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Abstract

A lot of trawl cards are kept in TINRO-Center archives, which contain the data of scientific-
research and fishery-research cruises to the Eastern Indian Ocean, amost entire Pacific Ocean and
adjacent seas within the period of 1950-2003. This pricdess materid needs generdization that im-
plies its trandformation into the format that could be andyzed usng dHatisicad and cartographic
computer programs. Therefore in the Laboratory of Applied Biocenology created the database con
taining information of 242 thoroughly ®lected trips of 1980-2003 in 40,920 cards. Newly organized
information was used in alot of recent reports and scientific papers.

After the database had been organized, the next naturd step in improvement of informa:
tiond provison of fishery invedigations was cregtion of GIS of quantitative hydrobionts distribu-
tion in the far-eastern seas on its basis. Currently, the firs module, which describes Okhotsk Sea
nekton, is ready. When preparing it, the data of 68 cruises were used, in the course of which within
the period from February 27, 1980 to January 19, 2003 6151 trawl stations was performed. About
5000 maps, put in GIS, themsalves give the opportunity to estimate spatia and tempora d/mamics
of any biological resource of the Okhotsk Sea nekton. Besdes, GIS permits to make various cacu-
lations on its data, including accounts of one- and multi-species fluctuaions of patia digtribution
of seaanimas— seasond and interannudl.

As an example of andyticd ability of GIS, long-term (lagting severd tens of years) fluctua
tions of abundance of some fish gpecies are congdered. In particular, is shown, that "Waleye pol-
lock - Pacific herring” and "Pecific sardine — Japanese anchovy” are pairs of dternative species, the
opposing fluctuations of which abundance occur in antiphase. On the contrary, Chum samon and
Pink salmon are not dternative species, but complimentary ones. Conditions, favorable for one spe-
cies, are dso favorable for another one. At that, increase or decrease of chum and pink salmon
abundance happens synchronoudy (inphase fluctuations). Therefore, compstition, affecting abun
dance and especidly suppresson of one species by ancother, is not observed. Thus, there are no rea-
sons to worry about overpopulation and the fate of the pacific sdlmon, at least, in the Okhotsk Sea.
This concluson is wdl conformed to the results of investigation of ecologicd carrying cepacity of
the sea, conducted by the Laboratory of Applied Biocenology of TINRO-Center.

These primary examples demondrate only a smal pat of andyticad opportunities of data
base and GIS. It will undoubtedly become an unprecedented kesis for investigation of Species abun
dance and compodtion, diverdty and other integral characteristics of nekton, as well as a reiable
bass for further monitoring of the conditions of pelagic ecosysem and some species populations:
from mass commercial ones up to indicators, endemic, rare and endangered ones. In 2004 it is
planned to supplement GIS with data on the Japan Sea nekton, and later — on the Bering Sea and
open waters of the Pacific Ocean. After tha it is supposed to creste Smilar informational systems
on benthos and nektobenthos, and in future dso on plankton.



About 300 thousand trawl cards are kept in TINRO-Center archives (Fig. 1), which contain
the data of more than 1500 cruises to the Eastern Indian Ocean, dmost entire Pacific Ocean and ad-
jacent seas within the period of 1950-2003. This invauable materid requires generdization and
comprehengon, which is impossble without its compresson into a form, accessble for andyss, by
means of prior gatistical and cartographica computer trestment.

From 1981 this information has been partidly computerized usng uniform ASUOR system
forms, developed by VNIRO for the Russan EC computers, and from 1995 a more advanced soft-
ware — "Ichthyolog" for persond computers usng a dBase for DOS by TINRO employee
N.Kravchenko. Database is continuoudy growing due to addition of new and retrospective materi-
as (Bocharov, Ozerin, 1995; Ozerin et d., 1995), and now this format in the Regiond Data Center
(RDC) of the Indtitute contains information about 557 trips from 91,500 cards.

