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Summary 25 

This paper presents the results of an inter-calibration between acoustic and gillnets sampling in two 26 

North African reservoirs according to seasons. Gillnets with multi-mesh were designed for 27 

sampling fish in lakes while acoustic surveys were performed with a split beam Simrad EK60 28 

echosounder. Sampling events were carried out during summer (September 2015), autumn 29 

(December 2015), winter (March 2016) and spring (June 2016) in two Tunisian reservoirs (Kasseb 30 

and Siliana) with different depths and shapes. Gillnet catches showed a high proportion of barbell 31 

whatever the seasons in Kasseb Reservoir, while at Siliana Reservoir, significant seasonal changes 32 

in relative abundances have been evidenced. The highest fish biomass of the entire water column 33 

was observed in winter daytime (103 kg ha
-1

) in Kasseb Reservoir and in summer daytime (283 34 

kg ha
-1

) in Siliana Reservoir. Average biomass observed in autumn (December) for the two 35 

reservoirs were lower than the other seasons. During spring, density daytime values in Kasseb were 36 

higher than during nighttime while it was the opposite in summer and autumn. Fish density 37 

detected in Kasseb Reservoir in vertical beaming was higher than those detected in horizontal 38 

beaming (P < 0.05). The longitudinal distribution of fish in the reservoirs showed that there is no 39 

clear trend in fish densities according to strata. High numbers of fish were detected in deep strata 40 

and big fish were located in the surface water near the dam of Kasseb Reservoir. A significant 41 

linear correlation was showed between acoustic density/NPUE and acoustic biomass/BPUE but the 42 

perfect correlation with the 1:1 fit was showed only between acoustic biomass/BPUE. 43 

 44 

 45 

1 Introduction  46 
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In order to respond to an increasing demand for drinking water and irrigation, strategies have been 47 

drawn up by the Tunisian authority through the construction of reservoirs and hilly lakes. These 48 

man-made lakes, with a total area of 20.000 ha, are exploited secondarily for fishing as in other 49 

North African countries. Several introductions of various fish species from European and 50 

Moroccan freshwater have been carried out for their commercial value such as Sander lucioperca, 51 

Silurus glanis and Micropterus salmoides or to serve as forage fish such as Rutilus rubilio and 52 

Scardinius erythrophthalmus. More than 30 reservoirs are used for aquaculture and the numbers of 53 

operating boats exceed 250 with 500 fishers. Freshwater fish production is estimated to 1,200 t per 54 

year (DGPA, 2016). The sustainable management of this resource requires knowledge of its size 55 

structure and biomass.  56 

Recently, hydro-acoustic has emerged as a reliable method. It is a non-destructive method that has 57 

no consequences on fish behavior and it is characterized by its fast investigation and fine 58 

description over large spatial scales. It also avoids biases related to accessibility, availability and 59 

catchability. Nevertheless, hydro-acoustic cannot distinguish between fish species hence the use of 60 

gillnet catches for validation and interpretation of acoustic data (Mehner & Schulz, 2002; Tátrai et 61 

al., 2008; Emmrich et al., 2012) is requested. Despite sampling of lake fish assemblages is a 62 

challenging task in fish science, gillnet sampling method was used to obtain relative abundance and 63 

length distribution of fish populations all over the world whether in natural (Encina & 64 

Rodrıguez-Ruiz, 2003; Tátrai et al., 2008; Emmrich et al., 2012) or in man-made lakes (Vasek et 65 

al., 2004; Loures & Pompeu, 2015; Mili et al., 2016). 66 

In this study, gillnet sampling and acoustic surveys were carried out in two Tunisians reservoirs 67 

with different depths and morphologies in order to (1) determinate the higher acoustic fish 68 
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biomass detectability according to season and photoperiod and (2) to inter calibrate the two 69 

methods of fish sampling.  70 

 71 

2 MATERIEL AND METHODS 72 

2.1 Study area 73 

Kasseb Reservoir (36° 45' 32'' N, 9° 0' 20'' E) was filled in 1968. It belongs to the northern 74 

hydrological watershed of Medjerda (Beja, Tunisia) (Figure 1). The volume of this canyon-shaped 75 

reservoir fluctuated during this study between 55.46 and 62.23 Mm
3
 and the mean depth between 76 

15.78 and 17.53 m (Table 1). The reservoir is mainly used as drinking water supply for the capital 77 

