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Juveniles produced in hatcheries for stocking purposes can have compromised
behavior compared to wild conspecifics, especially concerning inappropriate
anti-predator responses. In this study, we focus on predation risk for Acipenser
sturio, the last native sturgeon species of Western Europe. We first carried out a
bibliographic study to identify potential predators along the migration journey
from freshwater to marine environments. Then, predation risk was assessed for 3-
month-old and 11-month-old juveniles, using two techniques: diet analysis of a
top predator and telemetry tools. After the stocking of 3-month-old A. sturio,
Silurus glanis diet was assessed using direct stomach content and molecular
analysis of their feces via digital PCR. Eleven-month-old juveniles raised in
captivity were equipped with acoustic predation tags and released in the wild to
assess their predation rate during their downstream migration. Both experiments
were conducted in two large rivers in the South West of France. Molecular analysis
of S. glanis feces indicated a moderate predation on sturgeon (30% of the fecal
samples), a level similar to that observed for Cyprinus carpio and Faxonius
limosus. Eriocheir sinensis was detected in more than half of the samples, while
Anguilla anguilla was consumed in 82% of the fecal samples. Alosa spp. were not
detected in the feces analysis. No diadromous fish were detected in the direct
stomach examination, which highlighted the usefulness of the molecular
approach. Telemetry survey of older juveniles revealed a high predation rate in
the Dordogne River, with more than 80% of the individuals released predated. In
contrast, a moderate predation rate was observed in the Garonne River (14%), but
58% of the individuals considered non-predated reached the saline estuary in less
than 3 days due to a peak of water flow the day following the release. In both
rivers, predation occurred mainly within the 2 days of release, 86% and 75% of the
predation events for Dordogne and Garonne Rivers, respectively. Our study
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demonstrates that predation poses a significant risk to juvenile A. sturio,
particularly immediately after release. We further propose differential strategies
to enhance early survival in stocking conservation programs.

KEYWORDS

acoustic telemetry, diadromous fishes, downstream migration, fecal molecular
analysis, juvenile, Silurus glanis, sturgeon

1 Introduction

Restoring threatened species is a key challenge of the 21* century,
given the high anthropogenic pressures encountered over the past
two centuries (e.g., Arthington et al., 2016; Hall et al., 2012;
Hasselman and Limburg, 2012; Simkins et al., 2025). In addition to
habitat protection, restoration, and direct protection measures that
prohibit species exploitation, species translocations constitute a last-
resort conservation action (Berger-Tal et al, 2019; Seddon et al.,
2014). Within the frame of conservation translocation, re-stocking
and re-introduction practices consist respectively of either releasing
individuals in an existing population in poor condition to enhance its
recovery or releasing them in their historical distribution range,
where the species has disappeared, to re-establish a viable
population (IUCN/SSC, 2013). Those released individuals can
come from a healthy wild population, or, when the number of
individuals is too low in the wild, juveniles can be produced in
captivity from captive or wild breeders. These practices allow for
increasing the number of individuals in the wild, maintaining the
genetic diversity, and restoring the ecological function of the species.
The success of these programs depends on several factors, such as the
quality of the environment where individuals are released and their
ability to adapt to natural conditions (e.g., Berger-Tal et al,, 2019).
Moreover, hatchery environment, which provides habitats of low
structural complexity, can affect phenotypic development, notably by
altering behavioral traits such as anti-predator responses (Olla et al.,
1998; Johnsson et al., 2014). The lack of anti-predator responses can
lead to increased mortality after release because, in hatcheries, fish are
not exposed to chemical cues or attacks from potential predators
(Alvarez and Nicieza, 2003; Camara-Ruiz et al., 2019; Thompson
et al,, 2016). For diadromous fish, whose life cycle requires migration
between environments of different salinities, predation risk changes
in each environment, increasing the number of potential predators
they can encounter. To survive, they must display strong anti-
predator skills and adaptive capacity to co-evolve with their main
predators (e.g., Gu et al,, 2022; Marshall and Wund, 2017; Wilson
et al., 2008). Over several generations in captivity, the selection
process may reduce the fitness of hatchery-origin individuals,
making them less adapted to the natural environment compared to
their wild conspecifics (Araki et al., 2008; Huntingford and Adams,
2005). Fish from hatcheries can even have adverse effects on the
genetic or ecological processes of wild populations (e.g. McMillan
et al, 2023). In view of such results, it is crucial to assess these
predation risks in specific programs to improve stocking design
and ensure that releases contribute meaningfully to the
population’s recovery.
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Acipenser sturio is the last native sturgeon species in Western
Europe, and restocking occurs in France (Dordogne and Garonne
Rivers) and Germany (Elbe River) mainly from 2007 to 2015 thanks
to a captive stock of wild origin individuals built in the 1990s (Adam
et al,, 2019; Gessner et al., 2010). Stocking was based on a bet
hedging strategy, fish were released at different ages, such as larvae,
3-month-old individuals, 1-year-old individuals and older to
allocate risks between differential survival related to size and time
spent in captivity. In France, a regular monitoring of the sustained
population has confirmed the presence of those individuals in the
estuarine environment (Lamour et al, 2024) as well as at sea
(Charbonnel et al., 2024). These observations highlighted a
relative success of the recovery program, despite the fact that
natural reproduction has not yet been observed in the wild due to
the late maturity of this species. Within this period, fish
encountered in the estuary originated from different release ages
and genetic families (Roques et al,, 2018). The analysis of the
downstream behavior of 9- to 12-month-old fish released in the
Dordogne River in 2008 and 2009 suggested a relatively high
survival (87% of fish released) up to the saline estuarine
environment (Acolas et al., 2012). Among the risks that can be
encountered by the species, such as mortality linked to bycatch
(Breve et al., 2024; Rochard et al., 1997), environmental stressors
and contaminants (Acolas et al., 2020; Delage et al., 2020; Lucas
etal, 2021), predation risk was considered theoretically low and has
never been assessed in the watershed. For other sturgeon species,
such risk was also considered limited, especially when the fish grow
as observed for white sturgeon A. transmontanus (e.g., Gadomski
and Parsley, 2005). In a laboratory experiment on green sturgeon
(A. medirostris), Baird et al. (2020) found that in the presence of
alternative prey, blackbass (Micropterus salmoides) predated less on
sturgeons. Furthermore, once sturgeon reached about 20 ¢cm in total
length (corresponding to 38-58% of the predator’s length),
predation diminished to zero. Similar results were also observed
for pallid sturgeon (Scaphirhynchus albus) less than 10 cm when
exposed to predators (channel catfish Ictalurus punctatus and
smallmouth bass Micropterus dolomieu) with alternative prey
(French et al., 2010).

