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Abstract : 
 
By 2019, the Common Fisheries Policy will prohibit discarding in all European fisheries of any pelagic, 
demersal or shellfish species for which removals are managed by TACs and quotas or minimum sizes. 
However, the regulation allows for exemptions from the prohibition for species for which scientific 
evidence demonstrates high survival rates associated with discarding. Producing reliable evidence of 
high survival typically requires long and costly studies involving tagging or captivity. This paper 
proposes to use the capacity to resist air exposure, a key stressor for discarded animals, as a proxy for 
survival that can be used to prioritize candidate species for more in-depth discard survival studies. The 
time required to induce mortality (TM) in air-exposed fish was estimated for ten discarded species under 
commercial fishing conditions for two artisanal French otter trawlers in the Bay of Biscay and in the 
English Channel. European seabass, plaice, sole and skates had extended TM values on average, 
suggesting that these species are good candidates. The three species observed in both regions (plaice, 
sole and skates) had larger TM values in the English Channel experiment compared to the Bay of 
Biscay experiment. Among the four measured external conditions that could influence TM (air 
temperature, fish length, tow depth and tow duration), the air temperature was the most important and 
the factor that most distinguished the two experiments. 
 

Highlights 

► Discard survival was investigated in small-scale bottom trawl fisheries. ► Mortality due to air 
exposure was used as a proxy of discard survival potential. ► Air exposure mortality was higher in the 
Bay of Biscay than in the English Channel for three common species. ► High survival potential was 
demonstrated for sole, plaice, seabass and skates. 
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1. INTRODUCTION 

The discards from commercial fisheries are of particular concern as they can represent a substantial part 

of the catch. Though the long-term consequences on populations and ecosystems are not well-understood 

[1], fisheries management policies recommend their reduction [2]. Several approaches are already being 

used to decrease discards rates such as gear modifications [3,4], area closures [5], acoustic and optical 

detection [6] and local discard bans [7]. The European Union recently modified its Common Fisheries Policy 

(CFP) and has enacted a landing obligation under which discarding of species under quota management 

will be prohibited (Official Journal of the European Union, December 28th 2013). However, the regulation 

acknowledges that there may be net benefits to conservation of allowing discarding in certain instances 

where there is strong potential for successful live release. Specifically, article 15 paragraph 4(b) of the 

regulation allows for the possibility of exemption from the landing obligation for “species for which 

scientific evidence demonstrates high survival rates, taking into account the characteristics of the gear, of 

the fishing practices and of the ecosystem”. While no threshold has been defined for a “high survival rate”, 

exemptions will be allowed for species and fisheries with the highest discard survival probabilities. 

 

Capture in trawls is known to be highly stressful for fish, involving injury by abrasion and crushing, scale 

loss and exhaustion by sustained swimming [8], with severity depending on the gear type and how it is 

fished (e.g. haul duration, towing speed) [9,10]. When the trawl is hauled back, overcrowding of fish in the 

net, along with changes in environmental conditions such as pressure, salinity and temperature may 

induce additional stress and injuries [8,11–13]. As a result, many individuals may be already dead upon 

arrival on deck. For those that survive the catching process, air exposure during catch handling is amongst 

the strongest stressors contributing to mortality [9,14–16]. Temperature and light conditions have also 

been found to influence survival [17,18]. Among fish that are still alive when thrown back to the sea, 

weakened individuals are at greater risk of avian and marine predation [19].  

 

Depending on fishing conditions, species [20] and body size [14,17], individuals may withstand stress and 

injury very differently [21], resulting in variable post-release survival of discards. The Expert Working 

Group 13-16 (EWG13-16) from the Scientific, Technical and Economic Committee for Fisheries (STECF, 

2013) established a general methodology to accurately estimate the survival rate and identify the 



associated external factors, based on captive observation [4,21], vitality and reflex assessments [22–24] 

and tagging or biotelemetry experiments [25,26]. These methods typically require experiments that can 

be of long duration, cost-prohibitive or unfeasible for areas where discard composition may be very 

diversified [27,28]. Thus there is a need for methods for prioritizing cases where high discard survival is 

likely and where further study can be targeted. Several studies have shown that air exposure is one of the 

greatest contributors to discard mortality within and among species [14,15,29,30], particularly in trawl 

fisheries where fish can spend considerable time on deck. Differences in resistance to hypoxia among 

species and sizes of fish have been shown to be good proxies of discard mortality rates for trawl caught 

individuals [14]. The time required to induce mortality (TM) in air-exposed fish is therefore a simple metric 

that can be used to identify candidates for a possible landings obligation exemption. 

