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Uvodni komenta&*

Tato prace se zabyva orientaci rybhh porizontalnim akustickém snimkovani
v podélném profilu nadrz&imov. DileZitost orientace ryb ve vztahu k akustickému
kuzelu je velmi dote znama. Postavendla ryby ve vodnim sloupci siénovliviiuje
akustickou silu odrazu tohoto objektu, tzv. targéength (TS; nap Foote 1980,
Midttun 1984, Horne & Clay 1998, MacLennat al. 1990, Frouzovéet al. 2005).
Horizontalni nastaveni akustického kuzelu vedeZzopavani ryb z béniho pohledu (tzv.
side aspect) a nat@nim ryby v horizontalni rovihvyrazreé roste variabilita TS (Love
1977). Resné zrareni TS u jednotlivych ryb zavisi na jejich orientage rozhodujici pro
ziskani pesrgjSich odhad rybi biomasy (Midttun 1984, MacLennan 1990, Sima®R&
MacLennan 2005). Data o orientaci ryb jsou vetidka, pouze &kolik skupin rozviji
metody pro tyto ,side-aspect” jmkumy, nap. Kubeka et al. (1992), Tarbox & Thorne
(1996), Kubeéka & Wittingerova (1998), Trevorrow (1998), Knudsénh Saegrove
(2002), Lilja (2004) a Frouzovét al. (2005). Ri prizkumech na jezerech a nadrzich se
bézne predpoklada nahodna orientace ryb (Kékseet al. 1994, Drastik and Kulika
2005). AvSak pokud by rpdpoklad nahodného €m plavani ryb v dlouhych
kanonovitych nadrzich neplatil, mohlo by dojit k nadhoceni TS fedevsim
v pritokové oblasti a tim i k nadhodnoceni celkové taeynv nadrzi.

Hlavnim cilem této prace bylo &t platnost pedpokladu o ndhodné orientaci
ryb v jezerniastiRimovské nadrze a dale porovnat distribuce rybintsiee mezi jezerni
a pritokovou oblasti. Pro popis orientace ryb z akkgtth zaznam byl pouzit
tzv. ,echogramovy sklon“ (echogram slope) a ,honit&ni aspekt ryb* (fish horizontal
aspect).

V roce 2005 bylo provedeno akustické snimkovargungch stanovis(tzv. fixed

locations) naétyrech lokalitach podél nadrze. Vysilacholotu vzdy swtoval kolmo



na podélnou osu nadrze. Na vSech stanovisticktSma zaznamenanych ryb pohybovala
pievazk ve vice mé& kolmych sndrech wic¢i hlavni ose akustického kuZzele
(echogramovy sklon = 0 - 0.04 m/s,¢hoaspekty 81° - 90°), na podélném profilu nadrze
tedy nebyly zaznamenany Zadné odliSnosti v oriényac

Béhem zpracovavani akustickych dat bylo vSak &jigt Ze standardni nastaveni
detektoru pro jednotlivé ozvy ryb (single echo d&ie v programu SONAR 5,
Balk & Lindem 2006) diskriminovalo ryby plavajici praktic rovhokEZzné s podélnou
osou kuzele (head- a tail-aspects). Pro dalSi apéad akustickych dat byl pouZzit tzv.
.cross-filter* detektor (Balk& Lindem 2000), ktery umoznil &kolikanasoba zlepsit
detekci ryb v akustickych zaznamech.

V roce 2006 v jezernéasti Rimovské nadrze byl provedertizovy snimkovaci
experiment (,crisscross-beaming acoustic experifhieAkusticky vysila byl nejdive
nasngérovan kolmo na podélnou osu nadrze, a naslesbul¥Zzré¢ s touto osou. Tato
akustick& data byla zpracovana pouzitim ,crossifildetektoru. Aby bylo mozné jejich
porovnani s fitokovou oblasti, byla znovu zpracovadast gedchozich dat zifioku
(2005).