Since the introduction of non-native species can alter predation
pressures (Shave et al., 1994; Smith et al., 2008; Aloo et al., 2017;
Crossman et al., 2018), some studies have highlighted the predation
pressure exerted by Wels catfish (Silurus glanis) on anadromous
fishes (Syvaranta et al., 2010). In the Garonne and Dordogne rivers,
the numbers of Wels catfish, and thus the potential predation
pressure, have increased a lot since our study on A. sturio
downstream migration 16 years ago (Acolas et al.,, 2012). In the
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Garonne and Dordogne rivers, Bouletreau et al. (2020) estimated
that 80% of sea lampreys (Petromyzon marinus) were predated
within a month during their spring spawning migration, attributing
this predation to Wels catfish due to the scarcity of other predators
capable of consuming lampreys, at the study sites. Wels catfish have
also been identified as predators of shads (Alosa spp.), potentially
disrupting their spawning behavior (Bouletreau et al., 2021) as well
as Atlantic salmon (Salmo salar), opportunistically exploiting
migrating fishes, which aggregate in front of fish passage facilities
during their spawning run (Boulétreau et al., 2018). More generally,
studies indicate that animals are often more vulnerable to
introduced predators, as prey frequently fail to exhibit their usual
anti-predator responses, or do so less effectively, when confronted
with non-native rather than native predators (Shave et al., 1994;
Smith et al., 2008; Crossman et al., 2018). For stocked fish, the lack
of anti-predator response may be increased by their captive origin,
which could differ from the wild origin individuals (Huntingford,
2004; Salvanes and Braithwaite, 2006). Since 2022, sturgeon
stocking has been implemented again in the Dordogne and
Garonne rivers (Anras, 2025) with low numbers (a few thousand
from 2022 to 2025) thanks to the individuals born in captivity that
start to mature. This new generation, with parents born in captivity,
may, however, be more vulnerable to such predation risk than the
previous generation with parents of wild origin. In this context, we
clearly lack information about in situ quantification of predation
events along the freshwater-seawater continuum for A. sturio.

Assessment of predation can be based on theoretical
assumptions by crossing the ecological knowledge of the
predators and prey, such as the predator-prey size relationship, as
well as the predator’s known type of diet in the literature (e.g., Brose
et al., 2006; Gaeta et al., 2018). This approach is useful when field
data are missing and provides a first evaluation of potential risk.
However, it does not prove that the studied prey is really part of the
predator’s diet. To assess direct predation in the wild, different
methods can be used. First, an intensive sampling combined with a
diet analysis can be attempted, but it requires a large sampling effort
and a long time in the laboratory to determine the species collected
in the guts (e.g., Moncada et al., 2025). The visual and
morphological analysis of predator stomach contents is the most
common approach for prey identification (e.g., Guillerault et al.,
2015). However, the digestion process often leads to a loss of
information, which limits the precision and the identification
(Symondson, 2002). Molecular analysis, especially metabarcoding,
offers better prey identification (Aguilar et al., 2017). The analysis of
catfish feces by metabarcoding has in particular shown its tendency
to feed on several species of anadromous fish (Guillerault et al.,
2017; Moncada et al., 2025). More recently, digital PCR (dPCR) has
emerged as a method providing high precision, increased
sensitivity, and very good reproducibility. It allows to detect and
quantify very low DNA concentrations, and thus to identify rare
species (Hou et al., 2023; Marques et al., 2024). When focusing on
specific prey, especially rare and endangered species, this method
may be the quickest and most reliable to implement.

Acoustic telemetry is arguably the most widely used method in
fisheries research to study survival and behavior of fish in various
aquatic environments (Cooke et al., 2004; Cooke et al., 2013; Hussey
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et al.,, 2015; Jacoby and Piper, 2025). With tracking methodology
ever developing and refining (Lennox et al., 2025), notably through
the development of acoustic tags with increasingly smaller sizes and
greater processing capabilities (Deng et al., 2015), acoustic telemetry
can be used across a wide range of freshwater and marine
applications. As science advances using this technology,
researchers are trying to better understand how fish behave in a
targeted environment. Despite this method being able to elucidate
many aspects of movement behavior, including residency, home
range, and migration, among others (reviewed in Matley et al., 2022;
Klinard et al,, 2025), one aspect that remains challenging is the
study of the effect of predation in fish. Because predation can be a
major cause of fish mortality, being able to accurately identify
predation has become a key objective. Until recently, the only
way to tell if a fish had been consumed was to examine the fine-
scale tracks for its tag and try to determine if the movement patterns
were indicative of the swimming path of a predator rather than the
fish itself (Beland et al,, 2001; Melnychuk et al., 2013). This
approach was inexact at best and almost impossible with simple
acoustic receiver detection arrays, without relying on statistical
techniques that can be difficult to validate (Gibson et al., 2015;
Schultz et al., 2017). Since then, other approaches have emerged
(Klinard and Matley, 2020), including the use of acoustic tags with
acceleration sensors to map the dynamics of predator activity and
its associated predation pressure on prey (e.g., Laurioux et al., 2025).
To passively detect predation, tilt-based and acid-based predation-
sensing acoustic transmitters have also been developed. The tilt-
based transmitters infer predation signals by changes in an animal’s
orientation, whereas the acid-based transmitters, which contain a
digestible fuse (Allen et al., 2015), identify the approximate timing
of predation events (if detected) and subsequent predator
movements (while still retained in the gut). Performance of
miniaturized acid-based predation tags has been demonstrated in
both laboratory (Halfyard et al., 2017; Lennox et al., 2021) and field-
based studies on different fish species (e.g., Daniels et al., 2019;
Klinard et al., 2019; Bouletreau et al., 2020; Weinz et al., 2020;
Kennedy et al., 2025; Shorgan et al., 2025). The main advantage of
those predation tags lies in their ability to estimate the time elapsed
since predation, even in cases of discontinuous detection. They
provide precise information on the moment the tag is activated in
predation mode. A single detection in activation mode is sufficient
to confirm predation detection, although several detections are
recommended by some authors (e.g., Schultz et al., 2017).

Combining literature review, a molecular approach, and
telemetry tools, our study proposes an original method for
assessing predation risk. First, we aim to identify potential
predators of the different developmental stages of sturgeon (eggs,
larvae, juveniles of varying size) along its migratory corridor
(freshwater, estuary, ocean). Then, based on the assumption that
predation pressure is more intense in freshwater in a restocking
context, and in the presence of a non-native top predator, we propose
two complementary studies in the wild to measure predation signals:
for 3-month-old juvenile, following their stocking in the rivers
Garonne and Dordogne, we study Silurus glanis diet thanks to
stomach content and feces analysis; for 11-month-old juvenile we
assess their predation rate thanks to acoustic telemetry.
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2 Materials and methods

2.1 Literature review to highlight potential
predators of sturgeons along the migratory
continuum

We first carried out a bibliographic study to obtain a first list of
potential predators of the different life stages of sturgeons along
their migratory continuum. Studies reporting predation on
sturgeons or other diadromous fishes were compiled (Google
Scholar search using the keywords: predation, diadromous,
sturgeon, lamprey, eel, shad, piscivorous birds, marine mammals,
pinnipeds). Results from scientific samplings (eDNA or fish
sampling) at the studied sites were also used.

