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1. Introduction

The year 1999was the fourth year of hydroacoustic monitoring of Neusiedlersee using Simrad
EY500 split-beam echosounder. The methods applied during the three subsequent years were
very similar. It was found that the weather conditions are extremely important for the estimate
of fish quantity. 1999 survey was carried under the conditions of changing weather (good start,
rather rough conditions after the first sampling night). This change was again crucial for the
results and certain parts of the lake could not be sampled due to rough weather.

2. Material and methods

2.1. Acoustical survey.

The sonar system was deployed on specially equipped Dory 13 boat powered with 15 HP
combustion engine. The transducers were held by a remotely controlled aluminium plate, which
enabled various orientations of the beam (overall view of the system is given on Fig. 1, the
detailed view of the transducer holder is on the Fig. 2 of the 1996 report). The system used
was SIMRAD EY 500 split-beam echosounder operating with the frequency of 120 kHz.
Nominal beam angles of the elliptical low side-lobes split beam transducer were 4.3 and 9.1
degrees and it was set in the most efficient way, i.e. with the wide ellipse horizontally. The
echosounder was driven by the Chicony 486 Dx personal computer. All data from the
echosounder were immediately stored on the hard disc of the PC for subsequent processing.

Whole sonar system was calibrated using 32-mm tungsten carbide standard target centered in
the beam using split beam centering. The gain of the sounder was calculated according to
Foote et al. (1987). Whole sonar system and PC was powered by accumulator 12 V battery.
The SIMRAD EY 500 software was set to create a new data file after collection one MB of
data. This represents 2-8 minutes of surveying of the lake depending on the amount of
information being collected.

2.2. Interferences

The report on 1996 survey provides a thorough analysis of the interferences encountered
during the hydroacoustic survey. All these interferences were encountered during current
survey, but were usually less serious.

2.2.1. Reverberation noise

If the system is properly calibrated and noise thresholds for single targets counting and
echointegration are set properly, it is possible to estimate acoustic size of every single target
(needs to be at least 18 cm apart or away from the nearest phase boundary; SIMRAD
echosounders require one pulse length clearance between echoes, the pulse duration was set
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0.1 ms) and to integrate overall 'acoustic biomass' of all targets with no respect to their
position (must be more than 18 cm from the bottom). Single target processor scales
echointegrator output as a certain amount of fish targets of certain size distribution. This
procedure was performed in SIMRAD EP 500 post-processing software, which also enables to
view collected data and to remove faulty or suspicious data sequences. For the data collection
in the field SV - volume scattering strength threshold was -100 dB; TS - target strength
threshold was -62 dB, for the data postprocessing and final calculations, the noise thresholds
were -50 and -62 dB or more respectively.

Setting of noise thresholds was one of the most difficult procedures in the Neusiedlersee as the
acoustic conditions varied dramatically across the lake. It was obviously intended to keep
rather low noise threshold enabling to survey fish down to the size of fry (-62 dB for the target
strength -TS of 40 log R time-varied-gain {TVG} data and -50 dB for volume scattering
strength {SV} data of 20 log R TVG). This was possible during most cruises, but during some
cruises the noise thresholds had to be lifted

Of the four main interferences named in 1996 report only some were significant:

1. By shortening of the usable range due to rocking (usually negligible effect in 1999).

2. By the increasing of the background noise level by the entrained air and by resuspending silt
particles (only significant in cruises 1,2,8,11).

3. By side-lobe reflections from the rough surface (negligible effect in 1999).

4. By distorting the pulse shape of some valid single targets so they may not be accepted as
single targets (negligible effect in 1999, mainly in cruises named under 2.). '

Usual way of expressing data is down to the highest possible resolution towards even the
smallest fish, thus if the conditions were favourable, the lowest possible threshold was applied.
The thresholding examples of the 1996 report show that the biomass of fish present appears
much more robust in relation to different thresholds in different noise conditions. Most often in
balanced fish populations, the most biomass is presented in smaller number of bigger fish and
these are not affected by noise thresholds. The overall fish biomass can be directly compared in
different parts of the lake and used as a good indicator of fish presence. The calculation of the
biomass required the use of universal length/weight relationship for the Neusiedlersee fish. Of
the data for the most common fish species given by Herzig et al. (1994) we have chosen the
length/weight relationship for the pikeperch, as it has rather intermediate position amongst
other species (Fig. 11 in Kubecka et al. 1997) and also large individuals in the open water are
likely to be pikeperch (?). The relationship can be replaced by the different one in the
Microsoft Excel spreadsheets supplied on the floppy disk.