 

This study analyzed the TM for a number of discarded fish species from the French artisanal otter trawl 

fishery. Selected species were those that constituted a large part of the discards in these fisheries [28] and 

represent a diversity of taxonomic orders (Gadiformes, Perciformes, Pleuronectiformes, Rajiformes and 

Scorpaeniformes). The association of TM with four external factors (tow depth, tow duration, air 

temperature and fish length) that have been shown to affect discard survival (reviews in [8,31]) was also 

investigated in order to identify factors potentially influencing discard mortality in the French fisheries. 

 

2. MATERIAL AND METHODS 

2.1 At-sea experiments 

Fish mortality following capture and air exposure 

A first trial was held in the Bay of Biscay (BB; East Atlantic, ICES subarea VIIIa) in June 2014 onboard a 

10.3 m long trawler and a second trial was held in July 2015 in the eastern English Channel (EC; ICES 

subarea VIId) onboard a 10.95 m long trawler (Figure 1). Both commercial vessels were rigged with a 

single bottom trawl, which is commonly used to target multispecies fish assemblages. The codend mesh 

sizes were 70 mm in the BB and 80 mm in the EC, and the headline lengths were 20 m and 17.5 m 

respectively. The crew aboard each vessel was asked to maintain usual on-board handling practices in 

order to obtain samples that were representative of normal commercial fishing conditions. The same 

observers participated in commercial fishing trips aboard these vessels prior to and during the 



experimental trips and confirmed that there were indeed no changes in fishing or catch handling 

practices. Furthermore, the protocol for the study is not expected to induce any change practices.  

 

Figure 1: Study areas 

Map of the two study regions along the French coast, in the Bay of Biscay and in the Eastern Channel. Hauls 

were located in the in shaded lines rectangles.  

 

Eight hauls were performed in the EC and fourteen in the BB. For both sea trials, experiments were 

conducted by the same two experienced on-board observers. Discarded fish were obtained during catch 

sorting by the harvesters. In both trials the sorting time varied from 10 to 50 min, with a mean duration of 

30 min, which is representative of practices in the commercial fishery. The time elapsed between the 

arrival of the catch on the deck and the first observation times varied between 5 and 49 min. Subsequently 

each individual was monitored regularly at least every five minutes for body and operculum movements. 

Unresponsive individuals were manipulated to try to elicit a response, failing which they were placed in 

seawater to determine if ventilation would resume. Fish that failed to ventilate were considered dead, and 



the duration of their period of air exposure (i.e. their TM) was recorded, as was their total length (cm). 

Fish that resumed ventilation were kept out of water for further monitoring.  

Data on TM for ten species or groups of species were analyzed: European seabass (Dicentrarchus labrax), 

European hake (Merluccius merluccius), whiting (Merlangius merlangus), horse mackerel (Trachurus 

trachurus), black seabream (Spondyliosoma cantharus) in the BB; gurnard (Triglidae family) and pouting 

(Trisopterus luscus) in the EC; and plaice (Pleuronectes platessa), skates (Rajidae family) and common sole 

(Solea solea) in both areas. 

The exact time of death was unknown for 42% of individuals (from 6% for skates in the EC to 100% of hake 

in the BB) that were dead when first observed. The TM for these individuals is referred to as “interval-

censored” in that their time of death is known only to have occurred between the start of the haul and 

the first observation. Furthermore, two skates and seven plaice in the EC were still alive when the sea trip 

ended. The TM for these individuals is termed “right-censored” in that their time of death is known only 

to have occurred after the last monitoring observation.  

Table 1: Mean and range for environmental variables measured across hauls and fish lengths across 

species for each region.  