From 1996 in the Laboratory for Applied Biocenology | started to work with RDC files &
ing Microsoft Access, a well-known program for dedling with database. Gradudly a system includ-
ing hundreds of queries redizing new algorithms of trawl survey data processng was cregted on its
bass. After that an interface for input, editing and checking of raw data was eaborated, which &
lowed us to extend consderably the number of users of this new software. Findly the dructure it-
sf of reationd tables was changed, and we turned to the new system completely independent of
(but compatible with) "Ichthyolog" program. Pardld to eaboration of the database form it was
filled up and information, both imported from RDC and newly inputted, was substantidly edited. In
the result the Laboratory received its own database, containing information of 242 thoroughly se-
lected trips of 1980-2003 in 40,920 cards, which was originad by content and scope. A standard
sructure of the database (Fig. 2) is easly supplemented with additiona data modules on mass-
measurements, biological andyses, and stomach contents of fish. Information from hydrologica
and plankton sations can be adso added. Fragments of this database and various versons of s
software were used as a basis for dozens of reports and scientific papers, written during the recent
years. But for thefirst time it was mentioned in press only in 2002 (Dulepova, Volvenko, 2002).

The next naturd <ep in improvement of informationd provison of fishery invedigaions
was cregtion of GIS of quantitative hydrobionts didribution in the far-eastern seas on its basis. Cur-
rently, the firss module, which describes Okhotsk Sea nekton, is ready. When preparing it, the data
of 68 stentific-research and fishery-research cruises were used, in the course of which within the
period from February 27, 1980 to January 19, 2003 at least one vauable pelagic trawling haul in the
Sea of Okhotsk was performed. The following hauls were not considered as \duable: 1) accidentd,
2) technicd or adjusment, 3) purely commercid, 4) lasting for more than 3.5 hours or less than 10
min (if in the latter case a net was taken out without a catch), and 5) made in epipeagic water layers
(the depth of towing is down to 200 m) with a speed not less than 3 knots. After qudity control the
number of sampling was equa to 6151 trawl Stations. For each trawl station number and weight of
every anima species per unit of ssmpled area in ind/kn? and kg/kn? were calculated using "ared
method (Volvenko, 2000) and taking into account variability of trawl geometry, varied coefficients
of cachability and volume dlowances, and correction compensating stepwise trawling. These data
in ArcView GIS 3.2 software are averaged by 257 one-degree trapeziums with their centers corre-
gponding to intersection points of meridians and pardlds (Fig. 3).

Thus, raster method of data representation was redized in GIS. It does not give information
about location of sampling points and hides detalls of precise atitude podtion of the limits of dis-
tribution and quantitetive development of this or that phenomenon. At the same time, quantization
gives a generdized picture (a bird's eye view, a plane or a space view): it dlows us to ignore minor
valudess topographic fluctuations and smoothes some atifacts of primary acquistion. It ensures
comparability of vaues, describing standard averaging polygons for investigation of space distribu-
tion of different phenomena and/or the same phenomenon but in different time intervas fadlitating
by that spatial-tempord analyss of water area It is dso of no smal importance that quantum cdls
easly connected with database and that many logicd and mathematicd functions are easly per-
formed on the raster-type data structure (DeMers, 1999).

Adopted in this GIS one-degree ragter resolution by latitude and longitude gives a regular



grid of polygons in a form of one-degree trapezoid with easly identified locations and borders.
Their areas turned out to be the smdlest among suitable for representation of mean long-term val-
ues of hydrobionts density. Bigger polygons — "standard aress of biodtatistica information averag
ing" — are introduced by the other characteristic and for the other purposes (see Volvenko, 2003b),
and it is not expedient to introduce smdler ones because of the lack of input data. Besides, a t
degree area is conddered to be the smalest area for biotic zoning in the regiond scde. One-degree
discretizetion of basc data proved to be perfect a ichthyofaunigtic zoning of the Sea of Jgpan
(Kafanov et d., 2000, 2001; Kafanov, Volvenko, 2001).

Maps condructed using the whole set of trawling dtations, show average annud pattern of
nekton distribution in the Okhotsk Sea in the entire water column within the period of 1980-2003
regardless of a season. In order to reved spatid and tempord digtributiona patterns of marine a-
ganiams, three principles of grouping and sdection of data were introduced: 1) by the water drata
of trawling they are subdivided into epipelagic, upper epipelagic and mesopelagic, 2) by seasons —
into summer, autumn, winter and spring, 3) by years — into three long-term periods. 1980-1990,
1991-1995 and 1996-2003. According to such classfication spatiad-tempord digtribution of any
species dendty, extraspecific, or intraspecific Sze-age animd groups dendty are fully characterized
by a series of 64 charts (32 for number and 32 for weight). Almost 1000 of the most significant and
interesting of them will be soon published under the title “Atlas of quantitative digtribution of nek-
ton speciesin the Seaof Okhotsk” (2003 in press).