Tunis with 40 Mm
3
/year (Soudoud, 2006). The total phosphorus concentrations fluctuated from 78 

0.003 to 0.2 mg L
-1

 (mean ± s.d., 0.06±0.04 mg L
-1

) and chlorophyll a concentrations ranged from 79 

0.07 to 5.7 mg L
-1

 (mean ± s.d., 1.0±1.1 mg L
-1

) (Sellami et al., 2009). Fishing statistics show the 80 

presence of pikeperch, mullet and barbell with an annual yield of 14.5 t (DGPA, 2016). 81 

Siliana Reservoir (36° 09' 26'' N, 9° 20' 55'' E) was filled in 1978 on the southern hydrological 82 

watershed of Medjerda (Siliana, Tunisia) (Figure 1). During acoustic surveys, the reservoir 83 

covered an area between 269.2 and 305.3 ha and a volume between 7.05 and 9.63 Mm
3 
(Table 1). It 84 

provides irrigation waters for farmland in the Siliana area. Fishing statistics show the presence of 85 

pikeperch, mullet, barbell, carps and rudd with an annual yield of 56.5 t (DGPA, 2016). 86 

 87 

2.2 Data acquisition and analysis  88 

2.2.1 Gillnetting  89 
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A fish sampling method using multi-mesh gillnets inspired from the European standard CEN prEN 90 

14757 (CEN, 2005) was adopted for qualitative study of fish populations. This technique is based 91 

on the use of benthic and pelagic gillnets which are made with non-colored monofilament and 92 

contain 8 different mesh-sizes ranging from 18 mm to 80 mm (Table 2). The mesh-sizes follow a 93 

geometric series, with a ratio of 1.25. Each net has a length of 20 m and the height of the benthic 94 

and pelagic nets was 1.5 and 6 m respectively (Mili et al., 2016).  95 

A stratified random sampling was used to take into account the irregular spatial distribution of fish 96 

in reservoirs. Samples were taken seasonally and gillnets were set overnight for approximately 12 97 

hours. The benthic nets were implemented into different depth layers (0 – 2.9 m, 3 – 5.9 m, 6 – 11.9 98 

m, 12 – 20 m and 20 – 34.9 m). A sampling effort of 24 and 56 gillnets per season, in Siliana and 99 

Kasseb Reservoirs respectively, was needed in order to detect 50% change in the relative 100 

abundance (CEN, 2005). Pelagic nets were put by pairs in the deepest area at multiple depths of 6 101 

(surface, 6 m, 12 m...) but they were not used in the Siliana Reservoir due to its shallow depth. 102 

Gillnet catches were used to estimate the number of fish per unit effort (NPUE in fish/1000 m²) and 103 

the biomass per unit effort (BPUE in g/1000 m²). 104 

During each season, water temperature and dissolved oxygen concentration were collected in the 105 

deepest point of each reservoir using a Wissenschaftlich Technische Werkstatten depth probe 106 

(Model oxi 197i; Nova Analytics, Weilheim, Germany). 107 

 108 

 109 

2.2.2 Hydroacoustics 110 
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Acoustic sampling with "zigzag" design was performed on the two reservoirs. Surveys were 111 

carried out during summer (September 2015), autumn (December 2015), winter (March 2016) and 112 

spring (June 2016). Each reservoir was divided into three strata with same areas and different 113 

depths (Figure 1) in order to take into account fish density gradients (Djemali et al., 2016). 114 

We used a SIMRAD EK60 split beam echosounder operating at a frequency of 120 kHz. It was 115 

equipped with an elliptical transducer (4°×10° angle at -3 dB level) in horizontal beaming which 116 

covered the water column from the surface to 3 m (surface layer), and a circular transducer (7° 117 

angle at -3 dB level) in vertical beaming which sampled depths from 3 m below the surface to the 118 

bottom (deep layer). The pulse duration was 0.256 ms, the transmitting power 500 W and the ping 119 

rate 10 pings s
-1

 with transducers beaming alternately (i.e. fast multiplexing at 5 pings per second 120 

per channel). Only horizontal beaming was analyzed in Siliana due to the shallow water of this 121 

reservoir. Echosounder was calibrated before each sampling using a copper calibration sphere 122 

following the protocol of Foote et al. (1987). 123 

Data was processed by the Sonar pro-5 software (Balk & Lindem, 2006) to within 0.5 m of the 124 

bottom when down-looking and to a maximum range of 36 m when side-looking (Djemali et al., 125 

