International Council for the C.M, 1986/ C:10
e - Bxploration of the Sea . Hydrography Committee
: ‘ ‘ Ref. Pelagic Pish Committse
Session Q

-
‘®. THUNEN

Digitalization sponsored Alekseova X.I.
. by Thinen-Institut

Trunov I.A.
Shlibanov V.I;
AtlantNIRO
Kaliningrad
U8BR

MACROSCALE WATER CIRCULATION, ONTOGENETIC GEOGRAPRICAL
DIFFERENTIATION AND POPULATION STRUCTURE OF ALFONCINO,
BERIX GPLENDENS LOWK, IN THE ATLANTIC OCEAN



funk-haas
Neuer Stempel


. -+ Abgtract

' Based on the anelyeee of spatial differentiation of alfoncino '
by size-sage oompoaition. hysiological condition end frequency of
locus Eat - IY a hypotheaia of life cycle, functional structure
of the distribution area and population structure is suggested.
According ‘to this theory. there exiet at least three populationa .
in the Atlantic Ocean localized in macroacale, aubtropical and
tropicel cyclonic eddiea. Aress, where these populatione range,
are subdivided into vegetative end reproduotion regions related
to geographically isolated thalaesobathyal and benthopelesial
zones of continental elopes. Cortain etagee of the life cycle '
ere correlated with derinite elemcnts ot macrocirculation syetems._'
The currents which divide adjacent eddiea eerve as errective :

' interpopulation berriers.
B BEEL;J! ::* ::7;‘}3 »

» L'analyse de la difrerenoiation spatialo du beryx d'apres )
sa composition teille-age. son. etat phyaiologique et les fréquen-
ces des alldles du locus Est-IY 8 permis de. formuler l'hypothese

'du cyele vital, de le structure ronctionnelle de l'aire de repar-»d
tition ot de la etruoture de population selon laquelle i1 existe . ’
en océan Atlantiqua au moine trois populations localiseee dans '
loa nacrotourbillons, les tourbillons subtropicaux ot tropicaux
oycloniqueso Les aires de repartition des populations scnt divi=~

‘sees en aires vegetative et reproductive liees aux secteure geog~‘
raphiques 1imités de la thalaseobathyale et la benthop*lagiale

des talus contineutaux. Qpelques Etades du cycle vital lies aux :ﬂ:

" &l3cents de systemee de macrocirculatioo et divisant des tour- N

'.billons voisins represen ent les barriere; effeotiveq qai sepa_ert

les popula*io:s.,
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. tibnong of muscle esterases of 3 353 sp. was ma¢e vy Mtove (1981).
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- Introduction

- An attempt m made to formxlate 8 Npothesia of functional

" structure of the diatribution area, life cycle ‘and population struc-
ture of ‘alfoncino B Beryx splendensg Lowe 1833 from a vast area of the

Atlantic Ocean between the fortles of the northern and southern

: 1atitudes with insdequate data available. ALl principsl thesss of

the h.ypothéala can be verified in‘specif:lc areas, at definite time

.periods uaing definite methoda. The present ;paper is eimed at the
~developzent of the general approach for pla.nnis a more detailed
. research of the speciaa in question for assessmant of its’ proapoc- :

" tive utilization and Tegulation measures,

2

L ‘ Xaterjals and methodg‘

" The materials’were collected in 1976=1979 and in 1984 ia Bub~

 sreas I-YII (ng. 1)° Indicationa of the obtained dats are prosen=.

ted in tho toxt. Reproductive cycles were constructed from tho
data of visual emination of naturity stages of. gonuds ot 38.3thoua.
specimens and hiatolosica.l examination ot ovaries tron 160 .females '

21-45 em in length’ (roxk lensth). Relative and abaolute volumen

of portions’ were determined by h:drataaed but yet not ovulated. N
.oocytaa (IY-I maturity ut:asoa). The patternsof formation of the

expense fund and apa-n.@ng typo 'ere,determined,tron diameters )
and number of cocytes with yolk in the batches of the ovarles at -
inatxi_rity‘atasea I, 1Y, 1Y-Y, YI-IY and YI. Electrophoretic fruo=
G- criteriun of ‘modified _)(2 -~ test was used as a criterium

of conrormity in a repeated analysis of electrophoretic datay , . .