About 5000 maps, put in GIS, themsaves give the opportunity to estimate spatid and tem-
pora dynamics of any biologica resource of the Okhotsk Sea nekton (see for example: Volvenko,
2003a). Besdes, GIS permits to make various caculaions on its data, including caculaion of one-
and multi-gpecies fluctuations of gpatid didribution of hydrobionts — seasond and long-term
interannual. Here lies the difference between computer-based cartography (programs for making
maps from graphic primitives) and GIS with its andytica abilities (DeMers, 1999). | shdl illudrate
it with some examples.

Long-term (lagting severd tens of years) fluctuations of abundance of some fish species are
natura and generated mainly by changes of climatic and oceanologic conditions, which are smilar
by duration. At that, different needs of different species in certain abiotic conditions are manifested
in antiphase course of their abundance oscillations (Davydov, 1986; Shuntov, 1986). Thus, for ex-
ample, from the early 1990s large-scae migrations of Pecific sardine Sardinops melanostictus to the
Russan waters stopped, and walleye pollock Theragra chalcogramma abundance considerably re-
duced, though the abundance of more psychrophilic aternative nekton species — Pedific herring
Clupea pallasi, Japanese anchovy Engraulis japonicus and others — increased (Shuntov, 1999).

The mentioned species are naturdly grouped in pars as follows pollock-herring are perma:
nent abundant dements of the Okhotsk Sea nekton, and sardine-anchovy are subtropica migrants
which & times come in from adjacent more southern waters of Japan in consderable amounts. After
cdculaion of biomass difference of dternaive species one can observe progressve changes of
zones of ther predominance within the sea. In the 80s pollock dominated over herring dmost eve-
rywhere, and in the end of the consdered period three zones were formed approximately ejud by
area. Herring prevails in the northwestern part, and pollock — in the northeastern part (Fig. 4). At the
same time a padld process took place in the southeastern part: anchovy gradudly and admost
completely replaced sardine (Fig. 5).

The following Figure earnestly demondrates dternativity of these species (Fig. 6). On the
upper diagram data on variations of pollock share in nekton in 1996-2003 in comparison with the
80s are shown on one axis, and that of herring — on another axis. On the lower diagram one can see
the same information about anchovy and sardine. Variaion can be pogtive, i. e increase, or nega
tive, i. e decrease of a species shares in nekton, or zero, i. e preservation of status quo. This pa
rameter can range from —100% to +100%. Location of dots mainly in the second and forth quarters®
of both diagrams on Fig. 6 indicates the existence of a negative correation, or antiphase (opposing)
fluctuations in species abundance.

1 1f quarters are numbered as it is accepted in geometry, i. e. beginning from the upper right one and further along the
circle counter-clockwise.



Recently, when abundance of Pecific sdmon reached its higoricd maximum for the entire
period of observations (see, for example: Beamish, Bouillon, 1993; Gritsenko et d., 2002; Klovach,
2003), some authors began to propose chum salmon Oncorhynchus keta and pink sdmon O. gor-
buscha as a par of dternative species. The point is that these are the most abundant sdmon species
in Asa Aress of ther habitat and feeding are considerably overlgpped in time and space, and their
diet composition can be smilar.

It is consdered that carrying capacity of the entire North Pacific with respect to sdmons is
a its upper limit (Klovach, 1999; Volobuev, 1999, 2000; Volobuev, Volobuev, 2000; Gritsenko et
a., 2000; Gritsenko, Klovach, 2002), that is why overpopulation here leads to competition between
two species, poor feeding during the marine life period, and, as a reault, to the increase of mortdity,
decrease of reproduction and reduction of population abundance (Klovach et a., 1996; Klovach,
1999, 2000, 2001, 2003; Gritsenko et a., 2000; Gritsenko, Klovach, 2002). Particularly for the Sea
of Okhotsk, it is concluded that one species (chum) is depressed by another one (pink), and worsen
ing of chum biological parameters in the years of high pink abundance is consdered as an effect of
Gauzes principle of competitive excluson (Volobuev, Volobuev, 2000). It is supposed that the fur-
ther growth of these species production in the Sea of Okhotsk will lead to negative consegquences
(Volobuev, 1999), even to the reduction of their genetic divergty and ability for adaptations (Vo-
lobuev, 2000).