2016). Fish density was estimated using the echo-counting method. Single echo detections (SED) 126 

criteria were defined by 0.6–1.8 relative pulse width, one-way beam compensation of 3 dB, and 127 

maximum phase deviation of 8.3. Each target must be detected at least twice, couldn’t contain more 128 

than two lost and the vertical distance between two successive positions of the target should not 129 

exceed 30 cm. 130 

The echo target strength (TS in decibel, dB) from horizontal beaming was converted into fish total 131 

length (TL in cm) using pooled fish species mean equation of Frouzová et al., (2005). The TS 132 
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thresholds were set at –70 dB. Smaller targets were considered as noise. Fish lengths were 133 

estimated from TS using Love’s (1971) equation for vertical beaming (TS threshold = -70 dB). The 134 

length weight relationship to convert length fish into biomass came from gillnets catches (Table 3). 135 

Each zig transect was used as the elementary sampling distance unit (ESDU) (Jolly & Hampton, 136 

1990). The average density and biomass obtained for each strata of the reservoir corresponded to 137 

the weighted average of the ESDU estimates (Sokal & Rohlf, 1981; Djemali et al., 2010). 138 
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 139 

Where px is weighted average biomass (or density), n is the number of ESDUs per zone, Bi is 140 

the biomass (or density) along ESDU i and Asi is the sampled area of transect i.  141 

Fish biomass and density of the entire water column were the sum of surface and deep layers along 142 

each ESDU (Kubecka &Wittingerova, 1998). 143 

 144 

2.3 Statistical analysis 145 

The acoustical fish length frequency distributions were compared on a diel basis for each season 146 

with the Kolmogorov-Smirnov (KS) non-parametric test (Sprent, 1992). This statistical test was 147 

also used in order to compare acoustical and gillnet catches fish length frequency distributions of 148 

the entire water column. 149 
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A multi-way ANOVA was used to test the differences in mean acoustic density and biomass 150 

between seasons, photoperiod, layer and strata. Tukey’s HSD post hoc tests were used to test the 151 

differences in means of significant effects. Data were subjected to the Box Cox transformation for 152 

normality of distribution and homogeneity of variance (Cox, 1972). 153 

In order to test for correlation between acoustical and fishing data, we used major axis regression 154 

(MAR) instead of ordinary least-square regressions because both variables are subject to sampling 155 

and measurement error. Both data were log10 transformed before running the analysis for an 156 

approximation to normal distribution and homoscedasticity. If a linear relationship was observed, 157 

we test for common slopes and intercepts against the 1:1 fit (slope = 1, intercept = 0) which 158 

would indicate a perfect correspondence between hydroacoustic and gillnetting data (ANCOVA 159 

of ordinary least-square regressions). The acoustic size class lower than 4 cm was excluded from 160 

comparative analysis because gillnets did not include small mesh sizes panels. 161 

Statistical tests were performed with the R statistical software package version 3.4.3 (R 162 

Development Core Team, 2017). All statistical tests were considered significant at α = 0.05. 163 

 164 

3 RESULTS 165 

3.1 Temperature and oxygen profiles 166 

The vertical temperature and oxygen profiles in the two reservoirs were homogeneous. Water 167 

temperatures fluctuated between 11.5 (winter) and 26.0 °C (summer) in Kasseb and between 12.1 168 

(winter) and 23.8 °C (summer) in Siliana Reservoir. Lowest dissolved oxygen concentrations were 169 

measured in summer with 6.2 and 7.2 mg L
-1

 in Kasseb and Siliana Reservoirs respectively. 170 

 171 
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3.2 Fish gillnet sampling 172 

Fish catches evidenced five fish species in Siliana Reservoir: mullet (Liza ramada), sander (Sander 173 

lucioperca), rudd (Scardinius erythrophtalmus), barbell (Barbus callensis) and carp (Cyprinus 174 

carpio) but only three species in Kasseb Reservoir (mullet, sander and barbell) (Table 4). 175 

The NPUE in Kasseb Reservoir varied between 10 and 38 fish/1000 m² of gillnet panel. The BPUE 176 

varied between 2436 and 11648 g/1000 m². Barbell, a native species, displayed the highest 177 

numerical and weight yields (32 fish/1000 m² and 9827 g/1000 m²). Both NPUE and BPUE of 178 

pikeperch were very low with a maximum recorded during the summer season (2 fish /1000 m ² 179 

and 3909 g/1000 m ²). For mullet, the maximum catch was recorded during winter with 6 fish 180 