Z obou pozorovani (kolmého a rovrédbného s podélnou osou nadrze) v
kiizovém snimkovacim experimentu vyplynulo, Ze ryby sjezerni¢asti nadrze
pohybuji zcela ndhodra Zadny srr nefrevladd, protoze frekveéni distribuce orientace
ryb vySla velmi podobna. Naopak fitokové oblasti ¥tSina ryb plavala sowfine
s podélnou osou nadrze. Ztoho vyplyva, Zedpoklad nahodné distribuce neplati
v piitokové oblasti kaonovité nadrze, a proto byipdalSich vyzkumech rybi obsadky
mél byt zohledrn vyrazny longitudinalni gradient v morfometriii gptisobu zpracovéani

akustickych zaznatnryb.
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Abstract

The aim of this work was to verify the assumptidnrandom fish orientation
in the lacustrine zone of the “canyon-shaped” Rim@servoir and to compare
distributions of fish orientation in the lacustrimad tributary (riverine) zones. Fish
orientation was acoustically surveyed by the SIMRER 60 split-beam echo sounder
(elliptical beam, 120 kHz, pulse duration 0.1 m#hva horizontally aligned transducer
at fixed locations. The SONAR 5 post processingwsnie was used for acoustic-data
collection and processing. The echogram slope efdhorizontal aspect was used for
description of fish orientation. The conventionadgée-echo detector (SED) and cross-

filter detector (CFD) were applied.

No trend was found along the reservoir when comgarecords from four sites
processed with the conventional SED. On all sitesst fish move predominantly in
more perpendicular directions (slope = 0 — 0.04) mfsl side-aspects (90°) of fish prevalil
over other aspects. CFD gained several times nmmaokdd fish than SED. Fish aspect
frequency distribution appears very similar wheecorded by the sonar beam oriented in
parallel with and across the longitudinal axish# teservoir (crisscross-beaming acoustic
experiment). Beaming perpendicularly to the longjival axis of the reservoir revealed
significantly higher proportion of fish moving algrhis axis in the tributary zone of the
reservoir. Therefore, the assumption of random disentation will not be applicable in
tributary zones of the canyon-shaped reservoirsvaore studies are needed for obtaining

reliable estimates in tributary zone.
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1 INTRODUCTION

For several decades, echo sounders have been eupsythe most important
devices for estimating sizes of fish stock and afiging their spatiotemporal
distributions and behaviour (Simmonés MacLennan 2005). Their ability to actively
sample fish populations in large volumes of operntewas a major advantage of
hydroacoustic surveys. Hydroacoustics is commosgdwon “canyon-shaped” reservoirs,
namely artificial lakes formed by damming of rivemshere open water represents
the largest volume and area of reservoir. In génsampling of the open waters is
difficult and fish assemblage of this part of reséns is least known (Kubeckat al.
2003). In many stratified meso- and eutrophic neses, echo sounders and other
sampling gears revealed that most of fish commutitg predominantly within
uppermost layer of the surface (4 m, Kubeé&kaVittingerova 1998, Cech & Kubecka
2002, Vaselet al. 2004, Prchalovat al. 2006) which is available for horizontal rather

than for vertical beaming (Kubecka & Wittingerov298).

Horizontal beaming leads to observing fish targetside aspect. Variability in
target strength (TS) is strongly influenced by #spect or orientation of fish relative to
the incident sound wave (e.g. Foote 1980, Midtt841 Horne & Clay 1998,
MacLennan 1990, Frouzowt al. 2005). Manyex-situ experiments have attempted to
relate TS to fish length or weight, respectivelineTTS-length regressions derived from
these studies are often used in estimations of dlslndance and size (Simmonds &
MacLennan 2005). Consequently, some assumptiorisbf &spect distribution in the
observed population of targets is always neededcdémverting between TS and fish
length (e.g. Kubecka&t al. 1994). In lakes and reservoirs, random fish oagon is

usually assumed (Kubeclet al. 1994, Drastik & Kubecka 2005), however, without
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proper verification. The situation could be morempticated in “canyon-shaped”
reservoirs, which are longer than wider and lordaital fish swimming may prevail.
If the aspect of fish to the transducer is unknoting conversion of TS data to fish
lengths is complicated. Area of tributary such resies could be of special interest as

the reservoir gradually changing into the rivereher

The aim of this work was to verify the assumptidrrandom fish orientation in
the lacustrine zone of the Rimov reservoir and dongare orientation of fish in the

lacustrine and tributary zones.
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2 MATERIALSAND METHODS