2.2.2. Macrophytes
Macrophyte beds were found frequently in nearshore areas of the lake. Detection, recognition

and quantification of macrophyte distribution and density was subject of a separate study
(Kubecka et al. in prep.). Using the criteria developed in above report, all macrophyte records
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were separated from fish data. The macrophyte report gives the ratio of the energies of fish and
macrophyte echoes detected in various parts of the lake.

2.3. Fish sizing

Sizes of acoustically detected fish were identified from the relationships developed for 10
European freshwater species by Kubecka and Duncan, (1998) for similar frequency of 200
kHz. Target strength (TS) of horizontally recorded fish was identified as fish length using the
deconvolution procedure (Kubecka et al., 1994). The biomasses of fish were calculated by
using the pikeperch length-weight relationship.

2.4. Density estimates

SIMRAD EP 500 post-processing software provides fish density estimates for vertical beaming
(all the parameters of fish density are useless from the view of fish density estimate by the
horizontal beaming). The area backscattering strength in m’® of the beam sidescan was
transferred into the backscattering strength of one m’ of horizontally ensonified water volume.
This value (Volume scattering strength, SV in m*m®) was than compared with the average
backscattering strength of fish (BXS in m*fish) in order to calculate the fish density per 1 m’.
The hectaric abundance was calculated assuming the average depth of 1.8 m.

2.5. Survey design

The survey was carried out during 28. August — 1. September 1999, but only the first two
nights had favourable conditions for fish surveying. Further time was dedicated to macrophyte
surveying in protected parts of the lake while it was not possible to survey open water regions.
Due to rough weather, it was also not possible to carry out the survey of the southernmost part
of the lake. Consequently, the 1999 data are unfortunately without the data from the National
park area, which was not sampled. The main lacustrine part of the lake was covered by 11
cruises whose spatial coverage is given on Fig. 23. Most cruises had favourable conditions for
fish recording with nearly no wind.

The survey consisted from a number of cruises (longitudinal run in one direction). Each cruise
consisted from a variable number of transects which represented an elementary unit for which
the fish number, biomass and size composition was calculated. Computer-connected GPS
sensor for the positioning of the boat was not available during the survey, but it was replaced
by the navigation with compass and VDO-Logic boat log trajectory integrator. Log integrator
provides real-time distance from any starting point of the survey grid.

3. Results



3.1. Data format

Tables with odd numbers (1, 3, .....21) give the summaries of quantitative results of individual
cruises. The Tables give number of transects, numbers of acoustic pings (ultrasonic sound
emissions) start and end of horizontally surveyed range, total targets bacscattering cross
section per one hectare of side-scan (SA), the same for single (non-overlapping) fish echoes,
percentual proportion of single targets in the whole fish population, volume scattering strength
(SV = sum of fishes backscattering cross sections per 1 m’, SV is given in arithmetic and
logarithmic form), average fish backscattering cross sections (BXS) of a given transect, fish
density per m> and per 1 ha of the Lake. The average fish weights were calculated with
pikeperch length/weight relationship and with the length-frequency distribution obtained from
deconvoluted data from every transect. These average weights are used for calculation of fish
biomass.

TS frequency distributions of fish targets were omitted in printed form of data tables because
with horizontally recorded data, the TS frequency is only indirect measure of fish sizes, real
length-frequency composition had to be obtained by deconvolution procedure. All recorded
targets are contained in tables on diskette. Summary tables 23-25 contain the total TS-
frequency distribution of all targets recorded in individual cruises.

Unlike 1996-7 reports, 1993 report contains the calculation of water volume sampled in every
transect. The tables contain intermediate calculations of the shape of elliptical beam (A1, B1,
A2, B2, V1 and V2 these values are not very important for the report) and the sampling
volume of one ping and of whole transect. The reason for including the volumes was the
requirement of sampling-volume-weighted results of fish density and biomass. For this reason,
each transect column also contains the multiplication abundance *volume and biomass*volume,
which are being used for calculation of weighted results in the end of each cruise table.
Weighted values of abundance and biomass are often higher than unweighted. The reason the
fact that the transects with higher fish presence are usually calmer and it is possible to record
fish in further ranges.

The tables with even numbers (Tab. 2,4,....22) give deconvoluted fish size frequency
distribution in individual transects of survey cruises. Headings give the intervals of side aspect
TS with equivalent total lengths (TL, cm) and weight (W, g). Observed frequencies of fish are
given in rows, the first column gives the number of the transect. The last row and column
provide the sum of observed fish.

3.2.Night one

The first cruise was directed from Ilimitzer Bucht towards Rust. There was slight wind and the
weather conditions can be considered as moderate. The quantitative parameters of the cruise
are given in Tab. 1. Average fish biomass was 27 kg/ha with reasonable variation. Due to
wind, the sampling range had to be shortened and the sampling volume was not too large (over
41 000 m2). The largest fish biomass was recorded in the Illmitzer Bucht and also in the




western part of the cruise (Fig. 1). The length frequency distribution was dominated by 0+ fish,
but the dominance was not so high when compared with earlier years. Small frequency peak
was also apparent at the length of about 20 cm.

