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1. B r ie f  h is to ry  and  m ain  resu lts  o f  the  R ussian  m ultid isc ip lina ry  ecosystem
research  in the  S ou th  Pacific.

In the 1950-s and early 1960-s the M inistry o f  Fisheries and the Academ y o f  Sciences

(A S) conducted large-scale com prehensive cruises throughout the W orld Ocean. The 

objective w as to im plem ent the strategy o f  prospective developm ent o f  R ussia’s fisheries 

sector w hich w as to  find and describe new  fishing areas and objects, and lo study the habitats 

for the assessm ent o f  their biological production. A m ong the m ost significant cruises o f th a t  

period to the South Pacific w e should point ou t the research m ade from  the scientific and fish- 

finding vessel «O b» o f  G lavsevm orput (1955-1960), research vessel o f  the Institute o f  

O ceanology o f  AS (U SSR) «V itiaz III» (1957-1958, 1961) and scientific and fish-finding 

vessel o f  the Pacific A dm inistration o f  F ish-finding and Research Fleet (TU R N IF) «Professor 

D erugin» (1960) (Table 1).

T a b le  1. R ussian  cru ises  to th e  South  Pacific.

V essel C ru ise Y ear T im e

Institu te  o f  ocean o lo g y , A S

R V  «A k. K oro lev» 1976

R V  «A k. K urchatov»

1968 A ugust-D ecem ber
1973-74 D ecem ber-A pril

34 1981-82 D ecem ber-A pril

1987 F ebruary-M arch

RV « V ity az  III»

1957
1957-58 N ovem ber-February

1958 M arch-June
1961 O ctober- D ecem ber
1965 A pril-July

1968-69 N o vem ber-M arch
1970 M ay-S eptem ber

1970-71 N ovem ber-M arch
1971 A pril-July

1975 February-M ay

RV «D m itriy  M endeleev» 1971 June-O ctober
1971-72 D ecem ber-A pril

1972 June-O ctober
1973 January-M arch

1973-74 D ecem ber-A pril
1975 February-M ay

1975-76 D ecem ber-M arch
1976 M ay-S eptcm ber

1976-77 D ecem ber-A pril
1978 Januarv-M ay

1978-79 D ecem ber-A pril
1980 January-M ay

1981
Septem ber-
D ecem ber
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1982-83 N ovem ber-A pril
1984-85 D ecem ber-A pril
1985-86 O ctober-January
1986-87 D ecem ber-A pril

Total 4 vessels, 32 cru ises

G lavsevm orpu t

RV «O b» 1-3,5 1955-60

T otal 1 vesse l, 4  cru ises

W est F isheries F acilities

RV «A tlan tida» 2002-03 A ugust-January

RV «A tlan tN IR O » 4  c ru ises
1989-
1991

R esearch  and  fish -detec ting  vessel 
«B akhch isara i»

1979 M arch-S ep tem ber

1980
R esearch and fish -de tec ting  vessel 

« B orod in skoe  Pole»,
1989

R esearch and  fish -detec tin«  vessel 
«Z vezda»

1978
1978-79

1981 M ay

1982-83 Ju ly -A pril

R esearch  and  fish -detec ting  vessel 
« K om m unal»

1978

R esearch  and fish -detec ting  vessel 
«K u likovo  Pole»

1981-82 N ovcm ber-F cbruary
1982-83 Ju ly -A pril

R esearch  and fish -detec ting  vessel 
«A . Lopatin»

1978-79

R esearch  and  fish -detec ting  vessel 
«M alta»

1989

R esearch  and  fish -detec ting  vessel 
«M erkuri»

1980

R esearch  and fish -de tec ting  vessel 
« N ovocheboksarsk» ,

1989
1990

R esearch  and fish -detec ting  vessel 
«N oglik i»

1978-79

R esearch  and fish -detec ting  vessel 
«N ikolai O strovsk i»

1976-77 N ovem ber-A pril

1977-78 D ecem ber-June
1978-79 N ovem ber-M ay

R esearch  and fish -detec ting  vessel 
«P lunge»

1979
1980

R esearch  and  fish -detec ting  vessel 
«P oltava»

1979

R esearch  and  fish -detec ting  vessel 
«Pro  m ete  i»

1978
1978-79

R esearch  and  fish -detec ting  vessel 
«K . R aud»

1978

R esearch and  fish -detec ting  vessel 
«Sokrat»

1990

R esearch  and  fish -detec ting  vessel 
«Spektr»

1978-79

R esearch  and  fish -detec ting  vessel 
«S tvor»

1980

R esearch and  fish -detec ting  vessel «Suvalk ia»
1978

1978-79
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R esearch  and  fish -de tec ting  vessel 
«Foton»

1980

R esearch  and  fish -de tec ting  vessel 
«E k lip tika»

1973

Total
21 vesse ls, 201 

cru ises

V N I R O

RV «A k. K nipovici!»