2.1 Study sites

All acoustic measurement was carried out in theygarshaped Rimov reservoir
(48°50’ N, 14°30' E; 170 km south of Prague), Czdbpublic. During 7 — 12"
September 2005, four sites in the longitudinal ipeofof the Rimov reservoir,
approximately corresponding to sampling areas afea&t al. 2004, were acoustically
surveyed (Fig. 1). Surveyed ranges from the trityuta the dam were 10, 20, 40, and 80
meters of open water depending on the width ofréservoir. On Septembef' 2006,

a crisscross-beaming acoustic experiment was peeirin open water in the lacustrine

part of the reservoir (Fig. 1), in order to proaadom distribution of fish.

2.2 Hydroacoustic equipment

All field measurements were carried out with a stifie split-beam echo sounder
SIMRAD EK 60. The echo-sounder system worked o2@&HKHz frequency with 0.1 ms
pulse duration, and with a ping rate of 2.9 — 1Ges per second (Fig. 1). An elliptical
transducer ES120 4 (4.3° and 9.2° nominal beameahgVas deployed and calibrated
using a 33.2 mm tungsten-carbide sphere (-41.0 Fiidte et al. 1991). The sonar
equipment was installed at fixed locations along téservoir. The transducer was boat-
mounted and the boat was moored to shore. The $m@an was oriented horizontally

across the reservoir perpendicularly to the lomtyital axis of the reservoir.

In the crisscross-beaming acoustic experimentpbti-mounted transducer was
based for half-a-day in the middle of the reservamd its beam was aimed
perpendicularly and then for the second half of alag in parallel to the longitudinal axis

of the reservoir (Fig. 1: fgans, Crara)-
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All acoustic data was continuously stored on a {tairee of a portable laptop for later

evaluation.

2.3 Dataanayss

All acoustic data were evaluated from echogramsgupbst-processing software
Sonar5-Pro (version 5.9.6, Batk Lindem 2006). For basic detection of single echoes
the conventional single-echo detector (SED) wadoyep. Parameters applied for SED

were as follows:
Min. value TS =-70 dB
Echo length min = 0.3, max = 1.8 relative to tlasmitted pulses
Max beam comp. = 3 dB
Max phase dev. = 10 monitored degrees

In addition, the ‘cross-filter detector’ (CFD, alative method to the
conventional SED) was used for the data from thisscross-beaming acoustic
experiment and consequently for a part of datdreet the site Tributary (dr). The CFD

was set up with the following parameters:
Step 1 Detector:
Foreground Filter = Height 5 and Width 1
Background Filter = Height 55 and Width 1
Offset +8 dB

Step 2 Refinements (at every echogram, there wsaé different combination of

these three parameters to remove unwanted targetsmy as possible):

Perimeter length min = 10, max = 10000 samplesratr@udetected region
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Ratio (Track length/Mean Echo lengthi m 1.00, max = 270.00

Max TS min = -60 dB, max =-10 dB

Further information about the meaning of CFD asgdrameters is provided in Balk &

Lindem (2006).