/1000m² and 1821 g/1000 m² (Table 4). 181 

The BPUE of fish in Siliana varied between 61705 g/1000 m
2
 and 31511 g/1000 m

2
 and were 182 

dominated by pikeperch (53.54%), rudd (52.57%) and mullet (73.89 and 74.37%) during summer, 183 

autumn, winter and spring seasons respectively (Table 4). Numerical catches (NPUE) were 184 

dominated by rudd, mullet then pikeperch.  185 

 186 

3.3 Fish size frequencies  187 

The size of the fish caught ranged from 19 to 87 cm and from 8 to 54 cm in Kasseb and Siliana 188 

Reservoirs, respectively. Most of the fish caught by gillnets were in size classes 26 – 30 cm in 189 

Kasseb and 18 – 30 cm in Siliana Reservoir (Figures 2 and 3). Gillnetting and acoustic provided 190 

different fish size distribution (KS test, p<0.05): The fish length distributions from acoustic 191 

sampling had a higher proportion of small fish than those collected by gillnet. 192 
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In Kasseb Reservoir, a high proportion of small targets (< 3 cm) were detected at both day and 193 

night during winter and spring (Figure 2). The KS non parametric statistical test showed no 194 

differences between day and night fish distributions of the entire water column during autumn and 195 

spring (p>0.05) in contrast to summer and winter (p<0.05).  196 

In Siliana Reservoir, the fish distribution was multimodal at both day and night (Figure 3). No 197 

significant differences were observed when comparing fish distributions according to photoperiod 198 

during autumn, winter and spring (p>0.05) in contrast to summer (p<0.05).  199 

 200 

3.4 Acoustic density and biomass 201 

The density of fish estimated by echo counting in Kasseb Reservoir differed significantly between 202 

seasons and layers (Table 5). Tukey’s HSD post hoc tests showed that density was significantly 203 

different between autumn/winter, autumn/spring and autumn/summer (P < 0.05). Average density 204 

was lower in the surface than in the deep layer (P < 0.05). There was also a significant 205 

layer/stratum, layer/season and season/photoperiod interaction (Table 5). The longitudinal 206 

distribution of fish density in the reservoir showed that there are no clear trends according to strata 207 

whatever the photoperiod and the seasons. On a diel basis, nighttime density values were higher 208 

than those of daytime whatever the stratum and the layer only in summer. The highest average 209 

density of the entire water column was observed during daytime in spring (9710±4253 fish ha
-1

). 210 

The lowest average fish density of the entire water column was estimated during autumn daytime 211 

(929±1019 fish ha
-1

) (Figure 4).  212 
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Biomass was significantly different between season and layer (Table 5). Tukey’s HSD post hoc 213 

tests showed that biomass was significantly different only between autumn/winter, autumn/spring, 214 

autumn/summer and winter/summer (P < 0.05). More biomass was detected during nighttime in 215 

summer than daytime. The highest average fish biomass of the entire water column was observed 216 

in winter daytime with 103 kg ha
-1

 which corresponded to a biomass of 35.8 t (Figure 4). The 217 

lowest average fish biomass of the entire water column was observed in autumn daytime. 218 

Fish density in Siliana Reservoir differed significantly between seasons (Table 5). Tukey’s HSD 219 

post hoc tests showed that density was similar in autumn and spring (p > 0.05). Biomass differed 220 

significantly between seasons and strata (Table 5). Tukey’s HSD post hoc tests showed that 221 

biomass was similar in winter and spring (Figure 5) while the highest average biomass of the 222 

entire water column in Siliana Reservoir was observed in summer daytime with 283 kg ha
-1

 223 

corresponded to a biomass of 86.5 t. The lowest average fish biomass was observed in autumn 224 

daytime (Figure 5).  225 

 226 

3.5 Comparison between hydroacoustic and gillnetting 227 

Acoustic fish biomass and gillnets BPUE across seasonal and diel surveys for Kasseb and Siliana 228 

Reservoirs were significantly linearly correlated (R
2
 = 0.72, P < 0.001) (Figure 6). The slope (0.96; 229 