11-12 1971-73
14 1975

18-20 1979-82

Total 1 vesse l, 5  cru ises

N orth  F isheries F acilities

R esearch  and  fish -de tec ting  vessel 
«A . B orisov»

1 1979-80 A ugust-February
2 1980 A pril-A ugust

3 1980-81
Septem ber-

Februarv
5 1982 February-A ugust
6 1982-83 Septem ber-January
8 1983-84 N ovem ber-A pril
12 1986 June-N ovem ber

13 1986-87 D ecem ber-M ay

R esearch  and  fish -de tec ting  vessel 
« M . V erb itsk iy»

19 1989 M ay-O ctober

R esearch  and fish -detec ting  vessel 
«A . G enera lov»

7 1983-84 O ctober-M arch

R esearch  and fish -detec ting  vessel 
« Iz inailivo»

1 1986 M arch-A ugust

2 1986-87 Septem ber-January
3 1987 M arch-Ju ly

4 1987 Ju ly -N ovem ber

R esearch  and fish -detec ting  vessel 
«P. K aykov»

9 1985 February-A ugust

IO 1985-86
Septem ber-

Februarv
11 1986 M arch-A ugust

12 1986-87 O ctober-A pril

R esearch  and  fish -detec ting  vessel 
«E f. K rivosheev»

8 1984 M arch-A ugust
12 1987 M ay-O ctober

16 1989 Ju ly-D eccm ber
18 1990 Ju ly -D ecem ber

R esearch  an d  fish -detec ting  vessel 
«N . K uropatk in»

14 1990 February-July
15 1990-91 A ugust-February

R esearch  an d  fish -detec ting  vessel 
«S. M akarev ich»

3 1984-85 A ugtist-January

R esearch  an d  fish -detec ting  vessel 
«F .N ansen»

II 1989 Ju ly -D ecem ber
12 1989-90 D ecem ber-M av
13 1990 June-N ovem ber
14 1990-91 N ovem ber-M arch

R esearch  and  fish -detec ting  vessel 
«P avel Panin»

1984 M ay-A ugust

T otal
IO vesse ls, 31 

cru ises
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F a r E ast F isheries F acilities
R esearch and  fish -detec ting  vessel 

«A k . B erg»

R esearch and  fish -detec ting  vessel «G erak l»

R esearch and fish -detec ting  vessel 
«M ys B abushkina»

R esearch and fish -detec ting  vessel 
«M ys D aln iy»

R esearch and  fish -detec ting  vessel 
«M ys Y unony»

R esearch  and  fish -de tec ting  vessel 
« P ioner N iko laeva»

1982 January -F ebruary
1983 M arch-June
1984 January -M ay
1985 February
1987 A pril-A ugust
1988 F ebruary

R esearch and  fish -detec ting  vessel 
«P ro f. D erugin» 1960

R esearch  and fish -detec ting  vessel «N ovoko tovsk»

R esearch  and fish -detec ting  vessel «C apita in  
O le in ichuk»

R esearch and  fish -detec ting  vessel «O chakov»

R esearch and fish -detec ting  vessel «P oseidon»

R esearch and  fish -detec ting  vessel «P u lkovsk iy  
M erid ian»

Total 13 v esse ls , 260 
c ru ises

T otal
62 vesse ls ,  551 

cruises

T he results o f  cruises m ade during the first decade allow ed us to  determ ine one o f  

priority regions for fish searching: South Pacific. In the 1960-s and 1970-s expeditions were 

sent there from  the W estern Fish-exploratory and Research Fleet A dm inistration 

(Zaprybprom razvedka), A tlantic Research Institute o f  F isheries and O ceanography 

(A tlantN IRO ), A ll-U nion Research Institute o f  M arine F isheries and O ceanography 

(VNIRO ), TU R N IF, the Pacific Research Institute o f  M arine F isheries and O ceanography 

(TIN RO ), A cadem y o f  Sciences (prim arily its Institute o f  O ceanology), and from  other 

regional fish scouting services (Tab. 1). T his m ultidisciplinary ecosystem  research and fishing 

becam e m ost intensive in the late 1970-s, and they w ere kept on that level till the early 

1990-s.

Throughout the entire period o f  investigations o f  the South Pacific betw een 1955 and 

2003 Russia perform ed 551 expeditions using 62 vessels (Tab. 1, Fig. 1). The total cost o f  

those cruises was $ 5 million*551 =$2,275,500,000. About the sam e am ount w as spent for 

processing and analysis o f  the cruise data. C onsequently , the overall expenditures o f  Russia
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for the fifty-year m ultidisciplinary ecosystem  research in the South Pacific w ere $ 

5 . 510 . 000 .000 .

R /V  o f  V N IR O
« A k a d em ik  K nipovich»

R/V o f  A tlan tN  IR O  
«A tlan tid a»

R /V  o f  A tlan tN IR O  
«A tla n tN IR O »

R esearch  and  fish -detecting  
vesse l o f  T U R N  IF 
« P io n er  N ik o laeva»

Fig. 1. Scientific vessels w hich look part in the study o f  living m arine resources o f  the 

South Pacific.
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Those com prehensive ecosystem  studies in the South Pacific included such main 

subjects o f  research as described below.

1. H ydrophysical characteristics, their structure and variability in w aters o f  various 

genesis, and in the interm ediate contact zones. Em phasis w as m ade on the 

study o f  hydrophysical characteristics o f  the frontal zones and frontal lim its, and 

o f  optical properties o f  w ater. The round-the-year m onitoring o f  ocean surface 

tem perature variations based on fishing vessel sensoring data, concom m ittant 

oceanographic observations, satellite inform ation.