2.3.1 Principle of the method — Echogram slope and fish aspect

After detecting single echoes, all fish were malyuimhcked (i.e. target tracking,
Bredeet al. 1990, Ehrenberg & Torkelson 1996) such a way tma fish track meant
a series of contiguous single echoes with the sdireetion of movement in a horizontal
plane. When the fish changed a direction of moverdaring passing through the beam,
its track was divided into parts with the same dion. Each direction of fish track on a
SED-echogram, so called “echogram slope” (ESL), wiafined by the ratio of

the change in range and duration between the tastirst echo of the fish track:
ESL =AR / (An x PR) Q)

Thus, ESL is expressed in meters per secondtfieghange in range per second) where
AR is the change in range expressed in meters, aradiah is calculated from the total
count of pings&n, #) and a ping rate (PR, pulses per second)sAltieg value of this
equation is either positive one when fish movesvauls from the transducer or negative
one when fish moves towards the transducer or @eeovhen there’s no change in range

and fish moves perpendicularly to main beam axthetransducer.

Fish horizontal aspectif of a given fish track was simply calculated as:

a= sin{AR} (2)
NAX? + AR?
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whereAR is the change in range expressed in metersAxnig the distance in meters

along the X axis between the last and first echg. &.

2.3.2 Satistical evaluation

Absolute values of slopes and aspects were usedvaighted by total count of
pings from individual tracks. For comparison of ithdrequency distributions,
the one-way ANOVA with the Poisson distribution adéntity link function was used
(program Statistica 6.0, mode of Generalized LiMd@mlinear Models). Likelihood
Type 3 test was chosen. In addition, Bonferrondsrection was used for adjusting the
significance levels for the individual comparison€omparisons of proportional
distributions of fish aspects were performed inxa22 contingency table by Chi-square

test.
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3 RESULTS

In 2005, we performed acoustic observations ondrséntation in fixed locations
along the longitudinal axis of the Rimov reservdinhe total number of obtained records
was 1,713 fish tracks (Tributary 901, Upper 285¢ddlie 228, Dam 299) detected by SED
only and after weighting in total 37,965 observasigsee Tab. 1). For description of fish
orientation, we first calculated the echogram sl@weording to Equation (1). No
apparent trend of fish orientation from the tribytéo the dam of the reservoir is found
from the frequency distributions of slope (Fig. )1-On all sites, most fish move
predominantly in more perpendicular directions gslo= 0 — 0.04 m/s). Distribution
comparison between each site is compiled in TadnZact, no difference is found
between sites expect the site Upper. The site Ugpsignificantly different due to far
higher mean slope and standard deviation 0087062 m/s by comparison with others
(0.033 — 0.039t 0.028 — 0.055 m/s, see Tab. 1). These resultstdidnfirm clearly
different fish orientation between the lacustrimel aiverine part of the reservoir. As a
result, due to dependence of echogram slope uperaspect and speed of fish, we

decided to look at fish aspects directly.

Random fish distribution would be immediately amwdr from the aspect
distributions of the lacustrine zone. The meansraadians of these distributions would
be ideally approximately 45 degrees with certainiat@ns. Our measured values of
means are at range 63.2 — 73.7 degrees (for defalksscriptive statistics of fish aspects
see Tab. 3). Fig. 8-11 depict frequency distrimgiomf fish aspects along the Rimov
reservoir. Side aspects (90°) of fish prevail owtrer angles and only tiny proportion is
presented by head- and tail-aspects. Though cosgoari between the sites are

significantly different from each other (Tab. 4} abvious trend is seen in longitudinal
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profile again. These results indicate that mosh figould also move side-on to the

transducer in the lacustrine zone as well as imittezine one.

Data processing from year 2005 revealed that inlisimdp echograms many fish
tracks with steeper echogram slopes were not dsglain the conventional
SED-echograms; especially the slopy tracks wereoolsly rejected by the conventional
SED. The conventional SED settings were too stoicthese fish tracks. In order to gain
all fish in our “target population”, we decided &pply the cross-filter detector (CFD)
to next acoustic data. Applying of the CFD for ilmying processed targets enhanced
extensively our possibilities in detecting fish ruars. This enabled us to obtain even fish
in steeper slopes and their less reflective aspgetshead- and tail-aspects), thereby

approximate to better insight on fish orientatioropen water.

