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Acoustic data collected during routine surveys can be used
to improve our knowledge of marine ecosystems. Some ngﬁ ideas
of presentation and processing of acoustic, environmental and
biological measurements are presented.

In the method proposed, called macrosounding, the vertical
distribution of fish biomass is generated by computer according
to a scale selected on the basis of spatial and temporal correlation
of the phenomena observed. The picture can be enriched by
other factors, such as isotherms or isohalines, with the use of a
multidimensional matrix of environmental, biological and
acoustic data from the surveyed area.

Practical application of the presented method is exemplified
by results of surveys on distribution of fish in relation to envi-
ronmental conditions in the Polish fishery zone. Distributions
for the spring 1983 and 1985 and for the summer 1983, 1987, 1988
are presented and discussed.

INTRODUCTION

During the period of 1981-1987, six multi-disciplinary research cruises of RV
,Lrofesor Siedlecki” were carried out within the Polish fishery zone of the Baltic Sea,
using a dense grid of sampling stations. The main objective was to get a wider overview
of environmental conditions and determine the distribution and stocks of commercial
fish resources. Hydroacoustic estimation of fish biomass was conducted with the use
of EK 38 echo-sounder and QM MKII echointegrator. A detailed characteristics of the
method used and the basic results are described by Elwertowski et al. (1984),
Ortowski (1982, 1984, 1985, 1988, 1989 and in print (a)).
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MATERIALS AND METHODS

Based on acoustic and environmental data collected during the cruises mentioned,
and using a new approach to the materials collected (Ortowski 1989), characteristics
of fish distribution patterns in relation to environmental conditions were determined
and analysed. The first step for a geographical analysis of the factors measured was
to divide the whole surveyed area into 600 elementary squares to form the matrix
{aﬁ} of 30 columns and 20 lines (Fig. 1.A.). The side of each square amounted to

T

Fig. 1. General characteristics ot the methods used:

A — division of surveyed area as {aijk} matrix of elementary squares; com-
plex transect localization,

B — depth distribution of surveyed area, expressed as {aijk} matrix ele-
ments (B =5-10 m, C=10-15 m,..., T>95m)

C — example of artificially-generated fish distribution along the complex
transect (fish density expressed by Sv changes from -80 dB at the bor-
ders up to -50 dB in the middle of the transect)
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approximately 7 nautical miles, which was enclosed between the mean distance be-
tween oceanographic stations (10 Nm) and the typical radius of autocorrelation of
biomass density samples (5 Nm), observed in the surveyed area. For each elementary
square, the mean value of bottom depth was evaluated from “The Southern Baltic Sea”
map edited by the Hydrographic Bureau of the Polish Navy. The bathymetric map of
the area of surveys, transferred to computer memory, is shown in Figure 1.B.

A dense grid of acoustic transects (1 Nm for 8 Nmz) and oceanographic sampling
stations (1 station per approx. 100 Nm? made it possible to evaluate magnitudes of
acoustic and enviromnental parameters for each elementary square aij of the matrix
{aijk}. Using the geographical analysis and extrapolating data recorded, the matrix
{ai_k} was completed and prepared for subsequent operations.

he matrix {ai_k} used for description of distribution patterns of fish in relation to
environmental factors contained values of the following parameters:
- column scattering strength Svc,
— lower and upper limits of fish echoes layers,

— mean depth of fish echoes layers (~ depth of median of depth biomass distribu-
tion),

- time of day,
— depths of 2 unit intervals of isotherms (as +2°, +4°, +6°, ..., +18°, +20°C) and isoha-

lines (as 2%, 4%o, 6%o, ..., 18%o, 20%:).

Correlation of the pattern of fish distribution and environmental conditions along
the transect required a new approach to visualisation of acoustic data on fish biomass
distribution.

Traditionally, the results of sounding are presented in the form of echograms.
However, no-one nobody is able to analyse ecosystem features when the information
on fish distribution is dispersed over so many meters of recordings. The author pro-
poses a new method of graphical presentation of vertical fish biomass distribution
along the transect. Tne method has been called macrosounding. The macro-
sounding is based on computer generation of vertical fish distribution according to a
scale chosen in relation to a spatial and temporal correlation of the observed phe-
nomena.

Fig. 1.C. presents, as an example, an artificially generated layer of fish, dispersed
betv»;een 10 m and 55 m, the mean depth of fish ocurrence being 50 m. In the upper
layer, fish density, expressed by volume scattering strength S‘r , is enclosed between
—-80 dB and -50 dB. The algorithm keeps the mean distance between neighbouring
dots as a randomly modulated variable with the mean value related to the biomass
density of a cross-section, expressed by Sv. The manner of filling the vertical lines
with dots is matched to the inierval of extreme values of S , recorded for all Baltic
cruises (-80 + —50 dB). A horizonal axis of the diagram corresponds to the distance
units of a transect (sides of aij squares), chosen from the matrix {aijk}. The units of
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the transect are marked in the lower part of the diagram and the depths in meters
along the right vertical axis.