2. I Iydrocheniical structure o f  w aters, and its relationship w ith hydrophysical and 

biological fields. D eterm ination o f  concentrations o f  oxygen, carbonic acid, 

organic and non organic form s o f  nutrients (phosphorus, silicon, nitrogen 

including am m onium  and carbam ide), m anganese, vitam ins, hydrogen ions, 

alkalinity , am bient density; m icro- and m acroscale regularities o f  distribution o f  

suspended m atter and its m ain com ponents.

3. Biophysical param eters: w ater m uddiness, spatial and tem poral variability in the 

b iolum inescent field.

4. B iological com m unities: their spatial differentiation pattern, spatial and 

tem poral structure variability o f  various scale. P rocesses creating biological 

production at various trophic levels o f  com m unities. C om position, quantitative 

distribution, volum e o f  production and destruction o f  bacterial plankton (by 

different independent techniques); phytoplankton (from  picoplankton o f  0.2-3 

m km ); nano- and m icroplankton heterotrophic organism s (separately nude 

flagellates and infusoria); m eso-, m acro- and ichthyoplankton; prim ary and 

bacteria production processes and governing factors; m ethods o f  determ ination 

o f  phytoplankton and m icroorganism  production; effectiveness o f  the use o f  

energy and o f  production o f  plankton and benthos by various trophic and 

ecological groups; seasonal condition o f  com m unities in various regions o f  the 

South Pacific; regularities o f  qualitative m acro- and m esoscale distribution o f  

species and ecological groups o f  plankton and benthos; successions o f  different 

scale cocnoses; pattern o f  distribution o f  energy flow along trophic web.

5. Stock assessm ent o f  hydrobionts -  the main objects o f  Russian fisheries.

It was exactly the com prehensive ecosystem  m ultidisciplinary approach to  the study o f  

the ocean and living resources that m ade it possible for Russia to m ake significant 

oceanographic and biological discoveries in the second h a lf  o f  the XX century.
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1. Broad m ultiannual inform ation on the condition o f  the m ajor fishing stocks o f  

hydrobionts in the South Pacific was collected. The main species are given below:

Pacific jack  m ackerel Trachurus murphyi;

Pacific chub m ackerel Scomber japopnicus peruanus;

Splendid alfonsino Beryx splendens;

Redbait Emmelichthys nitidus cyanescens;

Redbait Emmelichthys elongatus;

Pacific pom fret Brama japonica;

C ardinalfish Epigonus heracleus;

C ardinalfish Epigonus parini;

Flashlightfish Electrona carlsbergi;

Pacific saury Scombresox saurus;

W ellington flying squid Notodarus sloani;

A ngola flying squid Todarodes angolensis;

Striped squid Eucleoteuthis luminosa;

Jum bo flying squid Dosidicus gigas;

Neon flying squid Ommastrephes bartrami;

Purpleback flying squid Sthenoteuthis oualaniensis;

Rhom boid squid Thyasanoteuthis rhombus;

D eep-w ater lobster Projazus bahamondei;

and others (Fig. 2).

It m ay be noted that m ost stocks beyond 200-m ile zones w ere discovered and described 

fo r the first tim e by Soviet scientists. Redbait Emmelichthys elongates, tw o species o f 

cardinalfish , tw o species o f  headlightfish {Diaphus parini, D. confusus), w arehou {Seriolella 

tinro), Maomao caprodon krasyukovae w ere discovered by scientists o f  VNIRO, AS Institute 

o f  O ceanology and TINRO.

M ost valuable inform ation on the status and structure o f  stocks o f  ja c k  m ackerel and 

o ther fishing species o f  the South Pacific in the pre-fishery period was obtained.

2. Despite the active fishing, no stocks w ere dam aged or even overfished thanks to 

dependable scientific inform ation on the structure and dynam ics o f  stocks, both seasonal and 

interannual. As early  as 20-30 years ago the Soviet Union adhered to the m ost strict approach 

to estim ating the allow able catch levels w hich w as nam ed precautionary later. Thus, the total 

catch o f  the central fishing species -  jack  m ackerel -  by all nations in 1978-1991 beyond the
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coastal states’ EEZs in the South Pacific w as 3 .1-8 .4%  o f  the fishing stock biom ass, where 

Russian catches m ade up 2.8-6.2% .

3. O ver 150 seam ounts w ere surveyed on the high seas in the Pacific, o f  which forty 

were discovered and described during that w ork for the first tim e. T hey com pared navigation, 

hydrophysical and w eather data for these areas, and described bottom  relief, food base, and 

hydrological conditions o f  the fishing species’ habitats.

4. O cean surface tem perature inform ation w as accum ulated for the period from  January 

1986 till the present tim e, including w eekly m aps, ST anom alies (Fig. 3), ST  trend, and 

m onthly, seasonal and interannual differences.

5. C om prehensive know ledge was obtained o f  the abiotic and biotic structures o f  the 

South Pacific ecosystem s, their functional set-up and spatial d ifferentiation; quite a num ber o f  

features o f  biological com m unities unknown before w as found out. Besides, the m echanism s 

determ ining spatial, seasonal and long-range variability o f  South Pacific ecosystem  

characteristics w ere studied and described for the first lim e. Integral structural characteristics 

o f  all the com ponents o f  the system , and intensity o f  processes w ithin the ecosystem s keeping 

those com ponents together w ere assessed and quantified. M atter and energy Hows w ere 

computed.

6. B iogcographic zones, position o f  their boundaries, com position and structure o f  the 

com m unities inhabiting them  w ere described in detail.

