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Ecological metrics and assemblages of three orders of aquatic insects (Odonata,

Coleoptera and Trichoptera 3 OCT) in an industrial canal system affected by dredging were

studied. Five sites (a river as a control site and canals) along the Vistula River in Central

Poland were sampled during six sampling periods (2011 and 2013). CCA was used to

assess the influence of environmental variables on the distribution of 54 insect species in

the following system of habitats 3 a river feeding the canals, river-fed inlet canals and

outlet canals with cooling waters. Additionally, BACI was used to test for the impact of

canal dredging in 2011 on the insect response metrics. NMDS analysis differentiated insect

assemblages of the three habitats and SIMPER indicated the species most responsible for

the faunistic dissimilarities. Temperature was found to be a key factor governing the

presence of insects in the outlet canals with cooling water. CCAs revealed that electrolytic

conductivity and salinity had the greatest influence on the OCT fauna in the river and the

inlet canals, whilst it was the dissolved oxygen and the level of development of aquatic

plants that proved most important in the outlet canals. Modified ANOVAs showed that

dredging significantly affected the mean species richness and the dominance in the

canals. The changes in OCT species composition were highly informative. The comparison

between tolerance patterns of the OCT orders against the five parameters (temperature,

electrolytic conductivity, total dissolved solids, pH and current) revealed that caddisflies

are the most sensitive group, followed by Coleoptera while Odonata proved the most

resistant. Dragonflies have the greatest potential to serve as bioindicators of industrially

heated waters. The OCT fauna responded specifically to different environmental factors

and stressors, it is strongly recommended to track the responses on different levels, not

only metrics, but above all, species.
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16 ABSTRACT

17 Ecological metrics and assemblages of three orders of aquatic insects (Odonata, Coleoptera and 

18 Trichoptera 3 OCT) in an industrial canal system affected by dredging were studied. Five sites (a 

19 river as a control site and canals) along the Vistula River in Central Poland were sampled during 

20 six sampling periods (2011 and 2013). CCA was used to assess the influence of environmental 

21 variables on the distribution of 54 insect species in the following system of habitats 3 a river 

22 feeding the canals, river-fed inlet canals and outlet canals with cooling waters. Additionally, 

23 BACI was used to test for the impact of canal dredging in 2011 on the insect response metrics. 

24 NMDS analysis differentiated insect assemblages of the three habitats and SIMPER indicated the 

25 species most responsible for the faunistic dissimilarities. Temperature was found to be a key 

26 factor governing the presence of insects in the outlet canals with cooling water. CCAs revealed 

27 that electrolytic conductivity and salinity had the greatest influence on the OCT fauna in the river 

28 and the inlet canals, whilst it was the dissolved oxygen and the level of development of aquatic 

29 plants that proved most important in the outlet canals. Modified ANOVAs showed that dredging 

30 significantly affected the mean species richness and the dominance in the canals. The changes in 

31 OCT species composition were highly informative. The comparison between tolerance patterns 

32 of the OCT orders against the five parameters (temperature, electrolytic conductivity, total 

33 dissolved solids, pH and current) revealed that caddisflies are the most sensitive group, followed 

34 by Coleoptera while Odonata proved the most resistant. Dragonflies have the greatest potential to 

35 serve as bioindicators of industrially heated waters. The OCT fauna responded specifically to 

36 different environmental factors and stressors, it is strongly recommended to track the responses 

37 on different levels, not only metrics, but above all, species.

38

39 INTRODUCTION

40 Two approaches prevail in the studies on how environmental factors influence aquatic 

41 invertebrates at different levels (in natural or human-induced gradients, often relating to extreme 

42 ranges): one is based on ecological (faunistic) metrics (e.g. Pollard & Yuan, 2010, Suriano et al., 

43 2011), the other on taxonomic levels 3 species or higher units (e.g. Bonada et al., 2004; 

44 Haidekker & Hering, 2008). Both have their merits and disadvantages: with the former, one can 

45 make quicker assessments of general trends, while the latter is more tedious and presupposes 

46 familiarity with one or many taxonomic groups (especially competence in identifying species 
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47 and knowledge of their ecological preferences), but is the preferred option for describing changes 

48 at the local level. Ecological metrics by their very nature generate rough inferences, from which 

49 more detailed studies very often show deviations; taxonomic level, depending on the scale 

50 applied, generalizes (level of higher order taxa) or describes just a fraction of the 

51 interrelationships in an ecosystem (species level). As bioindicators, for instance, caddisflies are 

52 universally regarded as a sensitive order; along with mayflies and stoneflies, separately or jointly 

53 (EPT 3 Ephemeroptera, Plecoptera and Trichoptera) they are frequently analyzed in the context 

54 of water quality assessment (e.g. Pollard & Yuan, 2010). Dragonflies serve as good indicators of 

55 human disturbance in aquatic habitats or ecological integrity of lotic ecosystems (Samways & 

56 Steytler, 1996; Chovanec & Waringer, 2001). At the same time, species-based research, both in 

57 the field and in the laboratory, has shown that trichopterans 3 particularly the rheophilic family 

58 Hydropsychidae, a very common research model 3 are surprisingly resistant to certain forms of 

59 pollution (Bonada et al., 2004; Chang et al., 2014). An analogous situation is found among the 

60 odonate family Gomphidae, where the relevant differentiation is recorded not only at the specific 

61 but even at the generic level (Bernard et al., 2002; Mandaville, 2002). Hence, the most 

62 acceptable alternative appears to be a mixed approach, i.e. one that indicates general trends but at 

63 the same time supplies more concrete data at the level of assemblages or species. This is 

64 especially apparent in the case of aquatic insects, where knowledge of the tolerance range of 

65 particular species to a given set of habitat parameters, including pollution, is difficult to acquire 

66 and far from complete: the gaps relate especially to taxa that are less common, difficult to trap or 

67 to identify (Rosenberg & Resh, 1993; Carlisle et al., 2007; Graf et al., 2008; Suriano et al., 

68 2011). Moreover, it is quite often the case that laboratory data on the preferences of organisms 

69 for a given factor, such as temperature, do not correspond to conditions in the field, especially at 

70 the assemblage level (Haidekker & Hering, 2008). Much research has also focused on the 

71 reaction of organisms to lethal effects, e.g. in biomonitoring, while completely ignoring sub-

72 lethal effects, which in practice, may be more important, as they warn of pollution before the risk 

73 of damage to the ecosystem is too high (Kefford, 1998; Sala et al., 2016). 

74 Most studies of habitat factors governing invertebrate assemblages of watercourses have 

75 concentrated on natural waters like streams and rivers, and these relationships are fairly well 

76 understood (e.g. Kefford, 1998; Haidekker & Hering, 2008; Suriano et al., 2011; Dallas & Ross-

77 Gillespie, 2015). Anthropogenic watercourses, directly affected by an industrial plant, are very 
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78 seldom used as a research model. This may be because conditions in such waters are usually 

79 extreme, indeed, lethal to most aquatic organisms. Open, generally accessible systems with sub-

80 lethal factors are exceptional and consequently there are few systems that can be juxtaposed 

81 against natural habitats. The present study focused on the system of canals (together with their 

82 small feeder river) used for manufacturing purposes by the ZakCady Azotowe, PuCawy, a regional 

83 chemical factory. These canals were dredged during this project and this additional aspect made 

84 them highly suitable for investigating the influences of diverse environmental factors and 

85 stressors on aquatic insects in combination with environmental gradients, the high values of 

86 which are human-induced, and also with the gradients associated with the structural 

87 (hydrodynamic) features of these watercourses. 

88 The worldwide increase in industrialization has led to ever larger volumes of cooling 

89 waters, polluted by industrial effluents, getting into surface waters. The water utilized for cooling 

90 purposes by plants like ZakCady Azotowe comes under the heading of thermal pollution. The 

91 unnaturally elevated physical and chemical parameters of such water may disturb embryonic 

92 development, larval growth, metamorphosis, metabolism, breeding and simply eliminate many 

93 aquatic invertebrates (Haidekker & Hering, 2008). Temperature alone is one of the key factors 

94 affecting aquatic organisms both directly and indirectly, governing as it does the values of other 

95 important parameters like oxygen, electrolytic conductivity (EC), total dissolved solids (TDS) 

96 and salinity. EC, TDS and salinity are the-three of the interlinked factors that are most often 

97 determined in the context of water enrichment or contamination caused by mining activities or 

98 agricultural practices (Fernández-Aláez et al., 2002; Luek & Rasmussen, 2017). At present there 

99 is a tendency in research to multiply factors (stressors) describing different spatial levels (from 

100 waters through catchment areas to regions), which means that caution is required when 

101 interpreting results. Close links between some physical and chemical factors, e.g. EC and 

102 dissolved oxygen, may also cause difficulty in correctly interpreting the response of 

103 invertebrates, since one factor can mask the other (Kefford, 1998); in such a situation, it is useful 

104 to apply relevant multi-dimensional analyses. 

105 Undoubtedly, dredging can also be included into human-induced factors that negatively 

106 affect biota of aquatic ecosystems. Industrial canals are regularly dredged. In natural running 

107 waters dredging is usually treated as an unmitigated disaster that removes all organisms, 

108 invertebrates included, from their environment together with substrate, sediments and vegetation 
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109 (Aldridge, 2000). Conversely, dredging can have a positive impact, as was discovered in the case 

110 of the aquatic insects of a small, regulated, lowland river (BuczyEski et al., 2016; D�bkowski et 

111 al., 2016; Zawal et al., 2016): their populations regenerated rapidly, and the post-dredging fauna 

112 exhibited a greater species richness and higher proportion of rheobiontic and rheophilous species 

113 than before dredging. In such case one might construe dredging as a kind of ecological 

114 restoration, at least in the initial phase of the recovery of the microhabitats and insect 

115 assemblages. In industrial canals, the potential ecological restoration is obviously not so 

116 important; here, interest focused on how recolonization was proceeding and on the reactions of 

117 various groups of invertebrates in two different, artificial habitats (river water vs. cooling water). 

118 The study aimed to find out whether the reaction of insects in man-made habitat (canals), which 

119 was regularly dredged along its whole length, was similar to that previously observed on the 

120 river, or whether, because of its extent and intensity, the effects of dredging were entirely 

121 negative.

