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A B S T R A C T

Many fluvial water systems suffer from reduced or completely disrupted connectivity due to human activities, 
causing negative effects for species and ecosystems. Artificial transport past migration barriers, so called trap and 
transport, can be used as a management tool to mitigate fish population declines. The efficiency of trap and 
transport is, however, rarely evaluated, in particular for downstream transport of catadromous species such as 
the European eel. In this study we analysed seven years of trap and transport data (2016–2022), encompassing 
nearly 58,000 transported adult eels, to evaluate mortality during all steps of the trap and transport process (i.e., 
mortality in fishing gear, during holding, and during transport). We found that mortality rates were generally 
low for all steps, 0.2–1.4 % in the fishing gear, 0.6–2 % during holding, and 0.03–0.17 % during transport 
(percent per year on average), compared to expected mortality in turbines (estimated turbine mortality in the 
investigated area: 70% to >99 %). The factors affecting mortality differed across the trap and transport steps, 
with year, season (day of year), temperature, and mortality in the previous step (i.e., indicative of general stress 
in the previous step, and/or poor condition) being the factors having an effect. We conclude that trap and 
transport may cause relatively low mortality compared to turbines, but since it requires maintenance and human 
interference, restoration of connectivity should be the long-term goal.

1. Introduction

Water connectivity is currently and increasingly becoming disrupted 
due to human activities, and has been so for decades, which can lead to 
loss of biodiversity and disturbed ecosystems (Kindlmann and Burel, 
2008; Grafton et al., 2013; Crook et al., 2015; Hidalgo et al., 2017). This 
is evident in rivers, where man-made migration barriers hamper the link 
between freshwater and marine environments (Crook et al., 2015). 
Rivers provide essential ecosystem services, such as a wide variety of 
habitats for numerous organisms, biogeochemical transformation of 
energy and matter, and physical transformation of the landscape 
(Limburg et al., 2001; Crook et al., 2015). Since organisms distribute 
non-randomly in the environment, dams and hydropower plants pose a 
severe threat through blocked migratory routes, fragmented habitats, 
and direct mortality (Jonsson et al., 1999). In addition, artificial 
waterbodies, such as reservoirs, often have limited or no flow connec-
tivity with the surrounding catchment, thereby hindering migration to 
and from such habitats (Piper et al., 2020). Such issues can be mitigated 
by restoring connectivity through removal of migration obstacles or by 
constructing fish passage solutions. While awaiting such actions, 

artificial transport (assisted migration) around migration barriers, so 
called trap and transport or trap and haul, can be used as a management 
tool to mitigate fish population declines (Ward et al., 1997). Trap and 
transport consist of active–manual (e.g., gill net, fyke net) or passive-
–automatic (e.g., elevator, trap) capture of fish above or below a barrier, 
followed by upstream or downstream relocation (Schmetterling, 2003; 
McDougall et al., 2013). It is for example used for upstream transport of 
adult salmonids (Nyqvist et al., 2019; Weigel et al., 2019), sturgeons 
(McDougall et al., 2013), and juvenile eel (Bogdan and Waluga, 1980; 
Boerrigter et al., 2015), and for downstream transport of adult eel (Piper 
et al., 2020), and juvenile salmonids (Ward et al., 1997; Evans et al., 
2008). In general, trap and transport can be a good management mea-
sure if the alternative is to pass through one or several turbines where 
the accumulated fish passage success will be low, leading to a likely 
death (Algera et al., 2020). However, in order for this method to be 
beneficial at the population level, the transported fish need to continue 
their up- or downstream migration, eat and grow, then return the same 
path (in case of juvenile transport), reach a suitable spawning habitat, 
and succeed with spawning.

The European eel, Anguilla anguilla, is one species for which trap and 
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transport is used as a management tool (Piper et al., 2020). The species is 
critically endangered (Pike et al., 2020) with a recruitment decrease of 
92–99 % (ICES, 2024). It is hence essential to ensure that conservation 
efforts work as intended. The European eel is an obligate migratory 
species (Schmidt, 1922; Wright et al., 2022), and they are affected by 
migration barriers both during their upstream migration as recruiting 
juveniles, and during their downstream migration as adult silver eels 
(Tamario et al., 2019; Algera et al., 2020; ICES, 2024). The European eel 
has a large distribution, covering all of Europe and northern Africa 
(Schmidt, 1912; Pike et al., 2020), with one panmictic stock across the 
entire distribution area (Enbody et al., 2021). A large proportion of the 
European eel’s habitat is affected by migration barriers (Algera et al., 
2020; Duarte et al., 2021), and barriers is listed as one of the causes for 
the population decline (ICES, 2024). Few migration barriers are equip-
ped with any form of fish passage solution (Algera et al., 2020). Up-
stream migration can be aided by eel ladders, eel collector traps, or 
similar (Drouineau et al., 2015; Tamario et al., 2019). Eels are also 
excellent climbers and can climb barriers or pass a barrier by migrating 
around it on land (Legault, 1988; Kerr et al., 2015). Hence, upstream 
migration is, in general, not the main issue with regards to barriers for 
the European eel, and they are present in many areas upstream of 
migration barriers (Tamario et al., 2019; ICES, 2024). In addition, 
restocking, i.e., moving glass eels from areas with a supposed excess to 
areas with a deficit (ICES, 2016), is conducted also to areas upstream of 
migration barriers. To ensure that restocking functions as a successful 
management measure, it is important to ensure that the restocked eels 
can migrate downstream when they are adults. Similarly, naturally 
recruited eels present upstream of migration barriers must also be 
ensured a safe downstream migration route. Unfortunately, this is a 
much more difficult problem to solve, and the European eel suffer high 
levels of turbine mortality as silvering downstream migrants (cumula-
tive mortalities with multiple dams: 70 % to >99 %, Calles and Chris-
tiansson, 2012; Leonardsson, 2012). Safe downstream passage can be 
achieved with the combination of angled bar racks and nature-like 
fishways (Calles et al., 2021). In many instances however, bar racks or 
other behavioural guidance past turbines is either extremely chal-
lenging, expensive, or impossible to install or operate, particularly in 
large systems (Algera et al., 2020). These are some of the main reasons 
why trap and transport is performed on the European eel.