To establish this inventory, the size range of the European
sturgeon during ontogeny and its migration within different
environments was compared to the predators that could be
encountered using a size limit based on a predator-prey ratio
from 10% up to 46% of the predator size, according to the work
of Gaeta et al. (2018). Thus, the potential predators list of the
sustained population of European sturgeon was estimated
according to (1) the spatial distribution of fish-eating predators
according to the life stages of the sturgeon, (2) the size ratio between
them, and (3) when the information was available, the presence of a
sturgeon species in the diet of the predator. Due to scarce data, only
a qualitative analysis, rather than a quantitative one, was performed.

2.2 Sampling of a top-predator after a
stocking event of 3-month-old A. sturio
and molecular analysis

In September 2024, around 12,000 3-month-old juvenile
sturgeons were stocked at two sites: 7,432 individuals at Pont de

10.3389/fmars.2026.1724287

Beauze (Dordogne) and 4,585 at Meilhan-sur-Garonne (Garonne)
(Figure 1). Juveniles were transported in a 2m? tank supplied with
oxygen in the well water in which they were reared. Once at the
release site, river water was gradually added to the tank to bring the
juveniles to the river temperature within a few hours. The juveniles
were then transferred into buckets filled with river water and
released by boat. The release sites corresponded to potential
historical spawning grounds (Jego et al,, 2002). Catfish were
sampled by professional fishermen in these areas during the two
days before and after the sturgeon release, and then once a week for
the following month. Three types of fishing gear were used: gillnets
(135mm mesh size), longlines (bait of 30cm at least), and fyke nets
(27mm mesh size). Their type and size were regulated by the local
authorities. Fishing gears were usually set for 12 to 24h.

For each catfish captured, total length was measured, and
stomach content or feces were collected (when available) under
conditions that prevented contamination. Stomach contents were
sampled by manual inspection of the stomach (Guillerault et al.,
2015), and the prey were visually identified at the genus level
immediately after capture. When prey identification was
uncertain, the sample was preserved in 75% ethanol for further
analysis. Feces were collected by applying pressure through massage
of the abdomen, after having rinsed the urogenital pore with ultra-
pure water. They were kept in a cooler after sampling, frozen within
6 hours, and stored at -80 °C.

An initial visual or binocular inspection of the stomach contents
preserved allowed the identification of certain prey species.
Subsequently a digital PCR (dPCR) analysis was carried out on
unidentified stomach contents. Fecal samples were analyzed by
dPCR. DNA was extracted from stomach contents using the
DNeasy Blood and Tissue Kit (QIAGEN) and from fecal samples
using the DNeasy PowerSoil Kit (QIAGEN). Extraction blanks were
processed alongside all feces samples to monitor potential
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FIGURE 1

Map of the study site in the Gironde system (southwestern France) showing the location of acoustic telemetry arrays and feces sampling sites in
Garonne and Dordogne. Restocking sites of 3-month-old juveniles and release sites of 11-month-old tagged fish are also indicated for each river.
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contamination during DNA extraction. To check the extraction
quality, DNA concentration and purity were measured with a
NanoDrop (NanoDropTM One, Thermo Scientific). While the main
focus was on European sturgeon, other migratory species such as eel
(Anguilla anguilla) and shad (Alosa spp.) were also included, along
with species commonly observed in stomach content, like common
carp (Cyprinus carpio), American crayfish (Faxonius limosus), and
Chinese mitten crab (Eriocheir sinensis). Primers previously
published for either quantitative PCR (qPCR) or dPCR were
prepared at 10 uM and applied for dPCR analysis of both feces
and stomach contents (Castagneé et al., 2024; Appendix 1). Positive
controls were prepared by spiking DNA from target species into
extraction reagents, except for the Chinese mitten crab, for which no
reference DNA was available. Positive controls were diluted 1:1000 to
avoid signal saturation during dPCR. A barcoding strategy was used,
whereby each species was assigned a unique primer pair, enabling
simultaneous identification and quantification of multiple species in a
single multiplex. dPCR assays were conducted in three triplex
reactions (M1-M3), to optimize primer compatibility and thermal
characteristics within each multiplex, each including catfish and two
other species. Multiplex M1 included primers for catfish, European
sturgeon, and shads; M2 targeted catfish, eel, and carp; and M3
targeted catfish, American crayfish, and Chinese mitten crab. Each
40pl dPCR multiplex reaction mixture consisted of 10 ul QIAcuity
Probe PCR Kit, 3,2 pl of primer F and R per species, 1,6 Ul of probe
per species, and 6 ul of extracted DNA. Digital PCR reactions
were performed on the QIAcuity system in QIAcuity Nanoplate
26K 24well. PCR was performed with the following thermal
conditions: 95 °C for 10 min followed by 40 cycles of 95 °C for
30s and 60 °C for 1 min, and 98 °C for 10 min. Each sample was
analyzed in triplicate. To detect contamination during the dPCR
setup, no-template controls (NTCs) were included on each dPCR
nanoplate. Positive controls were included on every nanoplate to
verify assay performance. All manipulations were performed in a
dedicated clean area, with work surfaces cleaned with bleach and
ethanol 70%, and equipment and consumables exposed to UV light
before use. No amplification was observed in extraction blanks or
NTCs throughout the study, indicating that contamination was
effectively controlled. Fluorescence thresholds were set visually
using negative controls to help distinguish positive and negative
partitions. A sample was considered positive if at least one partition
was positive in all three replicates, a conservative criterion chosen
to reduce the risk of false positives from stochastic amplification of
low or degraded fecal DNA. The number of positive partitions was
then used to estimate the DNA concentration of each target fish
species in copies per microliter. However, the high variability in the
quantity of catfish fecal samples complicates direct interpretation of
these values. To account for this variability, and following the
approach described by Castagne et al. (2024), target species DNA
concentrations were normalized relative to 10000 copies of catfish
DNA per sample. This normalization provides a standardized relative
measure that facilitates comparisons both between samples for a
given target species and among different target species within a multi-
species context.
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2.3 Telemetry survey of 11-month-old
stocked A. sturio equipped with acoustic
predation tags

For this experiment, the individuals were born in captivity in
spring 2024 and were reared using traditional methods (Carrera-Garcia
et al, 2017a; Cheévre et al, 2011). In January 2025, we selected 110
individuals, which were reared for 6 months in an outdoor 2x2m
rearing tank, under a naturally attenuated photoperiod thanks to semi-
opaque shade structures. This tank was supplied with a flow-through
drill water (temperature mean 17.6 °C+ Standard Deviation (SD) 0.4 °C
and oxygen mean 8.6 mg L™+ SD 0.3) at a renewal flow rate of 0.9 to
1.4 m® h™' gradually increased. The water level was 0.45 m, and rearing
conditions were slightly enriched by 2 blocks placed on the bottom of
the tank to simulate the variability of natural habitats in a simplified
way. A light water current was created thanks to a small propeller
(direction of the current changed every week). Fish were fed ad libitum
with a mix of bloodworms and krill at a rationing rate of approximately
20% of the total biomass. A few days before acoustic tagging, the fish
were split into two tanks, one for each river, and they were fasted for 24
hours before surgery.

