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Ecohydraulic experiments with cyprinid larvae in a nature-like outdoor facility – first insights from hydropeaking trials to quantify fish stranding at different gravel bar setups
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Experimental studies constitute a foundational building block of holistic ecohydraulic study designs encompassing different spatial scales. Channel experiments largely have the advantage over in-situ studies in that biological processes linked to river flows and morphology can be more precisely quantified. However, near-natural experimental situations may pose unforeseen difficulties, particularly with small study organisms. This study aimed to quantify the stranding of nase larvae (Chondrostoma nasus) due to rapid drawdown scenarios. Since fish larvae were less than 2.4 cm in length (mean=1.9 cm), difficulties in handling, quantifying, and retrieving stocked fish after trials were expected. Hence, we developed mesocosms (2.25×2 m), providing semi-natural conditions. Here, we describe the feasibility of using such outdoor mesocosms to quantify the stranding of cyprinid larvae during the day- and nighttime by calculating post-trial retrieval rates and by comparing observed with calculated stranding rates, both for a homogeneous gravel bar and a structured riverbed setup (i.e., an island with a longitudinal depression ditch). Our results show that post-trial retrieval rates were on average 99.5%, with 100% being reached in around two-thirds of all cases; the lowest clearing rate was 96.0%. Calculated and observed stranding rates did not differ, the latter being only slightly lower than the first, and both can be considered to yield the same results. The setup of the gravel bar and time of day did, however, affect stranding: the highest stranding rate was found at the structured riverbed setup during the night (mean=24%), followed by daytime trials (mean=5%). The fewest fish stranded at the flat gravel bar during the day (mean=1%), and only slightly more during the night (mean=3%). Overall, our results underline the feasibility of using such outdoor mesocosm structures to quantify hydropeaking-induced stranding of small cyprinid larvae.

1 Introduction

Turbine shutdowns due to hydropeaking entail water level drops that cause previously wetted areas to rapidly fall dry, causing fish stranding or trapping [1,2]. To avoid such adverse ecological processes, implementing mitigation measures is key. In this regard, ecohydraulic studies in experimental facilities constitute a foundational building block for developing ecological mitigation criteria [3]. Flume experiments, in particular, allow detailed examination of the behavior of individual fish to changes in hydraulics—behavior that is difficult to observe and measure in the field [4], such as a detailed quantification of stranded or trapped specimens after riverbank dewatering [1].
So far, ecohydraulic assessments of hydropeaked rivers have focused on the salmonid fish family [5]. Little is known about cyprinids [6], such as the nase (Chondrostoma nasus), a rheophilic species of high conservational value. The few studies on cyprinids and hydropeaking predominantly use sub-adult and adult stages as their target organisms (but see Führer et al. [7]). Hence, even less is known about the sensitivity of the earliest cyprinid life cycle stages to artificial flow fluctuations, especially at different daytimes and under different morphological setups [1]. This knowledge gap might be because flume experiments with the earliest fish life cycle stages may pose difficulties in handling, quantifying, and retrieving stocked fish after trials.

This study, therefore, explores the usability of newly-developed semi-natural outdoor mesocosm structures to quantify the stranding of nase larvae during the day and night, both for a homogeneous gravel bar and a structured riverbed setup, by calculating post-trial retrieval rates and by comparing observed with calculated stranding rates.
2 Methods
We developed two semi-natural mesocosm structures of 2.25×2 m, each situated in a separate channel of the HyTEC facility (Hydromorphology and Temperature Experimental Channel; https://hydropeaking.boku.ac.at; lateral slope: 5%) in Lunz/See, Austria. The aim of constructing these novel mesocosms was to prevent difficulties in handling, quantifying, and retrieving cyprinid larvae (mean TL=18.7 mm ±1.4 SD) while allowing quantification of fish stranding at a nature-like outdoor setup. The mesocosms were framed with fine-meshed nets (0.75 mm), and the wooden formwork panel constituting the riverbank was filled with fine sediments (d50 = 2.2 mm). The mesocosm’s deep end consisted of a small stainless-steel channel (width×depth: 25×7 cm). This channel guaranteed easy clearing of fish after down-ramping trials.
This study focused on two morphological setups: (i) a homogeneous gravel bar and (ii) a structured riverbed setup consisting of a sill (a sediment mound; base length×width: 160×50 cm) with a longitudinal depression ditch (width×depth (max): 16×1 cm) at its shoreline side. During high flows, fish could move freely over the sediment mount; during flow decreases, fish could only navigate past the sediment structure at either the up- or downstream end. During low flows, the sediment mound and the depression ditch completely dewatered. We conducted experiments with both morphological setups during daylight and in complete darkness.

Each experiment consisted of three phases: (i) a high flow event [80 L s-1; stage height: 23 cm], (ii) a rapid flow reduction [vertical down-ramping rate: 3 cm min-1], and (iii) low flow [10 L s-1]. The experiment started by releasing 100 fish at the upstream shoreline. After 15 minutes of high flow, the second phase was initiated and lasted for 5 minutes until the gravel bar was completely dewatered at low flow conditions. By phase three, only the low flow channel remained inundated. Water temperatures were recorded in the fish holding tanks and experimental channels at the beginning of each experiment (range: 11.0–15.7°C) and kept constant between both to avoid thermal stress when stocking.