Fish density was relatively low in most of cruise 2, aiming Northwest from Rust to between
Podersdorf and Illmitz. Most transects show the biomass bellow 10 kg/ha. During this cruise,
the wind was calming down and the acoustic conditions were improving rapidly in the second
half of the cruise. In the eastern end of the cruise, fish biomass of 30-90 kg/ha were recorded.
Average volume-unweighted biomass was 15.2 kg/ha, volume weighted biomass was over 20
kg/ha. The length-frequency distribution (Fig. 4, Tab. 4) shows again the dominance of 0+ fish
and small frequency peak at about 20 cm length.

During the cruise 3, significantly higher fish densities were recorded (Tab. 5, Fig 5). The
biomass was continually increasing from the start from the middle of the transect, in several
cases, the biomass exceeded 100 kg/ha. Unweighted average biomass was about 58 kg/ha,
weighted average was nearly 70 kg/ha. The length-frequency distribution is again dominated by
0+ fish, the level of dominance was high because of a low noise threshold and calm conditions.
Nevertheless, there is a noticeable contribution of many sizes of larger fish (Tab and Fig. 6).

Even much higher fish biomass values were recorded during the cruise 4 (Tab and Fig. 7). The
cruise was situated in the true open water region of the lake between Donnerskirchen and
Podersdorf and shows that even in the very exposed areas there can be recorded very high fish
densities during good conditions. The biomass rarely fell bellow 100 kg/ha. Eight transects
exceeded 200 kg/ha and one transect reached 350 kg/ha. Average fish biomass of the cruise 4
was about 170 kg/ha. The length-frequency distribution (Fig. and Tab. 8) was dominated by 0+
fish with a significant share of larger fish.

Fish presence was also high during the cruise 5 (Fig and Tab. 9). The biomass usually exceeded
100 kg/ha and the average value was nearly 170 kg/ha. The length-frequency distribution (Fig.
and Tab. 10) shows clearly two peaks of fish larger than 0+ and significant contribution of
larger fish. )

It is interesting that significantly less fish were present in more inshore location around
Neusiedl/See in the cruise 6 (Fig. and Tab. 11). The biomass of fish did not exceed 100 kg/ha
and the average value was under 40 kg/ha. The length-frequency distribution (Fig and Tab. 12)
showed two modal groups and significantly smaller proportion of larger fish.

Higher fish presence was found in Cruise 7 along the western shore of the lake. This area is
usually exposed to the wind and the conditions for fish recording are usually difficult here.
During 1999 survey, the conditions were optimal here and the fish biomass was often
exceeding 100 kg/ha. By the Podersdorfer Insel, the biomass of fish was extraordinarily high —
over 350 kg/ha. Average volume weighted biomass was in this case significantly higher — 192
kg/ha (the regions with the highest fish biomass had also the highest sampling volume). Length




frequency distributions given in Fig. and Table 14 show a significant proportion of fish larger
than 0+.

Cruise 8 was situated in a very similar part of the lake like the cruise 5 (Fig. 23) going from
Podersdorf towards North of Breitenbrunn Islands. But the weather conditions started to
deteriorate very abruptly during the start of cruise 8. The wind was increasing and the waves
started to rise. The noise threshold had to be risen to the TS level of =56 or —53 dB and the
sampling volume was significantly reduced. Some transects could not be analysed at all.
Consequently both large and small fish were missing from the records. Large fish seem to leave
the open water as a consequence of rough weather while small fish were discarded by
increased noise thresholds. As a consequence, the fish biomass estimate was usually under 10
kg/ha (Fig. and Tab. 15) with the exception of starting and finishing transects. Average fish
biomass in all transects of the cruise 8 dropped to 8.5 kg/ha). Transects in relatively calm areas
at the start and by the end of the cruise have larger sampling volume, so the volume weighted
value of the fish biomass is significantly higher — 14.4 kg/ha. However the unsampled volumes,
which could not be surveyed due to waves in the middle of the cruise, would be very large and
it can be concluded that very low fish biomass was recorded during the cruise 8. The length
frequency distribution (Fig. and Tab. 16) was dominated by O+ fish while the fish over 35 cm
were absent.

