentella Trawvm,) in the fish.oatches.

To the northwest of Flemish Cape Bank, on the oonti-
nental shelf of Northern Newfoundland and labrader we did not
once encounter a sea pen, exoept for the surythermic species,
Virgularia mirabilis. No Antipatharia were found there either.
However, four spscies of Gorgon corals, Paragorgia arberea,
Primnoa recedaeformis, Anthothela grandiflors and Trachy-
muricese kilkenthali-cwore 86211 nmeted aleng tho ghoses of
labrador. . Heve, thoy are oncounitessd al & deépih o mo Aewd

11



hen 356 &,seg@g:.‘mzy b depeha of ESB000 Gatcrs, cxd

dc me® o decy undervat.r vaileps CJ e st 1tal
shelf dag et by Se gikvier &V wiiy Wnewey QMW
phi ‘ are o (ehé sda urdita, "ster

L)

' eddels ifve Wee wpyesl &hn«-
i M hbufe of Rha) w;.uu.
. thitisand, ‘et 43, almest

08 Ved¢ & Tieieh Caps Bank,
- Therefere, the wbysmal fﬂ‘dﬂ‘i’%_’“ *he hbﬁ« Surzrend 2AVS °
sothing ix cémmen witk the wasics of ke 461l sumber i e,
lLebrader Sus (négasive f%ﬁﬂ. SAl% contons of iesp
than 3§ grass per showsant): Théese are riég Atlansio -
. waters cm&g‘:‘m the sheres #f Vesterin Gdee y They
nevy S0 ko

g Shy Serdering e cold strdam on ke Bist
(these vators spesificilly ewtér the Fiémiah Oape shoals)
u‘m-cnmboﬁ? ™ sl Sabreder witers §o

inte the underwiter valleys of (B0 Sheif, bus Judging ¥y

_the abssnes of cevils frem theie valleys, this es¥urs in

vory saall quantitics, . -

Vhy 48 the varu-water féuna 3¢ péir sleng the sheres
of labyuder) The tenperituse differencé lietween Shé wvaters
of labréiler and Flemish Cupé Bixk at deptis of meré thaw 300-
330 meters is siight¢; the battens are she sane, the degres '
of vater mebility ie alse apparensly She ise. Eevever, the
mest charasteristie feature of the benthos 6L the dpper
ba 1 nour Labfader and Nevfonidland, whish didtinguishes
. 16 my dly free the Beithes of Fledtsh’ Uape Bank, 13 the
sombinéld éxistencé of warm-wadsr and eeldswiter species.
Spesifically, al vith thé varm water serals, Primnoa
restdneformis and rgia arporea, there ars susa oold-
vater animals as the sea 1iily, Weliewmetre glasialis and
the starfish, Mpbecter fursifer, This phenimenss baocemes
understandable Lf we keed in wind the yearly and peremnial:
variations in the inbensity of the celd stream of She inbrae
der current (2)¢ Inorease in the pewer of the ourrent of
the Culf Séream waters invelves an imecrsase in the degrse %o
whioh celd waters are carried st of the Polar Basin and,
therefore, am inorease in the piwer of the ourrentd of esid
idbrader waters, Reduetion in the pewer of the ourreat of
Gulf Stream waters brhls:’:.b«t & weakening of the oold
stream of the labrader ! nte A8 the Tesult, sectiens
of the upper bathyal in the same ardas threugh which the main
stream of the Labreder Puvicent passes are under the influenee,
m warm, nev of Ssld waters. Nesurally, under such oom-

saly thd quite ocurfihormic ferms of warmswate> aate
mals cam suxrvive. - Aotualiy, all feur spesiez of @Gergesacsa
whdch wo foukd aleag the chszes of labradcs aleo 2ive aleng

the cheres of Nerway, geimg to the nmerth ¢f the Arctic -
Circlss : '
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The waters of the 00ld center of Shs wain streem do
net go te the Flemish Cans Bank judsing by the sbsencs eof
cold~wauor specles, [2opecver, Uiv ahsenoe of Bpe3led with
Separaied Pasifie«Weolora«Atl neic sress of «isSsitasien
frexw Fiemish CGape imdioases SHas susl Vasers Mave Dot
oome into Flemish Cape feor e last severai theusand years,
These animals penetrased inte this Newfeundland area frem
the Pacilic Ocean aleng She nertherd sheres of fansda,
appareatly dur&gs the peried of ks postagiseial olimatic
optimum: k0006000 years age. 7Thi hydrelegicsl cendisiens
and She botten of the Shealewiter baaks of' sieh-Gape ave
faverable fer them, but adult antsals ecannét git threugh
the great depths of the asrait whiok ssparates Plemish Oape
from Grand Bank where " 34ve. - If the e0ld Lubzider vasers
washing the sheals of Baiit sume to Plemish Oape shey
would brimg vith them the larvas ¢f shese animals, and &
differentiated pepulatien of Picifié-Westsra-Atiantie eni-
mals would be fermed at Flemish Cape; Whioh; as we ®es, did
not occur. Generally speiking, the watsr prefile in dsep
water deponds to a tremdndeus dagree on ' the ¢ of
the bottem (26);: sherefore, it may be censidered shat the
types of waters whioh wo have analysed, namely, the aald
lLabrador waters, sthe warm abysmal sder waters, thh waters
of the Tlemish Cape branch, the waters of the seuthwsitern
slepe of Grand Bank, the abysmal waters of the lLaureasian
Channel, are by ne means temporary fersatiens. Their hydro-
logical characteristies could have and sun still change teo
a certain degree, but their distributien and basio propersies
of these types of waters have met undsrgene essential ohanges
since the ice ¢f the last glaciation meited and sinoce the.
modern water conditions were established in the Morth Atlantio,

North of she Greenland-Canadian undervater moraine
there are no varm=water 0orals or Sea pens; 4in the abysmal
waters of Baffin Bay animals of the high arotio live, such
as the sea pen Bubellula encrinus f. enorinus,

Along the southwestern shores of Greealand, according
to the data ef I, M. Sidorenko (9) and his collections, which
he gave us for oclassification, the Gorgonscea Paragorgia
arborea and, less commonly, Parasuriocea placomus and Primnoa
recedasfornis live. This last species is «lso encountered
near Farewell Cape at relatively lev ‘depths, abeuts 200 meters,
The corals also go into the undervater valleys of the shelf
and into the abysmal sections of the Greenland fjords here
(9, 38)s Therefore, the Atlantio waser current here is
stronger than along the shores of Librador. This s natural,
for en route from Greenland to lsbradotr Ssmporature and
volume of the Atlantio Ocean water oarried by she eurrent
fall off oonsiderably.