Studies evaluating the efficiency of trap and transport have mainly 
focussed on upstream transport of anadromous species, finding that it 
can be a useful tool to aid spawning migration of salmonids (Nyqvist 
et al., 2019; Weigel et al., 2019) and sturgeon (Finney et al., 2006; 
McDougall et al., 2013). Fish may however move downstream after 
upstream transport (Swanberg, 1997), and such fallback behaviour 
could result in migratory delays, injury and mortality if the fish go back 
through the hydropower turbines (Boggs et al., 2004), or failed spaw-
ning/migration if there is no (or inefficient) alternative passage routes 
(Hagelin et al., 2016). Increased predation risk and physiological 
changes induced by stress have also been observed among transported 
individuals (Kemp, 2015). The efficiency of downstream transport has 
received far less attention (Lusardi and Moyle, 2017), in particular of 
catadromous species (Piper et al., 2020), with a few exceptions 
(Béguer-Pon et al., 2018). This follows a general pattern that salmonids 
are studied to a much greater extent than other diadromous species 
(Algera et al., 2020). It is important that evaluations include catadro-
mous species since trap and transport programs can provide manage-
ment benefits, but come with challenges given its artificial nature. There 
are some indications that the trap and transport process seem to fulfil the 
intention for eel, since trap and transported adult eels from reservoirs 
showed similar migration patterns as resident river eel during the first 
part of their migration (in a river towards the sea, Piper et al., 2020). 
Transport can however result in increased metabolism and cause mor-
tality, as shown in juvenile eels, elvers, in the context of moving eels 
used for restocking (Bogdan and Waluga, 1980; Boerrigter et al., 2015). 
Whether the same is true for adult eels, i.e., whether downstream trap 

and transport can result in alteration of physiological condition and/or 
mortality, seems to be largely missing in the scientific literature. Pre-
liminary analyses of stress (deduced from heart rate) during trap and 
transport of eel in Sweden indicate that heart rate was elevated during 
the entire transport process, suggesting that the eels experienced stress 
from this handling (Sundin et al., 2023). Such stress could have negative 
implications, and any mortality that occurs during trap and transport 
must be considered for this management tool.

Here, we used existing data on mortality rates from trap and trans-
port data sheets from 2016 to 2022 to evaluate mortality in adult Eu-
ropean eel during all steps of the trap and transport process. We 
predicted that factors suspected to be stressful, such as high water 
temperature, extended holding periods prior to transport, and long 
transport time, would increase mortality rates.

2. Material and methods

2.1. Trap and transport procedure

The trap and transport procedure investigated here consisted of 
collecting adult eels by fishing with pound nets and then keeping them 
in submerged fish corves or tanks on land until transport (Fig. 1). The 
eels were then transported in water filled tanks and released down-
stream of the migration barriers. Transport was done individually from 
one fisher/collection site to the release site, or by making stops at several 
fishers/collection sites along the transport route and releasing all at one 
release site (Fig. 1).

2.2. Origin of the trap and transport data sheets

Data used in this study were extracted from existing data sheets from 
trap and transport events conducted in Sweden 2016–2022, obtained via 
the Swedish Inland Fishermen’s Federation (Svenska Insjöfiskarenas 
Centralförbund, SIC: http://www.insjofiskare.se). Most, but not all, data 
sheets were from trap and transport events performed within Ener-
giforsk’s program called “Krafttag ål” (https://energiforsk.se/en/, http 
s://energiforsk.se/program/krafttag-al/). The program Krafttag ål is a 
voluntary agreement between several hydropower companies, and, at 
the commencement of the project, the Swedish Board of Fisheries (the 
former agency responsible for fisheries related matters in Sweden), now 
the Swedish Agency for Marine and Water Management (Dekker and 
Wickström, 2015). At some trap and transport locations, data sheets 
detailing mortality and additional parameters (see data management 
section below) were filled out by the fisher and the transporter con-
ducting each respective trap and transport event. The data sheet was 
designed by a researcher at the Department of Aquatic resources, 
Swedish University of Agricultural Sciences (hence, the project was 
partly initiated and executed by the hydropower industry, but the data 
sheet was designed by an independent researcher). Some trap and 
transport projects executed and funded outside of the Krafttag ål pro-
gram also used these data sheets; those were also included in our ana-
lyses. Note that not all trap and transport projects executed in Sweden, 
funded by various actors, were included in our analyses. Only those that 
used the specific data sheet, and that had sent those data sheets to the 
Swedish Inland Fishermen’s Federation, were included.

2.3. Data management

The existing data sheets analysed here were from trap and transport 
of adult eel from three catchment areas, each encompassing several lo-
cations and fishers, in south-western Sweden (Fig. 2). The data sheets 
contained data on name of fisher, fishing location, fishing gear, fishing/ 
capture date (i.e., the date when the fishing gear was emptied), type of 
holding facility (submerged corf or flow through tank on land), transport 
date, transport time, name of transporter, size of transport tank(s), water 
temperature (in corf/tank at the time of fish pickup and in the transport 
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tank), and number of dead eels in the fishing gear, during holding, and 
after transport. The data sheets did not contain information about the 
size of the eels. Previous assessments of trap and transported eels within 
the project Krafttag ål however indicated that the majority of eels were 
classified as migrants according to Durif̈s silver index (stage FIV-FV, 
Durif et al., 2005; Durif et al., 2009), with an average weight of 1.3 kg 
and length of 850 mm (Dekker and Wickström, 2015; Wickström, 2015). 
Since the weight and length data from the previous assessments were 
from trap and transport events from the same project as the data ana-
lysed here (i.e., same eel collection methods and sites), we assume that 
the eels in the data analysed here would be approximately in the same 
size range, although this is not known for certain.

The eels had been caught with pound nets in freshwater lakes by 
commercial fishers and were then held near the site of capture until they 
were picked up for transport. The eels were either held in submerged 
corves, or on land in flow-through tanks. The submerged, perforated, 
corves ranged from 200 to 300 L, and the flow through tanks on land 
from 2000 to 3000 L. The fishers were fishing continuously until 
transport, adding more eels to the corves and tanks, and using more 
corves and tanks if the eel density per corf/tank became too high (i.e., 
avoiding risk to the welfare of the eels). Data on holding density could 
not be derived since information on the exact number of eels per corf/ 
tank was not specifically asked for in the data sheet. The fishers relied on 
their experience to avoid overcrowding. Holding time (number of days 
kept in corf/tank) could not be derived from the data sheets since eels 
were added continuously to the corves/tanks. Instead, number of days 
between the earliest fishing/capture date and the transport date was 
used to calculate maximum holding time. Water temperature in corves 
and tanks were noted at the day of transport. The transporter collected 
eels from one up to six locations (from several fishers) per transport 
event, and each transport event was concluded within a day. The 
transporter noted the time of collection and the temperature of the tanks 
on the transport vehicle at each stop along the route. The eels were 
transported in tanks ranging from 400 to 1500 L (during instances when 
many eels were transported, a larger truck with several tanks was used). 
Eels from one or more locations and/or fishers were sometimes placed in 
the same transport tank, or distributed across two or more tanks, 
without noting the exact number of eels per tank. This means that the 
exact number of eels per tank (i.e., exact density) could not be derived, 
while number of eels per transport was known. In our analyses, all data 
relating to the transport, including temperature, were therefore aver-
aged for each transport event. I.e., each transport is an effective obser-
vation that is an average based on data from up to six locations/fishers 
depending on the specific transport event. Once the release site had been 

reached, transport time and number of eels that died during transport 
were noted when the eels were released.

The data from the data sheets (N = 126) were first entered into a 
spreadsheet and validated. Occurrences of zero values and missing data 
were checked with a contact person at SIC to confirm whether there 
were either a zero to report (a true zero value) or if data were missing (i. 
e., the zero corresponded to “no recording”). Due to mixed usage of zeros 
and empty cells, some data sheets could not be included in the analysis 
(n = 25), leaving 101 data sheets for the analyses, corresponding to 101 
transport events encompassing 302 fishing/catch and holding events.

2.4. Statistical analyses

Data from the data sheets enabled us to evaluate mortality rates 
during the entire trap and transport process starting with mortality in 
the fishing gear, followed by mortality during holding, and finally the 
mortality rates after completed transport. The data were analysed as the 
proportion of dead eels during each phase in the trap and transport 
chain. Three logistic regression models were fitted with the proportion 
of dead eels reported in gear, during holding, and after transport, as the 
respective response variables. Each of these models had their own set of 
covariates based on the information available from the data sheets.