Increase of western wind was the reason why the cruise 8 was aimed towards the protected
western shore. With usual western wind, several hundreds meters from western shore provide
the only area of the lake, where the data can be collected with low noise thresholds. Protected
western areas were surveyed every year and during 1999 it was the only part of the main lake
basin left not surveyed. This is why the main effort of remaining cruises was put in this area.
Cruise 9 was aimed South along the western shore of the lake (Fig. 23). At Donnerskirchen
area the cruise had to be stopped because of dense rain which made both data acquisition and
navigation impossible. The fish quantity was incomparably higher than in cruise 8 (Fig and Tab.
17). The fish biomass rarely dropped bellow 100 kg/ha and maximum values reached over 500
kg/ha in individual transects. Total average estimated biomass was over 180 kg/ha, volume
weighted average was nearly 240 kg/ha. The length-frequency distribution was again
dominated by O+ fish (Fig. and Tab. 18), but the share of larger fish was very significant
(average fish weight was over 41 g).

3. 3.Night two

The survey continued from the same point where it had to be stopped due to heavy rain. Cruise
10 was a longitudinal run from Donnerskirchen to Morbish along the western shore of the lake.
Fish biomass was usually smaller than during the cruise 9, but still quite high — Fig and Tab.
19. Average fish biomass was 93 kg/ha. The cruise was split into two halves in order to
facilitate traditional way of expression of the data for the central and northern parts of the lake.
Fish quantity in both halves of the cruise was very similar (Tab. 19). The length-frequency
distribution was again dominated by 0+ fish (good conditions for recording) but the share of
larger fish was significant (Fig. and Tab. 20).
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The last cruise No. 11 was situated from Morbish towards Illmitz. Unfortunately, most of this
cruise was again influenced by the wind. The fish biomass estimated was usually bellow 50
kg/ha (Fig. and Tab. 21) with the exception of short transect 6 where high fish occurrence was
found. Especially in the transects in the eastern part of the lake, the biomass was rather low.
Fish length-frequency distribution shows rather small share of larger fish (Fig. and Tab. 22).

3.4. Whole lake summary and comparison with previous surveys.

Table 23 gives the summary of quantitative data for the central part of the lake. The best
quality data in the central part were recorded during the cruise 10, other cruises were probably
influenced by the wind even if it was not too strong (see Discussion). Average fish biomass
was on the level of 43-44 kg/ha, higher densities were recorded by the west side.

Table 24 gives the summary of fish quantity for the Northern part of the lake, which is the
largest open water territory. Most of these cruises with the exception of cruise 8 were
recorded under optimal weather conditions. The values of fish biomass were usually high and
all sizes of fish were present. Average fish biomass was 107 kg/ha (volume non-weighted) or
122 kg/ha (weighted biomass).

Table 25 compares the results of all observations of the four consecutive surveys. Three earlier
surveys were grouped into two groups according to the weather conditions. In 1996 and 1998,
the biomass estimates ranged between 70 and 80 kg/ha, while in 1997 under very calm and
warm weather conditions, the fish presence was much higher (the biomass estimate reached
240 kg/ha). 1999 survey had most transects done in good conditions and the position of this
survey with the biomass estimate of 94-106 kg/ha is intermediate between the two above cases.
Fish estimate in 1999 would be probably even higher if it would be possible to survey the
Southernmost area of the lake (National park), where the fish presence used to be regularly
higher than in open parts.

The best comparison of change of fish presence in different areas of the Neusiedlersee would
be to use calm weather cruises, which contain most fish (Table 26). It is possible to group
these best cruises for similar regions of the lake like it is done for western and central regions
of the lake in Tables 27-28. The comparison of four surveys in the protected western side of
the lake shows that in good conditions, the average fish biomass was always close to 200
kg/ha. Only in 1998 in rather unusual circumstances of north-eastern wind, all parameters of
fish biomass were much smaller. The comparisons in the open areas of the lake are more
diverse (Tab. 28). The highest values were recorded in 1997, which was the most favourable
survey with extremely good conditions. It appears that the fish were both abundant and
relatively large in the central part of the lake in 1997. In 1999, the fish biomass in open water
parts of cruises 3,4 and 5 was also over 100 kg/ha and average weight was rather big. Fish size
was much lower during 1996 and 98 in even in these relatively calm transects specially selected
for the comparison.




4. Discussion

4.1. Weather and fish biomass

1999 fish survey underlined the need for very calm weather for every cruise. The comparison
of cruises 5 and 8 showed that the fish biomass decreased more than 10 times at similar
location during two and half hours after building-up a wind. This example shows that there is a
little reason for any surveying if there is even a moderate wind (wind during the 1999 survey
was never very high). Every acoustic surveying of Neusiedlersee must be carried out at really
calm conditions. Such calm conditions are actually rather rare in Neusiedlersee and any further
surveys must take in account a significant ‘waiting time’ for good weather. About two weeks
have to be allocated for the survey in order to make sure that there is enough of good weather
to do proper surveying of the lake. It is clear that when the wind starts to blow and water
currents start to move, larger fish dip to the bottom, where they can hardly be seen by the
echosounder. Longer migrations of fish from the reed belt to the open water still may play their
role in fish distribution, but the short term shift in vertical direction seems to be extremely
significant. To understand completely the change of fish behaviour as a consequence of
weather, it would be highly desirable to set-up a several days fixed location echosounder
station in the open water of the lake and to monitor fish behaviour at different depths at
different weather conditions. Such study may provide direct estimate of what is happening in
the open water during the change of wind, light etc.