In 2006, we performed the crisscross-beaming amowstperiment in order
to prove random orientation of fish in the lacustrizone of the Rimov reservoir.
Moreover, for comparison with riverine zone, weided to reprocess a part of data set

from the site Tributary (dr) with the applying CFD.

The total number of 4,259 fish tracks was obtaifteth the sites Grans (2318),
Cpara (1031), and ¢&r(910). After weighting by number of pings, we @gain89,261
observations. Descriptive statistics of echograopest from these data is displayed in
Tab. 1. By comparison with previous data, almosibd® values of the means (0.051 —
0.069 m/s) and medians (0.044 — 0.048 m/s) are dfooat. The echogram-slope
frequency histograms are showed in Fig. 5-7 ani tdoenparison is illustrated in Tab. 2.
The site Grans IS significantly different from the site gira (LOg-Likelinood = -15,
962.5; p<10) and the site dr (Log-Likelihood = -14,039.4; p<1%). No difference is
found between the sitespfra and Tcr (Log-Likelihood = -10, 851.1; p = 0.831).

The result of this analysis is given by greateppraion of slopes from 0.14 up to 0.4 m/s
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at Goara and Ter than Grans, causing that gara is statistically more similar tock than
Ctrans. In spite of this result, the proportional distriions of Grans and Gara, mainly
at range from O up to 0.14 m/s, are evidently nsanglar in a gradual decline of slope
(Fig. 5-6). Conversely, the proportional distrilouti of Tcg has high proportion of
perpendicular slopes (0 - 0.02 m/s, 33%) and thas sharply descending trend.
This indicates that most fish moves more perpenaiatdirections in the riverine zones,

whereas most fish in the lacustrine zone utilizestpgr range of movements.

Provided that randomness of fish orientation in keustrine zone is valid,
the aspect distributions ofrkans and Gara Would be same and their means and medians
would be ideally about 45°. Ataspect's statistiob cross-filtered data (Tab. 3),
the difference between the lacustrine and rivezmee is better apparent than in previous
data. The means and medians differ markedly betwleenacustrine part (kans and
Crara) and the tributary (dp). The means of fgans (55.3°) and Gara (52.5°) are
greatly close to the ideal value of 45° againgt 163.4°). The medians of tRans
and Gara are 60.1° and 57.4°, respectively, whereas theianedf Tcr is 71.6°.
The aspect-frequency histograms for each site larstrated in Fig. 12-14 and their
comparison in Tab. 4. Significant difference isrdubetween all sites (&ans, Crara,
and Tcp) due to high number of the observations, which endde analysis liable to be
significantly different already with small deviati® in distribution. In spite of this, we
can see that the proportional distributions @tAss and Gara are evidently more similar
(Fig. 12-13) than that of ck (Fig. 14). T is characterized by high proportion of side-
aspects (32%, 81° — 90°) with sharply descendimrgdtto head- and tail-aspects. It shows
that most fish in the riverine zone is present prethantly side-aspects to acoustic beam.
On the other hand,{gans and Gara show similar shape with slightly higher proportion

of side-aspects (20 - 21% in the category 81° - 80d 14 - 16% in the category 72° —
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80°) but with the approximately same level of regrgation between angles 0°-72°. Both
parts of this proportional distribution were comgrhby Chi-square test in a 2 x 2 table.
No significant difference is found between the sit€rrans and Gara (df = 1,

p = 0.6575). It confirms random fish orientatiorthe lacustrine zone of the reservoir.
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4 DISCUSSION

With the using of the conventional single-echo diete (SED), scarcely
any difference between slope-frequency distribimniongitudinal profile of the Rimov
reservoir was found. According to distributions fish aspects, side-aspects would be
strongly dominant in all parts of the reservoir.eTtonventional used setting of SED
obstructed strongly receiving acoustic informatiso,that “weaker” echoes of fish were
ignored. On the other hand, the applying of thessifiiter detector (CFD) improved
detecting fish with respect to less reflective atpé.e. head- and tail-aspects), especially

in environments with low signal-to-noise ratio (B&l Lindem 2000).