- heterogeneity of gamples and thelr aggregutes were estimat:ed nsins

the arcsine 'of . transformation (Zhivotovsky, 1983)e . .
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Rgghgl 1ts _and discussion o t . - f
_ﬂx}g ilroncino haa a wide diatribution rengs in the u:opioal
and eubtropioal watera or the Iorld Ocean (,referenooe i.n Bueachin.{
1982). The ‘species ia not numerous in the Atlantic Ocean ‘between .
65°N end l&O‘B, to the north or 40'3! and in the area ot ooatinental
alopea of the Weat Atlantic, between Nova Bootia end eouthern Braail.
1t 18 common ebovo the oontine.ntal llopea in tho 3aat Ltlantio, .
and is abundant in the llorocoo-Lanritanie end nmbn-m regiona, : B
f.ormins in’ some yeu'e comeroiel agsregationo there end ebove tho
ahelt‘. In the opan Atlantic wetera it generall: ocoure between N
52’1‘! and 36‘8. Tho epecies 15 abundant above the slopea of iale buoa
end olevations around lladeire. the' Azorea end Canary Ialanda, At= . :
‘lantic Corner Seamounte, Cabo Verde Ielea. Bierra-Leone elevation. N
. on the Vevilov Ridgo, e.rou.od Saint Eelena Ialand. on Ridge of 'ha- )
' les,- :Ln the area of !l‘rietan da CL iha and on Rio Grande elevetion.- :
In some or the above—mentioned areaa commarcial essregatione are. :
. _'rormed CPolonelq, 1979). u R ’
o Rgprodugtion. Partial apaming, mmber ot portiona approxina-— i
tely 10-12. Spaming evidently ocoure :Ln rour-dey intervale. Eig.h
. -tecundity. Number or oocytea with yolk i.n ovaries of. preepam.*ng r'-
: f:emaies (stage n) 40-45 cm. m 1en5th ts 0, 8-2.5 mill. Ovulated .
' intraovarial egge preserved in 4% formalin are 1.2 = in diameter
- 'on average (Alekseeva, 198}). No diseriptions or drirting eggs -

- fend larvae exiet. Lax'vae ere evidently epipelagic due to small

:-3123 °f th*‘ 9888- h‘? 4—10 cm in lengt.h are common in the epipela-
:5ic zone above *he ocean depths in the area of the insola hollow
'and above the continental alopes of the SOlltheast Atlan.tic. I.n.
Sep.ember-October 1983 the youngs or }-10 cm were causht in the

layers 600—0 and 300—0 above the Atlantic Coraer .aeamounts (Sber-"';

5 A
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sfjulcov., Noskov, ‘invpren); The gpawning occurs in a warm season;,
with the pesk in July-August in the northern hemisphere (Ltléntio
Corner Semunta_), and in Janua.rj -_llgrch in the soutpern henispe.-
re (Vavilov Ridge) _(Alellgaeev_a, ueheev. 19643 Alekseeva, 1983)%

Ontogenetic spatisl differentistion. Both in the northern and
southern hemiapheres. in the areas of nmassive distridbution, a

.diati.nct geographical differentiation of. alfoncino by aize-age

oomposition (ﬁgso 1 »2, table 1) snd by mature to 1mnature fish

ratio has been observed during aeveral yeara or reseaxch.

© Above tho Atlantioc Corner Beamounts , (area 1, tig, 1), oxh.:
n.atux-o altonz:.no of older age sroupa were caushtl preapumins and
apaund.ns in A,pril—l.uguat and matu..ing in December. Kassive apam-
ni.ng was recorded in July-ingusto. Around the Aszores (area 1),
m:.mture specimens predominated 1n Februery-Juns. The oatchu
taken ‘0ff the Northwest An-ican coast -(area III) ware ropreseated
mluaively by immature f£ish CDOmmevslq, _1974)0 :

On the Vavilov Ridge (srea IY), only mature al.oncmo ware -
éaushtsl spawaing and postspawning in April-June snd maturing end
prespawning in September-Octobeiﬁ ozg the Southwast 'Atx-icm coast

.(axea Y) and in the northern part of the Ridge of Thales (ares YI)

the bulk of tho catchea consisted mainly of immature ﬁ.sh ud.th
the mature apecimens repressnted by first maturing £igh. Inmature

+ figh also predomi.nated in the southern part: of the Ridse of %Wha=

los (a.rea nI). The natu.rms fish is supposed to mignte fron
that area (Alekseeva, Alekseev. 19845 Alekgseva, 1985).