When andyzing a par chum-pink usng the same methods as for the other species, it can be
eadly observed that beginning from the firg haf of the 1990s the zone of pink predominance has
been greetly enlarged and occupies dmost entire southern deepwater basin of the sea (Fig. 7). On
the plot of variations of species shares corrdation (Fig. 8), however, primary location of dots in odd
quarters (firsg and third) indicates the exisence of a podtive correation or inphase fluctuations of
species abundance. This dtuation is completely opposite to that one observed for two other pairs
(compare Figs. 6 and 8). Chum and pink are not aternative species, but complimentary ones. Con
ditions, favorable for one species, are dso favorable for another one. At that, increase or decrease of
chum and pink samon abundance happens synchronoudy. Therefore, competition, affecting abun
dance and especially suppression of one species by another, is not observed.

Thus, there are no reasons to worry about the fate of the pacific sdmon, a least, in the Sea
of Okhotsk. This concluson is well conformed to the results of investigation of ecologica carrying
capacity of the Okhotsk Sea, conducted by the Laboratory of Applied Biocenology of TINRO-
Center. Recently it has been shown (Volvenko, Titiayeva, 1999; Volvenko, 2001) tha fish commu
nities of the northern part of the sea are poorly integrated systems with very weak negdtive interac-
tions (like predation or competition) between a smal number of mass-abundant species, forming the
lion's share of the tota nekton biomass. Abundance of these species is controlled mainly by abiotic
factors — dimato-oceanologica ones, but not by biotic factors — interspecific interactions. In condi-
tions like that feeding competition among fishes is absent (or inconsderable), feeding resources are
underused’, and there is a posshility of increasing ichthyomass up to much grester values than
those observed within the period under study. Recently a smilar concluson was dso made con-
cerning the southern part of the Okhotsk Sea (Temnykh et a., 2003). Good feeding conditions in
this area and the absence of big loca populations of plankton-feeding nekton species (such as pol-
lock, herring and capdin in the northern part) alow to spesk about "underoccupation” of the open
pelagic water layers of the Southern Sea of Okhotsk and about "underexploitation” of its plankton
resources by this reason. Mogt likely this is the reason (and the effect of Soya warm current as well)
of the presence of great number of sdimons here in the late autumn and winter.

These primary examples demondrate only a smdl pat of andytica ability of GIS. It will
undoubtedly become an unprecedented by minuteness and Sze bass for invedtigation of Species
abundance and composition, diversty and other integrad characteristics of nekton, as wel as a rdi-
able bass for further monitoring of the conditions of pelagic ecosystem and some Species popula
tions: from mass commercid ones up to indicators, endemic, rare and endangered ones.

So, a condderable block of informational supply for investigation of biologica resources of

! Abundance of zooplankton in the Okhotsk Seais so high that about 26% of its production is not consumed in pelagic
water layers, and changing into detritus, enlarges energy reserve of ecosystem (Shuntov, Dulepova, 1996).



the Russian Far-Eastern seas has been completed, but it is only the first one. In 2004 it is planned to
supplement it with data on the Sea of &pan nekton, and later on — the Bering Sea and open waters
of the Pacific Ocean (Fig. 9). After that it is supposed to creste smilar informationd systems on
benthos and nektobenthos, and in future aso on plankton.

Our fird experience of work on this project has shown that very consderable efforts should
be spent on thorough analysis and selection of trawl cards, their input in computer database, scrupu-
lous editing, numerous verifications and corrections. Algorithms of some methods of errors search
and dimination have been published (see, for example, Volvenko, 1999) and redized in specid
software, others cannot be formdized as they need routine hand work or qudified mentd work:
caeful revison of numbers and text fragments, knowledge of taxonomy and fauna, aress of animas
dwdling, their maxima dzes etc. The obtaned intermediate and find results of daidicd and car-
tographica treatment aso need verification by experts in separate taxonomic groups and communi-
ties as a whole. That is why ghedule time and the possihility itsdf of this project redization depend
on the number of involved qudified specidids and, of cause, avalability of consderable additiona
finance,
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Fg. 2. Database dtructure. Key fields are given in bold font. Lines show relations between the
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