Nase larvae found stranded or trapped on the sediment bar were recorded as observed stranding. The calculated stranding frequency was based upon subtracting the count of all fish in the experiment (i.e., the total count of stocked fish subtracted by those retrieved from the nets) by the sum of stranded and missing fish [7].
We used odds ratios (OR, see Morris and Gardner [8]) to assess differences between calculated and observed stranding as well as how treatment affects nase stranding. We calculated the OR’s 95% confidence interval (CI) using the logit method to provide a proxy for statistical significance [8]. The range of 0.85–1.15 was regarded as an equivalence between the compared scenarios. If the CI of a scenario comparison does not overlap this equivalence assumption, the pairs can be regarded as different. Also, we calculated p-values with the Cochran–Mantel–Haenszel (CMH) test.
3 Results
3.1 Post-trial retrieval rates
The mean post-trial retrieval rate of all 54 replicates was 99.5%. The lowest clearing rate was 96.0%. A complete clearing rate of 100% could be reached in 63% of all cases (n=34). The mean retrieval rate was slightly higher during the day than at night and almost identical between the two structural setups during the daytime. The structured riverbed at night featured the lowest mean retrieval rate (Table 1).
Table 1. Overview of the four experimental setups related to riverbank structure and time of day, including post-trial retrieval and nase larvae stranding rates (observed/calculated) per treatment.
	Treatment
	 Structure
	Time of day
	n
	Mean post-trial retrieval rate [%]
	Mean stranding rate [%]

	
	
	
	
	
	Observed
	Calculated

	1
	Homogeneous gravel bar
	day
	15
	99.7
	0.6
	0.8

	2
	Homogeneous gravel bar
	night
	10
	99.5
	2.3
	2.6

	3
	Structured riverbed
	day
	16
	99.6
	4.8
	5.3

	4
	Structured riverbed
	night
	13
	99.1
	23.3
	24.3


3.2 Observed versus calculated stranding rates
Overall, the calculated stranding rate was only slightly higher (mean=8.1%) than the observed stranding rate (mean=7.6%), which was confirmed to be non-significant (OR=0.93, 95% CI=0.81–1.08, p=0.337). Pairwise comparisons of the four setups exhibited the same pattern (Figure 1), with OR ranging from 0.67–0.96, the 95% confidence interval always overlapping the critical range (min.=0.27, max.=1.64), and p-values never smaller than 0.37. Hence, considering that observed and calculated stranding can be regarded as equal (Figure 1), only the details of calculated fish stranding are presented in the following subchapter.
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Figure 1. Calculated [white] and observed [grey] stranding rate in four different setups (see Table 1).
3.3 The effect of the experimental setup on nase stranding
At the homogeneous gravel bar, the calculated stranding rate did not exceed 3% during the day. This was lower than in nighttime trials (min–max: 0–8.5%), and there was evidence that these groups differ (OR=3.15, 95% CI=1.57–6.30, p<0.001). Daytime stranding rate at the structured riverbed setup was higher (min–max: 0–10.5%) than at the homogeneous gravel bar, both during the day (OR=6.72, 95% CI=3.65–12.37, p<0.001) and the night (OR=2.13, 95% CI=1.35–3.37, p<0.001). Nighttime down-ramping at the structured riverbed led to the highest stranding rates (min–max: 11.8–40.6%), and this was statistically distinct from daytime down-ramping in the presence of the structure (OR=5.78, 95% CI=4.46–7.50, p<0.001) and from the two homogeneous gravel bar setups (day: OR=38.84, 95% CI=21.67–69.61, p<0.001; night: OR=12.34, 95% CI=8.12–18.75, p<0.001) (Figure 1).
4 Discussion
The post-trial retrieval rate of nase larvae was high, reaching 100% in two-thirds of all cases. Unsurprisingly, the calculated and observed stranding rates did not differ, the latter being only slightly lower than the first. Hence, both can be considered to yield the same results. Therefore, our results underline the feasibility of using outdoor mesocosm structures to quantify hydropeaking-induced stranding events of cyprinid larvae such as nase.
Only a few fish larvae were stranded at the homogeneous gravel bar; in detail, the stranding rates never exceeded 3.0% during the day and 8.5% at night. These findings align with Führer et al. [7], who conducted comparable experiments with smaller nase larvae (mean TL: 14.1 mm ±1.0 SD) on 5%-sloped riverbanks. At the structured riverbed, however, mean stranding was more than six times and nine times higher during the day and night, respectively, compared to the homogeneous gravel bar. Moreover, Führer et al. [7] also tested a flatter riverbank slope of 2% and found that stranding increased significantly compared to the 5% riverbank during the day and night.
Experiments conducted with juvenile salmonids also underline the effect of photophase and riverbank structure on fish stranding [1]. Preventing nighttime down-ramping is, therefore, key when establishing hydropeaking mitigation frameworks—particularly during early fish developmental phases [1–2, 5, 7].
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