Uorals and ses pens are very abundently reprosented
acar the shores of Western Greenland im the lower bathyal,
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at depths of €50+27 meterss Here, Telestuls secptentrionalis;
Nadsen Alcyoriacea; Anthemastus g ifiorws Verrill, Cergen~-
acea; Parigergis arberea (L.} (1.) Aawhoshels grandiflers

(No Sars): Acanthogergis ermath Verrill; Farasuricea place~
mus. (L.); Tra irieea shalli (Breeh); Primnce resedae~
formis (Gumms); Steneg m hexsalin Krsmpi 8. reses Grieg;
Redioipes ohallengors . % & Studer); R. greoilis (Verrill);
Acanells arbusocuis. (Jshnsen)s Isidella lofetensis M. Savs;
Geratoisis ermmda Verrili Penmatujaces; Peanatula aculeass
Kore & Dan.i P, ‘grandis Jbrendsi. F. paesphe res L, P. aculeata
Jungerseni Stylatula elegans Eere.. 6 Mane Pavemaria fin-
marchioe N: Sers; Halipseris cohriasii &i«wg 4 Dan.): Pumi-
culina quadrangularis (Pall.); Preteptilin thamseni Keld.;
Disticheptilum gracile Verrills Antheptilum grandiflerus
(Vverrill): Kephebelemnen {(Buikephsbelomnen) stelliiferum

(0« Fo Mulier); Uabellula- . emerimme 1l1indabii Kell.: Nadre~
goruha Flabeliux alabastrum: and othexr species (30, 133,

8). The sbundance ¢of werm-water animals at such Gepths is
possibly oonmnected with the faot $hat smbarotio waters in
ths iabradasr cireulasion drop to she- -bottom, dausing an
almost ocempiste tempsrature uniformity at depths from 200
metors to the bost:n :u m: .:Q:e ¢ ‘b PISRO tLens

400e o the material ¢ P expeditiens
and data in the literature (14-3i, 28-3%, 38, #0, &35, 46
and others), we made out & map of the distribusien of 36
warm-water and twe opld-water spscies eof corals and sea pens
%;:h:’lnth Atlantic and adjacent part of the Arotio. )
L .. . N

On she » the nozihara beundary ef distributien
of the m—ut::’smotu is readily seen; it coincides with
the boundary of distributien of the cold-water forms (warm-
vater and cold-water species were nct encountered a single
time together). This boundary separates the Atlantic bereal
and srotic ateas., However, while in the regions of the At~
lantic baffle and Norwegian Sea this beundary is defined
very distinotly by the distribusion of warm-water corals and
sea pent, in the regiens of labreder, Nevfeundland and Baffin
land in the Veat, and in the regien ¢of the Barents and Greean-
land Seas in the Bact, it u“mpﬂg eutliined. For the Norsh-
vest Atlantic it has been noted abeve that the gradual im-
poverishment of the fauna in going alsng the courss ef the
stream of Atlantio waters oeours gradually under the in-
fluenos. of lecal hydrelegiocal changes, same i3 true
for the Norwegian, Barents and Greenlapd Ssas. Many speoies
of ocorals and sea pens, such as Acanella arbusocula, Anthop-
tilum grandifigrum and Flabelium aisbastrum are med cnesune
tered nerth of the Atlantio thresheld & whole sexiee ef
species; namely, Anthemastus grandifierus, Paramurioea
~ placomus, Trachymurioea kilkenthali, Isideila lofetensis,

Pennatula grandis P. ascxkleata, and others are net neted

L
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Fig . Distribtutien of Cerals and Sea Pens«~Indicators ef
the Yeter Nasses in the Atlantie and Aredie: 1. Osld+Wuber
Spipetes; 2. Varm-iater Spediefi 3. Varm mmui.b. eld
Cusrents; 5. Nized Yater Ourrents; 6. 500-Metes Inedath.
The' Reman Fumerals Desiguate the Pellewing Ourrests: I,
Gulf Baresmy XX, Nerth Atlantio Curremé; XIX. Rsstesn Broonch
of to Eoswny Curpents IV, Westera Boemsh of thoe Hosway
Curreat; V. Nerth Cape Ourrensi VI. Coastal Branoh of the
Marmacek Curveat; Wi The Nais Branch ef the Nuswansk Ourrent;
P11, Oontral Braned of the Murmansk Currens; IX. Northera
Branch of the Nersh Cape Ourrents; X. Currens; XI.

' {Bentinued en nezt pagy/




Fig &o OCodtinued from previous page,] South Oepe Current:

I, West 3pitsbargen Current; XIXII. East Greenland Cur-
rent; XiVv. ZRasté Ioeland Curven®s XV. Irminger Ourrenti
XVi., West Greenland Current; X¥Il. OCanadiap Currensi
XVIII. labrader Ourrent: x;p Censtal Streém of the labrae
dor Qurrent; XX. I:tn Strcal of she lsbrader Current; XXI,
Flenish Caps Hrans m;o pt Gurrent.

-Ustor ﬂmtu
anudu; ciutouuh‘n andeld reen, ronnatuhouc
thbouuh Sserinue !‘d snerinus- {4 ),

: vm-watn Species
Teloptacen: Toles inn %ﬂ !anulz Kadsen Alcyonaces;
Antliomastus crnu:; b 411, Oef'genacen; Paragorgia
arbofes (Le) (Le) Antlig 'nndiﬂ.ou (M. Sars); Acantho=
gorgie armata Verrill; Paraiuricsa placomus (L.): Traohy-
-murioea kukenthali (liyeoch): Primnos ressdesformis (Gunn.);
Stenegorgia borealis’ 3 S. rosen Grlieg: Radicipes
challengeri (Wrights 4 Studer); Ri greoilis (Ver:ill);
Mnmnn srbusou Wohnsou)c Isidolle lefotensis N. Sers;
Gon.totul ornata Verrill Pemmatulacsa; Pennatula aculeata
Kors. & Dan.; P. grandis Evendb.; P. phospho res L. P.
aguleata Jungersen; Stylatula elegans Kor, & Dan. Pavonaria.
finmarohioa M. Sars; Hslipteris christii (XKoz. & Dan.);
Funiculina quadrengularis (Pall.): Protoptilum thamsoni Koll.;
Distid 1lum gracile Vorrill; Antheptilum grandiflorum

iv-:uu 1 Ko belemnen (M elemnen) stelliferum
i Umbellnla fo® lindahli Koll.; Madre~
por rmo:.;- alabass Noseley, F. macandrewi