It was not possible to perform one single analysis across the trap and 
transport process since the level of data resolution differed between the 
three steps. Mortality in fishing gear and mortality during holding had 
the same number of observations (number of fishing/holding events, 
n = 302). For mortality during transport, on the other hand, data were 
analysed per transport event (n = 101), rather than per pick-up event 
per fisher, resulting in a lower number of observations compared to the 
other two analyses. This was done since the transport vehicle usually 
had more than one tank, and since eels from one or more locations and/ 
or fishers were sometimes placed in the same transport tank, or 
distributed across two or more tanks, without noting the exact number 
of eels per tank, meaning that the exact number of eels per transport 
tank was unknown, while number of eels per transport event was 
known.

For the analysis of mortality in fishing gear we used a linear and 
quadratic effect of day of year, location, and year as explanatory vari-
ables. Day of year is a continuous variable (1− 365) where the linear 
effect allows for an increasing effect for the first part of the year and the 
quadratic allows for a decreasing effect for the second part of the year 
(other patterns are also possible). Fishing location is a categorical var-
iable encompassing where, how, and who was fishing. Year was also 
treated as a categorical variable that should capture potential variation 

Fig. 1. Conceptual illustration of the trap and transport procedure (yellow dashed arrow along the vehicle transport route and yellow circles to the left and right in 
the illustration), in comparison to the alternative route through one or several hydropower plants and turbines (pink arrow along the route through the hydropower 
plant, circle to the left in the illustration, and cross in the turbine), and compared to the natural migration route in a system without migration barriers (blue arrow 
along the river route and circles to the left and right in the illustration). The trap and transport procedure for adult eel consists of collection from fishing gear or traps/ 
fish collectors upstream of migration barriers, holding in submerged fish corves or tanks on land (to the left in the illustration), transport past the migration barriers, 
and release downstream of the migration barriers, towards the sea. ©Susanne Landis, SCIENSTRATION.
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in mortality between years. These four variables were the only infor-
mation available that could explain fishing gear mortality. In this model 
and the models below, the two day of year variables (linear and 
quadratic) were fitted jointly (Cade, 2015). This resulted in eight 
possible model combinations that were ranked by Akaike information 
criterion (AICc), with each explanatory variable included in four 
models. To estimate relative variable importance (RVI), in this model 
and the models below, we summed the AICc model weights for each 
model that included the explanatory variable. This step is described in 
detail below.

For the analysis of mortality during holding, eight explanatory 

variables were available: a linear and quadratic effect of day of year, 
fishing location, year, proportion dead eels reported in the fishing gear 
(since mortality in the previous step can be indicative of general stress in 
the previous step, and/or poor condition of the eels in the fishing gear), 
corf/tank type (submerged corf or flow through tank on land), 
maximum number of days kept in corf/tank, and water temperature in 
corf/tank. The variable location was removed since the fishers at each 
location used either corves or tanks, and not a combination of the two, 
meaning that the effect of location and corf/tank was collinear. AICc 
showed that corf/tank had greater support than location, therefore 
location was removed from the analyses. Furthermore, the quadratic 

Fig. 2. Approximate collection sites (fishing sites, yellow circles) in south-western Sweden for trap and transport of adult European eel, and the respective 
approximate release sites (purple points) towards Kattegat and Skagerrak in the North Sea. The size of the yellow circles indicates the number of transported eels, 
shown as number of eels that survived the entire trap and transport process, from each location during 2016–2022 (n = 101 transport events, n = 302 fishing and 
holding events). Hydropower plants downstream of the collection site (i.e., that the eels were transported past) are shown in red squares; upstream plants and dams 
are not shown. The catchment areas are indicated in dark to light grey, from north to south: Göta älv, Nissan, and Lagan.
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effect of day of year were removed prior to model selection because it 
was not significant and the day of year effect was best explained by the 
linear term only. To investigate which variables had an effect on holding 
mortality, we performed model selection on a set of models that 
included all possible combinations of the six remaining explanatory 
variables. This resulted in 64 possible model combinations that were 
ranked by AICc, with each explanatory variable included in 32 models.

For the analysis of mortality during transport, variables were aver-
aged for each transport event (as detailed above). Eleven explanatory 
variables were available: a linear and quadratic effect of day of year, 
proportion of dead eels reported in the fishing gear, maximum number 
of days kept in corf/tank, water temperature in corf/tank, the propor-
tion of eels that were kept in a corf and that were kept in a tank before 
transport (0 for all in corf and 1 for all in tank), the proportion of dead 
eels reported in fish corf/tank, water temperature in the transport, dif-
ference in water temperature between corf/tank and transport tank, 
year, and transport time. The variable location was not included in any 
of the models since eels from several locations were transported together 
on the same day (as detailed above). Further, the variable water tem-
perature in corf/tank was removed because it was correlated with water 
temperature in transport, and models with water temperature in trans-
port had lower AICc than models with water temperature in corf/tank. 
Similar to the model on mortality in fishing gear, the linear and 
quadratic effect of day of year were fitted together. This resulted in ten 
explanatory variables and 512 models that were ranked by AICc, with 
each variable included in 256 models.

For the models described above, we calculated AICc weights (ωi) and 
used these weights to rank the models. AICc weights are model proba-
bilities that sum to 1 (Burnham et al., 2011). The closer the model 
weight is to 1, the more likely it is that the model is the best model given 
the data. The models’ explanatory variables can also be ranked based on 
the model weights (Burnham and Anderson, 2004). The ranking of 
variables gives a relative variable importance (RVI) and is calculated by 
summing the AICc model weights (ω+) for each model where the vari-
able is present. RVI (ω+) is presented on a scale from 0 to 1, where 1 is 
full support and 0 is no support for the variable having an effect on the 
response variable (Burnham and Anderson, 2004). RVI values for all 
parameters are presented in the results section below. A top ranking 
model does not imply that all variables included are significant at an α 
= 0.05 (Sutherland et al., 2023), and hence, model summary statistics 
are included in the results section (Table 1). The AICc model rankings 
could not always determine one unequivocally best model, and because 
of this we used information from all models, and the variable parameters 
were averaged across models. Because our response variables were on 
the logit scale, model averaging should not be calculated on the un-
transformed parameters (Cade, 2015). Hence, model averages were 
calculated by making predictions for the fit and confidence intervals of 
each model and then transforming these to the original scale. Then 
weighted averages were calculated by using the model weights. The 
averages were calculated using shrinkage estimates, where parameters 
not included in the model takes the value zero (Bartón, 2022). This 
means that variables with low RVI will have model averaged estimates 
that approach zero. Model selection tables with the AICc ranking of all 
competing models are available as supplementary material
(Tables S1–S3). The goodness-of-fit for each of the respective models 
was calculated using McFaddens’ pseudo R2 for logistic regression 
models (deviance of top model/deviance of null model, McFadden, 
1974), with values between 0.2 and 0.4 representing excellent fits 
(McFadden, 1979). In addition, the goodness-of-fit for each respective 
model was also assessed using ROC-curves and area under the curve 
(AUC) values (Nam and D’Agostino, 2002; Carter et al., 2016).