4.2. Fish sizes

The changes of fish biomass in the open water happens mainly as a consequence of change of
the presence or absence of larger size groups of fish. It was shown in earlier reports, that fish
biomass is much more robust parameter than fish numbers, which are influenced by the
abundant presence of 0+ fish and also eventually by the noise, which can overlap in size with
less reflective aspects of small fish. In areas exposed to wind, large fish disappear, what can be
seen on the SA and SV values (Tab. 27 and 28) and on the values of average weight of whole
cruise (Tab. 30). The best illustration of the absence of large fish in the open water of exposed
areas would be their share on the total length-frequency distribution. Fig 24 gives the length-
frequency distribution zoomed in order to view the share of large fish. These fish are the most
reliably recorded by the echosounder. On the other hand, they are rarely very abundant and the
proportion of large fish may be difficult to see if the frequency of all lengths is expressed (Fig.
26 and 27). The most quantitative way to express the share of individual length groups in the
population would be absolute fish abundance (Fig. 25 and Tab. 29) rather than percentual
composition (Fig. 24).

In our 1999 survey, it appears that the sizes of 0+ fish peaks were not too different (Fig.
26,28) and the shares of larger fish were similar in both absolute and relative expressions. It
can be seen, that significant proportion of large fish appears in the best cruises No. 3,4,5,7,9
and 10, which were the cruises with low wind. In windy cruises large fish over 50 cm were
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nearly missing and also the fish of 20-40 cm were less frequent. Very striking is the comparison
of cruises 5 and 8 in similar location but before and after the wind started to blow. While the
overall length-frequency distribution may look similar (Fig. 26), the frequency of large fish
differed significantly (Fig. 25). This comparison underlines the need of using only very calm
weather for surveying.

Fig. 28 zooms into the length-frequency distribution of the smallest targets (the least reliable
area of the length-frequency distribution, where some fish targets can be rejected and some
false targets could penetrate into the data). Some length-frequency distributions show bimodal
pattern or flat distribution. The interpretation of these patterns can be following. The first
larger peak at about 4-5 cm can be considered as true O+ fish. Then left peaks or side of the
distribution represent the least reliable records. It would be still possible to analyze these
records in greater detail by special more advanced software or on the basis of fixed location
observations, which would provide much better resolution between fish and other targets. Such
procedure would be much more laborious than the quantitative processing using EP 500
software and it would be difficult to apply it for extensive Neusiedlersee data sets. In our view
it is more sensible to stick to the detection of larger fish (Fig. 25, Tab 29 — left part) and to
expression the results in terms of biomass for which the uncertain area shown in Fig. 28 has
negligible effect.

Superiority of fish biomass is again demonstrated in Tab. 30 which shows that individual
cruises of 1999 survey differed little and irregularly in abundance but dramatically in biomass.
Change of fish biomass and size composition in space and time is probably the best information
we can extract from acoustic surveys of the Neusiedlersee.

4.3. Survey desgn

Another important need for future surveys is better spatial coverage of the lake and the
implementation of GPS in the survey. Assuming the extensive size of the lake and considerable
variability of fish and macrophyte presence it would be extremely desirable to standardise the
survey transects. This was not achieved so far for two reasons:

1) There was no direct connection with GPS sensor available. GPS sensors were also
artificially confused for defence purposes in the past years. It seems that this influence has
been withdrawn and the accuracy of GPS has risen significantly.

2) The cruising of the lake was not always done in optimal weather conditions and the
trajectories of the survey boat had to be adjusted according to the direction of wind rather
than according to any sampling design. As it was stated above, the surveys have to be done
at no wind and during optimum conditions it would be possible to keep to predetermined
survey grid.
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5. Summary