Cray, Steplanotrochus meseleyamus Solatez; Fungiaoyatbus
fragilis M. Sars, Vaughanella sp.: lLephelia pertusa (L)
Amphelia ramea (L.) Anttplthsrh; Bathypathes arctioa (x.itkau).

north of Western Norway (Trendheim and the Lofotens),
that u. the places ::o;: the lpm‘z. ourr;:tluz;utu inte
separpse brenches. nmarien, re ¢ orth Cape oure
reit divides into the Murmansk ourrent and the, northern
branoh of the Nerth Cape current, lLophelia rtuu. mu.

remen and ethers fall ewt., Oc¢casienal speoi Fuaicu-
iina qwmm, -Javenaria finmarohica, Prhnu recedae~
tontg. onm wborn (11) reash the main and coastal
stp k ourrent. On the Kela meridian
(33 m;itm) vo n o:::::::w SNy of ‘::;:o
ered en oy
75' oa' h'{::g, 1.3 m mﬂm) The boundary

‘e mo long srance te Bis P crd
at spg,sme:\:m ? ﬁ@g%‘ of Svyatoy Moo capg in
Bastera mmi: 1 ‘biw there wWafe n9 warm-waser oorais
st ¥est Spitsbergen or at Idnt Zaland ér at Bastera Murmansk.
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There, hovever, thore arse other Warm~water animals, but
thedr nusber dessrsasés in goisg $o the Bast aand Nprth with
gradual cooling of the Atlantic waters (§, 10), Therefors,
the stepwise nature of the gradusal impoverishment ef the
varm-water fauna 18 a charaateristic foature of the soegeo-
graphy of the North Atiantic, and of mere #hen just the
A®lantio, Apparently, the sarked iupog;r&ghpnut agours in
Flaces where lateral branehes separate frem the walm Atlantio
ourrent or vhere this ocurrpad divides into ssparase streams.
In those areas whers varm cold wasers are adjagent to

one another (Atlantic thresheld, Norwegian Sss), »o gradual
impoverishment of fauna is observed; the boreal aptirosic
fauna is separated here only by a narro¥ Sransjisional strip
with 4 mixed population. T
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Caspian Fouling and its Changes in the Past Ten Years
?rrou 1951 Through 1961) ,

Institute of Oceanology of the Academy of Sciences USSR.
Gs Be z.ﬂnl
Introduction

Appreociable changes in the plant and an fouling
in the Caspian Sea have oocurred under the infiuence of 2 factors~
changes in tho hydrobiologioal oonditions of the sea and the
introduotion of new organisms. .

Reforring to the first faotor there are changes in
the salinity, water temperature, oxygen profile, waser oon~
tamination, destruction by fish, the presence of compstitien
between organisms, eto.; frequently, suoch changoes are not .
long lasting, for example, tho change in the salinity in the
North Caspian csused by. floods of the Volga River last sever~
al menths. In other cases, for example, with prolonged con=
tinucous contamination of the Watier in ports and harbors an
impoverishment of the fauna and flora ocours in several years.
An oxample of this is the Bakinskays Bukhta ay/e Ve
shall not snalyzo hee the changes in the animal and plant
kingdoms whioh take place over centuries, ass¢ciated with
ohanges in the climats, the level and the geoiogiocal history
of the water body: the appearamoce, existence amd di re

ance of its connections with the Pont and Aral Sea (19;.

‘ The inorease in the salt content and the unfavorable
oxygen profile in the North Caspian in 1936-1937 considsrably
ochanged its benthos (3 88)., In subsequent yaars, in various
regicns of thoe ssa, appreciable changes in the benthos also
occocurred associated with the change in the hydrobiclogiocal
profile (&, 23).

The second faotor, the introduction of .new ancrusting
organisas, has been noted by many investigators. With the
development of navigation in various seas progressively more
introducents wers found. Some of thess organisms Acelimatiae
themselves to now places, for example, the polychste Meroi-
erella. the barnancle Rlaminius modestus, the orabs Rhithrio~
panopeus harrisi and Briocheir sinensis to the waters of
Northwsstern Rurope, or the mollusk Rapapa beszoar, to the
Black Sea., Others, such as lepadids and some balsnids are
frequently carried into the cold waters and survive the first
summer there, and scmetimes even multiply at this time, but
die in the winter (8, 1%)., Soeme varm-wates enerusting famo
alsc survive the winter im the higher latitudes (bowevsr,
only under distinotive oonditions in the warm waters of
electrioc power stations on the sea (30)).
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In the Caspian the ocomposition and number of snorusse
ing fauna changed partioularly censiderably after the opening
of the Voiga~Don Canal, vwhen many shipefouling organisms wvere
carried from the Black 3ea and the Sea of Asov. The majority
of the new intiéduséfits eiébuntersd no serieus competitors,
because many ecologiocal niolies had not beea ecoupisd. 7The
sxistéence of free niches in sudh 4 cea as the Caspian is read-
ily ezplained by the history of this body of water, in whioh
at the beginning of the ocentury miny marine erganisms died
out, and chiefly salt-water and fresh~water organisas wvere
preserved. MNoprdukhaysBolsevekoy (19) notes that there are
:;ow true loras of epifanna Wmeng the autochthonous Caspisn

auntlie - .

In the 1930's, apparently on the feet of divers [birds/,
Rhizoselenin diatems were transplanted to the Casplan Sea
and mul$iplied there in tremondoils numbers. Two species of
millets, two speties of prawms, She polyéhete Nereis, and
the mollusk Syndesmya, transplanted there by biologists,
survived equally well (15, 16). However, all these srgins
Lsms sxort a ctmparatively siight influokoe on the fouling.

The first appreciadble dntgb in the feuling in the
Jaspian Sea evourrsd in $he 198078, when after the mollusk
Nytilastey penetratedinto the cupim Sea on the bottoms of
outters after rapid transfer of them by rail frem the Blaok
to the Oaspian Sea. However, despito the fact that the Oas-
pian feuling hai net besn stwdled bBefore the intreduction of

lytilaster 1% may bo =apg:i'od that afser ths W. of
vhie iwtreducent the Touling ohanged enly qua tively. In
the Niddle and Southern Caspian iytilaster displaced Dreis-
sena and ocoupied its place. Be similar to Dreissena in
its size, mode of attachment, feeding and possibly growth
rate, Nytilaster fermed appreximately ihe same kind of colon-
les as Dreissena oreates in Yhe Worth Oaspian and vhich, it
uust be supposed, vere in existence in the Kiddls anéd South
Caspian before bhe intreductien of MySilasser.