7. The special characteristics o f  adaptation o f  the com m unities and populations o f  the 

m ost abundant species to the conditions o f  interm ittent upw elling w here the periods o f  

exceedingly great prim ary production alternate irregularly w ith periods o f  its acute decline 

were tracked down.

N ototodarus O m m astrephes T odarodes Eucleoteuthis Dosidicus
Sloani bartam i angolensis lum inosa ë 'ë as
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Scom ber Bram a Electrona
japon icus peruanus japon ica  carlsbergi

Epigonus heracleus Epigonus parini

Fig. 2. M ain fishery species discovered and described in the course o f  the Russian 

M ultidisciplinary Ecosystem  Research (squids draw ings by D .A lexeev /V N IRO /).
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T he results o f  those studies w ere used for the publication o f  subject collected papers, 

books, review s, m eeting m aterials, dissertations (M elnik et ah , 1974; Pelagic ecosystem s.., 

1975; M ikheev, 1978; N ekton and ichthyoplankton, 1979; Ichthyofauna o f  the southeast 

Pacific O cean, 1980; Fisheries potential.., 1980; Pelagic ecosystem s.., 1980; Fish resources o f  

the southeast Pacific O cean, 1981; Flint, 1981; G retchina, K uznetsov, 1981; Fauna and 

hydrobiology.., 1982; F isheries research in the southeast Pacific, 1982; O ceanological 

conditions.., 1982; A lekseev, M esherjakov, 1983; Bekker, 1983; B ioproduction o f  upwclling 

ecosystem s, 1983; Fisheries -  oceanographic research.., 1984; Fisheries research o f  the high 

seas.., 1984; Frontal zones.., 1984; Intraspecific differentiation.., 1984; V oronina, 1984; 

Nesis, 1985; Resources and prospects o f  utilization o f  squids.., 1985; Torm osov, 1985; Zuev 

et ah , 1985, 1988; Life cycles.., 1986; L iving resources o f  the Pacific O cean, 1986; 

O ceanological variability.., 1986; Present status o f  m esopelagic fish research.., 1986; S tudy o f  

the living resources and status o f  fisheries.., 1986, 1987; L iving resources o f  the high seas, 

1987; N ekrasov, K aratateva, 1987; V oronina, 1987; Ecological fisheries research.., 1988; 

Ecosystem s o f  the subantarctic zone in the Pacific, 1988; Parin, 1988; D evelopm ent o f  

fisheries.., 1989; D escription o f  seam ounts.., 1989; M oiseev, 1989; Ecosystem s o f  the eastern 

boundary currents.., 1990; Reserve food living resources.., 1990; C ondition o f  living 

resources.., 1991; Ecological fisheries research in the south Pacific, 1991; K otenev, 1992; 

Fisheries research o f  fishing item s.., 1993; Pelagic ecosystem s.., 1993; Fisheries-biological 

investigations.., 1994; and others), and individual articles in scientific publications (Berm an, 

1976; Kotliar, 1976; Sem enov, Berm an, 1977; A rseniev ct ah , 1978; C hekunova, N aum ov, 

1978; G rossm an, 1978; Ponom areva, D robisheva, 1978; Shushkina et ah , 1978; Sorokin, 

1978, 1983; V edernikov, Sapozhnikov, 1978; V edernikov et ah , 1978; D am itskij, 1979; 

M arkina, 1979; M enshutkin, 1979, Shuntov, 1979; A bram ov, K otliar, 1980; K onchina, 1980; 

Pelim skij, A rashkcvich, 1980; K olesnikov, Z higalova, 1981; Koval, 1981, 1984; M arkina et 

ah , 1981; Ratkova, 1981; Tarverdieva, Perm itin, 1981; Fedorov, Ivanov, 1981; Barkhatov, 

1992; Kashirin, 1982; Flint, T im onin, 1982; Sem enov, 1982; T um ancheva, 1982, 1985; 

Zakharov, 1982; A leksandronets et ah , 1983, 1986; G alaktionov, G ardina, 1983; Karavaev, 

Grechina, 1983; K onchina, 1983; T ruveller et ah , 1983; V inogradov ct al, 1983; Parin, 1984; 

Andrianov, 1985; Bordovskij et ah , 1985; Fedorov, 1985; M orozov et ah , 1985; N ikolaev, 

Zhiltsov, 1985; Pavlova ct ah , 1985; Suchanova ct ah , 1985; A lekseeva, 1986; Bordovskij, 

1986; Evseenko, K aravaev, 1986; Bazanov, 1987; Dobrusin, et ah , 1987; Evseenko, 1987; 

Koval et ah , 1987; K rukov, Sapozhnikov, 1987; K uznetsov et ah , 1987; V oronina, 1987; 

Burkaltseva, et ah , 1988; A fanasiev el ah , 1989; Tsyganov, C hernega, 1989; N azarov,
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N esterov, 1990; Parin et a l., 1990; Pavlov, 1990, 1991; K alchugin, 1991; Zaripov et al., 1991; 

Elizarov e t a l., 1992; N esterov, 1996; N aletova et al., 1997; Konchina, Pavlov, 1999 and 

others).

A ltogether over 50 books on specific subjects on the South Pacific w ere published in 

Russia; each one is a large volum e.

2. H is to ry  o f  d isco v e ry  and  f isheries  exp lo ra tion  o f  the  j a c k  m ackere l belt in the
South  Pacific.