According to our results, fish orientation in thangon-shaped reservoirs is
different between the lacustrine and riverine zqigeg Fig. 5-7). The fish assemblage of
the riverine zone is represented predominantly-agpeects to acoustic beam (Fig. 14)
and moves parallel to the main flow (Kubecka 198@becka & Duncan 1998).
In lacustrine environments of the reservoir, figgpear to move in random directions
(Fig. 5-6, Fig. 12-13). The assumption of randomsrasfish orientation used in acoustic
survey for biomass estimation may not be validhe tributary area of canyon-shaped
reservoirs and may lead to TS-overestimated sizé biomass in these zones.
With the “deconvolution” approach of Kubeckaal. 1994, some side aspects would be
inevitably interpreted as “weaker” aspects andrthength would be “over-corrected”.
Consequently, fish sizing and biomass assessmethiitributary area would probably
need a special handling. Comparison of CPUE ofeckfit gear in riverine/lacustrine
zone could be useful. Also the use of acoustic casn@®IDSON, Moursuneét al. 2003,
Hateleyet al. 2006) for fish sizing could be used. Acoustic ceasecould also be used to
determine the breaking point between the random reovdandom distribution of fish

along the reservaoir.
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Further, the study confirmed that echogram slopgdcbe useful as the indicator
of changes in horizontal movement of fshimming and its frequency distribution may
inform on fish orientation in any environment. Hoxge interpretation of the echogram
slopes is difficult due to their dependence on &lspect and speed of fish. On this
account, knowing fish aspect is far reliable thasmeéchogram slope. Even with the use of
a horizontal aspect as an indicator of fish orieoia we encountered some difficulties.
Both in parallel and transversal beaming, the rresfuent recorded groups of fish were
recorded from the side or nearside aspect. If iah fwere recorded, such result of
crisscross experiment is impossible by definitidie most obvious explanation of
the observed results is the possibility of not-dietg some targets in less reflective
aspects. This could happen with smaller fish (Kikbe&996, Kieser 2000). Another
possible explanation may be stops in fish swimmimlich may be interpreted as side
aspects due to much higher precision of estimaifohR compared t&AX (Equation 2,
Balk pers. commun.). Stops frequently happen whidinge of swimming direction during
“sinusoidal swimming” (Cech& Kubecka 2002). However, very small differences
between fish aspects inrkans and Gara Observations indicate that there is no prevailing
direction of fish orientation in the lacustrine eoand that the assumption of random

orientation can be used in further studies.
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Table 1: Descriptive statistics of echogram slopeeXpressed in m/s) from the
longitudinal acoustic survey in 2005, the crisscr@sbeaming acoustic experiment in
2006 and the Tributary (cross-filtered).

Year Site Valid N Mean Median | Variance Star_ldgrd Standard
deviation |error of mean

Tributary | 24843 0.039 0.027 0.0018 0.043 0.0003

2005 Upper 4312 0.047 0.025 0.0038 0.062 0.0009
Middle 4539 0.037 0.020 0.0031 0.056 0.0008

Dam 4271 0.033 0.029 0.0008 0.029 0.0004

Crrans 46739 0.051 0.044 0.0019 0.044 0.0002

2006 Crara 25074 0.069 0.048 0.0061 0.078 0.0005
Tcr 17448 0.070 0.044 0.0061 0.078 0.0006

Table 2: Comparisons of slope-frequency distributions of fis between individual
sites from the longitudinal survey (2005), and beteen the sites of the crisscross-
beaming acoustic experiment (2006) with the Tributey (cross-filtered). Significant

results according to Bonferroni’s correction are inbold.