J.‘hus, both in the northern and southern hemisvheras the areas
inhabited exnlualvely by meture specimens (I and IY), mainly by
immature -CII. YII) and only by immature (IIi, X, -YI) can be dist-

«
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inguished. The distribution range of alfoncino in the Atlantic

is 1likely to be d1vided into geographically isolated and functio-
nally differing regions. Spetial differentiation by size~age com=
position and physiological condition is similor in both hemisphe=
res, therefore, it can be consldered as a species-epeoiﬁc type -

of functional etructure of the erea. These facts are tundemental
‘ in deﬁnit:.on of the hypothesie or populetion structure. e .

gggg;gtion gtruggg;e. m_e_g_u_ Evidently, none of the con-
sidered areaa, eech ‘taken sepa.rately. 18 a functionell: 1doal '

populetion erea, but a part of suche Coneiderable spatial discon~
nectlon between even geosrephically eloee hebitata of izmature - -
snd reproductive cont:Lngents is Lndlcetive of massive long dle-‘
tence misratlone, passive and ective. performed by the fishe v
In both hemispheres, in deﬁ.nite areas. such ontogenetic 5roupa
predomj.nate which are either abse.lt n'om the ad;]acent ereas or
repreaented very poorly. I’hen uniﬁed (I-III; II-III), they be=
come tunctiona.lly important a.rees with repcroductlve and vegetatl— )
ve zones, lnvolvlng ell steses of the 11.£e cycle (Alekseev. 1984).
On these grounds, the awailebility of at least two populationc o
 can be suggested in the: two hemispherea. ~

Verirication of the hnothesig, 'me analysis of - geographical ‘
dlfterentietion of alroncino 1n trequences or L and c a..lelea 4
of the ﬁ.ve—allele 1ocus Est-I! L'ANCD showed the following re=
sults. ’l‘he distribution or phenotypes in all 22 samples vas con-..
‘ sistent with the Ha.rdy-Weir.berg retlo. Dirferen"es between sanrp-;_ )
les fron each separate erea are statistically insigniﬂcent. }f_-'. o
Samples rrom arees I+II, 11ke those from ereas IY-II, are gene- g

tically homogeneous. Thererore, the g;rouos of arees I+II may be—'"':'

: long to a slngle pcpulation. like the groups or areas II+II. . y'.';; ‘



Sun of samples from areas J+II does not differ in frequency of A
in samples from areas IT+YI, but positively differs in frequency
of c:(r‘is.’ 3). ’fherero:e. the groups oxurring in the northern end

‘ "southern hemispherss belong to ditroront pophlatiops’.)&um of samp~
'15. from 'area YII positively ditfei'a m‘ﬁ‘equenoes of both genes

' :ron smplea obteined in areas I+II and ITTI. Thus, the Ridge

‘ot m;lon alfoncino ero repreaentod by two popu.].ationa, and tho

atudied regiona or the M:lantio are 1nhabitod by at leaat three

-genotically varyins populations. The reaulta of tho genetic-bio—

chem.tca.l research are consiatcnt with the proliminary hypothosin
o: the population atructure. Howovor, although a susgution on
tho identity of populltionl in areas I+II and IY+II is rolativolyv
woll ars\mented by the fu:t; of the ontogonetic diherentiation
alone, the Ridge of Whales ali’oncino population cannot te divi.-

ded on the sane basis. Genetio studiea are deciaivo in this case.

Hagrgacg; !@_t;er circulation and fu.ngtiongl ggruot\gg gg the
areg. 'mo scheme ol popu.lation dirterentiation wnd runctional '

st;ructuro of the areas is shom 1n ng. 1. The North M;lantic

’population inhabits tho North ..aubtropicul Eddy O\SE). Epipelagio

egge, lmae and Iry arirs i’ron the reproductive zone (I) to tho

'vegetatlve zone (11 and III) Iocated in the waters of the nor-

thern periphery ot NSE, mhere aouthern branches of the North

Ltlantic Curreat pass. nxe youngs aettle on “the elevationa in

a more productive eastern paft of the eddy. 'I!he appesrsnce of
ixmature alfoncino on the cohtinézftal slopes and on the Morosgo=
ianritanian shelf in luge number 1s related to act_ive n.tb:ation
of the fish a"croias the Canary Curront. Singe in the areas of
ocourrence ofnthe immafui"e alfoneino (IT, III, Y, YT) tha speci-

‘mex;a telow 14-15 cm in length are absent from the catches, 1t
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can be suggested that the fish stay in the open ﬁeiegiu untill

| they attsin this length. On maturing, alfoncino perfors lengthy
migrations to the reproduotive zone. lature apeoinene conetantly
stay in the reproductive zone, '

In the &nticycionio system, the oivrculiation hen n "oentrip'et.nl" _
oonetituent (Stepanov', 1974); therefore, the d.rift ot ilenk‘tonio
stagea outside the limite of NSB being a usual thins does not be- .
come a large-ecale phenomenon. To the weet of the Gulf Btrea.m .