122 In this study three orders of aquatic insects were selected 3 Odonata, Coleoptera and 

123 Trichoptera (OCT) 3 which have long been used as environmental state indicators, especially in 

124 the context of water pollution and habitat disturbance (e.g. Sahlén & Ekestubbe, 2001; 

125 Houghtona, 2004; Balian et al., 2008; Suriano et al., 2011; Chang et al., 2014; Kalaninova et 

126 al., 2014; Álvarez-Troncoso et al., 2015). These three orders respond differently to the factors 

127 and disturbances being investigated. Odonata and Coleoptera are regarded as more tolerant to 

128 water pollution than Trichoptera (Chang et al., 2014). Life histories of these groups are also 

129 different: whereas in dragonflies and caddisflies only the larval stages are totally reliant on 

130 water, in beetles both larvae and adults exhibit such a dependence. Moreover, their dispersal 

131 (recolonization) potentials differ: dragonflies are the strongest fliers, whereas among beetles and 

132 caddisflies there are both strong and weak fliers (BuczyEski & Przewo{ny, 2010; Landeiro et al., 

133 2012; Curry & Baird, 2015). Taking into consideration all the aforementioned differences one 

134 can expect that these three insect orders depend on different environmental factors and their 

135 tolerance patterns are also different. Additionally, data considering the tolerance ranges of 

136 aquatic insects obtained in a laboratory should be treated with caution when compared to the 

137 field-gathered information (Carver et al., 2009). In our study we intended to check whether the 

138 reactions of particular insect groups in the field are similar or different and whether these groups 

139 form the suspected <sensitivity= formation from the most to the least tolerant: Coleoptera-
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140 Odonata-Trichoptera (Chang et al., 2014). Our data could be used in the selection of insect 

141 groups as potential bioindicators in the management strategies of such industry-influenced 

142 ecosystems.   

143 The objectives of the present study were to investigate:

144 (i) the extent to which the entomofauna of a system of industrial canals fed by river water 

145 and/or lying close to the zone of riverine influences resembled that of a river;

146 (ii) the key environmental factors (physical and chemical properties of the water as well as 

147 structural features of the canals) responsible for the species variations among insect 

148 assemblages of artificial watercourses 3 separately in inlet river-fed canals and in outlet 

149 canals with cooling water 3 and in the river itself (treated as a control site);

150 (iii) the occurrence (tolerance) patterns of the three analyzed insect orders against selected water 

151 parameters: temperature, EC, TDS, pH and current;

152 (iv) the response of aquatic insects at different levels of their organization (species, assemblages 

153 and ecological metrics) to the dredging of a system of canals two years after impact and how 

154 it differed among the various orders.

155

156 MATERIAL & METHODS

157 Study area and sites

158 The study was carried out in the Central Mazovian Lowland (East European Plain, central 

159 Poland), in the mesoregion of the Middle Vistula Valley, in the center of an extensive area of old 

160 glacial plains lying in the catchment area of the Vistula River (WisCa). Originally, this area was 

161 covered by extensive primeval forests, the remnants of which have survived only on infertile 

162 sandy soils. Currently, this land is intensively farmed, with well-developed industrial 

163 infrastructure (Kondracki, 2000). The latter include the ZakCady Azotowe chemical plant in 

164 PuCawy, which has a system of canals supplying it with water for production purposes and 

165 removing cooling water directly to the largest Polish river, the Vistula.

166 The study focused on five sites (Fig. 1, Appendix 1): 

167 ý site 1 (N 51°26934.5=, E 21°58941.1=) 3 the Kurówka River, feeding the outlet canal 3 a 

168 natural site (control)

169 ý site 2 (N 51°26953.0=, E 21°58929.7=) 3 the inlet river-fed canal to the ZakCady Azotowe 

170 chemical factory in PuCawy (ZA)
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171 ý site 3 (N 51°27903.9=, E 21°57904.4=) 3 the canal carrying water from the Vistula to the 

172 factory via a system of pumps and settling ponds

173 ý site 4 (N 51°27904.2=, E 21°57907.1=) 3 an outlet canal (carrying cooling water and effluent 

174 from the factory)

175 ý site 5 (N 51°27945.1=, E 21°56916.7=) 3 an outlet canal (carrying cooling water, industrial 

176 effluent and municipal sewage).

177 The sites are situated in the middle Vistula valley, on the floodplains of the Vistula and 

178 lower reaches of its tributary the Kurówka, on the terrain covered with a thick layer of sand. In 

179 this area, regulation of both rivers is minimal 3 both meander and periodically overflow their 

180 banks. Sites 3-5 lie on what was once riparian woodland (Kondracki, 2000), remnants of which 

181 have survived only near site 5; sites 3 and 4 now lie in an open, transformed industrial landscape. 

182 Site 1 (control) lies in a narrow river valley, surrounded by broad-leaved woodland growing on 

183 dunes bordering on the flood plain. Site 2 is similar in nature to sites 3 and 4. The Kurówka 

184 feeding the canal at site 2 is in good hydromorphological as well as physical and chemical 

185 condition (class II), but biologically poor (class IV); its overall state is regarded as bad ({elazny, 

186 2014). 

187

188 Collecting of aquatic insects samples

189 Samples were collected in 2011 (April, May, June) before impact and, following a one-year 

190 break caused by the closure of the area by ZA, in 2013 (April, June, August) (Grupa Azoty 

191 ZakCady Azotowe "PuCawy" S.A. field study approval number: ZK/6011/255/2018). Three 

192 transects covering the total area of ca. 3 m2 were established at every station on each sampling 

193 period. Three subsamples (90 in general) were collected using a hydrobiological sampler with a 

194 square frame and 250 µm mesh net for the representativeness of insect species. The samples 

195 were sorted in the laboratory and preserved in 70% ethanol. All specimens were identified to 

196 species level except for the Anabolia genus (representatives of the A. laevis and A. furcata 

197 species are not separable according to external morphology) and the larval stages of the Agabus 

198 and Haliplus genera. 

199

200 Environmental variables

201 The following environmental parameters were measured in situ using a HANNA HI 9828 
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202 multiparameter portable probe: water temperature (°C), pH, dissolved oxygen 3 DO (ppm), 

203 electrolytic conductivity 3 EC (µS/cm), total dissolved solids 3 TDS (ppm) and salinity (PSU). 

204 The river flow rate (current) was measured using the float method. The coverage of aquatic and 

205 shore vegetation (emergent) was also estimated in situ and coded for subsequent statistical 

206 analysis as follows: 0 3 no aquatic plants/helophytes, 1 3 aquatic plants/helophytes: thin 

207 coverage, 2 3 aquatic plants/helophytes: moderate coverage, 3 3 aquatic plants/helophytes: dense 

208 coverage). The environmental features of each site are detailed in Table 1.

209

210 Data analysis

211 Dragonflies, beetles and caddisflies were analyzed at the level of species, orders, assemblages 

212 and faunistic metrics. Species richness (S), abundance (N), the Simpson dominance index (D), 

213 evenness according to Buzas and Gibson9s formula (E) and the Shannon-Wiener diversity index 

214 (H) were calculated on the basis of the OCT species matrix. Dominance at particular sites was 

215 also calculated based on the class ranges proposed by Biesiadka (1980) for aquatic insects: 

216 eudominants >10%, dominants 3 5.01-10%, subdominants 3 2.01-5% and recedents <2%. 

217 To reveal the potential influence of the seasons at the control site, faunistic metrics and 

218 total abundance were t-tested. The same test was applied to find possible differences between the 

219 environmental variables in the canals before and after impact. Kruskal-Wallis tests indicated the 

220 environmental variables that varied significantly among all study sites. Then, each parameter 

221 (temperature, EC, TDS, pH and current) was used separately to detect and compare the response 

222 of each insect group: changes between total abundances of OCT were analyzed using Kruskal-

223 Wallis tests, with Dunn9s tests being employed a posteriori. Box-whisker plots were used to 

224 compare and indicate the ranges and average values of selected parameters for particular insect 

225 groups.

226 Before and After Control Impact (BACI) is an analysis of variance technique which 

227 allows a potential influence of an environmental disturbance to be measured (Underwood, 1991). 

228 The BACI design included faunistic metrics (S, D, H, E) and the total abundance of insects (N). 

229 Two-way ANOVA took control/site and time effects into consideration: between the control site 

230 (river) and canal sites before and after impact, as well as between all artificial (canal) sites before 

231 and after impact. To meet the assumptions of the tests, data were ln transformed except in the 
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232 case of the Shannon-Wiener diversity index (H). A Tukey-HSD test was performed on 

233 significant ANOVA results. 

234 Non-metric multidimensional scaling (NMDS) indicated faunistic similarities between all 

235 sites in both study seasons. For this analysis, based on Jaccard9s index, pooled species data were 

236 used for three sampling periods before and after impact. In addition, hierarchical agglomerative 

237 clustering with the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) of pooling 

238 species was used to illustrate the similarity relationships between the five sites. The similarity 

239 percentage method (SIMPER) identified the species responsible for assemblage discrimination 

240 between riverine and canal sites (2, 3 and 4,5 separately) as well as among canal sites before and 

241 after impact. The statistical analyses were performed using Statistica 13.1 and PAST 3.18 

242 software (Hammer et al., 2001).

243 To determine the significant factors responsible for the distribution of the insect 

244 assemblages (OCT and each order separately), multivariate ordination analyses were applied in 

245 three different habitats (natural 3 river, inlet river-fed canals, outlet canal with cooling water). 

246 Because no significant changes of environmental variables were found in the canals before and 

247 after impact (the only exception was the temperature at the outlet sites detected using U Mann-

248 Whitney test: p<0.0004), the focus was on the fauna of artificial habitats under the impact of 

249 systematic dredging, and not on single interventions. Analyses were preceded by Detrended 

250 Correspondence Analyses (DCA), and if the gradient was longer than 3 SD, Canonical 

251 Correspondence Analyses (CCA) were performed. To prevent neglect of the dredging impact, 

252 years were treated as dummy variables, as recommended by Lepa and amilauer (2003). The 

253 analyses involved nine environmental variables (6 physical and chemical parameters of water 

254 and 3 structural features). Since EC and TDS values were highly correlated (r>0.9), the second 

255 parameter was excluded from further analyses (Lepa and amilauer, 2003). Structural variables 

256 relating to plants were transformed into ordinal ones by coding and then treated as quantitative 

257 variables (Jongman et al., 1995). To test the significance of the environmental variables 

258 (p<0.05), forward selection (FS) was used with the Monte Carlo permutation test. Multivariate 

259 statistics were carried out in CANOCO 4.5 (ter Braak & amilauer, 2002).