Only boz:nn&u with 1958=1955, after the ning of
the Volga~Don 1, 4id essenticl changes ocour in the
fouling: eon the bettoms of ships, the bDaramscles Balanus im-
provisus and B, sburseus, the bryesean Electra orustulenta,
the polychete Neroierella enigmatioca, the hydroid Blaok=-
fordia virginica, many alghe and modbile organisms encounters
ed in the fouling=~~the crad Rhithrepancpeus harrisi, the
mollusk Nenodaocna celerata, and ethers~-a tetal of about a
score of spscies penetrated inte the Caspian Sea. Theredy,
the numbers of the introdudents as a rule, considersdly
excoeds the census of the loocal species., In various perts
of tho sea the chemges im ¢the feuling ococurrsd ad differcas

times. Thorsifore, we shall analyze eath part of the Gaspian
Sea separstely.
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I. Feuling inm the Nersh Caspian

Here, the greatess influenes en the fouling organiine
is exerted by the reduted and markedly varying saliaisy. Ise
shanges, just as the ocentent of ergunis matter and th» quan~
tity of p ton, servimg as feed for the feuling organisms,
. depend oen the suspended matter in the Velga. Of great sig-
nifiocance is the current whieh passes aleng the westera .
shere of the Caspian te the Seuth. It sarvries the lazvae

of attached erganisms whieh 1live in tho nershera parts eof she
soa te the Seuth. Seme nev intreducents (Ralanus imprevisus,
the orab Rhithriepanepsus) £irst sppeared in the North and
then began %o spread aleng the westerm shere te the Seuth.

© Be Lmprevisus was ui:t fopnd by Sayonkeva (25) in 1935 ia
the area of Ostrev / Kulaly and almests simultaneeusly
by Dershavin (6).at Isbereg: Ehishrepanepeus was feund in
1958 in the Nortk Caspian (21)s The abunéamce of sssten
oreantes censiderabls Surbidisy ia the Nerth Caspian; there-
fere, the algal toulmi‘:ou met ge deooply in this pars of
the sea. 7The 100 regularly destreys she enerustasiens leeato
od noar the surface of the water. The icy masure cf the
regisn, as pointed ous by Tarasev (27), is signifioant fer
feuling not¢ only boeause of the faet that the ico Sears off
the. feuling bus alse beeanse it cleans off the antisfeuling
and anti-pust coverings.,

We studied the fouling of the Neorth Caspian in 19353,
1958 and 1960 on bueys (Sulakakiy, Nes 20, 40 (er 24), %0, 73,
7h, 142), whioh in every case had steed frem April uatil Nevaem-
ber-Becesber (Fig 1). The biekmss ef the emorusting fauna
in 1958 inoreased by aluest eight times compared with 1933;
in 1960, by five times (Table 1). In beth cases the mein
inorease in the biomass was givea by the new imtredwosnt,
Balanus, OChanges in the Diemass of Dreissens and Nytilaster
deponded en the sal$ centent of the water. Wish reductien
in the saliaity ef the water in 1958 (Table 2) the biemasa
of lreissena inoreased; that of MNytilaster deoreased. In
1960, the salt centent ¢f the waser again inoressed, which
again caused an inorease in the biemass of MNytilaster and a
reduotien in the biemass of Dreissena. '

AS alr been reperted (13), intreductien of the
barssole /Balanug/ did net reduce she cemnsus ef amy of the
encrusting fauna. Ocnverseiy, the tetal biemass of the
aborigines inoreased in beth 1958 and 1960, and this imdi-
cates that the-conditiens fer them improved with the intres
duovion of the barmacles. Tho bazn20olo ghells feormcd nr—apo
ous shelters fer mobile organisms and small mellusks and
oensidsrably inoreased the wurface %o whioh sessile srganisms
oan attaca themselves by ocemparisen with the relatively smeoth
initial substratum and make it peasible fer & larger number

23



‘ Table 1
Biomass of Bnorusting Fauna on the Bueyrs of the North Oas-

A Foaw
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1. Organisms; 2. Years; 3. Algae} 4. Dreissena; 3. alz;
tilaster; 6. Hydroids; 7. Cerophiids (the Biomass of ¢

Corephiids Is Indicated Bach Time Including Their lericas);
8. Gommarids; 9, Barnacles; 10. Orabas 11, Total Biomass.
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of organisms te astach themselves. Ve cannot yet explain
the reason for the marked reduction in the biemass ef ocoroph~
iids and the disappearancs of gezmarids in 1960. Perhaps,
this 18 explained by the arants of orabs in this ares,
whioch sat the small orustations.

The fouling on the buoys of the westerm half of the
North Caspisan is greater than in its eastern portion (Fig 2).
-Probably, this is associated with the abundance of food
brought in by the Voiga. The buoys located to the north in
1958-1960, when B. improvisus became the leading form in the
fouling, were less enorusted than the dbuoys lcocated to the
south. Bvidently, too lev a salt content (less than 6-8
grams per thousand} is unfavorable foxr barmacles. In 1953,
even before introduction of the barnacles imto the Caspian,
the greatest fouling was observed in the western part of the
North Caspian. The higheat biomass in this year cocourred
on buoy No 142 and was orxemted there by Dreissena. In 1958
and 1960, on buoy Noik2 and the adjacent buoy No 3, the
fouling was not much less than in 1953. On buoys looasted
te the couth it was ovem groator. Im GBAOC agoa, boeawso of
the considerable fresh water content thers were practically
no barnacles, and Dreissana was predominant in the fouling.
The bryosoan Bleoctra crustulenta appeared on the bucys at
Bautino in 1958, 1In 1960, it was quite abundant on these
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;iig 1, Continued from Frevious Fage/. i. Froa Buoys; 2.
rom Rocks and Marlin Spikes.

Table 2

Mean Nonthly Salt Oontent at the lurtsoo‘ot‘tho Water at
Ostrov /lsland/ Tyuleniy, Grams Pexr Thousand.