  Censoring Covariates 

 Haul None Left Right Depth (m) Tow duration (min.) Air temperature (°C) Fish length (cm) 

Bay of Biscay         

       Plaice  8 18 9 0 9     [4-25] 113 [99-130] 20   [16-25] 23    [16 - 35]      

      Skates 6 15 3 0 14   [4-25] 120 [99-130] 18   [16-25] 40    [24 - 60]      

      Sole 11 20 2 0 12   [4-26] 117 [99-130] 22   [16-25] 21    [15 - 37]      

     European seabass 12 44 8 0 9     [4-25] 115 [99-130] 22   [16-25] 31    [21 - 39]      

     Hake 12 0 48 0 10   [4-26] 120 [100-130] 22   [16-24] 27    [22 - 45]      

     Whiting 7 14 16 0 13   [4-17] 120 [100-130] 21   [16-23] 25    [20 - 30]      

     Horse mackerel 6 8 8 0 17   [13-26] 120 [120-124] 19  [17-22] 20    [15 - 33]      

     Black seabream 8 11 8 0 14   [8-26] 122 [99-129] 22   [19-25] 27    [19 - 37]      

English Channel         

      Plaice  6 39 1 7 20 [17-28] 99 [56-122] 16 [15-18] 24    [17 - 29]      

      Skates 5 32 1 2 24 [17-28] 99 [72-122] 17 [15-18] 34    [20 - 50]      

      Sole 7 21 0 0 20 [17-28] 101 [72-122] 16 [15-18] 20    [17 - 26] 



     Gurnard 5 4 15 0 22 [17-28] 86 [72-122] 16 [16-17] 24    [18 - 29]      

     Pouting 2 10 2 0 20 [17-22] 114 [105-122] 17 [15-18] 21    [18 - 24]      

 

 

Environmental, biological and technical covariates 

For each haul, a series of potential explanatory variables likely to influence survival were recorded. These 

included biological (total fish length in cm), environmental (ambient air temperature) and fishing operation 

factors (tow duration and mean tow depth) (Table 1). The towing speed was maintained at 3 knots (+/- 

0.5) in both trials and the tow durations varied from 56 to 130 min, at depths varying from 4 to 26 m (see 

Table 1 for more details). Collinearity amongst covariates is often unavoidable in discard mortality studies 

undertaken under commercial fishing conditions. Redundant covariates that were highly correlated with 

other covariates were not included in the analysis. Other retained covariates were associated with 

moderate levels of collinearity: the deepest hauls were associated with cooler air temperature, longer 

tows and longer fish in the BB experiment, and with shorter tows in the EC experiment. For both the highly 

and moderately collinear variables, associations with TM are interpreted in light of the confounding 

amongst explanatory variables. Details on the variation and covariation of these variables for each species 

are presented in the Supplementary Material (Figures S1.a-b). 

 

2.2. Analysis  

Time to Mortality 

TM was studied for each species and region separately. The TM observed between individuals of the same 

species was considered as a random variable in the analyses. A widespread and useful way to describe this 

continuous variable is to estimate its survival function, i.e. the probability that an individual is alive as a 

function of time. Following the approach of Benoît et al. [15], parametric survival analysis models that can 

accommodate both interval and right censored observations were fitted to the TM data. Such models 

assume that the probability to die in the censored period follows the same probability distribution as in 

the observed period. As the death during the haul is a different process from the death due to air exposure, 

this assumption does not stand. Benoît et al. [15] proposed a model where the probability to die during 

the haul was accounted independently by a supplementary unknown parameter. Giving the sample size 

available in this study and the fact that except for hake only a few individuals were apparently already 



dead at their arrival on the deck in these trials, this model did not improve substantially the model fit 

compared to a model assuming that death occurred after the arrival on the deck. All individuals were 

assumed alive at their arrival on the deck and to die as a result of air exposure, thus the function takes the 

value one at time zero and decreases to zero after sufficient time has elapsed and all individuals have died.  