To illustrate the potential effect of a specific predictor variable on 
mortality in fishing gear, during holding, and during transport, we 
plotted their model averaged partial regressions. This was done by 
allowing each focal predictor variable to vary across its range of values, 
and control for the remaining predictor variables in each model by fixing 

their parameter value at their respective average (Fox and Weisberg, 
2018, 2019). In contrast to the partial regressions for each predictor 
variable, we estimated a mortality range based on our fitted values from 
each top ranked model and plotted these alongside the observed value of 
each predictor variable. These plots illustrate the minimum and 
maximum modelled mortality within the data range, and how the 
combined effect of predictors influences mortality.

All data handling and statistical analyses were done using R (version 
4.2.2) (R Core Team, 2022). The packages included in “tidyverse” 
(Wickham et al., 2019), “sf”, and “patchwork” packages (Pebesma, 
2018; Pedersen, 2020) were used to manipulate data (mutate, select, 
filter, summarise, and arrange) and create figures and maps. Model ef-
fects were calculated using the “effects” package (Fox, 2003; Fox and 
Weisberg, 2019). The package “MuMIn” (Bartón, 2022) was used to 
calculate RVI and rank model combinations based on AICc. Roc-curves 
and AUC estimates were derived using the functions roc() and auc() in 

Table 1 
Parameter estimates and standard error (SE) from the best model for fishing gear 
mortality, mortality during holding, and mortality during transport, respec-
tively, for adult European eel (Anguilla anguilla). The estimates and z-values 
indicate the strength and direction of the parameters on mortality, with asso-
ciated p-values shown in the Pr(>|z|) column. Significance was determined at an 
alpha level of 0.05.

Response Parameter Estimate SE z- 
value

Pr(>| 
z|)

Fishing 
gear

Intercept − 16.805 1.562 − 10.76 < 0.001

 Location B − 1.027 0.200 − 5.12 < 0.001
 Location C − 1.049 0.163 − 6.45 < 0.001
 Location D − 1.767 0.318 − 5.56 < 0.001
 Location E − 0.305 0.253 − 1.21 0.227
 Location F − 16.683 824.559 − 0.02 0.984
 Location G − 16.578 1147.357 − 0.01 0.988
 Location H − 16.414 1645.121 − 0.01 0.992
 Location I − 17.557 4253.396 0.00 0.997
 Day of year linear 0.121 0.015 8.07 < 0.001
 Day of year 

quadratic
− 0.000 0.000 − 8.11 < 0.001

 Year 2017 − 0.016 0.248 − 0.06 0.949
 Year 2018 0.452 0.224 2.02 0.043
 Year 2019 − 0.515 0.277 − 1.86 0.063
 Year 2020 − 1.552 0.488 − 3.18 0.001
 Year 2021 0.269 0.255 1.05 0.292
 Year 2022 0.571 0.225 2.54 0.011
Holding Intercept − 5.637 0.221 − 25.51 < 0.001
 Day of year linear − 5.285 1.009 − 5.24 < 0.001
 Mortality in 

fishing gear
18.885 3.312 5.70 < 0.001

 Corf or tank 0.528 0.116 4.55 < 0.001
 Temperature 

holding
0.044 0.013 3.25 0.001

 Maximum days in 
holding

0.013 0.008 1.57 0.116

 Year 2017 − 0.200 0.175 − 1.14 0.253
 Year 2018 − 0.511 0.183 − 2.80 0.005
 Year 2019 − 0.582 0.183 − 3.18 0.001
 Year 2020 − 1.252 0.293 − 4.28 < 0.001
 Year 2021 − 0.672 0.223 − 3.01 0.003
 Year 2022 − 0.110 0.167 − 0.66 0.510
Transport Intercept − 12.727 1.1842 − 10.75 < 0.001
 Temperature 

transport
0.394 0.085 4.61 < 0.001

 Day of year linear − 10.056 2.555 − 3.94 < 0.001
 Day of year 

quadratic
8.239 2.837 2.90 0.004

 Mortality in 
fishing gear

38.343 14.796 2.59 0.010

 Year 2017 0.791 0.632 1.25 0.210
 Year 2018 − 0.713 0.702 − 1.02 0.310
 Year 2019 − 0.014 0.606 − 0.02 0.981
 Year 2020 − 1.349 0.917 − 1.47 0.141
 Year 2021 − 1.571 0.814 − 1.93 0.054
 Year 2022 − 0.961 0.702 − 1.37 0.171
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the “pROC” package (Robin et al., 2011).

3. Results

3.1. Descriptive statistics

In total, number of transported individuals ranged between 4 491 
and 10,764 eels per year (57,908 individual eels in total), and between 
72 and 1 699 eels per transport event (Fig. 3a). The total mortality (i.e., 
mortality in gear, in holding, and during transport combined) ranged 
from 0.6% to 2 % per year on average (Fig. 3b). Average annual mor-
tality rates in fishing gear ranged from 0.2% to 1.4 % (Fig. 3c), mortality 
during holding from 0.6% to 2 % (Fig. 3d), and mortality during 
transport from 0.03% to 0.17 %, per year on average (Fig. 3e). The 
average holding time that was 11.4 days, and the average transport time 
was 3.5 h.

3.2. Mortality rates

Mortality in fishing gear (pound nets) was affected by day of year 
(cumulative model weight DAY OF YEAR ω+ = 1.00), with the highest 

mortality being reported during summer (peaking in mid-July, Fig. 4a). 
In late spring (April and May) and during fall (October and November), 
the mortality was lower (Fig. 4a). There were also differences in mor-
tality across years (YEAR ω+ = 1.00), where mortality in the fishing gear 
was lower in 2020 compared to the other years (Fig. 4b). There were 
differences in mortality depending on location (LOCATION ω+ = 1.00), 
with some locations having lower fishing gear mortality than others 
(Fig. 4c). It should be noted that for four locations, the estimates could 
not be included in the figure since the estimates were very low and had 
high standard errors due to lack of data (Table 1). Hence, five (out of a 
total of nine locations) are included in Fig. 4c. All main effects in the 
model on fishing gear mortality were significant at an alpha level of 0.05 
(Table 1). The McFaddens’ pseudo R2 was 0.41, and the AUC-value was 
0.81 (indicating good model fits). A model selection table with the AICc 
ranking of all competing models, and the ROC-curve, are available in the 
supplementary material (Tables S1, Figure S1).