Maoceuw l

N ——— -

O™ |71 | dfm fwv v v vafvm| x| x | x|xm .
1053 | 14,7 140,61 9.3 {7.917.413,012,0 ‘ 541355(7.414,1156,3 58
“’58 0.0 407 ‘v3 3v4 401 bu 209 3.9 3;0 ‘.1 5" 6' ‘.1
1960 1 5,4 4,8|6,5 [4,6]3,2]4,0]74 i 8,2]7013,814,815, 53

l, Years; 2, Months; 3. Average for the Year.

buoys but had not yet appeared in the other regions of the

North Caspian. No essential inorease in the bicmass of the
fouling was observed beoause of this species; even the con~-
verse wvas the cass: whers tho bryozoanr settled first barn~
acles did not grow.

Ix.
Fouling on the Western Qoaat

The water along the western coast is different from
the water of the North Caspisn in having a higher and more
porsistent salt content (about 12«13 grams per thousand) and
greater transparency. The salinity of the water inoreases
somevhat toward the South. The temperature in the South in-
oreases oonsiderably, which has an influence on the growth
rate of organiams. The leading forms of fouling along the
entire Western coast, azide from the very much contaminated
ports, are the same. The fouling of the Niddle and South
Caspian are different fzom that of the North Caspian in the
faot that while Drelssena is encountered in the North, only
Iiycdlaotor pascieipates im oho foniinz ef ¢ho Goansnl wadoso
of the Middie and South CGaspian.

Balanus improvisus appsared almoat at the same time
along the western coast and in the North. In 1956, this
sSpecies was encountered in abundance along the western shore
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{10}, B, oburncus was found on tho Weot eenst im 1959 in

tho sheltered and poliuted bays of Ostrov Astea (20). Biec~
tra, vhich appsared in the Saspian Saa only 2o 1858, aleing

the eastern shore (1, 11), was found in 1960 in the area of
Nakhaoh~Kala, in the mtﬁbﬁooﬁ of Bakinskaya Bukhts /bay/
and south of it, The or thropanopeuvs, Zirst feund in
1958, had spread along the entire western shore ef the sea by
the winter of 196061,

Fouling in the Region of Isberg. The most detailed
cbaervations wexre made in the region of Isberg, where tho
fouling was colleoted from the poles of an oil stockade and
from experimental piates. The introduction of %he barnacles
had a partioularly great influyence on 3: oarly stages of the
succession. In 1951-1955, befors imtroduotion of the barn~
acles; the fouling biomasc on the plates whioh had steed in
the sea for four-five months reached approximately ene kilo-
gram per square meter. In 1956, when the barnacle appeared,
the fouling biomass on these plates was about three kilograms.
per square meter. In 1957, when the barnacles became numer=
ous, the biomass of them alone ocourring on the plates four-
five months after they were exposed was six kilograms per
square meter; in addition, six kilograms per square meter
camé from the autoochthons, whose number, as has been mentioned
above, also oonsidsrably inoreased during these years.

In the feuling whioh had existed for many years on the
poles the effect of the new introducent was most appreciable
at the water's edge, where prior to its appearance algae,
whioh do not produce a large biomass, bad been predeminant
but whers the poorly attached Mytilaster was washed awsy by »
strong waves (12), Barnacles,which can withstand a shearing
foroe from 67 to 74 kilograms each (2), even withstand strong
vave impacts., While in 1936 the average barnacle biomass at
the wvater's edge was about 2.5 kilograms per square meter, in
1957 1t had increased to almeat 2ix kilograms per square meter,
and along with this there was alse an inosCase in the biemess
of Nytilaster (to 2.6 kilograms per square meter).

On the poles which had stood at Isberg for several years,
not only a large barnacle biomass but also a Mytilaster bio-
mass wvhich had inoreased to almost nine kilogrsms per square
meter wers observed. Such a large Nytilaster bigmass at the
water's edge had never been ohserved previecusly.

At & depth of 1.3 meters the baramcle and Nytilaster
biomasses in 1938 were squal to 6.8 kilegrams per square meter
sach; even desper, the barnacle biomess was ko5 kilegrams per
aquare meter; that of Nytilaster, as high as three kilegrams
per square meter, Here, the biomass of Nytilaster prastically
4id noy change after the epposronss of barnacles. Roth ca o
plavos aad on the poles in 1956 there were £o¥ barneoles, bud
in 1958 their number had reached a peak {five kilegrams per
square meter). " It may be supposed that in the future the
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auEDoR of barnaclés wiil deorease somewhat, as we cbserved
in the Forsh Tespian im Pove

rouuncuzn L] ﬂ'igﬂl of Apsheronskiy Poluestrov
(Kpsheren Peainsuly/. 19531934, 1958-19%9, 1960-1961
ve colleoted fouling Trem Dusys at mou.nu banks:
Apshereaskiy, Opugh Saladhnina,; ovi m
zhiley, Khanler Margin, Svaynoye Seo iy ! . sa
Islands, Net 411 the bueys were ezdipined every year; in
additied, the bueys steed in the Watdr for differsat periods--
from one to two ysars. Eowever, bscause every ysat there
were bueys which had stoed éne;, oné and a half, and two
.ysars, we comsidored it $ossible to cowbine all these data
(Table %), Sbtaining & pioture of the feuling characteris~
tica of the region.

Table 3

Biesass (Grams per Square Never) of Fouling on Buoys Whioh
Had Scoed in the Area of Apsheronsikiy Poluostrov one=two
yeoars.,

FroaxulE | Fogw
QP . . 1690 1006] 9901081
etz ] ms yeu § — | a2 | ses
B i | W | pemad | - | a0
AR I DR
_"ﬁ\_ T | oot |. 7882 | s08a

i. Organisms; 2. Years; 3. Algae; i, Hydroids; 5. Corophiids;
6. Nytilasser; 7. Cardium; 8. Barmacles; 9. Syndeamia; 10,
Crab; 11, Bleotra; 13. Total Biomass. .