260

261 RESULTS
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262 The total of 745 specimens from 54 taxa were found. Dragonflies were present in every habitat 

263 type studied: the river, the inlet river-fed canals and the outlet canals. The same applied to the 

264 beetles, except that there were very few of them (just two species) in outlet canals. Caddisflies 

265 occurred only in the river and the inlet canals (Table 2). In both years the same number of 

266 species was recorded in the river, but after dredging, the numbers of species in the canals rose 3 

267 from 23 to 30 in the inlet canals and from 2 to 7 in the outlet canals. Calopteryx splendens and 

268 four caddisfly species were the eudominants in the river (Fig. 2). At site 2, on an inlet canal, this 

269 class was represented by all three taxonomic groups; after dredging, almost half the fauna 

270 consisted of individuals of the Haliplus fluviatilis beetle. The inlet canal at site 3 was dominated 

271 by the dragonflies Platycnemis pennipes, Calopteryx splendens and Ischnura elegans (more than 

272 70% of the fauna). After dredging, dragonflies were still dominant, but species composition had 

273 changed (Calopteryx splendens and Gomphus vulgatissimus), and the Platambus maculatus 

274 beetle had appeared. In the outlet canal, the nearest to chemical plant (site 4), no insects from the 

275 OCT assemblage were present at all; only after dredging did any appear 3 large numbers of 

276 Ischnura elegans and a few Orthetrum albistylum. Pre-dredging, the lower course of the outlet 

277 canal (site 5) was dominated by the Orthetrum cancellatum and Platycnemis pennipes 

278 dragonflies; post-dredging, large numbers of Ischnura elegans appeared, Orthetrum cancellatum 

279 was replaced by O. albistylum, and numbers of Platycnemis pennipes fell dramatically. 

280 Before impact, the largest numbers of individuals and species were caught in the river 

281 and the inlet canals, both metrics indicated a reduction in richness and abundance in outlet canal 

282 habitats. After impact, the numbers of individuals were roughly the same as before impact in the 

283 river and the first inlet canal, they fell conspicuously in the second inlet canal, but reached record 

284 numbers (dragonflies were responsible for this rise) at site 5. The distribution of species richness 

285 after dredging was very close to that existing before impact, except that in 2013 it was more 

286 evenly balanced in the river-inlet canal system (Fig. 3). Values of the diversity index H (>2) 

287 were the highest for the control site and the inlet canal (site 2) before and after impact. The H 

288 value at site 3 before impact was only slightly lower (1.9) and dropped to 1.55 two years later. 

289 Generally lower values of H were recorded for the outlet canals: at site 4, H increased after 

290 impact from 0 to 0.6 whereas at site 5 it decreased from 0.6 to 0.19. Dominance declined by half 

291 in 2011 comparing to 2013 (D=0.20 and D=0.09, respectively). An increase was recorded in the 

292 inlet canals after impact (site 2 before and after: D=0.16 and D=0.23; site 3: D=0.21 and 
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293 D=0.25). In both outlet canals, there was a sudden increase in this index, for which the very large 

294 numbers of Ischnura elegans were responsible, both before and after dredging, especially at site 

295 5 (site 4: D=0. and D=0.66; site 5: D=0.5 and D=0.93). 

296 The NMDS plot (Fig. 4) illustrated the following relationships: the fauna of the river 

297 before and after impact was quite similar and closest to that of the inlet canals (left-hand side of 

298 the plot). With few exceptions, axis 1 separated the fauna of the river and river-fed inlet canals 

299 before and after dredging from the outlet canal fauna after impact. Axis 2, in turn, distinguished 

300 river sites (the lower left quarter) from inlet canals (mainly before impact) and the outlet canal 

301 sites after impact (the upper right quarter). The same index applied to the data from each site in 

302 both seasons showed that the faunistic similarity was the greatest between the river and inlet 

303 canal site 2 (31%), then between the two inlet canals (27%), and finally between the two outlet 

304 canal sites (25%). At the same time, the cladogram shows clearly that the sites were separated 

305 into two groups: the river together with the two inlet canals, and the two outlet canals. 

306 SIMPER analysis (Table 3) showed that before dredging the quantitative faunistic 

307 similarity was the greatest between the river and the inlet canal sites, but negligible between the 

308 river and outlet canal sites. In the second season, after the intervention, the fauna of the inlet 

309 canals was less riverine in nature, but the similarity between the outlet canal sites was almost the 

310 same as before, even though a new species distinguishing these sites 3 Ischnura elegans 3 had 

311 made its appearance. After dredging, the faunistic similarity between the inlet and outlet canals 

312 increased significantly compared to before impact: the percentage of species responsible for most 

313 of the dissimilarity was now completely different. Before impact, Calopteryx splendens and 

314 Limnephilus lunatus, with the cumulative contribution of 40%, were responsible for this to the 

315 highest degree, whereas after impact these species were Ischnura elegans and Haliplus fluviatilis 

316 (cumulative contribution 51%). The differences between the two study seasons in the river itself 

317 were due solely to Calopteryx splendens. The same dragonfly species, together with Haliplus 

318 fluviatilis, contributed the most to the difference in the insect assemblage structure before and 

319 after impact in the inlet canals. Ischnura elegans and Orthetrum albistylum were the two 

320 dragonfly species most responsible for assemblage discrimination between the outlet canal sites 

321 before and after impact. At the same time, it should be noted that despite dredging, the latter sites 

322 retained the most similar fauna throughout the study area, an indication that hydrological 

323 continuity is of less importance than the kind of habitat.
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324 No significant differences in the total abundance of OCT and faunistic metrics were 

325 found at the riverine control site between the two study periods, and the total species richness in 

326 2013 was the same as in 2011 (Table 2). This confirmed that potential faunistic differences 

327 between both study periods (2001 and 2013) did not affect the results of subsequent comparative 

328 analyses. No statistically significant difference in the faunistic indices were recorded between the 

329 river and the inlet canals either (Table 4): they were consistent over time and space (p > 0.05), 

330 which endorses the assumption that the river would have a major influence on the fauna of the 

331 inlet canals. Significant differences did appear, however, when the fauna of the river was 

332 compared with that of the outlet canals, and also between the fauna of the inlet and outlet canals. 

333 Time and site significantly influenced the mean values of species richness and dominance index 

334 of the river and outlets; the BACI interactions were not significant, however. Moreover, the 

335 mean diversity index, which decreased after impact, was affected by the site factor. Two metrics 

336 changed significantly when the faunas of the canals before and after impact were compared: the 

337 mean number of species (pairwise comparisons based on Tukey's HSD test: after inlet and after 

338 outlet 3 Q=6.213, p=0.0003) and the dominance index (pairwise comparisons based on Tukey's 

339 HSD test: before outlet and after outlet 3 Q=3.59, p=0.042; after inlet and after outlet 3 Q=6.52, 

340 p=0.00021). The mean species richness in the inlet canals was significantly higher after impact in 

341 contrast to the sites situated on the outlet canal. The mean dominance index after impact 

342 increased at the inlet sites and decreased at the outlet canal sites. The single effect of site on the 

343 mean Shannon-Wiener diversity index was detected: it increased after impact in the inlets but 

344 decreased in the outlets. There were no significant differences (p>0.05) between the mean 

345 evenness index and abundance.

346 Under natural conditions (in the river), electrolytic conductivity (EC) was the most 

347 important factor shaping the OCT assemblage (Fig. 5); the explanatory variables used in the 

348 analysis accounted for 57% of its variability. The CCA biplot showed that among all species two 

349 trichopteran species: Brachycentrus subnubilus and Hydropsyche pellucidula were positively 

350 correlated with this factor; the former with mean values of this parameter while the latter with 

351 the highest. The results for the three insect orders separately (Table 5) showed that the same 

352 parameters (EC, salinity) were responsible for the distribution of dragonfly and caddisfly species 

353 in the river. For beetles electrolytic conductivity was the only key factor.
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354 Salinity and electrolytic conductivity were the most important parameters in the inlet 

355 canals and all the parameters used in the analysis explained 47% of the total variability among 

356 the species found (Fig. 6). Calopteryx splendens, Neureclipsis bimaculata, Halesus digitatus and 

357 Graptodytes granularis were most closely associated with lower values of salinity. Noterus 

358 crassicornis was the only species that was strongly positively correlated with lower EC. Much 

359 more species showed negative correlations with both parameters. Only one parameter 3 oxygen 

360 content (Table 5) was of significance to dragonflies in the inlet canals. No factor was found to be 

361 statistically significant in case of caddisflies and beetles. 

362 Two factors were responsible for the depauperate fauna in the outlet canals: aquatic 

363 vegetation and oxygen (Fig. 7) 3 they explained 93% of the total species variability. Three 

364 dragonfly species (Erythromma viridulum, E. najas and Ischnura elegans) and one species of 

365 beetle (Laccobius minutus) were the most closely associated with the coverage of aquatic 

366 vegetation. A separate CCA analysis for dragonflies indicated oxygen and current speed to be the 

367 most significant for this group (Table 5). 

368 A comparison of the mean abundances of particular groups with five significant, separate 

369 water parameters revealed certain regularities within their ranges (Fig. 8). All the differences 

370 found among the OCT fauna were statistically significant. Dragonflies occurred within the 

371 widest temperature spectrum 3 from 8.6°C to 29°C, while the spectrum for caddisflies within the 

372 narrowest 3 from 8.6°C to 20.5°C and in the intermediate spectrum 3 from 8.6°C to 25°C; the 

373 mean temperatures for three orders were thus 16, 12 and 13°C, respectively. In the case of EC, 

374 dragonflies and beetles exhibited an identical occurrence pattern: from 461 to 1063 µS/cm (mean 

375 601 µS/cm), whereby dragonflies were the most numerous in the 500-700 µS/cm interval, and 

376 beetles in the 500-600 µS/cm interval; caddisflies, by contrast, did not tolerate values higher than 

377 720 µS/cm. Very similar relationships were found for TDS: dragonflies and beetles occurred to 

378 an upper limit of 532 ppm, caddisflies to 400 ppm. All three orders were present within the same 

379 range of current speeds. Caddisflies were distributed more evenly in habitats with both a faster 

380 and a slower current, whereas beetles exhibited a positive association with slower flowing 

381 waters. In the case of pH, dragonflies were found at the lowest recorded values (6.9), while 

382 caddisflies and beetles were only present at pH > 7.7. In general, caddisflies were associated with 

383 a slightly higher pH than the other two orders. 

384
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385 DISCUSSION

386

387 Environmental factors influencing entomofauna of industrial canal system

388 The influence on aquatic insects of elevated surface water temperature, caused by both natural 

389 and anthropogenic factors, has long been of interest to researchers, as it may disrupt their 

390 metabolic and growth rates, feeding, reproductive capacity, life cycles and distribution (Stewart 

391 et al., 2013; Dallas & Ross-Gillespie, 2015). Presently, in the face of intensifying human 

392 pressure and altered thermal regimes in waters due to climate warming (Haidekker & Hering, 

393 2008), it is particularly important that reference conditions be effectively determined for a given 

394 habitat type or group of organisms reacting to individual stressors or a combination of them. 