The fish stock of the Neusiedlersee has been sampled by the SIMRAD EY 500 split-beam
elliptical echosounder with the elliptical low-side lobe transducer. The sampling period was
28.August to 1.September 1999. The conditions during the survey were usually optimal with
the exception of some cruises 1,2,8 and 11 where there was a moderate wind forcing us to
increase a noise threshold to the target strength level of about -56 dB. Even with this threshold
it was possible to record many young-of-the-year fish and all bigger fish. . Rough weather
prevented us from the survey of the southernmost basin in the national park. Average fish
biomass recorded in the lake was about 100 kg/ha (volume weighted average was 106.3,
unweighted average was 94.3). If we assume that the richest area (National park) was not
surveyed, the 1999 results are intermediate between poorer 1996 and 1998 surveys and rich
1997 survey. The length frequency distribution of fish was dominated by 0+. The results
further supported the hypothesis that the weather conditions play the most important role in
the distribution of larger fish in the open water of the Lake and the need to work under very
calm conditions only.
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i Ne99sum,Central

. TableZ3: Summary of quantitative results of surveys in the Central basin in 1999.

cruise 1 2/10 centr. 11|average/total
l Time

Number of pings y 426.54 567.60 349.45 455.00 449 65
range start (m) \ 3.97 3.96 4.20 4.00 4.03
. range end (m) 1 13.26 11.52 16.59 13.36 13.68
tot SA (m*2/ha) | 6.15 2.98 13.78 7.35 7.56
| single trac SA (m"2/h | 3.90 1.98 9.84 5.25 5.24
Share of single tgts(% 65.90 67.01 74.28 68.58 68.94
, SV (m*2/m*3) 5.1027E-06| 2.9882E-06| 9.181E-06| 6.2903E-06| 5.89056E-06
. LogSV -52.921983| -55.245882| -50.371101| -52.013284 | -52.63806247
Aver BXS 1.2238E-05| 9.8573E-06| 2.6401E-05| 1.7988E-05| 1.6621E-05
fish/m"3 0.4234 0.3082 0.3964 0.3802 0.3771
fish/ha 7621.6 5547.6 7134 .4 6844.3 6787.0
aver.w. () 3.60 2.89 14.97 8.22 7.42
biomass (kg/ha) 26.88 15.20 87.72 4595 43.94
weighted abundance 7600.1 4813.0 6734.9 6716.9 6466.2
weighted biomass 29.87 20.46 81.72 38.37 42.61
T = 41219 44196 125103 35148 245666
Total Total Total Total 0
-65 -63.5 2215 0 0 0 2215
-62| -60.5| 4032 4905 13434 1110 23481
-59| -57.5 5666 5064 17031 3679 31440
-56| -54.5 4230 3785 13208 5572 26795
-53| -51.5 2765 2421 7421 3044 15651
-50] -48.5 1566 1383 3731 1422 8102
-47| -45.5 725 429 1473 478 3105
-44| -42.5 423 211 871 257 1762
-41| -39.5| 253 112 685 178 1228
-38| -36.5| 133 73 467 100 773
-35| -33.5 90 44 317 82 533
-32| -30.5 31 20 204 26 281
-29| -27.5 9 11 119 18 157
-26| -24.5 3 6 47 7 63
-23| -21.5 2 2 15 1 20
-20 -18.5 0 0 5 1 6
-17| -15.5 0 0 0 0 0
-14| -12.5| 0 0 1 0 1
1 1 22143 18466 54415 15975 110999
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Ne99sum,Central

TableZ3: Summary of quantitative results of surveys in the Central basin in 1999.
cruise 1 2|10 centr. 11|average/total
Time
Number of pings 426.54 567.60 349.45 455.00 449.65
range start (m) 3.97 3.96 4.20 4.00 4.03
range end (m) 13.26 11.52 16.59 13.36 13.68
tot SA (m*2/ha) 6.15 2.98 13.78 7.35 7.56
single trac SA (m"2/h 3.90 1.98 9.84 5.25 5.24
Share of single tgts(% 65.90 67.01 74.28 68.58 68.94
SV (m*2/m*3) 5.1027E-06| 2.9882E-06| 9.181E-06| 6.2903E-06| 5.89056E-06
LogSV -52.921983| -55.245882| -50.371101| -52.013284| -52.63806247
Aver BXS 1.2238E-05| 9.8573E-06| 2.6401E-05| 1.7988E-05| 1.6621E-05
fish/m"3 0.4234 0.3082 0.3964 0.3802 0.3771
fish/ha 7621.6 5547.6 7134.4 6844.3 6787.0
aver.w. (g) 3.60 2.89 14.97 8.22 7.42
biomass (kg/ha) 26.88 15.20 87.72 45.95 43.94
weighted abundance 7600.1 4813.0 6734.9 6716.9 6466.2
weighted biomass 29.87 20.46 81.72 38.37 42.61
total volume(m~3) 41219 44196 125103 35148 245666
Total Total Total Total 0
-65 -63.5 2215 0 0 0 2215
-62] -60.5 4032 4905 13434 1110 23481
-59[ -57.5 5666 5064 17031 3679 31440
-56} -54.5 4230 3785 13208 5572 26795
-53 | -51.5 2765 2421 7421 3044 15651
-50| -48.5 1566 1383 3731 1422 8102
-47| -45.5 725 429 1473 478 3105
-44 | -42.5 423 21 871 257 1762
-41 | -39.5 253 112 685 178 1228
-38 | -36.5 133 73 467 100 773
-35| -33.5 20 44 317 82 533
-32| -30.5 31 20 204 26 281
-29| 275 9 11 119 18 157
-26| -24.5 3 6 47 7 63
-23| 215 2 2 15 1 20
-20 -18.5 0 0 5 1 6
-17| -15.5 0 0 0 0 0
-14| -12.5 0 0 1 0 1
22143 18466 54415 15975 110999
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Ne99sum, North