In 1953-195h, lNytilaster was predominant in the foul=~
ingé the other animals and algas were cemparatively sparse.
These vere algae, hydreids, oorephiids and small oardiilds.
The latter were alwayr encountéred amoag thiock colonies of
Nytilasser, bBeocause 1lasters held $he ocardiids, attaching
to Yhem with byssus . :
1ng imaeh Sa8 appoared i 1996 (10), The biomass of Nyoil-

o ; : 19). ¢ biomass tile

or dearsaned by four %imes. In the same year é!’:!'g-lssg]
m vore 0o bydreids ab ell btug s mumber of ooropRilds
LR Eherenscd Ty meny PiEed.

in 1960-1361, the nusbor of barnacles ingremsed and
there ¥as a simultanesus inocrease in the number of apecimens
of Bytilasker and hydroids and a desrease in the number of



cesrepniids by eecposison with 1958, Im 1960 ¢ho meov AnSreo
ducents==crab, Blectra and even Syndesmia, which, like
Casdium, had come inte the greups of Myitilastereaplaved an
appreciable role, though less than the formss mentioned above.
The total biomass of fouling on the buoys in 1938 decreased
somewhat; in 1960 it inoremsed .a little ocompared with 1953,
The oonsiderable ohanges in biomess as had ooourred in the
North Caspian were not obssrved here. Probably, this was
oxplained by a marked drop in the Mytilaster bic:.ess in

this region, and, because one=~two=year fouling in wiadli Mytile
aster was predominant was taken, even the appearance of a
large number of barnacles and other new introducents oculd
not compensate for the reduction in the numbers of Nytile

aster,
' The Nytilaster biomass on buoys whioh had stood from
one to two years was four-sizteen kilograms per square meter
in 1952; on buoys whioh had stood one-~one and a half years,
1.5=%5 kilograms per square meter in i958. However, even
with such a marked reduotion in the number of Nytilaster

its biomasgs exceedsd that of the barnacles. Tho greatest
barnacle bicmass was observed on bueys which had stood nine
months; then it gradually fell off, whereas the Nytilaster
biomass increased. , ,

A numbor of authors (9, 2. *1) note that the barnacle
colonies are gradually replaced by ‘olonies of mollusks.
Therefore, it beocemes understandable why the fouling had not
inoreased markedly on the buoys whioh had stood in this
region for a long time. ‘

The reduotion sf the Nytilaster biomass in this region
was oaused by some kind of hydrological or biological factor,
the nature of whioch could not be determined. We cannot be-
lieve that the introduction of barnacles had an influence
here, because in thisc ease the dlaster biomass would have
decreased just as muoh in the other regions of the sea, dbut
this did not oocoure Possibly, the progressively greater
~pollution of Bakinskaya Bulhta, which is now affeoting the
waters surrounding the bay aleo, playesd a part. '

Touling in the Region of the Baku Arohipelago and

Zaliv /8ulf/ Kirova. In this region the samples were taken
in 1953-1954 and in 1958-1959 from buoys whioh stood

off Svinoy, Kamen' Ignatiya Islands and from the banks of
Pogorelays Plita, tornuova-hvlovu: Pavlova, Savenko,
Karagedova, Sal'yanskiy Reyd, Kuril'skaya Otmel', Kaladagiys.
We combined the data for buoys which had stood in this area
for about a year (Table 4). In 19358<19359 there was an
appreciable reduction in the quantity of Nytilaster by com-
porigeon with 1933-193 bud not se great as af the Apshoscme
skiy Pelunestoove Tnoro was oloe o magked sedustiocon dn he
biomass of hydroids, whioh was observed throughout the sea
in 1958. However, because of the barnacles the total fouling
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biomasz inoreased by more than two times. Such an inorease
i partly explained by the faot that we took annual fouling,
vhaete the quantity of barnacles 48 usually high. Probably,
tne higher water tempessaturs and lower degsrae af pollution
than in the previous region played a part also. In 1960-61,
in this area of the sea it was impossible to take quantita=
tive samples. However, qualitative samples taken from the
tuoys and samples taken by N. Pavlova and I. A. Sadykhova
in the summer of 1961 in Zaliv imeni Kirova permit us to
say that the orab and Electra are encountersd along the
western shore of the Caspian to the border. In addition,
on shells of orabs from Zaliv Kirova and on ships froem
Sai'yanskiy Reyd we found a hydroid, which has not been seen
before in the Caspian Sca, vlaissified as Perigonimus medas
Kinne by D. V. Naumov. Sadykhove (26) noted a large number
of barnacle larvase among the plankton of Zaliv Kirowa,

Fouling in Bakinskaya Bukhta. In Bakinskaya Bukhta
the fouling is different from the other regions of the
(aspian, because here tho greatest influence is exerted by
the industrial and domestio :ollution (12, 22), With re-
speact to its degree of pollution Bakinskaya Bukhta can be
divided into three areas: the firast area, whioh is adjacent
t6 the part of the oity where, aside from domestic pollution,
cheémical wastes of numerous snterprises enter the water; in
this ares thers is a complete absence of gross fouling. In
the second area, whioh borders the first area near the oity
and comes close to the shores only where the first area ends,
domestic pollution and pollution with petroleuin produocts
predominates, and here the main fouling consists of the bryo=-
soans Bowerbankia umbricata caspia, Victorella pavida as
woll as the blue~green and diatomaceous algae. The third
arss oocupies the middle portion of the bay and of the
stiralt leading into it. The water here is purer; however,
there 1s much or ganic mattsr and petroleum products hars,
The leading forms of fouling are Mytilaster, Balanuz improv=-
isgs and the bryozoan Bowerbankia. The first two species are
in a depreased state. The barnacle shells are thin=walled
and fragile. In the colony there are a large number {some~
times more than half) of dead individuals.

Changes in the fouling whioh ooocurred in the Caspian
Sea did not at all affect the first and second areas of
Bakinskaya Bukhta. In the first ares, as before, fouling is
absent; in the second area it 1a represented only by bryo-
zoans and some algae. This is useful for shipe based in
Bakinskaya Bukhta, because those ships which are anchored at
tie shores come into the first or seoond area, and here they
ars not erncrusted at all or else they are covered with a film
of bryosoans, whioh produce a ocmparatively smell biemasg,
nov more than 0.8 kilogram per square motom. Laxgo ohipg
which stand at anochor can be enorustel with barnacles and
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Nytilaster, bLecause they are in the third area, where as
sarly as 1958 barnacles were sencountered in large numbers.
However, the nrettlsment and survival of barnacles and Mytii-
aster in this part of the bay depend on the winds and the
ocurrents whioch they produce. In the presence of lang=lasting
driving winds the water bHecomes very much polluted, and the
barnacles and Mytilaster dlie. Therefore, even in this, the
cleanest part of the bay, conditions for the development of
fouling are less fivogubic than in the other regions of the
Caspian Sea., New introduocents, aside from B. improvisus,
have not yet been noted in Bakinskaya Bukhta.