395 Although the concept of bioindicators for the aquatic environment was introduced more than 100 

396 years ago, their definition and the question of harmful factors need to be reevaluated, something 

397 that Sahlen & Ekestubbe (2001) drew attention to in their work on dragonflies.

398 The results of the present study indicate that the factor differentiating the occurrence of 

399 insects in the outlet canals was temperature 3 as was anticipated. In 2013 water temperatures 

400 were as high as 30°C, which was likely to eliminate all caddisflies and nearly all beetles from it 

401 due to their thermal intolerance. Dragonflies reacted in the opposite way: the number of species 

402 and individuals rose markedly, however, in contrast to the fauna of the inlet canals, these were 

403 exclusively eurytopic species, including thermophilous ones (Erythromma viridulum, Orthetrum 

404 albistylum) (Bernard et al., 2002). To a large extent these results corresponded with the 

405 literature: Stewart et al. (2013) state that the mean upper thermal tolerance (UTT) for caddisflies 

406 is 31°C while for dragonflies it is 41.9 °C. In the light of those results, it is of particular interest 

407 that beetles, though they are even more tolerant to heat (UTT=43.4°C), were very few in number 

408 and represented by just two species. Moreover, whereas stenotopic species (mostly rheophiles) 

409 were dominating in the river and inlet canals, it was almost exclusively eurytopic species that 

410 occurred in the outlet canal (Klausnitzer, 1996), mostly typical of the warm, shallow shores of 

411 standing waters. One cannot rule out the possibility that the elevated temperature of the cooling 

412 waters, besides its direct effect on insects (lethal to caddisflies), could have intensified the effect 

413 of some toxic compound present in the water (Cairns et al., 1975), which was lethal to beetles. 

414 The key factor underlying OCT distribution in the river was EC, while in the river-fed 

415 inlet canals there were two such factors 3 EC and salinity. These results demonstrate that, despite 
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416 the differences in the habitats (natural vs. artificial, non-impacted vs. impacted), they support a 

417 roughly similar fauna governed by the same or similar drivers. This medium-level qualitative 

418 faunistic similarity is depicted by the cladogram (Fig. 4). In this case the physical and chemical 

419 properties of the water and hydrological continuity were the most important for the fauna. 

420 However, examination of these similarities at more detailed (NMDS) and also quantitative 

421 (SIMPER) levels shows each of the three main site types to be quite different: there are thus 

422 significant links between given types of habitat, but with each retaining a specific 

423 distinctiveness. 

424 The insect assemblage colonizing the outlet canals was governed by oxygen and, 

425 especially, by a structural factor: aquatic vegetation. Since temperature was the key factor for the 

426 insects, and oxygen is very highly correlated with it, as the CCA plot indicates this system is 

427 influenced by overlapping factors, described in studies on disturbed ecosystems by Fernández-

428 Aláez et al. (2002) and Kefford (1998). This often leads to such masked factors being overlooked 

429 or underestimated. In general, the removal of such highly correlated but different parameters 

430 prior to the analyses proper requires great caution. If we decide to do this we must remember that 

431 the response of invertebrates refers indeed to two factors and the reference to only one of them 

432 can be misleading. The distribution of dragonflies 3 the dominant in the outlet canals owing to 

433 their tolerance to physical and chemical factors 3 also depends on the structure and heterogeneity 

434 of the habitat. It is worth noting that the degree of the bottom macrophyte overgrowth as well as 

435 the current were the most significant factors influencing the distribution of a river9s dragonflies 

436 after dredging (BuczyEski et al., 2016). Here, too, Ischnura elegans was the most intimately 

437 associated with the aquatic vegetation. The example of these outlet canals shows that, even in the 

438 most disturbed artificial habitats, species are sensitive to multiple habitat components (i.e. water 

439 properties, hydromorphology and vegetation of the watercourse), which should be taken into 

440 account and not be neglected during the monitoring of such habitats. Also, this is an indication of 

441 the considerable adaptive capabilities of dragonflies in relation to the cyclic disturbances that 

442 their populations may be exposed to. Abdul et al. (2017) have drawn attention to this aspect in 

443 studies of dragonfly assemblages of a polluted river: dragonflies developed many morphological 

444 and physiological adaptations in order to counter the deterioration in habitat quality.

445 At the level of the particular insect groups, dragonflies and caddisflies were dependent on 

446 the same physical and chemical factors in the river: EC and salinity, while beetles only on EC. In 
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447 the inlet and outlet canals only dragonflies showed significant response: their assemblages were 

448 affected by oxygen and current. This shows that while these orders do have many general traits 

449 or reactions in common (Haidekker & Hering, 2008; Stewart et al., 2013; Chang et al., 2014), 

450 they can be influenced by different parameters at different types of habitats. This provides 

451 sufficient justification for performing studies covering not one but many different taxonomic 

452 groupings, as analysis of their reactions to environmental changes yields more comprehensive 

453 ecological information.

454

455 The response of aquatic insects to dredging impact

456 The effect of dredging is best followed in the inlet canals. Two years after impact, total diversity, 

457 abundances and species richness of dragonflies and beetles were higher than before impact, and 

458 the number of beetle species increased 2.5 times. Interestingly, the data from the inlet canals 

459 coincide exactly with the reactions of an assemblage of dragonflies and beetles to dredging in a 

460 small, regulated, lowland river (BuczyEski et al., 2016; D�bkowski et al., 2016). A similar result 

461 had been expected for the outlet canal, but was the exact opposite. 

462 In the case of caddisflies, the number of individuals and species in 2013 was lower than 

463 before dredging, which may testify to the weaker recolonization potential of this group and its 

464 stricter habitat requirements. In a study of the effect of dredging in the artificial habitat of the 

465 navigation channel of the Columbia River, McCabe et al. (1998) also found that total taxa 

466 richness after dredging increased, but that neither the mean diversity index (H) nor the evenness 

467 (E) of the benthic assemblages changed in a statistically significant manner, which corresponds 

468 with the present results. The results of BACI interactions showed that all faunistic metrics after 

469 impact remained at the same level. Similar results relating to the Shannon-Wiener diversity index 

470 had been obtained for dragonflies (BuczyEski et al., 2016) and caddisflies (Zawal et al., 2016) in 

471 a small dredged river. In the present case, only the ANOVA results of fauna in the canals 

472 revealed significant differences in mean species richness and dominance before and after 

473 dredging. Albeit this result was governed mostly by the site effect. Faunistic metrics as a whole 

474 do not always enable a complex mixture of impacts to be evaluated (Fernández-Aláez et al., 

475 2002). Relatedly, McCabe et al. (1998) found that after dredging, benthic invertebrates were able 

476 to colonize the area quite rapidly and that, generally speaking, the impact did not have much of a 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



477 negative effect on the canal9s fauna; this could have been due to the rapid rate of recolonization 

478 and the small scale of the dredging. 

479 The time required by fauna to recover after impact can vary widely 3 from a few weeks to 

480 a few years 3 and depends on numerous factors and on the assemblage affected (Wallace, 1990; 

481 Yount & Niemi, 1990). In the present case, the canals were studied two years after dredging had 

482 commenced, a process that almost completely eradicated the previous ecosystem. The insects 

483 had to colonize the new habitat via drifting and through the air. The different accessibility of 

484 these pathways of colonization to the various habitats is likely to have affected its success. Site 2 

485 was in constant hydrological contact with the Kurówka River, thus there was likely less 

486 restrictions on drifting. To reach site 3, the water had to pass through a pumping station which 

487 was a significant obstacle for most insect larvae. Sites 4 and 5 could be colonized solely from the 

488 air. If drifting was possible, then the level of colonization was high, but this level was much 

489 lower at the sites where drifting from the river was limited or non-existent, with only the 

490 strongest fliers, i.e. dragonflies, achieving a measure of success (Corbet, 1999); beetles, amongst 

491 which there are both strong and weak fliers, were less successful (BuczyEski & Przewo{ny, 

492 2010). Caddisflies were the least successful. 

493 Since the factors shaping an invertebrate assemblage are not only abiotic but include its 

494 surrounding environment (Suriano et al., 2011), insects migrated from the whole river valley and 

495 its waters to where the canals were situated. Dragonflies, the strongest fliers that are present over 

496 a very wide spectrum of physical and chemical water properties, occurred in both types of canal. 

497 The inlet canal (site 2) was dominated by beetles, while non-case-making caddisflies were 

498 replaced by members of the Mystacides genus. Unfortunately, given the generally small number 

499 of caddisflies at this site, trend information is unavailable, however a response such as this to 

500 dredging was not found in other studies of the impact of this process on trichopterans. Indeed, 

501 the reverse in some cases 3 the abundance and species richness of non-case-making genera 

502 (Hydropsyche, Neureclipsis) increased abruptly after impact (Zawal et al., 2016). Moreover, the 

503 beetle and caddisfly assemblage of the other inlet canal (site 3) had not yet reconstituted itself by 

504 2013; in the intervening two years the structure of the aquatic vegetation with islands of detritus 

505 had not yet been restored. In this situation, species entirely dependent on these factors regarding 

506 food or habitat, e.g. Limnephilus lunatus or Halesus spp. (Graf et al., 2008), could not return. 

507 Zawal et al. (2016) also pointed out the appreciable loss of caddisfly species associated with 
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508 vegetation after dredging. On the other hand, hitherto unrecorded rheophils appeared in the inlet 

509 canals (Bernard et al., 2009): Gomphus vulgatissimus (sites 2 and 3) and Ophiogomphus cecilia 

510 (site 3), which made up quite a large proportion of the material acquired from site 3. This may 

511 have been due to the removal during dredging of the muddy sediments, unsuitable for these 

512 species, which prefer a mineral bottom with a species-dependent grain size and a much smaller 

513 proportion of organic matter than on a muddy bottom (Müller, 1995). A similar effect of 

514 dredging just a short time after impact was reported by BuczyEski et al. (2016).