Similar to mortality in fishing gear, mortality during holding was 
also affected by day of year (cumulative model weight DAY OF YEAR ω+ =

1.00), but this time the pattern was somewhat different, with greater 
mortality in late spring and summer (April-July), and lower in fall 
(October and November) (Fig. 5a). There was also an effect of year on 

Fig. 3. Descriptive statistics and reported dead European eels (Anguilla anguilla) adults during trap and transport. Boxplots show: (a) total number of transported eels 
per trap and transport event per year, (b) total mortality during trap and transport per year, (c) mortality in gear per year, (d) mortality during holding per year, and 
(e) mortality during transport per year. The box represents the 25th and 75th percentile with the median value shown as a black line in the box, whiskers denote 
values lower than the 25th percentile and higher than the 75th percentile. Black points show raw data. Note the different y-axis scales between panels. Note that 
panel (b) and (e) on total and transport mortality include 101 observations, while panel (c) and (d) on fishing gear and holding mortality include 302 observations 
(since each transport event contained eel from several fishers/locations, which affected the resolution of observations). Note that the sum of mortality in the three 
steps (gear (c), holding (d), and transport (e)) is not equal to the total mortality in panel (b), since eels that died in a previous step of the trap and transport process are 
not included in the following step.
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mortality during holding (YEAR ω+ = 1.00), with lower mortality in 2020 
(Fig. 5b). In addition, mortality increased with increasing mortality in 
fishing gear (GEAR MORTALITY ω+ = 1.00), meaning that when mortality 
had been high in the fishing gear, it was also high during holding 
(Fig. 5c). Furthermore, mortality was greater in flow-through tanks on 
land than in submerged corves (CORF|TANK ω+ = 1.00, Fig. 5d) and higher 
temperatures within the range of 5–24 ◦C resulted in greater mortality 
(WATER TEMPERATURE ω+ = 0.99, Fig. 5e). The remaining variable 
maximum days in holding received weak support (MAX DAYS IN CORF|TANK 

ω+ = 0.53, Fig. 5f), but was however, based on AICc ranking of the 64 
candidate models, still part of the top model. Not all main effects in the 
top model on holding mortality were significant at an alpha level of 0.05 
(Table 1). The McFaddens’ pseudo R2 was 0.20, and the AUC-value was 
0.65 (indicating good model fits). A model selection table with the AICc 
ranking of all competing models, and the ROC-curve, are available in the 
supplementary material (Tables S2, Figure S2).

Mortality during transport was also affected by day of year (cumu-
lative model weight DAY OF YEAR ω+ = 1.00), again somewhat differently 
compared to fishing gear mortality and mortality during holding. Mor-
tality was highest in early spring, then decreased abruptly from the end 
of April, reached near zero by June, and remained at low levels 
throughout the year (Fig. 6a). Furthermore, mortality increased with 
higher water temperatures during transport (TEMPERATURE ω+ = 1.00, 
Fig. 6b). The remaining variables received weak support according to 
the model weights, although mortality in fishing gear had a significant 
effect (p < 0.01, Table 1). Year had a weak effect on mortality during 
transport (YEAR ω+ = 0.65, Fig. 6c), with no distinguishable pattern in 
mortality across years. Mortality in the previous step (MORTALITY IN CORF| 
TANK ω+ = 0.55, Fig. 6d) and mortality in fishing gear (GEAR MORTALITY ω+

= 0.53, Fig. 6e) also received weak support, with a pattern indicating 
that when mortality had been high during holding and in the fishing 
gear, it was also high during transport (Fig. 6d, e). There was weak 
support for mortality to increase with longer transport time (TRANSPORT 

TIME ω+ = 0.37, Fig. 6f). The remaining three variables all had an effect 
approaching zero (CORF|TANK TYPE ω+ = 0.26, MAX DAYS IN CORF|TANK ω+ =

0.26, TEMPERATURE DIFF TRANSPORT VS CORF|TANK ω+ = 0.30). The McFaddens’ 
pseudo R2 was 0.52, and the AUC-value was 0.83 (indicating good 
model fits). A model selection table with the AICc ranking of all 
competing models, and the ROC-curve, are available in the supple-
mentary material (Tables S3, Figure S3).

The predicted minimum, median, and maximum mortality in fishing 
gear were 0.015 (95 % CI: 0.006–0.036 %), 0.4 % (0.2–0.7 %), and 
2.7 % (2.1–3.6 %), respectively (Fig. 7a). The same metrics during 
holding were 0.1 (0.1–0.2 %), 0.7 % (0.5–0.9 %), and 6.4 % 
(3.5–11.6 %), respectively (Fig. 7b). Finally, during transport the 

predicted minimum, median, and maximum mortalities were 0.002 
(0.0002–0.011 %), 0.04 % (0.01–0.11 %), and 1.07 % (0.28–4.04 %), 
respectively (Fig. 8).

4. Discussion

This study utilized existing data from trap and transport data sheets 
from 2016 to 2022, encompassing nearly 58,000 transported eels, to 
evaluate mortality during trap and transport in adult European eel. We 
found that the average mortality rate was generally low for all steps, 
0.2–1.4 % in the fishing gear, 0.6–2.0 % during holding, and 
0.03–0.17 % during transport (percent per year on average). Hence, 
most of the total mortality was related to fishing and holding, while 
mortality during transport itself was lower. The total mortality during 
all steps of the process (i.e., mortality in gear, during holding, and 
during transport) could however be up to 10 %. Combining the worst- 
case scenarios within the boundaries of the observed data showed that 
predicted mortality levels ranged (minimum and maximum) between 
0.01 % and 2.7 % in the fishing gear, 0.1 % and 6.4 % during holding, 
and 0.002 % and 1.07 % during transport. Hence, both the observed and 
the predicted mortality during trap and transport was much lower 
compared to the expected mortality in turbines (Algera et al., 2020). The 
estimated total turbine mortality in the three river systems investigated 
here is 70 % to > 99 % (Göta älv: 70–90 %, Nissan: >99 %, Lagan: 
>99 %, Calles and Christiansson, 2012; Leonardsson, 2012).

Some of the investigated parameters affected morality in fishing gear 
and during both holding and transport, while others only had an effect 
during parts of the process. Year had an effect on mortality in fishing 
gear and during holding, but not during transport. There were no clear 
consistent effects, but in year 2020 there was lower mortality in fishing 
gear and during holding, and in addition there was lower mortality in 
fishing gear in 2019. This is somewhat surprising, since the year 2020 
was unusually warm in Sweden (www.smhi.se). While the data sheets do 
not contain any information that could potentially explain the lower 
mortality in 2020, seemingly random/inexplicable interannual varia-
tion in real-world datasets is not uncommon (Werner et al., 2020). Such 
results should however be interpreted with care given the difficulties 
associated with obtaining the needed statistical power to interpret 
interannual variation (Cauvy-Fraunié et al., 2020). Season, i.e., time of 
year, affected mortality during all steps of trap and transport, however 
not in the same way. For mortality in fishing gear, the highest mortality 
was noted during the summer, peaking in mid-July, and being lower in 
late spring (April and May) and during fall (October and November). 
This could be interpreted as a temperature effect, since this pattern 
follows how the water temperature is expected to look in Sweden. 