Table &

Biomass of Fouling on the Buoys Standing in the Region of
the Baku Archipslago About & Year, Grams per Sjuare Meter.,
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l. Groups of Organisms; 2. Years; 3. Algae; 4. Hydroids;
5. Corophiids; 6. Nereis: 7. Gammarids; 3. Mytilaster;
9. Barnaoles; 10. Tot 1 Biomass,

At the entrances to Bakinskaya Bukhts, on the buoys
standing off Ostrov Nargina, in some years unusually large
fouling was obssrved. In 1354, on a buoy here, which had
stood for one and a half to two years, the average biomass
was about 19 kilograms per square meter and the largest bio=
mass reached 20 kilograms per square meter. The stimulating
effect of domestic sewage on certain orxrganisms (Balanus
improvisus, Rhithropanopeus harrisi and Nereis succinea) has
been shown by Filice (29). Substances harmful to the organ-
isms are present here in such concentration that they cannot
kill or check the following, and the large quantity of ore
ganioc impurities and, probably, the plankton make it possible
for a large number of animals to develop. However, in some
yoars tho biomass on tho buoys in this region was considore=
ably loss. TFor ozemple, im 1958 ¢tho averago fouling biemacs
on the 0strov Nargina buoy after it had been in the water for
nine months was five kilograms per square meter, whereby the
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wajority of barnacles had died. Probably, the ocurrents in
this ysar had come from pellutad places in the bay to the
buoy, and the barnacles ocould not stand suoh great pollu~
tion.

IIi., Fouling Along the Rastern Shore
. In its open parts the RBastern shore is distinguished

from the Vestern by greater olarity of ths water, a smaller
ocontent of orgenic matter in the water, and frequant driving
winds in the summer, Dedauss of the clarity of the water the
algal zone goes much deeper here and, oorrespondingly, the
fauna begin to predominate at a greater depth. A smaller
quantity of organic matter and plankton causes somwe impove
erishment of the benthos., 7The driving winda also contribute
ijttle to the development of fouling, oarrying off the larvae
of enorusting fauna into the open sea, The main ourrent
goes from the North Osspian along the Western shore to the
South and then goes northward along the Esstern shore.
Therefore, the enorusting fauna introduced inte the North
Caspien first spread along the Western shore snd then aleng
the Bastern. This is how it was with the barnaclea. The
asme thing coourred with the orab, which for two years (from
1958 to 1960) settled and spread along the satirs Western
shore and only in the summer of 1960 did it first appear on
the Eastern shore. lowever, ths oconditions along the entire
Eastern shore are inhomogeneous; temperature differences are
particularly great in the northern and southern parts of the
Bast coast. Krasnovodskiy Zaliv is distinguished particu-
larly in its temperature conditions, salinity and other
factors. N

Fouling-in the Region of Zaliv Alaksandr Bay. This
region is far from the sea transport lanes. Trus, =cmetimes
fishing vessels come hexre and bring in new fouling organisms.
However, in general, bLecause of its remote looation, intro-
ducents appeared here later than in the other areas. Thus,
in 1956, in the ?nlf and in its environs barnacles had not
yot appoared (13). 1In 1958 there were few of them, but by 1960
their biomass had inoreased by three~four times (Table 35).
The other introducents, orab, Blectra, Merocierslla) had not
yeot appeared in the area between Kenderli and Bautino in .
1960. If we consider the general rate of dispersal, these -
Antrodudents may be expscted here after one=two years. .

The fouling biomass in Zaliv Aleksandr Bay ic greater
than in the Bautino region, which i 8 Pessidly explained
by the faot that the Gulf l!uii is comewhat skolteved fxom
tho vird and the water here An WARmOF.

Fouling in the Region of Kenderli and in the Bavirons
of Kars~Bogaz~Gol., This area is warmer, although in the
sunmer the abysmal oold waters scmetimes come to the surfaoce.
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Tabls 5

Biomass of Fouling Organisms on a Buoy in Zaliv Aleksandr
Bay After Seven Nonths, Grams per Square Centimeter.

o0& W
e | weo
38 ’ 56
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4 13
182 . N0
862 o4
1513 434

i

1. Groups of Organisms; 2. Years; 3. Algae; 4. Nytilaster;
5. Corophiids; 6. Gammarids; 7. Hydroids; 8. Barnacles;
9. Total Biomass, ’

Thersfore, the fouling biomass here is considerably greater
(Table 6) than in the moxre northerly regions of the Rast
coast. No BRleoctra, Nercierella or crabs wesre endountered
here either. At the entrance to Krasnovodskiy Zaliv, where
it ia warmer, the fouling biomass i3 considerably more abun-~
dant than at Kara-Bogan~Gol,

Pouling in tho Area of Ostrov Qgurchinskiy. In this
region a very large amount of fouling is always cbserved
because of the high water temperaturo, We do not have any
comparative data for this region for different years. In
1954, samples were tsken from a buoy whioh had stood at
Banka Livanov for seven months (Table 7). The biomass of
the fouling on this buoy (7.5 kilogrems per square meter)
was more than four timps greater than ~1 the baoys in the
North Caspian bafore the introduction : £ the baruscies, On
buoys whioh had stood 17«18 months sn. had been taken out of
the water in 1961, the biomass ¢f the fouling was 11 kilograms
per sguaro meter, which is not s0o much if we compare it with
the bioswss on buoys standing at the entrance to Krasnovodakiy
Zaliv or in the straits leading to Xara-Bogaz-Gol, Possibly,
the buoys 3tood Tar frem the shors end fewsxr lazvas Betbled
ok themo.
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Table 6

Biomass of Fouling Orgunilma (Grams per Square Meter) on
the Buoys Which Had Stool at Xianly for Seven Months, at the
Entranae to Krasnovodskiy Zaliv for Seventeen Nontha, and

in xara-nogax-uol. for Tvcnty Months,
N Vm. g
— mlnm

ilﬂ

§' :§“

420
20442

l. Groups of Organisms; 2, At Ktmly; 3. At the Rntrance
te Krasnovodskiy Zaliv; U. At the Entrance to Kara-Bogag-
Gol; 5. Algae; 6, Mytilaster; 7. Corophiids; 8. Gamma-
rids; 9. Nereis; 10. Barnacles; 1l. Hydroids; 12, Care
diids; 13. Prawns; 14, Total Biomass.