A synthesis of macrosounding and a graphical expression of isotherms and isoha-
lines, applied for wider comparisons in this paper, was called the method of com-
plex transect. Geographical localization of the standard complex transect of Pol-
ish fishery zone, used in all comparisons presented below is shown in Fig. 1.A. The
localization was predicted by analysis of Baltic waters dynamics. As a result, the
transect was chosen along the route of ocean water inflows (Fig. 1.B.) through Bor-
nholmsgattet, passing through the Bornholm Deep, Stupsk Bank, Stupsk Furrow, Slant
Sill and Gdansk Deep (Fig. 1.C.).

All analyses were conducted for a daytime fish distribution. If data on daytime
configuration of fish distribution were not availab}e for the given aij square, the upper
line of the diagram was not filled. When a break was less than 2 units (ai], squares), the
extrapolation of neighbouring squares data was performed.

The complementary description of methods used to characterize the fish distribution
in relation to environmental conditions was given by Ortowski (1989).

RESULTS AND DISCUSSION

Patterns of fish distribution, expressed in the form of complex transects of the
Polish fishery zone, have to be presented and analysed by the season of the year,
which has an important impact on all the observed factors. Seasonal characteristics
of fish distribution in the Baltic Sea in relation to environmental conditions was de-
scribed by Ortowski (in print b).

" The data available, collected during the cruises of RN | Profesor Siedlecki”, allowed
to compare the fish distribution patterns for two different seasons: the spring in 1983
and 1985 (Fig. 2) and the summer in 1983, 1987, 1988 (Fig. 3 and Fig. 4). In the first
case, the situation was mostly dependent on a spawning concentration of sprat, while
in the second one the fish were dispersed over the whole area in feeding concentra-
tions.

With respect to the spring, it is important to underline that both patterns, cha-
racterising 1983 and 1985, were determined for widely differing oceanographic sit-
uations, especially in the area of sprat spawning grounds. In the year 1983, a signifi-
cant inflow of North Sea waters, clearly seen by isohalines shapes, took place (Woje-
woddzki and Piechura 1983; Wojewddzki 1987), while in 1985 stagnation of water
masses was observed (Fig. 2.C.).

In the year 1983, a sprat spawning concentration was localized off the west slope
of the Stupsk Sill, in waters with temperatures of 4-6°C and salinities of 10-16%,
(Fig. 2.C.), at depths of 50-70 m. Two years later in the same area and at the same
depths, cold winter waters below +3°C appeared. The spawning concentration had a
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Fig. 2. Comparison of fish distribution pattern and environmental conditions during the spring of 1983 and
1985 along the complex transect: A — fish distribution patterns, B — fish distribution and isotherms, C — fish
distribution and isohalines
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Fig. 3. Comparison of column scattering strength Sy¢ map (4) and fish distribution patterns along the complex transect (B) during the summer in the years 1983,
1987 and 1988
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new localization, more to the west (Fig. 2.A.) at depths of 70-85 m, in the Bornholm
Deep, where the temperature was between +4°C and +6°C (fig. 2.B.) and salinity
14-15.7%, (Fig. 2.C.). A decrease in the volume of water mass which had similar tem-
peratures as those determined in 1983 for the spawning concentration, resulted in a
stronger concentration of fish for spawning in 1985.

Mankowski (in Lomniewski et al. 1975) and Elwertowski (1987) emphasized the
great dependence of spawning results and future recruitment on environmental con-
ditions during the sprat spawning. The sprat pelagic eggs and larvae are closely de-
pendent on water density, temperature, and oxygen level. In the case shown above,
the temperature factor (4-6°C limits) seemed to belong to the most important ones,
while the values of salinity in the spawning area were enclosed within wider limits.

Looking at the distribution of fish outside the area of the spawning ground, we can
observe that in both cases (1983, 1985), the fish were dispersed below the +4°C
isotherms. A different vertical temperature structure affected the vertical distribution
of fish. The presence of cold winter waters 1985 resulted in wider depth limits of fish
concentrations. Taking into consideration species composition of the periods described
(Ortowski 1989), we can relate the 1983 picture to sprat and herring and that of 1985
to sprat stocks.

For the summer, a comparison of three cruises from 1983, 1987 and 1988 is pre-
sented in Figure 3 and Figure 4. During the day in the summer feeding time, the fish
were dispersed within the whole survey area. The sprat and the juvenile herring
occupied upper heterothermal layers, with temperatures beiween 8° and 18°C and
salinities lower than 8%.. The herring appeared mainly in deeper waters, with tempe-
ratures between +2.5° and 6°C and salinities from 7.8%, up to 14%.. Similar conditions
for herring were described by Fetter (1976, 1986). Such differences of characteristic
enviromnental conditions for each species are important for interpretation of disiri-
butions presentes in Figs. 3 and 5.