The Weibull distribution was used as the basis for the models as it is consistent with observed empirical 

patterns. Under this hypothesis, the survival function S which depends on the time t has the following 

form: 

�(�) = �(�� ≤ �) = ��(��)�                        

where TM is the time of death, and α>0 and γ >0 are respectively the scale and shape parameters of the 

curve. Note that the special case where γ=1 is an exponential distribution, meaning that the mortality 

hazard function, i.e. the probability of an individual dying at time t+dt conditional on it being alive at time 

t, is constant on time spent on the deck. This formula implies a linear relationship between the quantities 

ln	(− ln��(�)� and ln	(�). Plotting these two quantities using the non-parametric Kaplan-Meier estimates 

��(�) allowed a priori confirmation of the validity of the Weibull assumption (Figure S2.a).  

 

Associations with environmental, technical and biological conditions 

To study the potential impact of external conditions, covariates were introduced as a linear combination 

related to the scale parameter α as follow: 

ln(∝) = ��                                                  

Where X is the matrix of covariates and � the parameters vector. In this form the model is a proportional 

hazards model, i.e. the effect of covariates on the hazard function is constant over time. As a result the 

relationship between ln	(− ln ���(�)� and ln	(�) for different covariates modalities/values should have the 

same slope if the assumptions are met (Figure S2.b). 

For each species in each region Weibull and exponential distributions were tested with all the possible 

linear combinations of the four covariates, for a total of 16 models. For the species observed in both 

regions, models were also fitted to combined datasets, to increase sample size, test the consistency of 

covariate effects between experiments and to examine whether there are differences in survival between 

the experiments that were unaccounted for by the other covariates. An effect of “region” was therefore 



also tested to account for any effect that was not measured in the experiments, which could include vessel 

specific fishing and catch handling practices and other unquantified environmental conditions. For this 

study 32 candidate models were thus tested. The models were fit using package “survival” implemented 

in the R software [32]. 

The Akaike Information Criterion corrected AICc for small samples was used to evaluate relative model 

suitability and to rank the models, and is defined as AICc= 2k-2log(L)+2k(k+1)/(n-k-1), where k is the 

number of parameters and L is the maximum value of the likelihood function for the model [33].  

For a given candidate model k, a Δ-AICc value Δk was calculated as: 

∆�= ����� − ������� 

where AICmin is the value for the model with the lowest AICc. 

Models with Δk<2 can be interpreted as having similar support in the data, while larger values suggest less 

support for the competing model   . As very few models had a low Δk, and those that did resulted in similar 

survival predictions, only the model with the lowest AICc is presented. The fit of the selected models were 

considered suitable given that their predicted values fell within the 95%-confidence intervals of the 

estimated Kaplan-Meier survival curves, which are non-parametric estimates of survival probability as a 

function of time (Figure S3.a). 

The Δk quantity was also used to calculate a relative weight (wk) for each candidate model: 

�� =
���.�∆�

∑ ���.�∆��
���

 

The relative importance of each covariate (termed evidence weight, ranging from 0 to 1) was then 

measured as the sum of these weights for the models in which the covariate was present [34]. This weight 

takes into account model uncertainty; a value close to one means that the covariate is present only among 

the best models according to AICc. The time at which 50% and 95% of individuals died (TM50 and TM95) 

were used to describe the survival curves and to compare the differences in survival potential between 

species or regional experiments. Only the covariates for which the evidence weight was greater than 0.75 

and the TM50 greater than the minimum sorting time (15 min) are interpreted in the Results. Confidence 

intervals were estimated from 5,000 non-parametric bootstrap samples of the observed dataset [35,36]. 

 



4. RESULTS 

4.1. Time to Mortality  

For all species except hake, the estimated shape parameter �� was systematically greater than one (Table 

2), meaning that the mortality hazard risk increased with time spent on the deck. 

Survival functions varied significantly among the ten species analyzed in both regional experiments (Figure 

2). In the BB experiment, TM50 ranged from 0 min for hake to 54.1 min for sole (Table 2). For hake, whiting, 

horse mackerel and black seabream TM50 and TM95 were at or below 13 and 41 min respectively (Table 2). 