O ne o f  the main results o f  the integrated com prehensive ecosystem  research in the South 

Pacific w as the discovery  and detailed description o f  the jack  m ackerel belt.

The species o f  Pacific jack  m ackerel Trachurus murphyi Nichols was described in 1920. 

For nearly forty years the genus o f  jack  m ackerels was believed to have a b ipolar range. It 

w as thought that in South Pacific the Pacific jack  m ackerel inhabits exclusively the temperate 

w aters o f f  C hile south o f  50°S (Berg, 1920; A leev, 1957). The coastal subtropical and tropical 

parts o f  jack  m ackerel’s range betw een Ecuador and Peru w ere found and described later 

(B erry , C ohen, 1972). Until the 1970-s it was believed that the Pacific ja c k  m ackerel inhabits 

the sh e lf  and slope w aters only. The high seas part o f  its range rem ained to  be unexplored.

T his largely resulted from  the fact tha t prior to  the early  or m iddle 1980-s m ost fishing 

nations conducted research in their ow n coastal zones try ing to m ake full use o f  the  aquatic 

living resources o f  the exclusive econom ic zones (E E Z ) introduced in the m iddle o f  1970-s.

T he im plem entation o f  the strategy o f  Russia aim ed at prospective sustainable 

developm ent o f  high seas fisheries led to finding jack  m ackerel beyond the lim its o f  the South 

A m erican continent’s sh e lf  zone. In 1973-1975 the pelagic layer around the underw ater ridge 

N asca was exam ined during the national research cruises. Concentrations o f  jack  m ackerel o f 

virtually all the size-age groups w ere fished there. In 1978 the W est Fishery Association 

«Zapryba» organized jo in tly  w ith the W est F ish-finding Service a fishery and exploratory 

expedition to the Southeast Pacific which m ade it possible for the first tim e to detect beyond 

the EEZ o f  Peru considerable concentrations o f  pelagic species -  jack  m ackerel, m ackerel and 

sardine w ithin the oceanic upw elling over the subsurface Peru-C hile countercurrent.

Consequently  the basic result o f  the first stage o f  com prehensive Soviet research in the 

South Pacific which w ent on for 24 years (1955-1978) was the discovery and description o f 

the area o f  habitation o f  jack  m ackerel beyond the EEZs o f  Peru and C hile betw een 5 aS and 

55"S, up to 105‘ W (Tab. 2, Fig. 4).
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Fig. 4. T im e history o f  Russian discoveries o f  ja c k  m ackerel in the South Pacific.

A ccording to the program  o f  fisheries research o f  the W orld O cean cruises w ere m ade 

during the ensuing 5 years to  the central-southern and w est-southern parts o f  the Pacific 

Ocean. The specialized coordinated effort o f  all the institutes and fish-finding services o f  the 

M inistry o f  Fisheries, A cadem y o f  Sciences o f  USSR allow ed us to d iscover stable fishing 

concentrations in 1979-1983 w est o f  the range o f  ja c k  m ackerel found in previous cruises. It 

was found out in the cruise on «K ulikovo Pole» (W est F ish-finding Service) (O ctober 1981 -  

February 1982) that fishing concentrations o f  the Pacific ja c k  m ackerel occur betw een 35°S 

and 52°S and 105°W -  130 W (Fig. 4).

In 1979 tw o fish-scouting ships «Poltava» and «Plunge» (W est F ish-finding Service) 

found for the first tim e sm all concentrations o f  the Pacific jack  m ackerel in the waters 

adjacent to the EEZ o f  New Zealand. D uring the fish-finding and fishing expedition organized 

by the M inistry o f  Fisheries o f  Russia in 1982-1983 involving 13 vessels the data on the range 

o f  jack  m ackerel extending to the EEZ o f  N ew  Zealand and A ustralia w ere confirm ed (Fig. 4).

In 1980-s, the estim ated fishing biom ass o f  jack  m ackerel in the eastern region was, 

according to the Russian survey data, betw een 8 and 10 m illion tons (N esterov, N azarov, 

1991; Nesterov et al., 2004); it w as 9-14 m illion tons betw een 105°W and 160 W; the entire 

jack  m ackerel bell estim ates for the South Pacific w ere about 18-25 m illion tons (E lizarov et 

al., 1992; K otenev, 1992).
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The eastern region began to be explored by the fishery in 1978. The Soviet catch o f  jack 

m ackerel in the first year o f  fishing reached 50700 tons. The catch increased tenfold as early 

as next year: 532000 tons. In 1981 active Russian harvesting o f  jack  m ackerel began in the 

central region; after a year it began in the w est region.

T a b le  2. H istory  ch a rt  o f  the d iscovery  and  descr ip tion  o f  the « jack  m ackerel belt»

in the cou rse  o f  R uss ian  research.