95% confidence interval: 0.66 – 1.38) and intercept (0.78; 95% confidence interval: -0.64 – 2.22) 230 

of the MAR line did not differ significantly from the 1:1 fit (slope: r = −0.05, P = 0.83; intercept: t 231 

= 1.17, P = 0.25).  232 

 233 
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Gillnet NPUE and areal fish density derived from acoustics were significantly linearly correlated 234 

(R
2
 = 0.29, P = 0.028) (Figure 6) but the slope (0.22; 95% confidence interval: 0.29–0.44) and the 235 

intercept (2.49; 95% confidence interval: 2.10 – 2.89) of the MAR line differ significantly from the 236 

1:1 fit (slope: r = −0.80, P < 0.001; intercept: t = 13.55, P < 0.001) (Figure 6).  237 

 238 

4. Discussion 239 

Gillnets sampling showed a high proportion of the endemic barbell in catches whatever the seasons 240 

which influenced fish assemblage in Kasseb Reservoir. For Siliana Reservoir, fish assemblage 241 

differs between seasons: pikeperch was caught essentially in summer, rudd in summer and autumn 242 

and mullet in winter and spring. The behavior of these species within seasons can be related to food 243 

supply, water temperature increased and spawning migration. Highest activity level of pikeperch 244 

occurred during the summer at water temperatures of 20–23° C (Jepsen et al., 1999) and mullet 245 

migrates during spawning period from freshwater to seawater. Spawning can take place only at sea; 246 

abiotic conditions such as salinity, oxygen and currents inhibit female’s maturation in freshwater 247 

ecosystems (Brusle, 1981). 248 

The high fish density observed in Kasseb Reservoir during late spring (June) is associated with the 249 

recruitment of juvenile fish (total length : 1 – 3 cm) after spawning which occurred in March and 250 

early April for pikeperch (M’Hetli et al. 2011) and between April and June for barbell (Ould Rouis 251 

et al., 2012). Lower biomass observed in autumn (December) for the two reservoirs, can be 252 

attributed to the decrease in zooplankton and phytoplankton densities probably caused by high 253 

turbidity (Sellami et al., 2009). 254 
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Changes in fish behavior between day and night have been demonstrated by several studies 255 

(Burczynski et al. 1987, Appenzeller and Legett 1992, Fréon et al., 1993, Drastík et al., 2009). 256 

Difference between TS distributions and disparity of density and biomass across photoperiods are 257 

the direct result of this change. In Kasseb Reservoir, densities detected in nighttime and daytime 258 

differed across seasons. Hydro-acoustic surveys reveal a consistent diel biomass in Siliana 259 

Reservoir while Djemali et al., 2009 found a higher biomass in nighttime than in daytime. Recent 260 

distribution may be influenced by fish habitat loss of after two years of drought. The volume of this 261 

reservoir decreased from its normal value of 70 Mm
3
 (Djemali et al., 2009) to 7 Mm

3
 (present 262 

study), fish are confined and survived in relatively small volume of water. It seems that in reduced 263 

volume the diurnal migrations are not worth it.  264 

The use of horizontal and vertical beams in mobile surveys has developed rapidly during the last 265 

decades (Kubecka, 1996; Yule, 2000). This arrangement makes possible beaming the entire water 266 

column in order to have reliable fish stock estimates (Knudsen & Sægrov, 2002). Nevertheless, 267 

horizontal beaming should be avoided with smooth surface water, which can cause errors in the 268 

target strength (TS) and split-beam angular position estimates (Balk et al., 2017).  269 

In order to study the longitudinal distribution of fish density and biomass by the acoustic method, 270 

each water body was subdivided into three strata with equal surface areas and different 271 

bathymetries. This type of subdivision (depending on depth) is used by some authors such as 272 

Djemali et al., 2016 to estimate fish biomass in a shallow reservoir, Coll et al., 2007 for assessing 273 

fish size spectra and fish abundance in two tropical man-made lakes and Kubecka and 274 

Wittingerova (1998) to estimate the fish density of five Czech reservoirs. The longitudinal 275 

distribution of fish in the studied reservoirs showed that there was no clear difference in the 276 

densities between strata while biomass was uniform, consistent with big fish located at the 277 
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downstream surface water. This distribution can be related to food requirements. Greatest density 278 

and diversity of zooplankton have been observed near the dam by Sellami et al. (2011), due to the 279 

relative stability of the wide reservoir body.  280 

Significant correlation between fish density estimates derived from hydro-acoustic and gillnets has 281 

been shown by numerous studies in deep and shallow freshwater ecosystem like Mehner & Shulz, 282 