The exponential model form with zero mean for hake was expected as all the individuals were already 

dead at their first time of observation, resulting in an instantaneously decreasing survival function (Figure 

2). Plaice, followed by European seabass, skates and sole survived much longer. Values for TM50 and TM95 

ranged respectively from 33 and 62 min for plaice to 63 and 211 min for skates. This last result indicates 

more variability in TM among skates than other species, with a strong capacity to resist hypoxia in some 

individuals. In the EC experiment, gurnard and pouting died almost instantaneously on the deck after being 

removed from the water (TM50=4 min and 6 min respectively), while the estimated TM for plaice, sole and 

skates were much longer. Values for TM50 ranged from 55 min for plaice to 97 min for sole, while TM95 

ranged from 207 min for sole to 281 min for skates. 

Sole, skates and plaice had extended TM values in both sets of experiments, though estimated means were 

approximately twice as long in the EC experiment compared to the BB experiment for all three species 

(Table 2, Figure 2). 

 



 

Figure 2: Survival curves 

Curves of the survival probability function for each species in relation to time (min) spent on the deck. 

Lines are the predictions from the best models, while shaded areas are the bootstrapped 95%-confidence 

intervals. 



 

Table 2: Description of best survival Time to Mortality (TM) models according to AICc. TM���� is the estimated 

mean, TM50 and TM95 are the estimated time to 50% and 95% of mortality. 95%-confidence intervals are 

in square brackets. A value 1 for the shape parameter γ means that the estimated survival function 

followed an exponential law, while other values mean that a Weibull law provided the best fit. 

 

4.2. Associations with environmental, technical and biological conditions 

Associations with external conditions were also investigated for the four species with the highest 

estimated TM values, European seabass, plaice, sole and skates. 

TM for European seabass in the BB experiment was longer for deeper and shorter tows (Table 3, Figure 

S4.a), which also happened to be where the longest specimens were found. For skates, sole and plaice air 

temperature was selected at least once and was systematically negatively associated with TM. The other 

selected covariates differed from one species to another and between the two regional experiments. For 

plaice in the BB experiment and for sole in the EC experiment, TM was shorter for longer specimens which 

Species ������� TM50 TM95 �� 

Bay of Biscay     

European hake    0.0 [0.0;0.0]    0.0 [0.0; 0.0]   0.0         [0.0; 0.0] 1.0 

Horse mackerel  11.5 [6.8; 16.4]    9.9 [5.0;15.2]  27.2     [17.9;33.0] 1.5 

Whiting  14.3 [9.7; 19.2]  11.1 [5.5 ;17.0]  38.9     [29.1;46.3] 1.2 

Black seabream  15.9 [10.8; 22.4]  13.0 [8.2;19.3]  41.0     [22.4;58.6] 1.3 

Plaice  34.4 [27.9; 40.9]  33.3 [25.9 ;40.8]   61.9     [45.9;68.4] 2.4 

European seabass  48.6 [41.3; 55.9]  44.9 [35.5 ;54.0] 100.0   [80.5;111.3] 1.8 

Sole  56.6 [45.3 ; 68.1]  54.1 [40.7;67.4] 106.2     [83.4;127.3] 2.2 

Skates  75.4 [47.8; 106.8]   62.7 [31.7;90.0] 210.9     [104.5;292.1] 1.1 

Eastern Channel     

Gurnard    8.3 [3.1; 14.4]    4.3    [1.8;12.2]   31.2     [6.2;21.5] 2.1 

Pouting    8.1 [4.1; 15.5]    6.4    [1.6;15.0]   21.8     [15.5;27.1] 1.2 

Plaice  76.5 [56.0; 107.9]  54.5    [43.5;82.0]  229.3     [135.1;296.8] 1.2 

Sole 103.5 [80.1;128.9]  96.7    [79.4;130.1] 207.1     [117.4;210.4] 2.9 

Skates 105.5 [78.5; 137.2]   84.2    [71.4;130.1] 281.4     [147.0.3;252.0] 2.0 



happened to also be found in deeper hauls. TM for skates in the BB experiment was shorter in shallow 

areas, where smaller specimens were also found. For skates and plaice in the EC experiment, depth and 

fish length were not correlated, and longer TM values were associated with shallower water for both 

species, and with longer specimens for skates. 