Fig. 4. Proportion of reported dead European eels (Anguilla anguilla) adults in fishing gear (pound net) (a) as a quadratic function of day of year (displayed as day/ 
month), (b) as a function of year (2016–2022), and (c) as a function of fishing location. In panel (a) the average mortality for the five locations with the greatest 
number of observations is shown across day of year. Black circles show the observed x-values along the horizontal axis. In panel (c) the number of observations per 
location is shown, for the five locations where estimates could be included in the figure (estimates from all locations are presented in Table 1), the observations for 
location F-I were 20, 10, 6, and 1, respectively. Orange line and points show the models’ partial regression estimates, shaded orange area show 95 % confidence 
interval. Relative variable importance values (ω+) are included above each panel. Note the different y-axis scales between panels.
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Temperature was however not part of the model since the data sheets 
did not contain data on water temperature at the site/time of fish-
ing/emptying the gear. Mortality during holding followed a similar 
pattern regarding effect of season, with greater mortality during summer 
and lower in fall. For this step of the process, however, mortality was 
also high in spring (April, May), which cannot be explained by tem-
perature. We do not know why mortality was high in spring (in addition 
to during summer), but the eels might be more sensitive to holding in 
spring after their winter dormancy. The European eel is not completely 
dormant during winter (Westerberg and Sjöberg, 2015; Rohtla et al., 
2022). Being kept in a corf/tank may thus be particularly negative in 
spring when the eels have just started to be more active and started to 
forage (Methling et al., 2012; Reeve et al., 2022; Rohtla et al., 2022). For 
mortality during transport, the season effect again showed that mor-
tality was greater during early spring, which could point to a similar 
sensitivity after dormancy as in mortality during holding. This could be 
related to exhaustion of stored energy, or potentially a suppressed im-
mune system, after the dormancy period, which might influence stress 

tolerance. After spring, mortality during transport decreased abruptly, 
reached near zero by early summer (June), and remained at low levels 
throughout the year. This pattern shows that there is an effect of season 
in the early spring on mortality during transport. This result should not 
be coupled with temperature effects, since those two variables were not 
collinear, and mortality did increase with increasing water temperature 
(which is well-supported in the literature, e.g., Sadler, 1979; Pauly, 
1980). It should be noted that the transport time, on average 3.5 h, was 
much shorter than the holding time, on average 11.4 days, meaning that 
there is less time that can cause mortality. We do not know the soak time 
for the gear, but it was likely longer than the transport time. Mortality 
was also lower during transport compared to in fishing gear and during 
holding, and the effects should be interpreted taking this into account. 
There were also fewer datapoints, in general, for spring and autumn, 
meaning that the season effect should be interpreted with care. More 
studies would be needed to investigate if there are potential effects of 
winter dormancy that could be linked to greater sensitivity to handling.

Another of the analysed parameters that had an effect on mortality 

Fig. 5. Proportion of reported dead European eels (Anguilla anguilla) adults during holding (submerged corf or flow through tank on land) as a function of: (a) day of 
year (displayed as day/month), (b) year (2016–2022), (c) proportion of dead eels in the fishing gear, (d) corf/tank type, (e) water temperature in corf/tank, and (f) 
maximum days in holding. Orange lines and points show the models’ partial regression estimates, shaded orange areas show 95 % confidence interval. In (a), (c), (e) 
and (f), black circles show the observed x-values along the horizontal axis. Relative variable importance values (ω+) are shown above each panel. Note the different y- 
axis scales between panels.
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during holding and transport was the variable “mortality in fishing 
gear”, which received strong support in the models for mortality during 
holding but weaker support in the models for mortality during transport, 
although significant in both top models. This result likely reflects that if 
mortality was high in the first step of the process, the eels were in poorer 
condition, and higher mortality is hence seen also in the next step. The 
reason why this parameter had limited effect during transport could be 
due to most injured and/or sick eels dying during the holding period, 
whereby a strong effect would not be present in the analysis of mortality 
during transport. Mortality in gear could be due to many factors, such as 
injuries caused by the fishing gear or potential injuries from predators, 
and might be difficult to avoid. Injuries and mortality can increase with 
longer fishing durations, i.e., longer set-times of the gear (reviewed in: 
Veldhuizen et al., 2018), and while soak time was unknown in this 
study, it could have had an effect. It might therefore be beneficial to 
empty the fishing gear as often as possible when the eels are fished for a 
trap and transport program. It could be better to collect eels for trap and 
transport programs using outlet traps, rather than fishing gear, since the 
risk of injuries is generally lower in traps compared to fishing gear 
(Uhlmann and Broadhurst, 2015). It has also been shown in glass eel that 

push nets caused 42 % mortality (on average), while there was zero 
mortality for glass eel collected with hand nets or traps (Briand et al., 
2012). Whether the same is true for adult fish has not been studied, to 
our knowledge. If using traps for adult eel collection, it is important that 
the trap is designed to minimize stress and injuries, and in addition offer 
protection from opportunistic predators.

Holding time and transport time did not have an effect on mortality, 
which may seem counterintuitive. It has, however, previously been re-
ported that holding eels for a substantial amount of time may have little 
effect in general (Davidsen et al., 2011). For example, it has been re-
ported that eels held as long as four months seemed largely unaffected 
and resumed normal migratory behaviour upon being released 
(Davidsen et al., 2011). It has also been shown that the handling asso-
ciated with loading and unloading may be more stressful than the 
transport itself, for example in a study on commercial well boat trans-
ports of Atlantic salmon (Salmo salar) smolts (Iversen et al., 2005). 
Although an effect of holding and transport time was not observed here, 
it could be suggested to keep those at a minimum, as a precautionary 
approach. Holding and transport time may however be difficult to 
modify. Keeping the eels for some time before transport may be 

Fig. 6. Proportion of reported dead European eels (Anguilla anguilla) adults after transport as a function of: (a) day of year (displayed as day/month), (b) the average 
temperature in the transport tank, (c) year (2026–2022), (d) average mortality during holding, (e) average mortality in fishing gear, and (f) average transport time. 
Orange solid lines show the models’ partial regression estimates, shaded orange areas show 95 % confidence interval. Black circles in (a), (b), and (d) to (f) show the 
observed x-values along the horizontal axis. Relative variable importance values (ω+) are shown above each panel. Note the different y-axis scales between panels.
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unavoidable; it may not be practically, or economically, feasible to 
transport and release the eels daily. Usually within trap and transport 
programs, eels are collected and accumulated over several days before 
transport and release. Similarly, transport time can be difficult to 
modify, but trap and transport from locations that are far away from a 
suitable release site could be avoided. Transport time may however be 
longer than given by the distance, due to the transporter fetching eels 

from several locations, for financial reasons, thereby increasing trans-
port time substantially. This could be avoided if economical constraints 
were not a concern.

An important aspect relevant for the analysis of mortality during 
transport is that mortality caused from gear and holding are relatively 
certain measures since this would be comparably easy to assess (any 
dead eel would be noted when the eels were moved from the gear to the 

Fig. 7. Mortality range within the data boundaries (model predictions derived from the observed values in the data). Black data points represent the model fit, and 
point ranges denote the 95 % confidence intervals. In panel (a), alongside the fishing gear mortality, the predictor variables—day of year, year, and location—are 
color-coded for each observation. For example, tiles with an intermediate purple colour indicate summer and, together with locations A and E, have the highest 
mortality rates in fishing gear. Panel (b) shows the predictor variables: type of holding (submerged corf or tank on land), temperature during holding, mortality in 
fishing gear, maximum days in holding, day of year, and year, alongside the mortality during holding. Refer to the legend in panel (a) for day of year and year also in 
panel (b). In panel (a), the predictions from locations F to I have been removed as these locations could not be reliably estimated due to a low number of observations. 
Consequently, the number of observations differs between panel (a) and panel (b).
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holding corves/tanks, and from holding to the transport tank). Mortality 
after transport might be more difficult to assess since the eels are 
released from the transport tanks into the water at the release site. 
Hence, there is less “hands on” handling of the eels during the release, 
and dead eels could therefore be overlooked. This means that the data on 
mortality during transport presented here is conservative, and that the 
actual mortality could be higher. This is particularly important to keep 
in mind given that most of the total mortality was related to fishing and 
holding, while mortality during transport was lower. In order to make 
sure that transport mortality is accurately assessed, the eels could for 
example be released from the transport vehicle into a keeping net and 
allowed to swim through an opening of the net. Any dead eel would then 
remain in the net and could be accurately counted. If using such a 
method, it would be important to ensure that this extra step would not 
cause any extra stress or risk of mortality during release.