&nd to the north of the North Atlantic Current alfoncino &re sosn—

ty or rare. 'Lheae. evidently, ere expatriation areas.

At 1east tuo populatioha oceur in the southern hemisphere. C
One cf them is basically distributed in the South kopical Cyclo-
nic Eddy (BICE).. 'i‘he spawnins on the Vavilov Ridse (II) takes
plaoe during the period ot eeaeona.l intenai:tication of the l.ngolan
Current (Ehane.ichenko, 19743 Khlystov. 1977). Planlctonie eteges
d=1ft in the western periphery of the Angolan Current. Due to
predomination of the "centrifugal" constituent of the cyclonic »
edd,y. the younse fi_nd themselves on the continental alopee of the
Nanibian area and on the northem part of .the Ridge of l’heles. )
The drirt to its southern part ia barred. by the Benguele Currento
' haturins apeoimene migrate from areas I, I to the reproductive ’. .

zone, posaibh,, a.long with the paaeing watera of the eaatern pe—
riphery or the Benguela Current. "

, The southern part of: the Pidge of Whales is inhabite:l by the
‘ other population dirrering senetically trom the neighbouring '
population of S’l‘CE. i boundary between the distribution of high
and low vnlues of allele frequences pasees et qpprodnately 40—
26°S, L.e. 1t coincides with the middle positioh of the mail rlqw‘t\:
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of ths Bengxela'p‘urient’g In this nsrrow frontier sone, componen;:s
of tte neighbouring popnlationa »ay overlap in space (21g. 4) an
a result of dri;tt fluctuation or astive nigut:ione. The availlabi-
.nty of ths boundary d.j.vidins the Bidge of Whales 13 ulso confl.r-

msd by famnistic differences between its northern pert vith the
edjecent conti.nantal slope e.nd the aouthern part (Bu.rukov-lv. -

. Roneneb, 19825 ?a..horukov, 1980).=

Little can be said about the functional etructuro of the
dietribution range ot the southern Ridge or !halu population; '
' Bince i.mature spec:l.mens predomi.nato there, it can be considered
as & vegetatzive zone ot the population ranse, ‘and the reproduoti-
"‘ve :one 15 located more to the south-west:, possibly, in tho area
of 1 'r:iatan da !nnhag On the thge of !halea the proportien of
‘ nature specimens i.ncreaael n'on 24' to 52°so !ith the availlble
data,even a possible oerrela.tion between the groupn ot nlfonoino
| of the Ridge of l’ha.les and. the Rio Gfrand.e area ea.nnot be tlatly
‘denied. Bowever it 1u nore pro'bable that the alfoncino populati-
~on of. the Bouth Bubtropieal Eddy (SSE) s d.ivided into two popula-
tions Ihich occupy the eastern and western partst area nI-'n-iatan .
da Knnha, and. the area.s of Trindadl ‘and llartin Vas rocks- Rio Gran-
. de elevation (fig. 1). Alternative hypotheaes of: the unity or -
ditterentiation of. the SEE altoncino population can be eaany
: ve:rified by the genetic-biochemical examination of. the aamples
" from the eastem and. weatern parts of the edd.y. )

N . .
. . . . . .

'i"Biotogig clgsgigiggtion and 522 ggch to stog_k_ ggsg‘ ssmnt. ,
- Ihe suggested hypotheaia has a number oi‘ applif.d aapecta. Yo’ shall

' eonsider one related to a general approach to stocl auesament. :
\"All atudied a.reas (I-!II) are characterized by "disappea.ranee
" and "reappea.rance" or alfonci.no es well ‘a8 by a ..a.rked cha“ge ot
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the size oompoait!.on and ph:s.lologioa.l oondition of tho £ish

in the catohon taken trom aeparato olevations. ﬁheso racts sre
indicative of fast movezents of various size-tso sroup. bot'oen
the zounts vithin the limitu of noparato elevationl. Appeuranoe
of numerous llronoino populations otr the nortwoot African oouat
is nnother oevidence ot ‘active lengthy nigra:iona. Axter all, the
faot of macroacalc geographical ontosenetio dittarentiation il .
an mduputablo arsumoni: oonﬁrnins the exiater.oo or lengthy
x.ig:atlona asross the open pelasial. Iho misration wey ot tlrlt.
zaturing epocimons oxceedl 4000 nllea 1n Nﬂl and 700 milu in 883.
tharotore. at least this ontosenotio group 1nvolving the fish

ot tour age olusos, atays in the opon pelagial for a long tuo.

nfor.cino csnnot be doﬁ.nltely ‘and without doubt attributed
to bonthopolcgic (tha.laasobathial) apooiu.