Area Position Prior to start o f  com m ercial fisheries 
researches were conducted by

Y ear when 
commercial 

exploitation of 
region began

East 5" S -5 5 "  S 
W est o f  Chile and 

Peru EEZs to 105" W

W est F ish-finding Service, 
A tlantN IRO , VNIRO, TINRO, 

TURN IF, USSR A cadem y o f  Sciences; 
1955-1978

1978

C enter 25" S -5 5 "  S 
105" W - 130° W

All institutes and fish-finding services 
o f  the USSR M inistry o f  Fisheries, 

U SSR A cadem y o f  Sciences; 
1979-1981

1981

W est 3 0 °S - 5 5 °S 
130° W - E Z Z s o f  
N ew  Zealand and 

Australia

All institutes and fish-finding services 
o f  the USSR M inistry o f  Fisheries, 

USSR A cadem y o f  Sciences, 85 
cruises o f  RVs and fish search boats 
used for research, up to 13 vessels at 

one tim e;
1979-1983

1982-1983

The Soviet catch o f  jack  m ackerel in FA O arca 87 in 1984 exceeded one million tons 

(Fig. 5). In area 81 the peak o f  Soviet catches o f  jack  m ackerel was reached in 1986: 152500 

tons (Fig. 6). The total m axim um  Soviet catch o f  jack  m ackerel in the South Pacific was 

recorded in 1984: 1123900 tons (Fig. 7).

T hroughout the m ost intensive period o f  the Soviet fish ing fleet's  operations (1978-

1991) the overall catch o f  jack  m ackerel in area 87 w as 10125900 tons, or 79.8%  o f  the total 

w orld catch o f  ja c k  m ackerel in this area beyond 200-m iles zones; in area 81 it was 651950 

tons or 63.4%  o f  the w orld catch. In total over 13 m illion tons o f  fish w as taken by the USSR 

in the South Pacific during those thirteen years including 10.78 m illion tons o f  jack  m ackerel, 

o r  78.6%  o f  the w orld catch.
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Fig. 5. Catch o f  ja c k  m ackerel by Russia and o ther countries in the South Pacific beyond 

EEZs o f  Peru and C hile (FA Q  arca 87).

O th e rsR u ssian  F e d e ra tio n

Fig. 6. Catch o f  ja c k  m ackerel by Russia and o ther countries in the South Pacific 

(FAQ area 81).
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Fig. 7. Total catch o f  jack  m ackerel by Russia and o ther countries in the South Pacific 

(FAQ arca 8 1 and 87).
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High and stable catches w ere achieved by Russia by w ay o f  conducting com prehensive 

ecosystem  research during the whole period o f  intensive fishing, and by sum m arizing the data 

from  the cruises m ade earlier.

3. T h e  increased  b iop roduc tion  in the  ja c k  m ackere l bell: m ech an ism s  o f
form ation .

In the course o f  investigations m ade by Russia they collected and analyzed multiannual 

data on the distribution o f  jack  m ackerel and its seasonal m igrations guided by the ocean 

m echanism s o f  form ation o f  increased bioproduction in the ja c k  m ackerel belt.

As early  as in 1967, V.G. Bogorov identified the transoceanic natal region 

encom passing subantarctic w aters betw een South A m erica and New' Zealand as one o f  the 

highly productive regions in the Pacific (Ecosystem s o f  the Pacific subantarctic zone, 1988). 

Location o f  this region in the m ost «oceanic» sector o f  the South Pacific ensured maximum 

vastness o f  oceanological zones, rather low atm ospheric pressure gradients, relatively low' rate 

o f  transport o f  the A ntarctic circum polar and South Pacific currents in the tem perate latitudes. 

At the sam e tim e the jack  m ackerel bell is contiguous to the regions w here in the south the 

processes o f  form ation o f  deep and interm ediate A ntarctic w aters are unusually intensive; in 

the north this is true o f  subtropical waters. Such intensity o f  form ation o f  specific w ater types 

caused an increased longitudinal exchange o f  the subsurface and interm ediate waters. 

Longitudinal exchange is also facilitated by the bottom  relief. The sublongitudinal chains o f  

seam ounts, the East Pacific and Chilean elevations fortify the flow's having a longitudinal 

elem ent. (V asilieva et ak , 1982; Z yrianov, 1982; Kotenev, 1992). The m eandering o f  flows 

resulting  from  the interplay o f  latitudinal and longitudinal w ater transport brings about the 

form ation o f  oceanic zones with stable conditions which attract hydrobionts o f  various trophic 

levels (K rukov, 1982; V asilieva el ak , 1982; K ashirin, M elnik, 1984; Ecosystem s o f  the 

Pacific Subantarctic zone, 1988; Bendik, 1991; K otenev, 1992; Sushin, 2003).

T he increased biological production o f  such zones, and concentration o f  various 

plankton com ponents there is ensured by the factors as given below.

Local w ater dynam ics, and form ation o f  sem ienclosed units having a high rate o f 

vertical transport velocity  (Poyarkov, 1984; Sukhanova el ak , 1984).

Perm anent em ergence o f  cyclonic eddies around the frontal sections (Zatsepin ct 

ak , 1984) w here the nutrient-rich subsurface w'aters are brought to the surface 

(Sukhanova, V edernikov, 1985).
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Interaction am ong the pelagic com m unities d iffering  in structure, level o f  

production and succession m aturity w ithin the frontal zone and frontal section 

which m ight lead to the consum ption o f  the surplus food resources o f  the other, 

and to the respective increase in biom ass o f  the latter (V inogradov et al., 1980, 

1983, 1984; Flint, 1981 ; T im onin, Flint, 1985).

The specific coastal circulation brings about hydrological isolation o f  the regions o f 

upwelling over the sh e lf which is proved by num erous biological characteristics (Burkov, 

1980; Kashirin, M elnik, 1984).