While this study mainly has implications for the spawning migration 
of adult eel, it also has some relevance for the reallocation of juvenile eel 
from one area to another (i.e., restocking), since restocking is done also 
in areas upstream of migration barriers in watercourses lacking free 
migration pathways (Nordqvist, 1929; Nyström and Trybom, 1902; 
ICES, 2016). While awaiting actions to create open migration routes, 
such as dam removal or the construction of functional fish passage so-
lutions, trap and transport is one of the few tools available to increase 
the survival of downstream-migrating eels which otherwise likely would 
die when passing through the hydropower turbines. Since many dams in 

Europe and other countries were built during the first half of the 20th 
century, or even earlier, few or no eels have been able to migrate in a 
free-flowing river in these systems for several decades, and few have 
functioning fish passage solutions and/or so called fish friendly turbines, 
or other technical solutions aiming at reducing turbine mortality (Taft, 
2000; Piper et al., 2018; Calles et al., 2021). Hence, in the absence of 
restocking, there would no longer be any adult eels in these systems and 
thereby no need for trap and transport. The eel’s role in the ecosystem 
would however have been lost, and biodiversity would have been 
reduced. Because the European eel has not yet been successfully 
reproduced artificially at a large scale, restocking relies exclusively on 
wild recruits, meaning that the net-benefit of restocking on the popu-
lation level is unclear (ICES, 2016). Despite this, restocking has been one 
of the recommended management measures with the aim to aid the 
recovery of the eel stock since the implementation of the EU Eel Regu-
lation in 2007 (Council Regulation No 1100/2007), and the subsequent 
establishment of national eel management plans. Fishing of glass eel for 
restocking purposes is however advised against in the latest ICES advice, 
as adopted by its Advisory Committee, ACOM, (ICES, 2023).

While safe downstream passage can be achieved with the combina-
tion of angled bar racks and nature-like fishways (Calles et al., 2021), 
such methods are in many instances either extremely challenging, 
expensive, or impossible to implement, particularly in large systems 
(Algera et al., 2020). Since trap and transport and other passage solu-
tions require maintenance and human interference, are labour intensive, 

Fig. 8. Mortality range within the data boundaries (model predictions derived from the observed values in the data). Black data points represent the model fit, and 
point ranges denote the 95 % confidence intervals. Mortality during transport is plotted alongside the color-coded predictor variables: year, day of year, mortality in 
fishing gear, and temperature in transportation tank.
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and can cause stress and mortality in fish, these practises should only be 
considered as temporary or complementary measures (Verhelst et al., 
2021). Restoration of connectivity should be the long-term management 
goal. This would also reduce or completely remove the need for 
restocking above migration barriers, and would follow the advice to 
avoid species-focused stocking, since this method can be outperformed 
by ecosystem-based management (Radinger et al., 2023). Barrier 
removal is sustainable for ecosystems and cost-efficient in the long term, 
and it is the only practice that can restore natural flow and connectivity 
(Bednarek, 2001).

5. Conclusion

We found that the average mortality rate of adult European eel was 
generally low for all steps of the trap and transport process, with most of 
the total mortality being related to fishing and holding, while mortality 
during transport was lower. The data on mortality during transport 
should however be viewed as conservative since the eels are released 
from the transport vehicle into the water at the release site and dead eels 
could hence be overlooked. On the contrary, any dead eel would be 
noted when moving eels from gear to holding, and from holding to 
transport. The observed mortality during trap and transport was much 
lower compared to the expected mortality in turbines, as the estimated 
total turbine mortality in the three river systems investigated was 70 % 
to > 99 % (Calles and Christiansson, 2012; Leonardsson, 2012). Turbine 
mortality is important not the least since most eels will not be caught 
and transported, but the majority of eels will still face turbine 
impingement and mortality even in locations where a trap and transport 
program is in place. In addition, this study only assessed one aspect of 
the potential effects of trap and transport on silver eels. In order for trap 
and transport to work as intended, the eels not only need to survive the 
process, but they need to continue their migration, reach a suitable 
spawning habitat, and succeed with spawning. Increased predation risk 
and physiological changes induced by stress have been observed among 
fish that have been transported (Kemp, 2015), and such effects could 
have negative implications for continued migration and spawning. Since 
the European eel is a panmictic species that undertakes a spawning 
migration that is thousands of kilometres long, and since the natural 
spawning behaviour to date has not been observed and the spawning 
location is not identified in detail (Schmidt, 1922; Enbody et al., 2021; 
Wright et al., 2022), studies investigating the long-term effects of trap 
and transport are virtually impossible to conduct. Eels could however be 
tracked with acoustic tags, across shorter distances and in areas where a 
receiver network can be setup, or with satellite tags that can provide 
long-distance migration data. Such studies would be needed to assess the 
complete effects of trap and transport.
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Table 2 
Data and replication parameters.

Scale of 
inference

Observational unit Number of 
observations at 
this scale

Response 
variables and 
units

Temporal: 
multi-annual (7 
years). 
Spatial: Inland 
waters in 
western Sweden 
with release 
sites towards 
Skagerrak and 
Kattegat, the 
North Sea.

Fishing/catch and 
holding events per 
fisher and time, 
transport events with 
eel from several 
fishers grouped per 
transport.

302 fishing/catch 
and holding 
events, 101 
transport events.

Proportion of 
adult dead eels 
reported in gear, 
corf/tank, and 
after transport.
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Nordqvist, H., 1929. Försök rörande import och inplantering i svenska sjöar av engelsk 
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Nyqvist, D., Zagars, M., Calles, O., Comoglio, C., 2019. Behavior of trap-and-transported 
Atlantic salmon spawners of hatchery origin in the Daugava River system (Latvia). 
J. Limnol. 78.

Nyström, A., Trybom, F., 1902. Uppgångsrännor för ålyngel vid Trollhättan. Svensk 
Fiskeritidskrift, 11.

Pauly, D., 1980. On the interrelationships between natural mortality, growth parameters, 
and mean environmental temperature in 175 fish stocks. ICES J. Mar. Sci. 39, 
175–192.

Pebesma, E., 2018. Simple features for R: standardized support for spatial vector data. 
R. J. 10, 439–446.

Pedersen, T.L. 2020. Patchwork: The composer of plots, R package version 1.1.1. 〈http 
s://CRAN.R-project.org/package=patchwork〉.

Pike, C., C. V, and M. Gollock. 2020. Anguilla anguilla. The IUCN Red List of Threatened 
Species e.T60344A152845178.

Piper, A.T., Rosewarne, P.J., Wright, R.M., Kemp, P.S., 2018. The impact of an 
Archimedes screw hydropower turbine on fish migration in a lowland river. Ecol. 
Eng. 118, 31–42.