In the EC experiment the hauls were shorter, in deeper waters and the ambient air temperature was colder 

(Table 1, Figures S1.a-b). For sole, the negative association of TM with air temperature was sufficient to 

explain the differences between the two experiments, while for plaice and skates, there was evidence for 

a “region” effect, with higher TM values predicted for the EC experiment (Table 3, Figures S4.a-b). For the 

combined data, TM was longer for longer plaice and in shallower waters. Overall, the proportions of the 

model deviances explained by the selected covariates were very low (5.1% on average, Table 3). 

 

Table 3: Covariates that were retained in the best survival models according to AICc for species whose 

TM50 was above 30 min. The sign +/- indicates the trend of the effect (positive/negative) on the TM, and 

covariates in bold are those that had an evidence weight greater than 0.75.  %ExpDev is the percentage 

of deviance explained by the covariates in the models. 

Species Covariates Signs Evidence weight % Exp Dev 

Bay of Biscay     

European seabass Tow duration - 86.3 0.1 

 Depth + 97.0 0.2 

 Air temperature - 45.3 1.6 

Sole 1   0.0 

Plaice Length  - 87.6 5.4 

 Air temperature - 81.8 1.2 

Skates Depth + 86.1 3.9 

English Channel     

Plaice Depth  - 98.0 2.1 

 Air temperature - 81.0 0.0 

Sole Air temperature - 97.2 2.1 

 Length - 97.4 13.4 

Skates Length + 98.2 1.0 



 Depth - 78.5 10.8 

 Air temperature - 91.0 8.0 

Both regions     

Plaice Region EC              + 98.0          4.1 

 Length + 96.5 0.4 

 Depth - 35.5 1.3 

Sole Air temperature - 99.2 6.9 

 Depth - 70.8 0.5 

Skates Tow duration + 97.2 2.5 

 Region EC + 83.7 0.6 

 Length + 71.8 0.7 

 

 

5. DISCUSSION 

The present study investigated the TM of ten species currently discarded by French coastal bottom trawl 

fisheries. The experiments were held in summer as exposure to high light intensity and warm air 

temperature are expected to increase the fish mortality rates [8]. As other external conditions (tow depth 

and duration, handling practices) were representative of the fisheries, the present results on TM are thus 

expected to be in the lower boundary of the annual range, suggesting that the most resilient fish would 

be so regardless of season. 

 

The estimated TM was very small (TM50 lower than 13 min and TM95 lower than 41 min) for hake, gurnard, 

pouting, horse mackerel, whiting and black seabream. In both fisheries, the catch sorting durations implied 

that discarded fish are exposed to air for durations ranging from 15 to 50 min, with an average of 30 min. 

These species would thus clearly have little chance of being alive once released to the water. Among the 

four other species, plaice and European seabass had TM50 greater than 30 min, and skates and sole 

hadTM50 values that significantly exceeded the longest sorting duration observed in the study (50 min). 

For these four species, it would be worthwhile undertaking more thorough studies to better estimate the 

discard mortality rate required to justify an exemption. TM had already been demonstrated to be a good 

proxy of discard mortality for a wide variety of species caught during a bottom-trawl survey in the Gulf of 



St. Lawrence (NW Atlantic) [14]. Furthermore, the results are largely consistent with those from a recent 

study that used captive observation to estimate the mortality of discards from beam trawlers in the North 

Sea and Western Channel [22]. In that study, 100% of whiting and pouting died within 24h, while plaice, 

sole and skates had much better survival rates (48%, 14% and 72% respectively). Our findings are 

consistent with those results, except that survival of plaice exceeded that of sole, which may reflect 

differences in external factors between the studies. 

 

Benoît et al. [14] found that the inter-species variability in TM was explained by taxonomic order, body 

size, presence of gas bladder or deciduous scales and sedentariness, a proxy for hypoxia resistance. 