One week apart, two batches of 55 juvenile A. sturio aged 11
months were equipped with acoustic telemetry predation tags (V7D-
2H 69 kHz; 7 mm x 22 mm; 0.8 g in water; 141dB; lifespan 35-38
days; www.innovasea.com). These tags were activated (i.e., triggered)
when the fish were predated, but there was a delay between the
predation event and the tag sensor activation due to digestion time.
This delay was likely to vary depending on the water temperature
and, therefore, the predator’s metabolism. The temporal resolution of
Gen2 predation tags used in our study was 1 hour for rapid predation
events (i.e., time elapsed since predation between 0-7 days) and could
reach 16 hours (time elapsed since predation between 21-35 days).
Tags were implanted into the peritoneal cavity in the same way as
described in Carrera-Garcia et al. (2017b). Once the fish were fully
anesthetized using a 50-ppm solution of isoeugenol, they were placed
on their backs in a V-shape support and fitted with a tube inserted
into the mouth to maintain sedation (25-ppm isoeugenol). After
placing a surgical drape, the skin was disinfected with 10% diluted
hydrogen peroxide, incised 10 to 15 mm to insert the tag, and sutured
using absorbable monofilament (Ethicon® pDS™ 11 4-0) secured
with sterile Leukoplast skin adhesive. The tagged fish were then
transferred to a separate 4-m” recovery tank, where they were kept in
captivity for a week under the same environmental and feeding
conditions as in their rearing tank, for post-surgery recovery. Fish
measured 32.3-45.3 cm in Total Length (TL) (39.4 + SD 3.0) and
32.4-43.6 cm in Fork Length (FL) (38.5 + SD 3.0) for the Garonne
and Dordogne batches respectively and weighed 115-294 g (199 + SD
44) and 89-267 g (179 £ SD 40), which corresponds to a low tag
burden of respectively 0.6-1.5% and 0.6-1.9% as recommended (e.g.,
Bridger and Booth, 2003). The first batch of tagged fish was released
in the Garonne on May 5, 2025, and the second in the Dordogne on
May 12, 2025. The release method was similar to that used for the
3-month-old juvenile. The release sites were located approximately
115 km upstream from the confluence of the two rivers that form the
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Gironde estuary (Figure 1). A total of 29 receivers (VR2ZW 69 kHz,
Innovasea®) deployed in arrays of 7 acoustic gates per river were
placed along the downstream migration route of the tagged fish from
freshwaters up to the upper saline estuary (Figure 1). Active real-time
tracking (Omni-directional VR100-300) took place daily during the
first 7 days post-release to try locating fish more precisely.

Mean daily river discharge and water temperature were calculated
from data of Environmental Agency (SCHAPI-HydroPortail
eaufrance.fr) and the MAGEST monitoring program of the water
quality of the Gironde fluvial-estuarine system (http://magest.oasu.u-
bordeaux.fr/), respectively. Temperature was also recorded hourly
using dataloggers (Tinytag®) placed in the uppermost acoustic gates
near the release sites, and mean daily water temperature was averaged
by combining both upstream and downstream data records. Mean
daily water flow was calculated from data at the gauging stations of
Marmande and Pessac-sur-Dordogne for the Garonne and Dordogne
rivers, respectively (Figure 1). During the telemetry study from May 1
to July 1, 2025, three peaks of high river discharge were observed in
the Garonne, and the first one occurred 24 hours after the fish were
released (Figure 2). Mean daily river discharge was higher for the
Garonne (465 + SD 261.1 m® s~ '; range: 135-1480 m’ s™') compared
to the Dordogne (138.5 + SD 67.0 m’ s™'; range: 48-323 m’ s ).
Comparisons between the two are not very meaningful given the
different sizes of their watershed (50670 km? for Garonne vs 14976
km” for Dordogne). However, the average flow observed in May in
Garonne was only slightly below the interannual average flow for the
reference period 1986-2025 (631 vs. 719 m? s7!), while that observed
in May in Dordogne was significantly lower (192 vs. 273 m’ s~' over
the 1996-2025 reference period). In June, the flows of both rivers
were also significantly lower than the reference values. Mean daily
water temperatures were comparable between the Garonne (21.0 +
3.8 °C; range: 15.7-29.0 °C) and the Dordogne (20.7 + 4.0 °C; range:
15.2-28.3 °C; Figure 2).

For this experiment, all procedures were designed to respect
animal welfare. They were carried out in an approved experimental
hatchery facility by the French Department of Agriculture
(authorization B33-478-001) and followed the standards of the

10.3389/fmars.2026.1724287

National Ethical Committee of Animal Use for Scientific Purposes
(authorization APAFIS 53804-202502191153957v3 from the
French Ministry of Higher Education and Research).

2.4 Data analysis

The locations of catfish sampling sites in autumn 2024 and
receiver arrays in spring 2025, as well as fish release sites, were
mapped using QGIS software.

dPCR results were processed with QIAcuity Software Suite
(QIAGEN), which provides DNA quantification per replicate based
on the number of positive partitions. Further data processing was

ggplot2”,
”, “stringr”, “lubridate” and “multcomp”. Graphs displaying

» «

carried out in R (version 4.4.2) with the packages “dplyr”,
“tidyverse
DNA quantification were plotted on a logarithmic scale to improve
readability across the full data range.

The proportion of empty stomachs among the catfish sampled
(i.e. vacuity rate) was estimated. The influence of gears on stomach
vacuity was assessed using logistic regressions. The differences in
fish size captured by the different gear were compared using non-
parametric statistics (Kruskal-Wallis tests and Dunn post-hoc test
with a Holm correction).

The proportion of predated fish in the telemetry experiment
was estimated for each river based on the predation tag status
recorded (i.e., raw sensor value switch from 1, untriggered, to 2 or
more, triggered). When the tag was only recorded once post-release,
we classified the individual as “unknown fate”.