Tablei4: Summary of quantitative results of surveys in the Northern basin in 1999.

Cruise 3 4 5 6 7 8 9 10|average

Number of pings { 616.88| 751.21| 556.90| 556.08| 521.80, 362.00| 441.43| 34827 519.32
range start (m) | 3.93 3.95 4.41 4.00 4.00 4.00 4.15 4.03 4.06

range end (m) 13.74 15.82 14.68 13.35 14.77 12.59 16.26 15.67 14.61
tot SA (m*2/ha) 7.28 19.94 20.93 6.42 19.91 2.53 24.49 13.10 14.32
single trac SA (m"2/ha) 5.04 13.67 10.85 3.67 12.47 1.31 16.32 10.12 9.18
Share of single tgts(%) 69.19 69.01 52.62 56.95 61.57 49.52 64.21 77.01 62.51

SV (m"2/m"3) 5.8E-06| 1.3E-05 1.6E-05| 5.7E-06| 1.4E-05| 2.3E-06| 1.5E-05| 9E-06|  0.00
LogSV -52.361| -48.749| -47.865| -52.418| -48.526| -56.408| -48.218| -50.457| -50.63
Aver BXS 2.6E-05 5.7E-05| 4.9E-05| 1.8E-05| 4.6E-05| 6.2E-06| 5.6E-05 26E-05|  0.00
fish/m"3 0.2399| 0.2387| 0.3782] 0.3429| 0.3617| 0.3946| 0.3372| 0.3604| 0.33
fish/ha 4317.8| 4297.3| 6807.3| 6172.4| 6510.2] 7103.3| 6069.8| 6487.9| 5970.74
aver.w. (g) 14.72|  40.83| 32.71 7.06] 2637 135 4108 1610 2253
biomass (kg/ha) 57.59| 167.71| 167.54) 37.30| 133.98| 850 184.41| 98.37| 106.93
weighted abundance 4370.3| 4166.4| 5713.9] 5602.0] 5660.5| 5883.0] 5268.6] 5935.0 5324.95
weighted biomass 69.66| 177.58| 165.03| 3863 191.85| 14.37| 23812 82.86 12226
Total volume sampled | 163156] 246386] 122435 51674| 95119 37635 158432 106242] 981079
TS Total Total Total Total Total Total Total Total 0
-65 -63.5 0 0 0 0 0 0 0 0 0
-62| -60.5| 12781 16150/ 8698| 2666 6155 3129 4950 10497 65026
-59| -57.5| 10715 14247| 6924| 5166 6590| 3375 12090| 12441| 71548
-56| -54.5|  6341| 9210/ 4950| 3367| 5055 2315 10094| 11433| 52765
-53| -51.5| 3790 5474 3444| 2216| 3921| 1379 6694| 7953| 34871
-50| -48.5| 2398 3349| 1905 1337 2767 832|  4333| 4583 21504
-47| 455/  1019| 2046 1234 452| 1640 223| 1668 1725 10007
-44| -42.5 688 1540 848 256| 1088 92| 1018 891 6421
-41| -39.5 493 1261 642 169 817 51 865 609 4907
-38| -36.5 342 964 530 138 629 37 688 388| 3716
-35| -33.5 226 704 305 106 422 25 526 255 2569
-32| -30.5] 145 498 261 58 275 20 402 173| 1832
-29| -27.5| 72 268 134 19 145 6 230 108 982
-26| -24.5| 31 157 73 8 57 0 135 40 501
-23| -21.5| 19 95 27 1 45 0 73 31 291
-20| -18.5| 3 21 5 0 4 0 17 2 52
-17| -15.5] 0 1 0 0 0 0 2 0 3
-14| -12.5| 0 0 0 0 0 0 0 0 0

’ ’ 39063| 55985/ 29980 15959 29610 11484| 43785 50795| 276661
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Ne99sumTotal
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Table!$: Summary of results surveys of individual lake basins in 1999 compared

with three earlier surveys.