Year Comparison between|Degrees of Log-likelihood Bonferro_r_]i's correction o
two sites freedom of significance level
Tributary x Upper 1 -4915.87 0.017 0.011
Tributary x Middle 1 -4803.25 0.017 0.509
2005 Tributary x Dam 1 -4716.69 0.017 0.098
Upper x Middle 1 -1544.35 0.017 0.015
Upper x Dam 1 -1458.74 0.017 0.001
Middle x Dam 1 -1344.34 0.017 0.426
Crrans X Cpara 1 -15962.5 0.025 0.000
2006 Crrans X Tcr 1 -14039.4 0.025 0.000
Cpara X Tcr 1 -10851.1 0.025 0.831
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Table 3: Descriptive statistics of fish horizontalaspect (expressed in degrees) from
the longitudinal acoustic survey in 2005, the crigsoss-beaming acoustic experiment
in 2006 and the Tributary (cross-filtered).

Year Site Valid N Mean Median | Variance Star_ldgrd Standard
deviation |error of mean
Tributary | 24843 63.2 69.9 511.8 22.6 0.14
2005 Upper 4312 73.7 79.3 290.5 17.0 0.26
Middle 4539 63.7 75.1 699.2 26.4 0.39
Dam 4271 67.0 75.8 543.9 23.3 0.36
Crrans 46739 55.3 60.1 693.1 26.3 0.12
2006 Crara 25074 52.5 57.4 777.9 27.9 0.18
Ter 17448 63.4 71.6 583.7 24.2 0.18

Table 4. Comparisons of aspect-frequency distributins of fish between individual
sites from the longitudinal survey (2005), and beteen the sites of the crisscross-
beaming acoustic experiment (2006) with the Tributey (cross-filtered). Significant

results according to Bonferroni’s correction are inbold.

vear Comparison between|Degrees of Log-likelihood Bonfe_rro_ni's correction 0
two sites freedom of significance level
Tributary x Upper 1 5734410 0.017 0.00000
Tributary x Middle 1 5617501 0.017 0.00022
2005 Tributary x Dam 1 5602736 0.017 0.00000
Upper x Middle 1 1837655 0.017 0.00000
Upper x Dam 1 1824214 0.017 0.00000
Middle x Dam 1 1704814 0.017 0.00000
Crrans X Cpara 1 11040008 0.025 0.00000
2006 Crrans X Tce 1 10630170 0.025 0.00000
Crara X Tcr 1 6982133 0.025 0.00000

-29.



Dam
width 80m
ping rate 2.9 pps
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Crisscross-beaming
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Figure 1: Map of the Rimov reservoir. Four sites abng the longitudinal axis of the
reservoir (carried out in 2005) and the crisscrosfeaming acoustic experiment
(2006) are shown with surveyed ranges of open wat@xpressed in meters) and ping
rates (expressed in pulses per second).
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Y axis

AX

fish track

Figure 2: Sonar projection of a given fish track {<¢) with parameters used in
Equation 1. Fish horizontal aspectd), the change in range&R), and the distance in

meters along the X axis between the first and lagicho @AX) are shown.
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Figures1 - 4: Slope-frequency histogramswith proportional representation of individual categoriesfrom thelongitudinal survey of the
Rimov reservoir: (1) Tributary, (2) Upper, (3) Middle, and (4) Dam.
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Figure 5-7: Slope-frequency histogramswith proportional representation of individual categoriesfrom the crisscross-beaming acoustic
experiment and the Tributary (crossfiltered): (5) Crrans (6) Cpara, and (7) Tcr.
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Figures 8 - 11: Aspect-frequency histogramswith proportional representation of individual categoriesfrom the longitudinal survey of
the Rimov reservoir: (8) Tributary, (9) Upper, (10) Middle, and (11) Dam.
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Figure 12 - 14: Aspect-frequency histogramswith proportional representation of individual categories from the crisscross-beaming
acoustic experiment and the Tributary (cross-filtered): (12) Crrans (13) Cpara, and (14) Tcr.
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