3 Results

3.1 Potential predators along the
sturgeons’ migratory continuum identified
from literature

A review of the literature, combined with current knowledge of
the species ecology, enabled us to compile a list of potential
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FIGURE 2

Environmental conditions during the telemetry study: daily mean water flow (solid lines) and water temperature (dotted lines) in Garonne and
Dordogne (respectively, in blue and black colors). Vertical arrows indicate the dates of fish release (R) and horizontal lines the periods of acoustic

monitoring on each river.
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predators in freshwater, estuarine, and marine environments
(Figure 3; Appendix 2). In freshwater, when sturgeons are in the
egg, larval, or juvenile stages, a list of 16 potential predators was
established. For the juvenile stage, the main potential predators are
piscivorous fish, such as northern pike (Esox lucius), largemouth
bass (Micropterus salmoides), zander (Sander lucioperca) and the
Wels catfish (Silurus glanis). Some fish-eating birds, including the
grey heron (Ardea cinerea) and the great cormorant (Phalacrocorax
carbo), may also exert predation pressure. In estuarine
environments, the risk of predation appears lower, likely due to
the limited number of identified potential predators (4 species).
These include medium-sized fish such as seabass (Dicentrarchus
labrax and D. punctatus), larger meagres (Argyrosomus regius) and
European conger (Conger conger), as well as very rare species like
the tope shark (Galeorhinus galeus). During the marine growth
phase, a greater number of predators is expected (15 listed), most of
which are marine mammals.

3.2 Analysis of the predation of 3-month-
old juvenile by a top predator via stomach
content and molecular analysis

In total, 67 catfishes were sampled with a size range between 30
and 247 cm TL. The vacuity rate of the sampled catfish was 61.2%
(66.7% in the Dordogne and 58.7% in the Garonne). Among the
prey items directly identified in the stomach contents, neither the
European sturgeon nor any other diadromous fish species was
observed. The most frequently encountered prey were the
Chinese mitten crab and the American crayfish (Figure 4).

A significant difference in the size of catfish captured according
to gears was highlighted (Kruskal-Wallis x> = 15.23, df = 2, p =
0.00049). Catfish captured with fyke nets were significantly smaller
(mean TL 117.2cm from 30 to 247cm) than those caught with

10.3389/fmars.2026.1724287

longlines (mean TL 153.5cm from 120 to 246¢m) (Ppunn post-hoc test =
0.038) or gillnets (mean TL 183cm from 110 to 245cm) (Ppunn post-
hoc test = 0.00075), while no significant difference was found between
longlines and gillnets (Ppunn post-oc test = 0-33). Stomach emptiness
was significantly more likely in gillnet-captured fish compared to
longlines (logistic regression, p = 0.012), whereas it did not differ
significantly for fyke nets from either gear type (logistic regression,
p = 0.107).

Four stomach content samples, which could not be visually
interpreted, along with 17 fecal samples, were analyzed using dPCR
(Table 1). European sturgeon DNA was detected in 30% of the fecal
samples and in one stomach content. Most A. sturio detections were
from the Dordogne River (4 detections among 5 samples),
compared to the Garonne River (only 2 detections among 16
samples). Predation signals of A. sturio were detected the day
after release, and up to seven days after, within the month
of sampling.

Considering both rivers, Common carp and American crayfish
showed detection rates similar to that of sturgeon (30% of feces).
European eel and Chinese mitten crab were the most frequently
detected species, found in 82% and 52% of the fecal samples,
respectively. Shads were detected in only one stomach
content sample.

DNA concentrations of the different target species, normalized
to 10000 copies/pl of catfish DNA, were measured for all fecal
samples (Appendix 3; Figure 5). The highest values were found for
Chinese mitten crab, with more than half of the samples showing
over 8000 copies/pl. Eel had a more even distribution, with only 7
samples below 1 copy/pl, and one sample reaching the highest
concentration recorded (207135.2 copies/pl). Sturgeon and crayfish
showed similar patterns, though crayfish had slightly higher values,
and also more zeros (Figure 5). Common carp had mostly low
values: 15 out of 17 samples were under 1 copy/pl.

European sturgeon (Acipenser sturio) approximate size range during ontogeny

Eggs or larvae Juvenile Juvenile Juvenile
<5cm [5-35 cm] [25 cm-67] >68 cm
Freshwaters Saline estuaries Marine waters

Ameiurus melas (black bullhead)
Chondrostoma toxostoma (sofe)
Faxonius limosus (crayfish)
Gasterosteus aculeatus (three-spined stickleback)
Lepomis gibbosus (pumpkinseed)
Micropterus salmoides (largemouth bass)
Perca fluviatilis (European perch)
Salaria fluviatilis (freshwater blenny)
Squalius cephalus (chub)

Anguilla anguilla (European eel)

Ardea cinerea (grey heron)

Cyprinus carpio (common carp)

Esox lucius (northern pike)

Micropterus salmoides (largemouth bass)
Phalacrocorax carbo (great cormorant)
Sander lucioperca (zander)

Silurus glanis (wels catfish)

Potential predators along the migratory continuum

FIGURE 3

Argyrosomus regius (meager)
Conger conger (European conger)
Dichentrarchus labrax (European seabass)
Dichentrarchus punctatus (spotted seabass)
Galeorhinus galeus (tope shark)

Alopias vulpinus (thresher shark)
Cystophora cristata (hooded seal)

Delphinus delphis (common dolphin)

Gadus morhua (Atlantic cod)

Globicephala melas (long-finned pilot whale)
Halichoerus grypus (grey seal)

Hyperoodon ampullatus (northern bottlenose
whale)

Lamna nasus (porbeagle)

Orcinus orca (killer whale)

Phoca vitulina (harbor seal)

Phocoena phocoena (harbor porpoise)
Prionace glauca (blue shark)

Stenella coeruleoalba (striped dolphin)
Tursiops truncatus (bottlenose dolphin)
Ziphius cavirostris (Cuvier’s beaked whale)

Summary diagram of the potential predators of the European sturgeon (Acipenser sturio) along its migration continuum in South West of France. An
estimation of body size (cm) of A. sturio along its ontogeny is provided. The detailed table used to make this diagram is available in the

supplementary material (Appendix 2).
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contents. Prey species common names are American crayfish Faxonius limosus, Chinese mitten crab Eriocheir sinensis, common barbel Barbus
barbus, common carp Cyprinus carpio, freshwater bream Abramis brama, Wels catfish Silurus glanis. Waste correspond to an ointment tube.