515 A typical effect of dredging is the replacement of some species with others (Zawal et al., 

516 2016; BuczyEski et al., 2016): in the canal system studied here, there was a particularly 

517 conspicuous species shift of dragonflies in the cooling waters. After impact, Ischnura elegans 

518 appeared in large numbers on the outlet canals, accompanied by smaller numbers of Erythromma 

519 najas, E. viridulum and Orthetrum albistylum. O. albistylum prefers vegetation-poor waters, with 

520 exposed banks and a high temperature (Bernard et al., 2009), so the removal of vegetation from 

521 the outlet canals during dredging clearly created optimal conditions for this species. In 2013, 

522 aquatic and shore vegetation were reestablished, which in turn was favourable to phytophilic 

523 Zygoptera: Ischnura elegans and Erythromma spp. These species are widespread in the river 

524 valleys of eastern Poland, especially in oxbow lakes, a great many of which lie close to the study 

525 area (e.g. BuczyEski, 2006; BuczyEska et al., 2007). Thus, their colonization of the dredged canal 

526 once plant-life had started to return was expected. Ischnura elegans, dominant after dredging, is 

527 capable of dynamic and long-distance dispersal (Parr, 1973). But dispersal abilities, especially 

528 given the small distances separating the canals from natural waters, do not explain the observed 

529 differences. Among the Erythromma species, recorded in small numbers, E. viridulum is also 

530 expansive, but E. najas is not regarded as such (Hassal et al., 2009; Watts et al., 2010). The 

531 colonization success of Ischnura elegans should be seen in the light of its less restrictive habitat 

532 requirements, which is why it is generally a more common species and may thus arrive from a 

533 larger number of potential donor habitats, and consequently it lacks a microhabitat specialization. 

534 Ischnura elegans can develop in vegetation of a very varied structure, whereas Erythromma spp. 

535 are associated with nympheids or submerged vegetation, periodically appearing on the surface 

536 (e.g. Myriophyllum spp., Ceratophyllum spp.) (Bernard et al., 2009), but of which there is little 

537 in the early stages of succession. 

538
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539 The tolerance patterns of Odonata, Coleoptera and Trichoptera in an industrial water 

540 system

541  The three orders reacted to particular parameters differently: trichopterans were the most 

542 sensitive in this particular ecosystem, with high temperatures likely inhibiting recolonization or 

543 causing high mortality. High ECs could have also been harmful to some species, although many 

544 species are known to tolerate values far greater than 700 µS/cm (Basaguren & Orive, 1990; 

545 Gerecke, 1991; Gallardo-Mayenco, 1994), which was the upper limit in the canals studied here. 

546 Dragonflies were present in the broadest ranges of physical and chemical factors. Beetles, a 

547 group situated between dragonflies and caddisflies, demonstrated responses resembling those of 

548 dragonflies (to EC, TDS),  others were closer to caddisflies (temperature, pH). Beetles are 

549 exceptionally resistant to high values of salinity and EC, as a study of highly saline periodic 

550 waters in Sicily demonstrated (Gerecke, 1991). This resistance applies primarily to imagines, 

551 which, should conditions become intolerable, can migrate to other habitats. According to Chang 

552 et al. (2014), Trichoptera had significantly lower pollution tolerance values than Odonata which, 

553 in turn, were the less tolerant group than Coleoptera. Our findings confirm that caddisflies are 

554 the most sensitive, however, dragonflies had broader tolerance ranges of temperature, EC and 

555 TDS than beetles. Still, mean tolerance values of EC and TDS as well as their upper and lower 

556 limits were identical for Odonata and Coleoptera.

557 The results of this study give interesting insight into how one analyses complex 

558 hydrological systems in which various stressors act and overlap. In such conditions, each order 

559 of organisms contributes significantly to the general response. These results have demonstrated 

560 that caddisflies are unsuitable for detecting changes in constant temperatures above 20°C, which 

561 corresponds to the discovery of Stewart et al. (2013), that the thermal tolerance of the fauna 

562 suggests 21°C as the UTT for a range of sensitive freshwater insect taxa. On the other hand, they 

563 were found to be the best order for differentiating natural and artificial habitats (here 3 the 

564 control site vs. inlet canals). Dragonflies, by contrast, are best suited for tracking faunal changes 

565 in the canals themselves, being sensitive to both water parameters and the structural aspects of 

566 habitats; in addition, they are thermally the most resistant, which paradoxically might favor 

567 certain species in the cooling waters. According to Hassall & Thompson (2008) odonate 

568 assemblages exhibit high rates of species turnover in response to increasing temperatures, 

569 moreover, they are good indicators of certain water pollutants whose concentrations increase in 
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570 higher temperatures. Thus, the monitoring of dragonfly populations in industrially heated waters 

571 would bring important information about the ecological status of such ecosystems and individual 

572 species could be considered good thermoindicators. The tolerance ranges of beetles are narrower 

573 than those of dragonflies, and some parameters may well be limiting in their case. With respect 

574 to general indices (species richness or abundance), beetles do not show differences between 

575 natural and artificial waters, however, they were the most numerous organisms recolonizing the 

576 inlet canals after they had been dredged. 

577

578 Investigating and monitoring of industrial waters using entomofauna 3 practical issues 

579 This study has shown that artificial, industrial watercourses are interesting research 

580 objects, the fauna of which is shaped not only by the physical and chemical parameters of the 

581 water, but also by structural factors in the watercourses themselves. The OTC assemblages of the 

582 canals are linked with the fauna of the river hydrologically feeding the whole industrial system, 

583 however these linkages did not influence all species occupations. In our case, human-impacted 

584 alteration were beneficial for some species, especially dragonflies. In general, the potential 

585 bioindication value of the studied insect groups is varied. Basing on our study, it appears that 

586 managers may face counter-intuitive or diametrically opposed actions based on the species of 

587 interest. The selection of the appropriate taxonomic group preceded by the recognition of habitat 

588 conditions (water analysis, hydromorphological factors) is crucial for the biological monitoring 

589 of specific sites or habitats. For example, dragonflies are the best option for canals carrying 

590 heated water. In waters with an EC higher than 720 ¿S/cm, dragonflies and beetles can be used. 

591 The assessment of the ecological status of the ecosystem after dredging can be tracked using all 

592 insect groups. Even in habitats so heavily impacted by intentional modifying of structural 

593 elements (e.g. aquatic vegetation) one can contribute to increasing the heterogeneity of 

594 watercourses and the number of niches available for species with different requirements. In this 

595 way, we contribute to the protection of the local biodiversity, and canals 3 despite their original 

596 industrial purpose 3 can be an important element of the habitat network for hydrobionts 

597 (BuczyEski, 2015).

598 The dredging process itself affected all three orders. The reaction of dragonflies and 

599 beetles was similar, resembling that observed in a small river (BuczyEski et al., 2016; D�bkowski 

600 et al., 2016). Interestingly, caddisflies reacted in the opposite manner, likely due to their reduced 
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601 dispersal potential, the destruction of significant aspects of their habitat, or simply the longer 

602 period of time they require to rebuild their assemblage. If any one of these insect orders were to 

603 be excluded from the analysis, we would miss important data. Likewise, relying solely on 

604 faunistic metrics does not yield the full impacts of dredging either: for instance, the diversity or 

605 dominance index may be misleading, as it does not take into consideration the crucial aspect of 

606 species shift after impact (here, dredging), which the SIMPER analysis revealed. That is why, 

607 when investigating the dependences in complex systems like the present one, utilizing the 

608 species level is a must. It is extremely important in hydrobiology that a set of metrics be 

609 developed that takes functional traits relating to a more refined taxonomic level into account 

610 (Suriano et al., 2011). 

611 When studying habitats subject to very high levels of industrial anthropic pressure, it is 

612 well to bear in mind possible limitations inherent in the type of impact or disturbance. 

613  

614 CONCLUSIONS

615 Our research highlighted that running waters of anthropogenic origin used in industry, influenced 

616 by strong and regular transformations (heated waters, dredging) make up an interesting model 

617 study system. Such systems may be important components in the hydrological network at local 

618 and regional scales, as they themselves are subject to local and regional processes of species 

619 occupation and assembly. Indeed, our study has shown that these locations have specific 

620 assemblages of aquatic entomofauna, dependent not only on physical and chemical properties of 

621 water (EC, salinity, dissolved oxygen, current) but also on the structural factors of the canals (the 

622 coverage of aquatic vegetation).

623 Total species richness of OTC increased after dredging in the canals and statistically 

624 significant species shift was observed. In turn, changes in time and space reflected in faunistic 

625 metrics (BACI interactions) were significant only in the case of mean species richness and the 

626 dominance index between inlet and outlet canals. 

627 Tolerance ranges of particular insect orders differed on five key physical and chemical 

628 water parameters differed: caddisflies were the most sensitive, then beetles and dragonflies. 

629 These suggest that the comprehensive response of entomofauna to environmental 

630 transformations and/or gradients should not be limited to a single taxonomic group or a level of 

631 insect organization because such results can be inaccurate. In this light our studies are not only 
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632 fundamental but also applicable, which is particularly important in aquatic man-made habitats 

633 that are often neglected by researchers. 

634 Even in habitats as heavily impacted as industrial canals, environmental disturbances do 

635 not have to be negative only. For example: dredging increased the total species richness of 

636 insects and heated waters were favourable for some thermophilous dragonflies. It is worth 

637 emphasizing that in this type of habitat the effects of negative factors affecting the entomofauna 

638 may overlap, therefore each case should be analyzed with caution. Consequences of these 

639 changes on the ecosystem should be addressed by further research, involving other taxonomic 

640 groups and stressors. 

641

642 ACKNOWLEDGEMENTS

643 We are grateful to dr. Robert Stryjecki for field assistance and three Reviewers for improving the 

644 merit and English language of the manuscript.

645

646 REFERENCES

647 Abdul NH, Rawi CSM, Ahmad AH, Al-Shami SA. 2017. Effect of Environmental 

648 Disturbances on Odonata Assemblages along a Tropical Polluted River. Ekológia 36: 

649 3883402. DOI https://doi.org/10.1515/eko-2017-0030.

650 Aldridge DC. 2000. The impacts of dredging and weed cutting on a population of freshwater 

651 mussels (Bivalvia: Unionidae). Biological Conservation 95: 2473257. DOI 

652 https://doi.org/10.1016/S0006-3207(00)00045-8.

653 Álvarez-Troncoso R, Benetti CJ, Sarr AB, Pérez-Bilbao A, Garrido J. 2015. Impacts of 

654 hydroelectric power stations on Trichoptera assemblages in four rivers in NW Spain. 

655 Limnologica 53: 35341. DOI https://doi.org/10.1016/j.limno.2015.05.001.

656 Balian EV, Segers H, Lévêque C, Martens K. 2008. The freshwater animal diversity 

657 assessment: an overview of the results. Hydrobiologia 595: 6273637. DOI 

658 https://doi.org/10.1007/978-1-4020-8259-7_61.