This is followed in future by the form ation o f  b ioccnoscs in the zones with stable 

hydrological conditions. The presence o f  such zones can be illustrated by the dynam ic 

topography o f  the ocean surface, surface tem perature, and distribution o f  salinity (Fig. 8).

Plankton concentrations m ove together with w ater m ass; hydrobionts o f  higher trophic 

levels follow them . Hence, schools o f  ja c k  m ackerel m ade nearly  a full circle betw een 8 7 W  

-  95 W and 36°S -  4()CS during 16 days o f  January 1986 (Fig. 9).

4. O u tline  o f  the s tud ies  o f  j a c k  m ackere l  popu la tion  s truc ture  in the  South
Pacific  by  Russia.

Russian researchers detected several geographically  isolated groupings o f  ja c k  mackerel 

w ithin the species belt; these groupings w ere attached to zones having stable hydrological 

conditions (V asilieva el al., 1982; C hu r el a!., 1984; K ashirin, M elnik, 1984; R udom etkina et 

al., 1988; Elizarov el al., 1992; Kotenev, 1992). Each one had its own isolated spaw ning 

ground, m akes circular seasonal m igrations, and they differed in the tim e o f  spaw ning 

(V asilieva et at., 1982; Storozhuk ct al., 1984; K otenev, 1992), characteristics o f  m aturation 

rale, gam etogenesis and spaw ning (Storozhuk et al., 1984; Erm akov, 1986; K otenev, 1992), 

m orphophisiological indices, physiological and biochem ical indicators (S torozhuk ct al., 

1984), size-age com position (N azarov, Shevchuk, 1984; E lizarov el a l., 1992; K otenev,

1992), parasitofauna (K ashirin, M elnik, 1984) and o ther aspects. The high abundance o f  eggs 

and larvae o f  jack  m ackerel in the oceanic part o f  the region is com m ensurate w ith that in the 

EEZs o f  the coastal states (R udom etkina et al., 1988).

The eastern spaw ning ground o f  jack  m ackerel in 1978-1991 w as betw een 78°W  -  90° W 

and 3 7 ’S -  42"S (Fig. IO). Spaw ning in this area occurred in N ovem ber-M arch. The southern 

boundary o f  the region having the greatest density  o f  eggs agreed with the 16°C isotherm . The 

core o f  the ground w as betw een 37“S and 38°S. Its w estern lim it in som e years shifted up to 

100 W -105  W.
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Fig. 8. Tem perature, salinity and dynam ic altitudes on surface (Chukhlebov et al.,

2004 ) .

Individuals o f  the central grouping o f  jack  m ackerel spaw ned in 105 W -  I25"W  and 

5 “S -  ßB^S. Spaw ning concentrations w ere recorded up to the 42-nd parallel o f  the Southern 

H em isphere (Fig. IO). D epending on the ocean and w eather conditions the core o f  spawning
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was around 110“W  (1985-1986) or 114°W -  117°W (1988). Upon com pletion o f  spaw ning the 

jack  m ackerel o f  this group m igrated southw ards in January-February , then it m oved west, 

returning to the spaw ning sites afterw ards, thus m aking a circle o f  m igration during a year.

The west grouping spaw ned near 130°W -  155°W and 35°S -  40°S. In the west o f  the 

South Pacific the jack  m ackerel spaw ned from  A ugust-Septem ber to January, i.e. it w as three 

m onths earlier than in the central and eastern regions. The post-spaw ning m igrations o f  large 

jack  m ackerel from  the west grouping started already in D ecem ber: the fish m oved 

southw ards, dow n to the subantarctic front effect zone, and to the periphery o f  subantarctic 

divergence (betw een 43°S -  48“S) w here the food Zooplankton bred m ost abundantly . In 

January the post-spaw ning m igrations term inated. In February the fish o f  the w est grouping 

m igrated eastw ards and north-eastw ards; in M ay-June m igrations w ere to the north, up to 

about 43"S. In June concentrations m oved w estw ards along the m id-subantarctic front, and 

north o f  it along 39°S and 42“S. In A ugust spaw ning concentrations o f  the largest fish began 

to be form ed west o f  130"W. The yearly round m igration cycle o f  the west group fish thus 

closed.

95  94  93 92  91 90  89  88  87

©TOC r f h i i t t a s t e »

12.01

îsm »;
« .0 1

High density  c oncen tra t ions  (d a te  show n)

Fig. 9. Position o f  high density  concentrations o f  ja c k  m ackerel in January 1986 

(Sushin, 2003).
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Fig. 10. Functional structure o f  oceanic and neretic jack  m ackerel in the South Pacific.

T he w est grouping spaw ned near 130 W -  155’W and 35°S -  4Q°S. In the west o f  the 

South Pacific the jack  m ackerel spaw ned from  A ugust-Septem ber to January, i.e. it w'as three 

m onths earlier than in the central and eastern regions. The post-spaw ning m igrations o f  large 

jack  m ackerel from  the w est grouping started already in Decem ber: the fish moved 

southw ards, dow n to the subantarctic front effect zone, and to the periphery o f  subantarctic 

d ivergence (betw een 4 3 "S -  4 8 ’S) w here the food Zooplankton bred m ost abundantly. In 

January the post-spaw ning m igrations term inated. In February the fish o f  the w est grouping 

m igrated eastw ards and north-eastw ards; in M ay-June m igrations w ere lo the north, up to 

about 43°S. In June concentrations m oved w estw ards along the m id-subantarctic front, and 

north o f  it a long 39”S and 42“S. In A ugust spaw ning concentrations o f  the largest fish began 

to be form ed west o f  130°W. The yearly round m igration cycle o f  the w est group fish thus 

closed.