Although there were no species in common with the present study, the general taxonomic rankings in TM 

from low to high were quite similar: Gadiformes (hake and pouting), Perciformes (black seabream, horse 

mackerel and European seabass), Pleuronectiformes (sole and plaice) and finally Rajiformes (skates). The 

exception was Scorpaeniformes which generally had elevated values of TM in[14], but for which the only 

representative, gurnard, produced a very low TM estimate. Otherwise, European seabass appeared to be 

much more resistant than other Perciformes. As in Benoît et al. [14], species lacking a gas bladder (as 

plaice, sole and skates) appeared to have greater TM. Due to their low number, individuals of small-

spotted catshark (Scyliorhinus canicula) were not included in this modelling study. Nevertheless, the six 

observed individuals survived between 102 and 252 min, which also suggests high resistance to hypoxia, 

consistent with the results of Revill et al. [4]. Benoît et al. [14] found that relatively more sedentary species 

were generally associated with greater TM, which they ascribed to enhanced metabolic adaptation to 

hypoxia. Though our results for plaice, sole and skates are consistent with those findings, our results for 

gurnard are not, suggesting that other factors may be responsible for low survival potential in this species. 

 

Overall, the significant covariates did not explain much of the variability in TM based on explained 

deviances, suggesting that species based differences are largely consistent across a range of conditions. 

This result is further supported by consistent ranking of species robustness across studies. This important 

finding suggests that the use of TM to identify candidate species for further discard mortality study appears 

robust to the particularities of different fisheries and therefore to have general applicability. Nevertheless, 

TM significant differences were demonstrated between the two experiments. Though only three species 

were observed in both experiments, the differences were substantial and all suggest enhanced TM in the 

EC experiment, with TM50 values that were about 1.5 to 2 times longer than in the BB experiment. As the 



experiments were held aboard different commercial trawlers, these differences might partly be due to 

fishing and catch handling techniques and other external factors. Though the smaller codend mesh size in 

the BB experiment may have induced more injuries, as observed anecdotally by the two observers that 

conducted both trials, the other technical fishing conditions were very similar. 

Air temperature was sufficient to explain the TM difference for sole. For plaice and skates, while the 

temperature had a significant effect in each experiment, the “region” effect was selected instead of the 

temperature with the combined data, suggesting that additional unquantified factors may have also 

contributed to the estimated differences. These may include biological factors that have been shown to 

affect discard mortality, such as sex and species for skates [37,38], and catch related factors such as catch 

size and composition which may also induce stress and injuries [8,15,21]. Enever et al. [37], examined the 

factors affecting health status indicators in skates following capture and exposure to air for 10 to 20 min. 

The most important factors were the codend weight, species and tow duration. In the present study, tow 

duration appeared to be negatively associated with TM for European seabass only, a species which is 

known to swim hard to attempt to escape capture by trawls [39]. The effects of fish length and depth were 

significant, though it was not possible to tease the effects apart because the variables were positively 

correlated. Smaller individuals typically have greater susceptibility to injury due to crushing during the haul 

or to changes in barometric pressure when the trawl is brought to the surface, or greater fatigue from 

swimming to escape the trawl [8,31]. Furthermore, smaller fish are probably more susceptible to hypoxia 

due to their higher mass-specific metabolic rate [40,41] and often higher energy cost for breathing [42]. 

Fish length was positively associated with TM in skates and plaice, consistent with the results of Depestele 

et al. [21]. 

 

Other indicators such as vitality and reflex action mortality predictor (RAMP) scores have also been shown 

to be good proxies of species-specific discard survival [15,22,23]. Like TM, these indicators are easily 

obtained during commercial fishing operations and can be used to explore the effect of technical, 

environmental and biological factors affecting discard survival (e.g., [15]). However, the relationships 

between values of these proxies and discard survival are typically species-specific (e.g., [45]), and 

therefore, unlike TM, it is not possible to undertake inter-species comparisons based on these proxies 

alone. Direct estimation of discard survival is only possible from much more expensive captivity and 

tagging experiments, which are evolving and now better enabling the estimation of survival after capture 

and release [43–45]. It is these types of more elaborate experiments that will be required to confirm the 



high survival potential for candidate species. However, cost and logistical constraints preclude undertaking 

experiments for all discarded species in all areas. TM experiments therefore have an important role in 

targeting those studies to the most likely candidates for a landing obligation exemption. 
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