659 Basaguren A, Orive E. 1990. The relationship between water quality and caddisfly assemblage 

660 structure in fast-running rivers. The river Cadagua Basin. Environmental Monitoring and 

661 Assessment 15:35348. DOI https://doi.org/10.1007/BF00454747.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



662 Bernard R, BuczyEski P, ToEczyk G. 2002. Present state, threats and conservation of 

663 dragonflies (Odonata) in Poland. Nature Conservation 59: 53371.

664 Bernard R, BuczyEski P, ToEczyk G, Wendzonka J. 2009. A distribution atlas of dragonflies 

665 (Odonata) in Poland. PoznaE: Bogucki Wydawnictwo Naukowe, 256 p.

666 Biesiadka E. 1980. Water mites (Hydracarina) of the eutrophic Lake Zb�chy (Leszno voiv.). 

667 Polish Ecological Studies 6: 2473262.

668 Bonada N, Zamora-Munoz C, Rieradevall M, Prat N. 2004. Ecological profiles of caddisfly 

669 larvae in Mediterranean streams: implications for bioassessment methods. Environmental 

670 Pollution 132: 5093521. DOI https://doi.org/10.1016/j.envpol.2004.05.006

671 BuczyEska E, BuczyEski P, Lechowski L. 2007. Niektóre owady wodne (Odonata, 

672 Heteroptera, Coleoptera, Trichoptera) NarwiaEskiego Parku Narodowego 3 wyniki 

673 wst�pnych badaE. Parki Narodowe i Rezerwaty Przyrody, 26: 25340.

674 BuczyEski P. 2006. General notes about the dragonfly (Odonata) fauna of the River Bug valley 

675 in the Lublin Region (SE Poland). In: Buchwald R, ed. Habitat selection, reproductive 

676 behaviour and conservation of central European dragonflies (Odonata). Oldenburg: 

677 Aschenbeck & Isensee Universitätsverlag, p. 73380.

678 BuczyEski P. 2015. Dragonflies (Odonata) of anthropogenic waters in middle-eastern Poland. 

679 Olsztyn: Mantis, 272 p. 

680 BuczyEski P, Przewo{ny M. 2010. Aquatic beetles (Coleoptera) of carbonate habitats in the 

681 vicinities of CheCm (eastern Poland). Annales Universitatis Mariae Curie-SkCodowska 

682 Sectio C 55: 773105. DOI https://doi.org/10.2478/v10067-011-0007-3.

683 BuczyEski P, Zawal A, BuczyEska E, St�pieE E, D�bkowski P, MichoEski G, Szlauer-

684 Aukaszewska A, Stryjecki R, Czachorowski S. 2016. Early recolonization of a dredged 

685 lowland river by dragonflies (Insecta: Odonata). Knowledge and Management of Aquatic 

686 Ecosystems 417: 43. DOI https://doi.org/10.1051/kmae/2016030.

687 Cairns J, Heath AG, Parker BC. 1975. The effects of temperature upon the toxicity of 

688 chemicals to aquatic organisms. Hydrobiologia 47: 1353171. DOI 

689 https://doi.org/10.1007/BF00036747.

690 Carlisle DM, Meador MR, Moulton II SR, Ruhl PM. 2007. Estimation and application of 

691 indicator values for common macroinvertebrate genera and families of the United States. 

692 Ecological Indicators 7: 22333. DOI .https://doi.org/10.1016/j.ecolind.2005.09.005.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



693 Carver S, Storey A, Spafford H, Lynas J, Chandler L,Weinstein P. 2009. Salinity as a driver 

694 of aquatic invertebrate colonisation behaviour and distribution in the wheatbelt of 

695 Western Australia. Hydrobiologia, 617: 75-90. DOI 10.1007/s10750-008-9527-5.

696 Chang FH, Lawrence JE, Rios-Touma B, Resh VH. 2014. Tolerance values of benthic 

697 macroinvertebrates for stream biomonitoring: assessment of assumptions underlying 

698 scoring systems worldwide. Environmental Monitoring and Assessment 186: 213532149. 

699 DOI https://doi.org/10.1007/s10661-013-3523-6.

700 Chovanec A, Waringer J. 2001. Ecological integrity of river-floodplain systems 3 assessment 

701 by dragonfly surveys (Insecta: Odonata). Regulated Rivers: Research & Management 17: 

702 493-507. DOI 10.1002/rrr.664.

703 Corbet PS. 1999. Dragonflies. Biology of Odonata. Colchester: Harley, 829 p.

704 Curry CJ, Baird DJ. 2015. Habitat type and dispersal ability influence spatial structuring of 

705 larval Odonata and Trichoptera assemblages. Freshwater Biology 60: 214232155. DOI 

706 10.1111/fwb.12640.

707 D�bkowski P, BuczyEski P, Zawal A, St�pieE E, BuczyEska E, Stryjecki R, Czachorowski 

708 S, [mietana P, Szenejko M. 2016. The impact of dredging of a small lowland river on 

709 water beetle fauna (Coleoptera). Journal of Limnology 75: 4723487. DOI 

710 https://doi.org/10.4081/jlimnol.2016.1270.

711 Dallas HF, Ross-Gillespie V. 2015. Sublethal effects of temperature on freshwater organisms, 

712 with special reference to aquatic insects. Water SA 41: 7123726. DOI 

713 http://dx.doi.org/10.4314/WSA.V41I5.15.

714 Fernández-Aláez C, de Soto J, Fernández-Aláez M, García-Criado F. 2002. Spatial structure 

715 of the caddisfly (Insecta, Trichoptera) communities in a river basin in NW Spain affected 

716 by coal mining. Hydrobiologia 487: 1933205. DOI https://doi.org/10.1023/A:102293251.

717 Gallardo-Mayenco A. 1994. Freshwater macroinvertebrate distribution in two basins with 

718 different salinity gradients (Guadalete and Guadaira river basins, south-western Spain). 

719 International Journal of Salt Lake Research 3: 75391. DOI https://doi.org/10.1007/ 

720 BF01990644.

721 Gerecke R. 1991. Taxonomische, faunistische und ökologische Untersuchungen an 

722 Wassermilben (Acari, Actinedida) aus Sizilien unter Berücksichtigung anderer 

723 aquatischer Invertebraten. Lauterbornia 7: 13303.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



724 Graf W, Murphy J, Dahl J, Zamora-Muñoz C, López-Rodríguez MJ. 2008. Distribution and 

725 ecological preferences of European freshwater organisms. Volume 1, Trichoptera. Sofia 3 

726 Moscow: Pensoft, 388 p.

727 Haidekker A, Hering D. 2008. Relationship between benthic insects (Ephemeroptera, 

728 Plecoptera, Coleoptera, Trichoptera) and temperature in small and medium-sized streams 

729 in Germany: a multivariate study. Aquatic Ecology 42: 4633481. DOI 

730 https://doi.org/10.1007/s10452-007-9097-z.

731 Hassall C, Thompson DJ. 2008. The effects of environmental warming on Odonata: a review. 

732 International Journal of Odonatology 11: 131-153. DOI 

733 https://doi.org/10.1080/13887890.2008.9748319.

734 Hammer Y, Harper DAT, Ryan PD. 2001. PAST: Paleontological statistics software package 

735 for education and data analysis. Palaeontologia Electronica 4: 139.

736 Hassall C, Thompson DJ, Harvey IF. 2009. Variation in morphology between core and 

737 marginal populations of three British damselflies. Aquatic Insects 31: 1873197. DOI 

738 https://doi.org/10.1080/01650420902776708.

739 Houghtona DC. 2004. Utility of caddisflies (Insecta: Trichoptera) as indicators of habitat 

740 disturbance in Minnesota. Journal of Freshwater Ecology 19: 973108. DOI 

741 https://doi.org/10.1080/02705060.2004.9664517.

742 Jongman RHG, ter Braak CFJ., van Tongren OFR. 1995. Data Analysis in Community and 

743 Landscape Ecology. Cambridge: Cambridge University Press, 299 p.

744 Kalaninová D, Bulánková E, aporka F. 2014. Caddisflies (Trichoptera) as good indicators of 

745 environmental stress in mountain lotic ecosystems. Biologia 69: 103031045. DOI 

746 https://doi.org/10.2478/s11756-014-0405-5.

747 Kefford BJ. 1998. The relationship between electrical conductivity and selected 

748 macroinvertebrate communities in four river systems of south-west Victoria, Australia. 

749 International Journal of Salt Lake Research 7: 1533170. DOI 

750 https://doi.org/10.1007/BF02441884.

751 Klausnitzer B. 1996. Käfer im und am Wasser. Magdeburg 3 Heidelberg 3 Berlin 3 Oxford: 

752 Westarp Wissenschaften, Spektrum Akademische Verlag, 200 p.

753 Kondracki J. 2000. Geografia regionalna Polski. Warszawa: Wydawnictwo Naukowe PWN, 

754 441 p.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



755 Landeiro VL, Bini L, Melo AS, Pes A, Oliveira M, Magnusson WE. 2012. The roles of 

756 dispersal limitation and environmental conditions in controlling caddisfly (Trichoptera) 

757 assemblages. Freshwater Biology 57: 155431564. DOI: 10.1111/j.1365-

758 2427.2012.02816.x.

759 Lepa J, amilauer P. 2003. Multivariate analysis of ecological data using CANOCO. Cambridge: 

760 Cambridge University Press, 269 p.

761 Luek A, Rasmussen JB. 2017. Chemical, Physical, and Biological Factors Shape Littoral 

762 Invertebrate Community Structure in Coal-Mining End-Pit Lakes. Environmental 

763 Management 59: 6523664. DOI 10.1007/s00267-017-0819-2.

764 Mandaville SM. 2002. Benthic Macroinvertebrates in Freshwaters 3 Taxa Tolerance Values, 

765 Metrics, and Protocols. Dartmouth: Soil & Water Conservation Society of Metro Halifax, 

766 128 p.

767 McCabe Jr GT, Emmett RL, Sandford BP, Hinton SA. 1998. Benthic invertebrates and 

768 sediment characteristics in main channel habitats in the lower Columbia River. Northwest 

769 Science 72: 1163126. DOI 10.1007/s00267-017-0819-2.

770 Müller O. 1995. Ökologische Untersuchungen an Gomphiden (Odonata: Gomphidae) unter 

771 besonderer Berücksichtigung ihrer Larvenstadien. Göttingen: Cuvillier, 234 p.

772 Parr MJ. 1973. Ecological studies of Ischnura elegans (Vander Linden) (Zygoptera: 

773 Coenagrionidae). II. Survivorship, local movements and dispersal. Odonatologica 3: 

774 1593174.