Weighted averages

basin Central Northern Total Total Total Total
year 1999 1999 1999 1998 1997 1996
Number of pings 449,65 519.32 505.37 735.65
range start (m) 4.03 4.06 4.05 3.93 4.07
range end (m) 13.68 14.61 14.42 15.11 13.11
tot SA (m*2/ha) 7.56 14.32 12.97 11.54 23.76
single trac SA (m"2/h 5.24 9.18 8.39 6.88 12.71
Share of single tgts(% 68.94 62.51 63.80 66.03 56.77
SV (m*2/m*3) 0.0000059]  0.0000102 0.0000093 0.0000078| 0.0000200
LogSV -52.63806247| -50.6254216| -51.0284693| -52.39560028| -47.66807
Aver BXS 0.0000166]  0.0000355 0.0000317 0.0000280| 0.0000680
fish/m"3 0.3771 0.3317 0.3408 0.2751 0.3800
fish/ha 6787.0 5970.7 6134.2 4951.9|  6859.6
aver.w. (9) 7.42 22.53 19.50 14.41 4457
biomass (kg/ha) 43.94 106.93 94.31 7422] 24255 78.00
weighted abundance 6466.2 5325.0 55563.5 4859.3
weighted biomass 42 61 122.26 106.31 76.96 73.70
Total volume sampled 245666 981079 1226744 3312210
&) 0 0 0 0
-65 -63.5 2215 0 2215 81780
-62] -60.5| 23481 65026 88507 132488
-59| -57.5 31440 71548 102988 144296
-56| -54.5 26795 52765 79560 154652
-53| -51.5 15651 34871 50522 159344
-50] -48.5 8102 21504 29606 95549
-47| -45.5 3105 10007 13112 51404
-44| -42.5 1762 6421 8183 21799
-41| -39.5 1228 4907 6135 12451
-38| -36.5 773 3716 4489 8241
-35|  -335 533 2569 3102 5947
‘ -32| -30.5 281 1832 2113 3929
| -29| -27.5 157 982 1139 2046
| 26| 245 63 501 564 836
-23| -21.5 20 291 311 294
20|  -185 6 52 58 80
-17| -15.5 0 3 3 14
-12.5 1 0 1 4
110999 276661 387660 873884
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Table 26: Caim weather cruises during five surveys of Neusiedlersee

Year Cruise No.
IV 1996 4.6,7,(8), (11)
VIl 1996 8, 11, 13,17, (14)
, 1997 14.,15,17.,21.,22.,23.,24.,25.,27.,28.,29.,31.,3.2.
1998 1.3,,1.7.,2.1.To 2.10.
1999 3,4,5,6,7,8,9,10




Table 97: Summary of quantitative records in west shore transects in four consecutive years.

Year 1996 1997 1998 1999
Cruise Cr. 13 Cr.31and 3.2 Cr. 3.1. Cr.9
No good

range start (m) 3.36 3.96 4.00 4.15
range end (m) 11.00 11.13 17.23 16.26
tot SA (m*2/ha) 22.91 19.04 12.33 24.49
single trac SA (m*2/ha) 14.84 11.19 8.45 16.32
Share of single tgts(%) 65.04 57.03 71.39 64.21
SV (m”2/m*3) 0.0000200 0.0000210 0.0000073 0.0000151
LogSV -46.99 -46.80 -51.39 -48.22
Aver BXS 0.0000500 0.0000366 0.0000230 0.0000561
fish/m"3 0.59 0.67 0.33 0.34
fish/ha 11756.80 12037.35 6010.18 6069.79
aver.w.(g) 20.69 21.79 6.04 41.08

biomass (kg/ha) 186.66 21212 32.01 184.41




Table 2¢: Summary of quantitative records in west shore transects in four consecutive years.

Cruise

Number of pings

range start (m)

range end (m)

tot SA (m”*2/ha)

single trac SA (m*2/ha)
Share of single tgts(%)
SV (m*2/m*3)

LogSV

Aver BXS

fish/m*3

fish/ha

aver.w.(Q)

biomass (kg/ha)

1996

3.64

10.24

6.99

3.89

60.30
0.0000080
-50.97
0.0000030
0.46
9223.97
10.12
46.22

1997
3.4.

3.96

11.49
15.99
7.84

55.39
0.0000158
-48.01
0.0000376
0.52
9434.89
24.85
187.40

1998
2.1.

4.34

12.97

2.85

1.92

70.45
0.0000027
-55.74
0.0000280
0.10
1872.10
11.66
19.35

1999
3,4,5 middle

3.95
15.34
15.86
10.14
63.81

0.0000106
-50.34
0.0000438
0.26
4695.46
29.93
125.18
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