Summer environmental conditions along the complex transect were significantly
different between the years 1983, 1987 and 1988. In the 1983, as mentioned before,
the water was under the influence of a stronger inflow from the North Sea, salinities
and temperatures of deeper layers being higher than those in 1987 and 1988. The year
1987 was the coldest and winter waters, with temperatures below +2°C, appeared be-
tween 60 m and 70 m.

In Fig. 3.A., geographical distributions of column scattering strength S o 2re shown
for all the years compared. It is easy to observe a systematic, year-by-year, decrease
of Svc, the magnitude being proportional to surface biomass density. A decrease in
biomass density was observed in the coastal area at first (1983-1987), expanding to
deeper zones (1987-1988). In 1983, the maximum value of S e amounted to
-34.9 dB (minimum = —64.2 dB), in 1987: =43.0 dB (minimum = -71.1 dB), and in 1988:
—45.6 dB {minimum = -71.4 dB). If we assume that a standard deviation for 1983 was
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Fig. 5. Comparison of fish distribution patterns and isotherms (A) and isohalines (B) along the complex transect during the summertime in the years 1983,
1987 and 1988
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5.23 dB, in 1987: 5.06 dB, and in 1988: 4.39 dB, we can conclude that the reduction of
biomass appeared at first in the areas of the highest fish biomass densities = and ho-
rizontal fish distribution has become more uniform at last. The observed reduction of
biomass can be correlated to an increasing stagnation of the Baltic waters. In Fig. 4,
isohalines along the complex transect over the years 1981-1988 are shown to de-
mosirate a strong dependence of waters (mostly salinity) on the inflows from the Norih
Sea. The position of the 8%, isohaline, considered as the hypothetic border between
the main Baltic water masses, shows longterm trends over the past 8 years. The si-
tuation shown indicates a long stagnation period of the Baltic waters since 1985.

The total biomass for 1983 and 1987 divided between sprat and herring stocks (a
near-equal percentage), while in 1988 herring percentage was the highest (72%).

Comparing the vertical distribution of fish (Fig. 3.B.), some common features can
be observed lin the patterns. One of them is the correlation of fish depth limits and the
bottom profile. Generally, mean fish depth is proportional to the bottom depth — espe-
cially for herring recordings. Distributions in the western part of the transect
(Bornholm Deep) and in the Stupsk Furrow corresponded to herring. In 1987, herring
concentrations were observed in the Gdafisk Deep as well. In 1988, herring was prac-
tically the only species observed along the transects (except for the area near the Slant
Sill). If we consider the shape of isotherms and isohalines (Fig. 5), we can conclude
that the main factor influencing the vertical fish distribution was related to tempera-
tures, while the salinity was not simply correlated to the fish distribution pattern. The
fish distribution, according to the species given, was correlated to the depth limits of
their characteristic isotherms. For example, in 1983, the presence of warmer inflow
waters (over +8°C) below 60 m depth caused a displacement of herring ints lower
depths (< 60 m), with temperatures below +6°C. Similar reaction was connected with
the appearance of cold winter (below +2°C) in 1987. The salinity interval for waters
occupied by herring was very wide (7.8%—14%,) and a correlation of the herring ver-
tical distribution and the shapes of isohalines was not observed.

The sprat was generally present in upper layers of waters with a lower salinity,
being mostly localized in the eastern part of the transect.

CONCLUSSION

Application of the complex acoustic transect to correlate the fish distribution pattern
in relation to environmental factors made it possible to determine the types of existing
relationships and to estimate them, according to the requirements chosen. As a con-
sequence, the model of the marine ecosystem can be significantly broadened to give
wider possibilities of estimating the influence of environmental factors on the basic
biological processes and, finally, on the state of the fish resources. The analysis of the
fish distribution patterns in relation to enironmental conditions showed the impor-
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tance of two basic factors. The first of them was related to a seasonal modulation of
water temperatures and the dependence of the fish distribution patiern according to
the season, year, and species. It is important to underline the differences between
sprat and herring environmental requirements during the feeding aiid spawning
seasons, as shown in this paper.

The second factor was dependent on inflows from the North Sea, having an impor-
tant impact on deeper water masses. The appearance of the inflows is the result of
coincidence of many, mostly metereological, factors and it is not a simple periodical
phenomenon (Matthaus 1982).

The significance of both factors, deeply influencing the shape of the pattern of
fish distribution, was shown by applying the complex transect analysis based on
acoustic, biological and environmental data. Mathematical expressions of correlation
between the fish distribution and the environmental factors can be estimated by sta-
tistical analysis of the matrix {ai,k}, containing the values of all necessary parameters,
with the use of the methods presented in Ortowski (1989).
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