775 Pollard AI, Yuan LL. 2010. Assessing the consistency of response metrics of the invertebrate 

776 benthos: a comparison of trait0and identity0based measures. Freshwater Biology 55: 

777 1420-1429. DOI https://doi.org/10.1111/j.1365-2427.2009.02235.x.

778 Rosenberg DM, Resh VH., eds. 1993. Freshwater biomonitoring and benthic 

779 macroinvertebrates. New York: Chapman and Hall, 488 p.

780 Sahlén G, Ekestubbe K. 2001. Identification of dragonflies (Odonata) as indicators of general 

781 species richness in boreal forest lakes. Biodiversity and Conservation 10: 6733690. DOI 

782 https://doi.org/10.1023/A:1016681524097.

783 Sala M, Faria M, Sarasúa I, Barata C, Bonada N, Brucet S, Llenas L, Ponsá S, Prat N, 

784 Soaers AMVM, Cañedo-Arguelles M. 2016. Chloride and sulphate toxicity to 

785 Hydropsyche exocellata (Trichoptera, Hydropsychidae): Exploring intraspecific variation 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



786 and sub-lethal endpoints. Science of the Total Environment 566-567: 103231041. DOI 

787 https://doi.org/10.1016/j.scitotenv.2016.05.121.

788 Samways M J. Steytler NS. 1996. Dragonfly (Odonata) distribution patterns in urban and forest 

789 landscapes, and recommendations for riparian management. Biological Conservation 78: 

790 279-288. DOI https://doi.org/10.1016/S0006-3207(96)00032-8.

791 amilauer P, Lepa J. 2014. Multivariate analysis of ecological data using CANOCO 5. 

792 Cambridge: Cambridge University Press, 376 p.

793 Stewart BA, Close PG, Cook PA, Davies PM. 2013. Upper thermal tolerances of key 

794 taxonomic groups of stream invertebrates. Hydrobiologia 718: 1313140. DOI 

795 https://doi.org/10.1007/s10750-013-1611-9.

796 Suriano MT, Fonseca-Gessner AA, Roque FO, Froehlich CG. 2011. Choice of 

797 macroinvertebrate metrics to evaluate stream conditions in Atlantic Forest, Brazil. 

798 Environmental Monitoring and Assessment 175: 873101. DOI 10.1007/s10661-010-1495-

799 3.

800 ter Braak CJF, amilauer P. 2002. CANOCO reference manual and CanoDraw for Windows 

801 user9s guide: software for canonical community ordination (version 4.5). Ithaca: 

802 Microcomputer Power, 500 p.

803 Underwood AJ. 1991. Beyond BACI: Experimental designs for detecting human environmental 

804 impacts on temporal variations in natural populations. Australian Journal of Marine and 

805 Freshwater Research 42: 5693587. DOI 10.1071/MF9910569.

806 Wallace JB. 1990. Recovery of lotic macroinvertebrate communities from disturbance. 

807 Environmental Management 14: 6053620. DOI https://doi.org/10.1007/BF02394712.

808 Watts PC, Keat S, Thompson DJ. 2010. Patterns of spatial genetic structure and diversity at the 

809 onset of a rapid range expansion: colonisation of the UK by the small red-eyed damselfly 

810 Erythromma viridulum. Biological Invasions 12: 388733903. DOI 

811 https://doi.org/10.1007/s10530-010-9779-7.

812 Yount JD, Niemi GJ. 1990. Recovery of lotic communities and ecosystems from disturbance. A 

813 narrative review of case studies. Environmental Management 14: 5473569. DOI 

814 https://doi.org/10.1007/BF02394709.

815 Zawal A, Czachorowski S, St�pieE E, BuczyEska E, Szlauer-Aukaszewska A, BuczyEski P, 

816 Stryjecki R, D�bkowski P. 2016. Early post-dredging recolonization of caddisflies 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



817 (Insecta: Trichoptera) in a small lowland river (NW Poland). Limnology 17: 71385. DOI 

818 https://doi.org/10.1007/s10201-015-0466-3.

819 {elazny J., ed. 2014. Raport o stanie [rodowiska województwa lubelskiego w 2013 roku. 

820 Lublin: Wojewódzki Inspektorat [rodowiska w Lublinie, 112 p.

821

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27404v1 | CC BY 4.0 Open Access | rec: 4 Dec 2018, publ: 4 Dec 2018



822 FIGURE CAPTIONS

823

824 Figure 1 Study area and indicative sites. (A) General view: (a) Surface waters. (b) Premises of 

825 the ZakCady Azotowe SA chemical plant. (c) Main road. (d) Main railway line. (e) Sites. (B)  

826 River 3 control site. (C) Inlet canal 3 site 2 3 before and (D) after dredging. (E) Outlet canal 3 

827 site 4 3 before and (F) after dredging. (Photographs: PaweC BuczyEski). 

828

829 Figure 2 Percentage contribution of eudominant insect species at particular sites before 

830 and after dredging. (A) Site 1. (B). Site 2. (C) Site 3. (D) Site 4. (E) Site 5. Taxon codes are 

831 given in Table 2.

832

833 Figure 3 Changes in total abundance (N) and species richness (S) of aquatic insects at the 

834 five sites before (2011) and after (2013) dredging.

835

836 Figure 4 NMDS plot showing the faunistic similarities between the fauna of the control site 

837 (river), inlet and outlet canals before (2011) and after (2013) dredging. Stress value: 0.156. 

838 Calculations based on pooled data for the sampling periods (Jaccard9s index). Below: cladogram 

839 showing general faunistic similarities between all sites (pooled data from two years).

840

841 Figure 5 CCA ordination biplot showing the distribution of Odonata, Coleoptera and 

842 Trichoptera taxa of the river (control site) vs. environmental (physical, chemical and 

843 structural) variables. Eigenvalues: axis 1 3 0.70, axis 2 3 0.61, the total inertia 3 5.19. The 

844 statistically significant parameter (EC »a=0.65, p=0.002, F=1.85) is underlined. The 

845 abbreviations for the variables and taxon codes are explained in Tables 1 and 2.

846

847 Figure 6 CCA ordination biplot showing the distribution of Odonata, Coleoptera and 

848 Trichoptera taxa of the inlet canals vs. environmental (physical, chemical and structural) 

849 variables. Eigenvalues: axis 1 3 0.73, axis 2 3 0.53, the total inertia 3 6.19. The statistically 

850 significant parameters (SALIN »a=0.56, p=0.010, F=1.88; EC »a =0.48, p=0.046, F=1.70) are 

851 underlined. The abbreviations for the variables and taxon codes are explained in Tables 1 and 2.

852
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853 Figure 7 CCA ordination biplot showing the distribution of Odonata, Coleoptera and 

854 Trichoptera taxa of the outlet canals vs. environmental (physical, chemical and structural) 

855 variables. Eigenvalues: axis 1 3 0.92, axis 2 3 0.74, the total inertia 3 2.62. Statistically 

856 significant parameters (A_PLANTS »a=0.61, p=0.006, F=5.37; O2 »a=0.68,p=0.014, F=3.18) 

857 are underlined. The abbreviations for the variables and taxon codes are explained in Tables 1 and 

858 2.

859

860 Figure 8 Changes of abundances of Trichoptera, Odonata and Coleoptera along five 

861 environmental gradients (with Kruskal-Wallis test). (A) Temperature (H=21, p=0.00001). (B) 

862 EC (H=8.3, p=0.01). (C) TDS (H=8.6, p=0.001). (D) pH (H=7, p=0.001) (E) Current (H=18, 

863 p=0.001).

864
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Figure 1

Study area and indicative sites.

(A) General view: (a) Surface waters. (b) Premises of the ZakCady Azotowe SA chemical plant.

(c) Main road. (d) Main railway line. (e) Sites. (B) River 3 control site. (C) Inlet canal 3 site 2 3

before and (D) after dredging. (E) Outlet canal 3 site 4 3 before and (F) after dredging.

(Photographs: PaweC BuczyEski).
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Figure 2

Percentage contribution of eudominant insect species at particular sites before and

after dredging.

(A) Site 1. (B). Site 2. (C) Site 3. (D) Site 4. (E) Site 5. Taxon codes are given in Table 2.
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Figure 3

Changes in total abundance (N) and species richness (S) of aquatic insects at the five

sites before (2011) and after (2013) dredging.
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Figure 4

NMDS plotshowing the faunistic similarities between the fauna of the control site (river),

inlet and outlet canals before (2011) and after (2013) dredging.

Stress value: 0.156. Calculations based on pooled data for the sampling periods (Jaccard9s

index). Below: cladogram showing general faunistic similarities between all sites (pooled data

from two years).
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Figure 5

CCA ordination biplot showing the distribution of Odonata, Coleoptera and Trichoptera

taxa of the river (control site) vs. environmental (physical, chemical and structural)

variables.

Eigenvalues: axis 1 3 0.70, axis 2 3 0.61, the total inertia 3 5.19. The statistically significant

parameter (EC »a=0.65, p=0.002, F=1.85) is underlined. The abbreviations for the variables

and taxon codes are explained in Tables 1 and 2
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Figure 6

CCA ordination biplot showing the distribution of Odonata, Coleoptera and Trichoptera

taxa of the inlet canals vs. environmental (physical, chemical and structural) variables.

Eigenvalues: axis 1 3 0.73, axis 2 3 0.53, the total inertia 3 6.19. The statistically significant

parameters (SALIN »a=0.56, p=0.010, F=1.88; EC »a =0.48, p=0.046, F=1.70) are

underlined. The abbreviations for the variables and taxon codes are explained in Tables 1

and 2.
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Figure 7

CCA ordination biplot showing the distribution of Odonata, Coleoptera and Trichoptera

taxa of the outlet canals vs. environmental (physical, chemical and structural) variables.

Eigenvalues: axis 1 3 0.92, axis 2 3 0.74, the total inertia 3 2.62. Statistically significant

parameters (A_PLANTS »a=0.61, p=0.006, F=5.37; O2 »a=0.68,p=0.014, F=3.18) are

underlined. The abbreviations for the variables and taxon codes are explained in Tables 1

and 2.
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Figure 8

Changes of abundances of Trichoptera, Odonata and Coleoptera along five

environmental gradients (with Kruskal-Wallis test).

(A) Temperature (H=21, p=0.00001). (B) EC (H=8.3, p=0.01). (C) TDS (H=8.6, p=0.001). (D)

pH (H=7, p=0.001) (E) Current (H=18, p=0.001).
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Table 1(on next page)

Environmental variables (mean with standard deviations and abbreviations used in

CCAs for each sampling site before (2011) and after (2013) dredging.