Piper, A.T., Rosewarne, P.J., Wright, R.M., Kemp, P.S., 2020. Using ‘trap and transport’to 
facilitate seaward migration of landlocked European eel (Anguilla anguilla) from 
lakes and reservoirs. Fish. Res. 228, 105567.

Radinger, J., Matern, S., Klefoth, T., Wolter, C., Feldhege, F., Monk, C.T., Arlinghaus, R., 
2023. Ecosystem-based management outperforms species-focused stocking for 
enhancing fish populations. Science 379, 946–951.

Reeve, C., Rowsey, L.E., Speers-Roesch, B., 2022. Inactivity and the passive slowing 
effect of cold on resting metabolism as the primary drivers of energy savings in 
overwintering fishes. J. Exp. Biol. 225, jeb243407.

Robin, X., Turck, N., Hainard, A., Tiberti, N., Lisacek, F., Sanchez, J.-C., Müller, M., 2011. 
pROC: an open-source package for R and S+ to analyze and compare ROC curves. 
BMC Bioinforma. 12, 1–8.

Roche, D.G., Kruuk, L.E., Lanfear, R., Binning, S.A., 2015. Public data archiving in 
ecology and evolution: how well are we doing? PLoS Biol. 13, e1002295.

Rohtla, M., Moland, E., Skiftesvik, A.B., Thorstad, E.B., Bosgraaf, S., Olsen, E.M., 
Browman, H.I., Durif, C.M., 2022. Overwintering behaviour of yellow-stage 
European eel (Anguilla anguilla) in a natural marine fjord system. Estuar., Coast. 
Shelf Sci. 276, 108016.

Sadler, K., 1979. Effects of temperature on the growth and survival of the European eel, 
Anguilla anguilla L. J. Fish. Biol. 15, 499–507.

J. Sundin et al.                                                                                                                                                                                                                                  Fisheries Research 281 (2025) 107264 

13 

http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref1
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref1
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref1
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref1
https://CRAN.R-project.org/package=MuMIn
https://CRAN.R-project.org/package=MuMIn
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref2
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref2
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref3
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref3
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref3
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref4
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref4
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref4
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref5
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref5
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref6
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref6
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref6
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref6
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref7
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref7
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref7
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref8
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref8
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref8
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref9
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref9
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref10
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref10
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref11
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref11
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref11
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref12
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref12
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref13
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref13
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref13
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref14
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref14
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref14
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref14
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref15
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref15
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref15
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref16
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref16
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref17
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref17
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref17
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref18
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref18
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref18
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref19
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref19
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref19
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref20
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref20
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref20
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref20
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref21
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref21
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref21
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref22
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref22
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref22
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref23
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref23
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref23
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref24
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref25
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref25
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref26
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref26
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref27
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref27
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref27
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref28
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref28
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref28
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref29
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref29
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref29
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref30
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref30
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref31
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref31
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref31
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref31
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref32
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref32
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref33
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref33
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref34
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref34
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref34
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref34
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref35
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref35
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref36
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref36
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref37
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref37
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref38
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref38
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref39
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref39
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref40
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref40
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref40
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref41
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref41
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref41
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref42
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref42
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref42
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref43
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref43
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref43
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref44
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref44
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref44
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref45
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref45
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref46
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref46
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref46
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref47
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref47
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref48
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref48
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref48
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref49
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref49
https://CRAN.R-project.org/package=patchwork
https://CRAN.R-project.org/package=patchwork
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref50
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref50
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref50
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref51
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref51
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref51
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref52
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref52
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref52
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref53
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref53
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref53
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref54
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref54
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref54
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref55
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref55
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref56
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref56
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref56
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref56
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref57
http://refhub.elsevier.com/S0165-7836(25)00001-3/sbref57


Schmetterling, D.A., 2003. Reconnecting a fragmented river: movements of westslope 
cutthroat trout and bull trout after transport upstream of Milltown Dam, Montana. 
North Am. J. Fish. Manag. 23, 721–731.

Schmidt, J., 1912. The reproduction and spawning-places of the fresh-water eel (Anguilla 
vulgaris). Nature 89, 633–636.

Schmidt, J., 1922. The breeding places of the eel. Philos. Trans. R. Soc. Lond. Ser. B 211, 
179–208.

Sundin, J., Jacobson, B., van Gemert, R., Persson, J., Myrenås, E., Jacobson, P., 2023. 
Stress hos europeisk ål under sumpning och transport – effekter av fångst och 
transport. Aqua notes Uppsala: Institutionen för akvatiska resurser 25. https://doi. 
org/10.54612/a.4r2gjeh6cg.

Sutherland, C., Hare, D., Johnson, P.J., Linden, D.W., Montgomery, R.A., Droge, E., 
2023. Practical advice on variable selection and reporting using Akaike information 
criterion. Proc. R. Soc. B 290, 20231261.

Swanberg, T.R., 1997. Movements of bull trout (Salvelinus confluentus) in the Clark Fork 
River system after transport upstream of Milltown Dam. Northwest Sci. 71, 313–317.

Taft, E., 2000. Fish protection technologies: a status report. Environ. Sci. Policy 3, 
349–359.

Tamario, C., Calles, O., Watz, J., Nilsson, P.A., Degerman, E., 2019. Coastal river 
connectivity and the distribution of ascending juvenile European eel (Anguilla 
anguilla L.): Implications for conservation strategies regarding fish-passage 
solutions. Aquat. Conserv.: Mar. Freshw. Ecosyst. 29, 612–622.

Team, R.C., 2022. R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. 

Uhlmann, S.S., Broadhurst, M.K., 2015. Mitigating unaccounted fishing mortality from 
gillnets and traps. Fish Fish 16, 183–229.

Veldhuizen, L., Berentsen, P., De Boer, I., Van De Vis, J., Bokkers, E., 2018. Fish welfare 
in capture fisheries: a review of injuries and mortality. Fish. Res. 204, 41–48.

Verhelst, P., Reubens, J., Buysse, D., Goethals, P., Van Wichelen, J., Moens, T., 2021. 
Toward a roadmap for diadromous fish conservation: the Big Five considerations. 
Front. Ecol. Environ. 19, 396–403.

Ward, D.L., Boyce, R.R., Young, F.R., Olney, F.E., 1997. A review and assessment of 
transportation studies for juvenile Chinook salmon in the Snake River. North Am. J. 
Fish. Manag. 17, 652–662.

Weigel, D., Koch, I., Monzyk, F., Sharpe, C., Narum, S., Caudill, C.C., 2019. Evaluation of 
a trap-and-transport program for a threatened population of steelhead 
(Oncorhynchus mykiss). Conserv. Genet. 20, 1195–1199.

Werner, C.M., Stuble, K.L., Groves, A.M., Young, T.P., 2020. Year effects: interannual 
variation as a driver of community assembly dynamics. Ecology 101, e03104.
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