3.3 Analysis of the predation of 11-month-
old juvenile using telemetry tools

In the Garonne River, 8 fish were predated (14.5% of the fish
released), 46 were considered alive as they were detected non-predated
by the receivers arrays located at the mouth of the river or in the upper
saline estuary, and 1 individual signal disappeared rapidly on the day of
release (classified as unknown fate). Among the predated individuals, 6
were predated rapidly after release (less than 48h; Figure 6). The
predators were detected within 0 to 145 hours after predation and
located either close to the release site of Marmande (4 individuals) or in
the tidal part of the river (2 individuals located about 50 to 90 km
downstream from the release site). Two sturgeons were predated about
1 month (31 and 37 days) after release, one at the mouth of the
Garonne and the other one at the mouth of the Dordogne, indicating
that predators can travel between the two river mouths through the
upper saline estuary. Those predators were detected 17 to 35 hours after
predation. The estimated predation hours correspond to daylight hours
(87.5% of the predated sturgeons i.., 7 individuals), with one sturgeon
having been predated at dusk.

With regard to individuals considered to be alive, more than
58% of them (i.e. 27 individuals) reached the mouth of the river in
less than 3 days, with these downstream movements coinciding
with the sharp increase in water flow (Figures 2, 6). Then,
downstream migration behavior was observed for up to 47 days
post-release, with two small peaks in fish arrivals at the river mouth
at the time of increases in water flow, approximately 15 and 29 days
after release (Figures 2, 6).

In the Dordogne River, 44 fish were predated (80% of the fish
released). Seven were considered alive. Among them, 2 individuals
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were detected at the mouth of the river or in the upper saline estuary
8 and 25 days after release, and 5 individuals were located by active
tracking in the freshwater tidal area from 12 to 39 km downstream
of the release site within 2 to 21 days after release. Four individuals
disappeared rapidly on the day of release (classified as
unknown fate).

Among the predated individuals, 38 (i.e., 86%) were predated
rapidly after release (less than 48h), but further predation events
were observed for up to 20 days after release. The predators were
detected within 0 to 244 hours (average= 32 hours) after predation
and were located up to 48 km downstream of the release site (most
of them, i.e., 34 individuals, in the tidal part of the river) and
another one at the mouth of the Dordogne River. The predation was
estimated to have occurred primarily at night (63.6% of predated
sturgeons, i.e. 28 out of the 44 predated), and mostly the night
following their release (24 of the 28 predated at night).

At the time of rapid predation events, the average river flows
and temperatures were 740 to 1180 m” s™" and 16.9 to 17.7 °C in the
Garonne (May 5 to 6), and 196 to 210 m? s~ and 15.8 to 16.5 °C in
the Dordogne (May 12 to 14).

4 Discussion

4.1 Predation risks along the migratory
journey of stocked A. sturio

According to our literature analysis, the freshwater
environment and the marine environment seem to correspond to
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TABLE 1 Detection of target prey species by dPCR in feces and stomach contents of catfish sampled in the Dordogne and Garonne rivers.

Sample code Catfish size (cm) A. sturio A. anguilla Alosa spp. C. carpio F. limosus E. sinensis
FI 19 sept Dordogne Gillnet 230 X
F2 19 sept Dordogne Gillnet 190 X X
F3 19 sept Dordogne Fyke net 102 X X
F4 20 sept Dordogne Gillnet 150 X X
F5 25 sept Dordogne Fyke net 82 X X
Fo6 15 sept Garonne Gillnet 230 X X
F7 15 sept Garonne Fyke net 115 X X
F8 15 sept Garonne Fyke net 215 X X X
F9 15 sept Garonne Fyke net 165 X X X
FI10 16 sept Garonne Gillnet 140 X X
F11* 18 sept Garonne Fyke net 60 X X
Fi12 18 sept Garonne Longline 145 X X X X
FI3 19 sept Garonne Fyke net 87 X X
F14 19 sept Garonne Longline 120 X X X
FI15 24 sept Garonne Fyke net 40
Fl6 8 oct Garonne Longline 147 X X X
F17 15 oct Garonne Fyke net 152 X X X
CS1 2 oct Dordogne Fyke net 134 X X
CS2 1 oct Garonne Longline 246
CS3 8 oct Garonne Fyke net 125 X b
CS4* 18 sept Garonne Fyke net 60 X X X X X

*Sample of feces and stomach of the same individual.
A cross indicates a significant detection of the target DNA (a sample was considered positive when all three replicate measurements were positive). “F” refers to the analysis of feces. “CS” refers to the analysis of stomach content. The number indicated after F or CS corresponds
to the Wels catfish sampled.
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Distribution of DNA concentration of target prey species detected by dPCR in catfish feces. Since the dataset comprises numerous values close to
zero alongside with substantially higher magnitudes, a logarithmic scale is used to allow optimal visualization of all values. The DNA concentration is
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the habitats with the highest predation risks, while the estuarine
environment appears to be less exposed. Freshwater predators are
the most consistently documented in the literature, whereas
predation risks in marine environments remain less understood
and would require dedicated studies, given that A. sturio spend
more than 90% of its life cycle at sea. Diet analysis of large marine
predators would be very difficult to carry out at large scale, either
due to the protected status of some predator species or to the
logistical challenges of sampling at sea. We suggest analyzing the
overlap between the suitable marine habitat of A. sturio
(Charbonnel et al., 2024) and the distribution of potential
predators to assess the risk as it has been done for other rare and
protected species (e.g., Szesciorka et al., 2023; Trainor et al,, 2014).
In the studied saline estuary, we regularly sample the fish fauna,
which provide us a good overview of potential predators. Generally,
very few predators large enough to prey on sturgeon were present in
the estuary. No specific studies of the diet of these larger predators
have been conducted, but their low numbers strengthen the
assumption of a relatively low predation risk in saline estuaries.
Given the growing abundance of Silurus glanis in the watershed
studied, their potential presence in the oligohaline sector of the
estuary may need to be taken into consideration in the future.

Our field experiments directly illustrate the predation risk in
freshwater. We highlighted a moderate predation on 3-month-old
juveniles (detected in 30% of the feces of the S. glanis sampled) and
a high predation on 11-month-old juveniles (80% of the individuals
released in the Dordogne, the 14% observed in the Garonne being
explained by increasing flow just after release, leading the
individuals into the saline estuary). The moderate predation of 3-
month-old individuals can however be discussed since our sampling
was limited to the area around the release sites, and both sturgeon
and catfish can move outside this area, which could lead to an
underestimation of the predation rate. Previous research has shown
that 3-month-old juveniles generally remain within 13 km
downstream of release sites during the month following stocking
(Carrera-Garcia et al., 2017b). Because sampling was limited to a
2 km reach, it cannot be determined whether the absence of
detections reflects rapid downstream movements driven by
environmental conditions. Likewise, it remains unclear whether
catfish followed sturgeon during their downstream migration.