Significantly different variables among all sites are denoted by * (p < 0.02), ** (p < 0.002)

and *** (p < 0.0002)
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1 Table 1 Environmental variables (mean with standard deviations and abbreviations used in CCAs for each sampling site 

2 before (2011) and after (2013) dredging. Significantly different variables among all sites are denoted by * (p < 0.02), ** (p < 0.002) 

3 and *** (p < 0.0002).

4

Environmental variable Abbreviation Site and year (before/after dredging)

1. River (control) 2. Inlet canal 3. Inlet canal 4. Outlet canal 5. Outlet canal

2011 2013 2011 2013 2011 2013 2011 2013 2011 2013

temperature (°C) TEMP** 11.1 ±4.2 13.8 ±2.6 11.6 ±3.6 13.8 ±2.5 15.1 ±4.7 18.0 ±4.9 20.5 ±3.5 25.0 ±3.9 19.7 ±3.7 24.3 ±3.6

pH pH** 8.22±0.17 8.33 0.18 8.26±0.10 8.22±0.60 8.86±0.46 8.10±0.10 7.61±0.19 7.65±0.47 7.52±0.54 7.68±0.40

dissolved oxygen (ppm) O2 7.98±3.04 7.63±3.44 7.98±3.1 6.99±2.91 9.43±2.2 7.66±3.28 6.69±1.7 5.79±2.05 5.72±1.5 4.77±1.69

electrolytic conductivity 

(µS/cm)
EC* 482 ±18 565 ±73 514 ±34 579 ±71 651 ±64 658 ±308 769 ±67 707 ±279 852 ±64 769 ±257

total dissolved solids (ppm) TDS* 240 ±9 282 ±37 256 ±17 289 ±35 338 ±54 329 ±154 384 ±34 353 ±140 426 ±32 385 ±129

salinity (PSU) SAL 0.32±0.03 0.27±0.04 0.36±0.02 0.28±0.04 0.40±0.08 0.32±0.16 0.41±0.06 0.34±0.15 0.47±0.06 0.37±0.12

current (m/s) CURR*** 0.57±0.13 0.64±0.04 0.13±0.09 0.17±0.06 0.42±0.11 0.52±0.10 0.11±0.06 0.16±0.02 0.53±0.09 0.52±0.02

aquatic plants A_PLANTS 0.33±0.58 1.00±1.00 1.33±2.31 1.00±1.00 1.33±0.58 0.00±0.00 1.67±0.58 2.00±1.73 1.67±0.58 1.33±1.15

riparian plants R_PLANTS 0.00±0.00 0.00±0.00 0.33±0.58 0.00±0.00 0.00±0.00 0.00±0.00 0.33±0.58 1.00±1.00 0.00±0.00 0.67±0.58

5
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Table 2(on next page)

Trichoptera, Odonata and Coleoptera species collected at the five sites before (2011)

and after (2013) dredging.

Eudominant species are shown in the black boxes.
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1 Table 2 Trichoptera, Odonata and Coleoptera species collected at the five sites before 

2 (2011) and after (2013) dredging. Eudominant species are shown in the black boxes.

3

Taxon Code River Inlet canals Outlet canals

Site 1 Site 2 Site 3 Site 4 Site 5

2
0
1
1

2
0
1
3

2
0
1
1

2
0
1
3

2
0
1
1

2
0
1
3

2
0
1
1

2
0
1
3

2
0
1
1

2
0
1
3

Trichoptera

Anabolia furcata / A. laevis Ana_sp 2.3 26.9 3.30

Brachycentrus subnubilus Bra_sub 10.3

Glyphotaelius pellucidus Gly_pel 1.9

Halesus digitatus Hal_dig 3.6 12.6 1.9 1.10 6.4

H. tesselatus Hal_tes 12.7 5.3

Hydropsyche incognita Hyd_inc 1.8

H. pellucidula Hyd_pel 8.0 1.9

Lepidostoma basale Lep_bas 5.4 9.2 1.9 1.10

Limnephilus lunatus Lim_lun 21.1 7.4

Mystacides azurea Mys_azu 1.10

M. longicornis Mys_lon 1.8 10.3 1.10

Neureclipsis bimaculata Neu_bim 1.9 2.1

Oecetis furva Oec_fur 1.1

Polycentropus irroratus Pol_irr 12.7

Odonata

Calopteryx splendens Cal_spl 40.0 16.1 11.5 4.40 25.5 37.5

C. virgo Cal_vir 9.2

Erythromma najas Ery_naj 0.1

E. viridulum Ery_vir 1.5

Gomphus vulgatissimus Gom_vul 5.4 6.9 3.30 18.7

Ischnura elegans Isc_ele 3.4 1.10 10.6 80.0 96.6

Ophiogomphus cecilia Oph_cec 3.4 1.9 6.25

Orthetrum albistylum Ort_alb 15.0 0.3

O. cancellatum Ort_can 50.0

Platycnemis pennipes Pla_pen 5.4 2.20 35.1 50.0 0.6

Somatochlora metallica Som_met 6.2

Coleoptera

Agabus sp. (larva) Aga_sp 6.2

Aulonogyrus concinnus Aul_con 1.1

Brychius elevatus Bry_ele 1.1

Deronectes latus Der_lat 1.10

Elmis maugetii Elm_mau 1.8

Enochrus melanocephalus Eno_mel 5.0

Graptodytes granularis Gra_gra 1.9 1.1

Haliplus confinis Hal_con 1.1

H. flavicollis Hal_fla 1.9 7.7

H. fluviatilis Hal_flu 17.3 46.1 1.1

H. variegatus Hal_var 3.3

Haliplus sp. 2.2

Hydraena palustris Hyd_pal 1.1

Hydroporus glabriusculus Hyd_gla 1.1

H. incognitus Hyd_inc 2.2

Hygrotus impressopunctatus Hyg_imp 1.8

H. inaequalis Hyg_ina 1.9 1.1
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H. versicolor Hyg_ver 1.9 1.1

Hyphydrus ovatus Hyp_ova 1.8 6.6

Laccobius minutus Lac_min 1.1 1.1 0.3

Laccophilus hyalinus Lac_hya 5.75 2.2

L. poecilus Lac_poe 1.1

Limnebius parvulus Lim_par 1.1

Nebrioporus depressus Neb_dep 1.9

Noterus crassicornis Not_cra 1.9 1.1 1.1

Orectochilus villosus Ore_vil 1.8

Oulimnius tuberculatus Oul_tub 3.6

Platambus maculatus Plat_ma 25.0

Rhantus notaticollis Rha_not 1.1

4
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Table 3(on next page)

Results of a similarity percentage (SIMPER) analysis between the insect assemblages

from three habitat types before (2011) and after (2013) dredging as well as within

seasons.

Oad% 3 the average % of dissimilarity. The codes of species contributing the most to

dissimilarity are given in Table 2
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1 Table 3 Results of a similarity percentage (SIMPER) analysis between the insect 

2 assemblages from three habitat types before (2011) and after (2013) dredging as well as 

3 within seasons. Oad% 3 the average % of dissimilarity. The codes of species contributing the 

4 most to dissimilarity are given in Table 2.

5

Sites (habitat types) Oad % Species responsible the most for dissimilarity

Control x canals B/A

River x Inlet 94 Cal_sple, Hal_flu

River 2011 x Inlet_2011 91 Cal_spl, Lim_par, Pla_pen

River 2013 x Inlet_2013 96 Cal_sple, Hal_flu

River x Outlet 99 Cal_sple, Isc_ele, Lep_bas

River 2011 x Outlet_2011 99 Cal_spl, Lep_bas

River 2013 x Outlet_2013 98 Isc_ele, Cal_spl

Among canals (B/A)

Inlet x Outlet 80 Isc_ele, Hal_flu

Inlet 2011 x Outlet 2011 92 Lim_lun, Cal_spl 

Inlet 2013 x Outlet 2013 79 Isc_ele, Hal_flu

Within habitat type (seasons and B/A)

River 2011 x River 2013 87 Cal_spl

Inlet 2011 x Inlet 2013 91 Hal_flu, Cal_spl

Outlet 2011 x Outlet 2013 59 Isc_ele, Ort alb

6
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Table 4(on next page)

Results of two-way ANOVA tests on faunistic metrics and total abundances of OCT

(Odonata, Coleoptera, Trichoptera) assemblages before and after dredging.
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1 Table 4 Results of two-way ANOVA tests on faunistic metrics and total abundances of 

2 OCT (Odonata, Coleoptera, Trichoptera) assemblages before and after dredging.

3

 R vs canals Among canals

 R(C) x Inlet R(C) x Outlet Inlet x Outlet

Metric B/A CI Interaction 

(B/AxSite)

B/A CI Interaction 

(B/AxSite)

B/A Site Interaction 

(B/AxSite)

S ns ns ns 0.042 0.003 ns ns 0.0001 0.038

N ns ns ns ns ns ns ns ns ns

H ns ns ns ns 0.0157 ns ns 0.001 ns

D ns ns ns 0.003 0.001 ns ns 0.0001 0.006

E ns ns ns ns ns ns ns ns ns

4
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Table 5(on next page)

Environmental variables (EV) significantly influencing the particular orders of insects

(conditional effects) in the river, inlet and outlet canals, according to the CCA models.

TVE (%) 3 total variance explained, »a 3 increase in eigenvalue (additional fit), p 3

significance level of the effect tested by Monte Carlo permutation test, F 3 value of the F-ratio

statistic. Abbreviations of environmental variables (EV) are given in Table 1.
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1 Table 5 

2 Environmental variables (EV) significantly influencing the particular orders of insects 

3 (conditional effects) in the river, inlet and outlet canals, according to the CCA models. TVE 

4 (%) 3 total variance explained, »a 3 increase in eigenvalue (additional fit), p 3 significance level 

5 of the effect tested by Monte Carlo permutation test, F 3 value of the F-ratio statistic. 

6 Abbreviations of environmental variables (EV) are given in Table 1.

7

Insect order TVE (%) EV »a p F

 River (control site)

SAL 0.55 0.020 8.24Odonata 87%

EC 0.41 0.030 2.41

Coleoptera 78% EC 1 0.014 1.37

EC 0.74 0.002 2.95Trichoptera 76%

SAL 0.52 0.044 2.34

 Inlet canals (site 2 and 3)

Odonata 72% O2 0.21 0.048 2.44

Coleoptera 52%   ns  

Trichoptera 74% ns

 Outlet canals (site 4 and 5)

CURR 0.66 0.014 4.5Odonata 92%

O2 0.39 0.004 5.9

Coleoptera  - - - - -

Trichoptera  - - - - -

8
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