Table 7

Biomass of rounng on Buoys to the South of Krasnovodskiy
Zaliv, Grams per Square Meter.

ma opramasan | 2Lt Mo | 7 O cronmn
om bl uea & 1084 r, elmml‘wr

Boaopocan 880 “m
Truaponam 678 149
Muthancrep s 4945
Kopoumuau - 107
Cannepnan - &2‘2
Qtwar Gnonaccs 7533 11120

1. Groups of br;&nnmz z.‘Buoy at Banka livanow 3tood for
Seven Nonths in 1954; 3. Seyen Buoys Which Stood for 17-18
Months, from 1959 to 1961; 4. Algae; 5. Hydrolds; 6. My-

tilaster; 7. Corophiids; 8. Gemmarids; 9. Barnacles; 10,
Total Blomass,.
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Fouling in Erasnovodskiy Zaliv. The guif heats up
well in the Zummer., but in the winter the temperasture is
quite low. The salt centent of She water is somevhat higher
than in the gea (approzimstely T grams per thousand) ’
the main thing, the guif & mof“fod to such a degros that ¢he
(larvas. of organisms ooming inté Lt en thé bettesis of ships
‘ x-m:u here and are ;::‘ ocarried eyt inte th: open ‘::c. Af::r
sett in Xpasaev y Zaliv,-queh erganisms subsequently
attach themselves te the bestems ¢f ‘ships and ade ocarried
" all over the sea. It is very prebable that $liis ocoourred
wvith Bo eburneus, which was tﬁ.uum here in 1956 {10},
Blectra was ales £irss found in snevedsk (i1). trr g;:
it apparently was ocarried te Bautinoe on the bettoms of &
and then to the areas ¢f Baku, Makhaol-Kala; Lemkoren' snd
other ports in the Jiddle and Scuth Caspian., Ve first found
Neroierella in the winter eof 1961 on ths bottoms of ships
traveling betwean Baku and Krasnovodsks in the summer of
1961 it was encountered in Krasnovodskiy 2aliv in mass num-
bers, In the autumn of 1961, in the gulf and in its envireams,
we found an alga new fer the Jaspian, olassifisd By L. D.
Zinova as Nenostroma latissioum (Kuets) Witsr. B. ismprovisus
was not found in Krasnevedsk first, but iv must be supposed:
that in 1956 it was encountered in the bay, althsugh we did
not find it in the fouling on hawsers. This species is en-
countered in Krasnovedskiy Zaliv only in the middle part of
the bay and at the oxit from the bay, which we 4id not in-
vestigate in 1956 and 1958. However, probebly B. improvisus
was already here in 1950 and, perhaps, in 1955 alse, because
in 1956 it was encountered in the eavirems of the bay.
According to the verbal repoert of M. ¥. Kendakov, in the
sunmer of 1961 the wedusa Blackferdia virginioa, whioh had
settled in the Caspian Sea several years before (17, 18) was
encountered in Krasnovodskiy 2Zaliv in mass numbers. The
polyps of this medusa had not yet been encountered in the

fouling.

With respect to the oomposition of its fouling in 1961
Krasnovodskiy Zaliv ocan be divided reughly into twe areas.
The first area, the coastal strip in the region of the oity, is
vory much polluted with demestio wastes from the ott{ and
frem ships. Here, the fouling on the mooring poats is extra-
ordinazily oonsiderable, of the order of 30-40 kilograms per
square meter. The leading forms of fouling are Mytilaster,
B. eburneus, Bowerbankia and Nerqierella. The second area
consists of the pure waters of Krasnovedskiy 2aliv; the lead-
ing forms of fouling here ars jiytilasser, B. improvisus,
Ooldylophora onspla and oerophiids. The average fouling bio-
nags 13 scaevhat lesc, about 20 kilograms per squere meter,
In sea water pipes, vhich really belong to the first area,
organisms of the seocond area are, as a matter of faot, en-
countered in large numbers, namely, Coldylcphora and B.
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improvisus,

This ecoours hecause conditiona in the fast current of
water within the pipss are more like those in the pure waters
of the gulf than in the stagnant poliuted waters near the
shore. .

The growth rate of fouling organisms in Xrasnovodskiy Zallv
is high and animals here redch a large sisze, such as we have’

not encountered in cother rdztont of the Caspian Sea. A con~
siderable number of the MNytilaster on the mooring posts at

the port reached lengths of 20-25 millimeters and even 30
millimeters, and B. eburneus had a diaméter of its base of

up to 28 millimeters and a height of 25-28 millimeters.

Conclusion

The introduoction of new enorusting organisms not only
changed the fouling in the Caspian Sea but also had an influ-
ence on the life of the entire water body. The basis of the
fouling is constituted Ly attached organisms. They maks it
possible for moving organisms to exist among them; the latter
find shelter there and, in the majority of oases, food also.
Se fer, moving forms specific of fouling are unknown. The
nurber of mobile organisms in the fouling usually considere
ably exceedstheir number sncountered on other substrata,
although exact ocaloulations have nct yet been made for the
Caspian. There is & constant oirculation between moving
fouling organisms and benthos. Osrtain benthos-eating fish
feed on the moving and an many sessile organisms,

The fouling is also conneoted with planktoan. Plankton
serves as food for many fouling organisms; Dreissena, Mytil-
aster, barnacles, hydroids and bryoszocans partially or com=
Pletsly feed on plankton. On the other hand, the feuling
organisms supplement the plankton with their own larvas. In
recent years, in the coastal regions of the Caspian, barnacle
larvae constitute up to 60 percent of the plankton in the
sumner (26). Bvidently, they constitute a considerable
fraction of the ration cf plankton~-eating fish. In their
turn, the barnacle larvae can eat the larvae of fiash (7).

The filtering fouling organisms exert a oconsidorable influence
on the suspension present in the water, not only utilising it
as food but also precipitating it to the bottem (5). In the
future, the introduction of a number of other animsis from

the Black Sea and Sea of Asov into the Caspian Sea may be
expacted. The appearance of new species of hydroids, bryo~
soans, polychetes and some corustaceans shoul? ot exert muoch
offect on the fouling existing at the present time. Tue poia
of such orfanisma as orabs, Chthamalus steliatus, C. depressus,
and the mollusk Rapana. Hcwever, the greatost influence can
be exerted by mussels and teredinids if they are able to pene-
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troto dnte tho Gospian Heme Mussels will inoreaso the
fouling bicmass, partioularly the perennial biocmass, by 2+3
times, and during the Tirst Tew yoReas afissr intvsluctisn
when there is an outburst of the uew organism, the fouling
may e inoreased even mors.
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