The number of sturgeons released during this study was low (a
few thousand) compared to the stocking occurring in the past (tens
of thousands), which could likely reduce predation pressure. As
suggested by Nislund (2021), the high mortality in stocked
individuals may be resolved by increasing the number of released
animals, assuming that survival remains at similar levels regardless
of the initial stocking density at a stocking site. Stocked animals
often represent a sudden input of energy into the system, which
increases local resource demand to sustain the new animals and
increases the possible attraction of predators to the stocking site
(Naslund, 2021). For cutthroat trout (Oncorhynchus clarkii), it has
been shown that high prey abundance can increase their intensity of
predation (Hansen and Beauchamp, 2014). But large numbers of
fish schooling together could increase safety and can sometimes
decrease predation risk in some species (see Polyakov et al., 2022).
In fish stocking program, the stocking density on predation risk is
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not clearly assessed to our knowledge. Thus, it would be useful to
replicate this study with a larger number of individuals released into
the river to test this hypothesis. If density plays a role in predation
rate, the number of fish released as well as the number of release
sites could be adjusted to reduce juvenile vulnerability.

4.2 Duration of predation after release and
mitigation measure propositions to
improve released fish fitness

Predation risk is supposed to decrease with ontogeny due to
size-related defenses (e.g., Baird et al., 2020; Gadomski and Parsley,
2005) as illustrated in white sturgeon (Steel et al., 2019). This
laboratory study highlighted that predation risk decreased from
70% at length 12 cm to 5% at length 23 cm. In our study of juvenile
sturgeons measuring 32 to 45 cm in length, one would have
expected a relatively low predation rate given their size-related
defenses. However, we observed a high predation rate (80% of the
fish released in the Dordogne). It can be assumed that the time
spent in the hatchery (11 months) would disfavor them in terms of
anti-predation behavior acquisition. Moreover, for both stages
studied (3-month-old and 11-month-old), most predation signals
were observed rapidly after release, within a week for the youngest
ones and within 48 hours for the older juveniles. In post stocking
studies, the highest predation rate was also observed rapidly after
release for other species. Among other fish species released as
juvenile, most predation was observed with a mean time below
90h after stocking for Chinook Salmon Oncorhynchus tshawytscha
(Gravenhof et al., 2024) and predation was estimated to account for
a large part of post-stocking mortality in the Japanese flounder
Paralichthys olivaceus during the first week after release (Sudo et al.,
2008). But such early mortality in stock enhancement due to
predation is also observed in other taxa such as crustaceans where
53% of mortality within 24h post release was observed for Red king
crab (Paralithodes camtschaticus) (Long et al.,, 2024) and peak of
mortality due to predation occurred within 2h post release for rock
lobsters (Jasus edwardsii) (Oliver et al., 2005). This suggests that it is
a real issue in stocking practices, regardless of the taxa.

The predation observed quickly after release may be explained
by the fact that individuals may not have time to adapt to the new
condition (river water, current water flow, prey availability), which
could have made them more sensitive than wild conspecifics (e.g.,
Nislund, 2021; Thompson et al., 2016). The individuals released in
our field studies were not reared under enriched conditions,
although they received light training before release, such as
attenuated photoperiod and slight current velocity in their tanks.
Better preparation for natural environments could help lower
predation rates, as it was demonstrated that fish raised under
non-enriched conditions showed lower survival and altered
behavior (Hutchison et al,, 2023), including European sturgeon
(Carrera-Garcia et al.,, 2017b). Exposure to more variable spatial
and feeding cues has been shown to improve fish behavior and
survival (Braithwaite and Salvanes, 2005). Similarly, reducing
rearing densities and enriching captive habitats can enhance fish
condition (Johnsson et al., 2014). European sturgeons of this study
were raised in drill water to maintain sanitary conditions in the
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hatchery, but raising them in river water at least a few weeks before
release may help them to acclimate more rapidly after stocking in
the wild, exposing them to olfactory cues of the river. Enhancing
current velocity in the tanks would also increase swimming
performance to facilitate foraging and escape predators. Strong
training to natural conditions a few weeks before release would
therefore be important to consider in the future as a mitigation
measure. As a preventive measure, applying target fishing pressure
on identified predators, if their status is not threatened (i.e., Silurus
glanis in Western Europe), at the release sites and further
downstream in the weeks before release could help reduce
predation pressure. This would give juveniles time to adapt to
natural conditions and, at least temporarily, limit predation and
increase early survival.

4.3 Predator identification

To study predation on 3-month-old juveniles in autumn, we
focus on S. glanis, but we cannot exclude other predators present in
the system that could increase predation pressure on this stage.
According to the eDNA sampling in the rivers carried out in
autumn (Appendix 4), fish species that could predate juvenile
sturgeons were present in the same area of sampling: perch
(Lepomis gibbosus and Perca fluviatilis), largemouth bass
(Micropterus salmoides), chub (Squalius cephalus), pike (Esox
lucius), and zander (Sander lucioperca) in addition to catfish.
Some of these potential predators were captured by the fishing
gears deployed but in very low numbers compared to catfish. They
represented 1 to 3% of the fish captured (one pike of 40 cm, one
zander of 55cm, and two perch of 20 cm; pers. com. F. Druyer)
against more than 93% of S. glanis.

To study predation on 11-month-old sturgeons, the predation
tags used can only tell us that the fish was eaten, but it does not give
any information on the predator species. Pike and zander, present in
the autumn sampling as well as Wels catfish, are the only fish that
could be large enough to prey on them. Considering the size of the A.
sturio released and the ratio proposed by Gaeta et al. (2018),
predators should measure at least 70 cm. Although it is more likely
that they were predated by catfish, given their abundance and large
size in the watersheds, we cannot exclude some other predators, such
as very large pike or zander. In addition, we have detected some
tagged A. sturio that disappeared the day of release after only one
record (unknown fate: 2 to 7% of the fish released in the Garonne and
Dordogne, respectively). We can assume that these fish were predated
by birds, which would explain their disappearance from the system,
given that the two species of piscivorous birds described in the
literature analysis (the grey heron and the great cormorant) were
present in the watershed. Another hypothesis could be a predator fish
that would have quickly left the study area, but this is unlikely since
receivers arrays were present downstream and upstream of the release
site. Even if it is unlikely, we cannot exclude tag failure or
imperfect detection.

The condition of predated A. sturio remains questionable since
dead individuals could be predated. Concerning the 11-month-old
juveniles, the high survival proxy estimated in the previous
telemetry experiment with movements of fish recorded for several
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weeks (Acolas et al., 2012) weakened this hypothesis. Concerning
the 3-month-old individuals, Carrera-Garcia et al. (2017b)
estimated a survival proxy from 52% to 66% for fish raised with
few enrichments, and therefore, we cannot rule out this possibility.