It is know n the spaw ning ground o f  jack  m ackerel near the G alapagos islands attached 

to the vergent area in the equatorial front zone (G orbunova, Evseenko, 1984).

In-betw een the m ajor spaw ning areas described above there w as only sparse occurrence 

o f  ja c k  m ackerel w ith m elting sex products. This fact indicated a relatively small overlapping, 

hence, m ixing o f  individuals from  various groups during spawning.
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The separate nature o f  spaw ning grounds, circular closed seasonal m igrations, the 

established m aturation rate, grow th features and parasitofauna o f  individuals from  various 

grouping, as well as food sufficiency in oceanic regions at all stages o f  ontogenèses, from  

larvae to adult fish suggest possible existence o f  at least three independent populations o f  jack  

mackerel in the South Pacific. The m orphophysiological and m etabolic adaptations to 

concrete statios may give rise to reproductive isolation, m aking the genetic  divergence o f  jack  

mackerel populations stronger.

The life cycle o f  the eastern one is closely tied  up with the EEZs o f  C hile  and Peru 

while the ontogenesis is o f  the fish from  the central and w est grouping is fully w ithin the 

oceanic waters o f  the South Pacific.

At the sam e tim e, during the m ost intensive research o f  jack  m ackerel o f  the South 

Pacific high seas w aters (1978-1991) conditions w ere favourable for abundance growth 

pratically sim ultaneously near the shores and on the high seas. This obstructed m uch the study 

o f  the intraspecific and intrapopulational structure because o f  overlapping o f  the suggested 

population ranges. T hat is w hy the attem pts to identify the population structure o f  the South 

Pacific jack  m ackerel using phenctic and genetic  m arkers produced quite contradictory 

results, from  the existence o f  several (2-4 and m ore) populations ( Shaboneev et al., 1979; 

Koval, 1981, 1984; K ashirin, M elnik, 1984; Storozhuk et. a l., 1984; A lekseev, 1986; Koval, 

G ordeev, 1987; N ekrasov, K arataev, 1987; N ekrasov, T im okhina, 1987; K alchugin , 1991) to 

a single population w ithin the entire jack  m ackerel belt (Parin, 1984; Evseenko, 1987; Parin, 

1988; Nazarov, Nesterov, 1990).

U nfortunately until now there have not been population-genetic research o f  the oceanic 

groupings o f  jack  m ackerel using m odern techniques o f  genom e DNA polym orphism  

evaluation, including m icrosatellite sequences, jo in tly  with the biological and ecological data. 

Such a study would facilitate unam biguous identification o f  the population structure in the 

South Pacific jack  m ackerel.

5. C onclusion .
Between the 1960-s and early 1990-s Russia discovered and m ade a detailed description 

o f  the pelagic and seam ount ecosystem s o f  the South Pacific, including the pattern o f  

formation o f  the raised bioproduclion zones, spatial-tem poral and functional structure o f  both 

the entire biocenoses and their com ponent species; the initial idea o f  the population structure 

o f  fishing species w as obtained.
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T he m ajor fishing species w ere the basic object o f  research, the jack  m ackerel ranking

first.

U nfortunately, in the 1990-s the Russian research in the high seas o f  the South Pacific 

w as stopped, w hile the studies m ade by other nations did not reach the m agnitude o f  the 

Soviet investigations o f  the previous decades.

In A ugust 2001-January 2003 Russia m ade a study o f  the status o f  aquatic living 

resources in the Southeast Pacific. The study w as m ade a ller a ten year interval by 

A tlantN IR O , w ith participation o f  V N IR O  scientists. Betw een the EEZ o f  C hile and 105°W 

(362100 m iles 2) the biom ass o f  jack  m ackerel w as 7.635 m illion tons, the average density o f 

concentrations w as 23.2 tons/m ile2 (N esterov et al., 2004). The traw l-acoustic surveys made 

in 1985 and 1987 in the sam e w ater area show ed that the estim ated biom ass w as 5.39 and 

4.50 m illion tons respectively. The density  w as 16.5 and 10.9 tons/m ile2. Consequently, the 

size o f  ja c k  m ackerel biom ass in 2002-2003 exceeds the 1980-s values, and is close to the 

retrospective ones obtained by cohort m odeling, using C PU E data ( VPA).

T hus, at present the jack  m ackerel stocks in the South Pacific are on a stable and high 

m ultiannual level. A t the sam e tim e, throughout the last 15 years data are lacking on the status 

o f  individual stocks o f  this species, prim arily the central and w estern ones.

In o rder to develop conservation and m anagem ent m easures for the South Pacific 

hydrobionts that w ould be adequate to the population structure it appears reasonable to:

1. Establish an ecology-genetics w orking group for the study o f  fishing species 

o f  hydrobionts in the South Pacific.

2. The w orking group w ould have to  form ulate the m ain principles o f  collecting 

genetic and biological sam ples, adopt standard data processing procedures and 

set research priority  species to w hich Russia suggests to refer jack  m ackerel 

and m ackerel.

3. The w orking group w ould have to prepare during 2006 and present at the 

upcom ing m eetings a draft international program  o f  research o f  the oceanic 

stocks o f  hydrobionts.
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