‘mo open pelagial 1a mhablted by the try. it is orouad by
" the feedlng fish ausretins between lepa.rate mounts and tirut na=
turing apoolmexu performing 1on5thy nis:ationa. The pelasial
" between the. uamounta can be conaiderod as at least a apeoitio
t:uuit region. Besiden, it oan.not be daniod that usualily alfon~
¢ino are ucattered or agsregated. in the open pelagial while in

the thaluaobathial snd benthopolagial alons the oonti.nontal : ‘

slopes they concenu-aco where aasemblagn ot rood organisxu

~ ocour. T:pioully,oooanic apooien also forn sinmilar ooncentrationa
in tho areas of undeuu nountn Qari.n, Prutko. 1985; Iuk.uov.
1982). 1t ulroncinooettle tho opon polagial ot uoroaca.le eddies
,(oven if with low denaity). hoir stook sizo 1s oonslderably 7
larger than tho lnatmtaneous Liozsass on the underaea nounts acces~
_sible to tra-ls or to 'm]d.reacouetic i.nstrume:.ts used for its as-

sessment, . R 'i‘

R Vel ..
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e - c usgion

_ thoncino 1n tho M:lant:io Ocean are subdivid.od 1nto at least
three genetically ditrerlng populationa. ' ‘

nxeir distribution u'eu ocoupy macroaoale eddiess Norsh
_uubtropical, Bouth 'h'opical Cyolonio and South Bubtropioal (pro-»
: bably‘hvo popu.lationu in the eastern and western puta of B3®). *
Tho avanabnity of another population in tho North 'I‘ropical Cyo-

o ,lonic Eddy with tho roprodnctive zone Along the Bierra-uono

elovation u.nd tho vesetauvo zone at Cabo Verde Ialands oan be
Ihe habitata ot alfonoino :Ln NSIa and BTCE aro aimilarly uub-

' dividad tato’ geograpnically iaolatod reproductive and vegetativo
o zonos, b‘patial dirteronuauon ot the population 1: or the onto-

L 'geoet;ig oharaeter.'

) Existenoe at certai.n stagea of the’ life cyole 13 correlated '
: uith definlte elementa of mycrocivculation cyatems. ' ’

hmctional atruotu.re ot the diatribution a.rea is determlned
_ by the poaition of the reproductive zone, orientation a.nd extent .
ot the drift of the planktonic stages. o '

!aoroscale geographic ontogenetic dittarention or alronoino S 4
in NSE a.nd smx proves the fact or lengtbq misratlona. ST

Main currente dividing tho ad:}acent macroacale eddies are .

etfective interpopulation berries. o

N
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Table 1

tize and age characteristiocs of alfonoino and ‘
nu.nber of ominod specimans (1) by areas I-YII (ﬁ.so 1,2)

fuoa . ~ length, on mean age,
- ’.Bl‘ﬂ' ] n
renge mean
I 28-a7 36,72 . 741 . 24589
I 15-45 23,87 341 25028
I 15 = 33 23,08 3,02 706
IX - 19-42 31,60 5,96 1618
Y - m-28 20,00 - 1,9% 753
YT 15-33 2269 2,85 4398

I 1537 . 24 347 27877




-

percent  frequency

P ¥ % 2 N
fork lenght, cm

Fig. 1. A scheme of population differentiation and functional
. structure of distribution areas of alfoncino in the Atlantic
Ocean., Roman numerals (I-YII) denote studied areas.

1 - reproductive zonesj

2 - vegetative zones (those not denoted by Roman numerals
are hypothetic)s ;

3 = supposed direction of drifting of planktonic stagess

4 - supposed directions of migrations of first maturing
fish.

Fige 2. Size composition of alfoncino in I-YII areas (see fig. 1).
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Pig. 3. Geographic differentiation of alfoncino by frequencies
3 A (1) and C (2) alleles. Painted marks show frequencies in sums
of samples of areas (I+II) and (IY+YI).

Fige 4. Differentiation of alfoncino on the Ridge of Whales
(areas YI, YII) by frequences of A allele im 1977 (1) and 1978 (2)‘
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