4.4 Predation of juveniles of diadromous
fish

To our knowledge, there are few studies documenting predation
of juvenile diadromous fish by catfish, except Castagne et al. (2024);
Moncada et al. (2025), who assessed eel predation. Usually, studies
focus on adults during their spawning migration (e.g., Bouletreau
et al., 2020; Bouletreau et al., 2021). The present study documents
predation of catfish on several juveniles of migratory fish, as
sampling was conducted when only juveniles were present in
freshwaters for the species considered (ie., A. sturio, A. Anguilla,
and Alosa spp.). The European eel was the species most frequently
detected across the samples. DNA abundance estimates from feces
were of a similar order to those of the Chinese mitten crab, which
dominated the visually identified stomach contents (83% of non-
empty stomachs and 35% of analyzed feces). In freshwater,
immature stages of the European eel, ranging from glass eels to
yellow eels, are the most common (e.g., Podda et al., 2023). These
findings suggest a strong presence of eel in both the Garonne and
Dordogne rivers, a pattern also confirmed by eDNA surveys
(Appendix 4). Such availability may make eel an attractive prey
for catfish, a concern given that the European eel is listed as
Critically Endangered on the IUCN Red List. Shads were
recorded only once, through DNA analysis of a catfish stomach
content. The presence of Alosa spp. was confirmed by eDNA
analyses at the sites sampled in autumn, which coincides with the
downstream migration of juveniles (Bagliniere et al., 2003). Catfish
did not appear to target these shad juveniles preferentially, but it is
also likely that shad were present only in low numbers.

4.5 Advantages and limitations of the
methodologies used

The three approaches used in this study appear relevant to
assess predation risk on a migratory fish along its
migratory pathway.

The bibliography analysis allows a large-scale approach across
different environments, but we consider this analysis as a first step
to provide a preliminary list of candidate predators at large scale.
This list could be refined in the future. For example, it could be
completed using morphological analysis such as measuring the size
of the predators’ mouth that could really allow them to feed on the
different stages of sturgeon. Analysis of the occurrence of predators
and prey in the same habitat and at the same season could also
constitute a valuable approach (e.g., Trainor et al., 2014).

Compared to more conventional approaches such as qPCR or
metabarcoding, dPCR was selected for its sensitivity to rare species
and its ability to provide accurate DNA quantification. Both
advantages were confirmed in our study: traces of DNA from
certain targets were detected at very low levels in some samples,
and the quantitative results allowed a more detailed assessment of
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catfish predation on A. sturio while also placing its consumption in
the broader context of other prey species. Concerning our
estimation of relative abundance, prey size may substantially
influence the amount of DNA detected, which complicates direct
numerical comparisons. In addition, high DNA quantities revealed
by dPCR may also reflect recent predation events, since the amount
detected may depend on the time elapsed since ingestion. The
apparent abundance of crabs and crayfish in both stomach contents
and feces could be overestimated, as the low digestibility of
crustaceans may prolong their residence time in the stomach and
slow down DNA degradation within the digestive tract (Andersen
et al., 2016). Regarding the method used to sample predators,
different fishing gear allows sampling of different size classes of
Silurus glanis, which can be explained by the different size of their
mesh/bait. Regardless of the fishing gears, we suggest using a much
shorter soaking time, as this could increase the amount of fecal
matter collected and decrease the stomach vacuity rate.

To our knowledge, this is the first study allowing direct
estimation of predation rate on sturgeon thanks to predation tags.
However, we cannot precisely locate the predation events in the
watershed since the predators may be detected several hours after
predation and can swim over large distances. Nevertheless, we can
estimate the timing of predation, which allows us to estimate the
proportion of predation occurring during the day versus at night. In
the Garonne, predation detections occurred during daytime hours
(but it only concerns six individuals), whereas in the Dordogne,
they mainly occurred at nighttime hours, with most predation
during the night following release. Given potential confounding
factors, we cannot conclude on a nycthemeral pattern of predation.

There are some potential limitations of predation tags reported in
the literature (e.g., tag retention, uncertainty in digestion delay, false
positives). In our study, we are quite confident in tag retention since
juveniles were kept in their tanks to recover for seven days after tagging
and they were checked individually (tag emission and stiches) before
transport to the release site. Between the act of predation and the
moment when the tag sensor is activated, there is a delay due to
digestion time and sensor triggering in predation mode, which is likely
to vary depending on river temperature and therefore on the predator’s
metabolism. Nevertheless, the temporal resolution given for Gen2
predation tags, such as those used in our study, is one hour for rapid
predation events, which correspond to most of the predation detected
within 48 hours post-release. Even if false positives are always possible,
although less frequent with Gen2 tags (Halfyard et al., 2017), the timing
and location of predation events and the varied behaviors observed in
predation mode outside typical migration patterns for the juveniles
may suggest that there were indeed real predations on fish. However, a
specific experiment aimed at clearly estimating false positive rates in
these tags would be relevant in the future.

In both field experiments, predation rates were higher in Dordogne
than in Garonne, but more data would be needed to conclude if there
was a difference in predation risk between the two rivers. In the
telemetry study, the high water flow following fish release into the
Garonne caused most of the juveniles to move rapidly downstream
outside the river, which reduced the number of fish in freshwater. We
can also suppose that such high river flow may have adversely affected,
even temporarily, the hunting behavior of predators. In addition,
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professional fishermen actively targeted catfish that spring, which
increased fishing pressure in the Garonne river (pers. com. F.
Druyer) and may have lowered the predation pressure in that river.
Regarding the assessment of predation on 3-month-old fish by catfish,
the sample size was globally small, especially in the Dordogne, which
limits the comparison between the two rivers. These results encourage
further comparative studies between the two rivers. It would be
worthwhile to increase the number of fecal analyses of Silurus glanis
after a sturgeon stocking event and to assess overall prey abundance in
the corresponding section of the two rivers.

4.6 Conclusion

Our study highlighted the predation risk along the migratory
pathway of A. sturio, which was considered to be high in freshwater
and marine environments but low in the estuarine environment.
Fishes, birds, and marine mammals were considered in this large-
scale approach. We provided the first evaluation from field experiments
of predation rate in freshwater on 3- and 11-month-old stocked
individuals. Predation was evaluated as moderate to high in the
watersheds considered. The captive origin of these individuals, with
little training before release, limiting anti-predator behavior, is
proposed as an explanation for the observed predation rates, and
propositions of mitigation measures are listed. In addition, the
molecular analysis of the feces revealed a high predation pressure on
eels and a low occurrence of predation on juvenile shad by Wels catfish.
We considered the methodologies used in this study (literature analysis,
telemetry tools with predation tags, and molecular analysis of predator
feces) efficient and transposable for other juveniles of diadromous
species. Together, these complementary approaches provide a robust
framework for improving our understanding of predation risks and
guiding future conservation efforts.
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