2002 in Lake Stechlin, Tatrai et al., 2008 in the open water of Lake Balaton and Emmrich et al., 283 

2012 in stratified European Lakes. Because it is difficult to sample with gillnets the smallest and 284 

the largest fish, the correlation would have more significant in excluding these sizes. Furthermore, 285 

bias induced by accumulation of fish during gillnet sampling must be taken into account to avoid 286 

reduction in its catchability (Marjomäki et al., 2015). 287 

The surveys conducted in two Tunisian reservoirs with different depths and morphologies showed 288 

spatial and temporal high variations in fish abundance and biomass across season. This study 289 

demonstrated that the appropriate time to assess fish biomass in reservoir with acoustic method 290 

(i.e. higher detectability) was in winter day in Kasseb Reservoir and in summer day in Siliana and 291 

was associated with fish composition and behavior. On the other hand, a significant linear 292 

correlation was showed between acoustic biomass/BPUE and acoustic density/NPUE but the 293 

perfect correlation with the 1:1 fit was showed only between acoustic biomass and BPUE.  294 

Next acoustic surveys must integrate other biotic and abiotic components, for a better explanation 295 

of the spatial and temporal distribution of fish fauna in Tunisian reservoirs. 296 

 297 

 298 
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 322 

Tables 323 

 324 

Table 1: Some physical and limnological data of Kasseb and Siliana Reservoirs during this study 325 

   326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 Mean depth  

(m) 

Max. depth  

(m) 

Volume  

(Mm
3
) 

Surface area  

(ha) 

Surface/bottom 

water temperature 

(°C) 

Surface/bottom water 

oxygen concentration  

(mg L
-1

) 

Season Kasseb  Siliana Kasseb  Siliana Kasseb  Siliana Kasseb  Siliana Kasseb  Siliana Kasseb  Siliana 

Summer 15.53 3.15 30.5 4.5 60.838 9.635 347.05 305.3 26.0/20.6 23.8/22.3 7.1/6.2 7.4/7.2 

Autumn 16.09 2.75 29.9 5.1 55.463 7.799 344.7 283.6 13.5/13.2 13.4/12.9 8.6/8.4 8.6/8.2 

Winter 17.77 2.35 32.2 4.9 62.236 7.051 371.11 300 12.4/11.5 12.2/12.1 8.8/7.3 9.4/9.2 

Spring 16.78 2.93 32.0 4.9 58.349 7.888 369.76 269.2 22.9/18.7 21.1/20.9 9.6/8.1 7.3/7.3 
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 340 

 341 

Table 2: Mesh-sizes (mm) distribution and thread diameter (mm) in the multi-mesh gillnets 342 

 343 

 344 

Mesh no Mesh size Thread diameter 

1 40 0,28 

2 18 0,23 

3 55 0,28 

4 24 0,23 

5 35 0,23 

6 70 0,28 

7 28 0,23 

8 80 0,28 

 345 
 346 

 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 
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 361 

Table 3: Parameters of multispecific length-weight relationship (a, b) of the fish caught in Kasseb 362 

and Siliana Reservoirs obtained during gillnetting 363 

 364 

Reservoirs  N a b r
2 

Kasseb 165 0.0085 3.0334 0.95 

Siliana   922 0.0094 3 0.99 

 365 

 366 
 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 
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Table 4: Catch per unit effort (CPUE) values by number (NPUE, fish/1000 m
2
) and biomass 387 

(BPUE, g/1000m
2
) in gillnet samples of Kasseb and Siliana reservoirs. 388 

Season 

Species  

CPUE (Kasseb) 

(Mean ± SE) 

CPUE (Siliana) 

(Mean ± SE) 

Summer 

NPUE 

(fish/1000 m
2
) 

BPUE  

(g/1000 m
2
) 

NPUE 

(fish/1000m
2
) 

BPUE 

(g/1000m
2
) 

Liza ramada    97±20 12080±2031 

Barbus callensis  14±6 3421±1505 7±6 426±366 

Cyprinus carpio    1±0 1803±0 

Scardinius erythrophtalmus   200±23 14359±1613 

Sander lucioperca   2±0 3903±3730 153±16 33036±3500 

Total 16±6 7324±3770 459±56 61704±8638 

Autumn 

Liza ramada  0±0 48±0 51±14 8311±2276 

Barbus callensis  9±3 2340±1046   

Scardinius erythrophtalmus   194±72 16565±6195 

Sander lucioperca   0.5±0 48±0 11±5 6635±3785 

Total 10±4 2436±1073 256±82 31511±7709 

Winter 

Liza ramada  6±2 1821±584 198±40 33792±7091 

Barbus callensis  32±6 9827±1998   

Scardinius erythrophtalmus   105±9 10483±1018 

Sander lucioperca     3±1 1458±1042 

Total 38±6 11648±2159 307±57 45733±9861 

Spring 

Liza ramada  1±0 221±0 142±21 33608±5471 

Barbus callensis  24±8 6529±2375 3±2 167±111 

Scardinius erythrophtalmus   75±26 7958±2773 

Sander lucioperca     20±8 3458±2271 

Total 25±8 6750±2413 240±48 45191±10522 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 
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Table 5: Multi-way analysis of variance (ANOVA) of fish density (fish ha
-1

) and biomass (kg ha
-1

) 397 

after Box-Cox transformation in Kasseb (λdensity = 0.26, λbiomass= 0.21) and Siliana (λdensity = 0.72, 398 

λbiomass = 0.44) Reservoirs in 2015-2016. Independent variables include season, photoperiod, layer 399 

(only for Kasseb Reservoir) and strata. 400 

 401 

Significative p values are in bold. 402 

 403 

 404 

 405 

 406 

 

 Kasseb Reservoir  Siliana Reservoir 

 Density Biomass  Density Biomass 

Source  F P F P  F P F P 

Season  5.59 0.001 3.63 0.015  7.73 <0.001 4.04 0.013 

Photoperiod  1.98 0.162 0.8 0.374  0.04  0.835 0.55 0.461 

Layer  41.53 <0.001 14.33 <0.001      

Stratum  0.78 0.461 0.52 0.598  0.88 0.424 3.40 0.043 

Season* Photoperiod  3.22 0.025 5.12 0.002  0.25 0.863 0.46 0.713 

Season*layer  8.09 <0.001 1.14 0.335      

Season*stratum  0.31 0.931 1.35 0.242  0.7 0.652 1.08 0.389 

Photoperiod *layer  0.00 0.954 1.19  0.277      

Photoperiod *stratum  1.02 0.364 0.92  0.401  1.35 0.27 0.55 0.579 

Layer*stratum  4.25 0.016 7.16 0.001      
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Figures 407 

 408 

Figure 1: Maps of Kasseb and Siliana Reservoirs showing the three geographic strata (U, 409 

upstream; M, middle; D, downstream) and their maximum depths (Zmax). 410 

Figure 2: Frequency distributions of fish of the entire water column tracked by acoustic and caught 411 

by gillnets in Kasseb Reservoir. White, black and grey areas represent day, night and gillnet data, 412 

respectively. (Nd, Nn and Ng represent the number of tracked fish detected during day and night 413 

surveys and the number of fish caught with gillnet respectively). 414 

Figure 3: Frequency distributions of fish of the entire water column tracked by acoustic and 415 

collected by gillnets in Siliana Reservoir. White, black and grey areas represent day, night and 416 

gillnet data, respectively. (Nd, Nn and Ng represent the number of tracked fish detected during day 417 

and night surveys and the number of fish caught with gillnets respectively). 418 

Figure 4: Seasonal and diel (white bars: daytime, black bars: nighttime) fish density and biomass 419 

(mean ± S.D.) measured for each layer (1: >3 m, 2: 0 - 3m) and strata (D: downstream, M: Middle, 420 

U: Upstream) of Kasseb Reservoir 421 

Figure 5: Seasonal and diel (white bars: daytime, black bars: nighttime) fish density and biomass 422 

(mean ± S.D.) measured for each stratum (D: downstream, M: Middle, U: Upstream) of the Siliana 423 

Reservoir  424 

Figure 6: Scatter plots of log10 transformed areal fish acoustic biomass/density and multi-mesh 425 

gillnet catches (BPUE/NPUE) from Kasseb and Siliana Reservoirs. (a) represent the regression 426 

between acoustic biomass/BPUE and (b) represent the regression between acoustic 427 

density/NPUE. Each plot includes the major axis regression line (straight line) and 1:1 fit (dashed 428 

line). 429 

 430 
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