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1 Introduction 

Research aimed at determining whether aquatic organisms, which have been caught 

and subsequently returned to the water, survive has been conducted over many dec-

ades. Although there have been reviews of the outputs from this work (e.g. Davis, 

2002; Broadhurst et al., 2006; Revill, 2012; Uhlmann and Broadhurst, 2013), to date, 

there has been no comprehensive assessment of all the scientific methods and ap-

proaches that can be employed in meeting this aim. WKMEDS was initiated to estab-

lish and describe the methods of best practice to quantify the survival of aquatic 

organisms caught and returned to the water. 

Relevant work on discard survival has been conducted in commercial and recreation-

al fisheries around the world and the content of this report is designed to have global 

applicability. The catalyst for the formation of WKMEDS was the recent change in 

European Union fisheries policy, which has meant that there is particular need for 

guidance on how to investigate levels of discard survival. Article 15 of the reformed 

Common Fisheries Policy (CFP) Basic Regulation, which came into force on January 

1st 2014, introduced a phased discard ban or landing obligation for regulated species. 

The policy includes a number of exemptions and flexibility tools. In paragraph 2(b) 

an exemption from the landing obligation is described 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”. To support any proposal for an exemption 

for selected species or fisheries, therefore, clear, defensible, scientific evidence for 

high discard survival rates are required. This has generated interest from various 

stakeholders in understanding the methods to generate discard survival estimates, 

and in the quality and robustness of the results from survival assessments. 

There are practical and scientific limitations to all of the methods currently available 

for estimating discard survival (ICES, 1995, 1997, 2000, 2004 and 2005; Revill, 2012; 

Gilman et al., 2013). Consequently, there is a need for the provision of guidelines, and 

identification of best practice, for undertaking discard-survival assessments. In re-

sponse to a request from the European Commission, through the Scientific, Technical 

and Economic Committee for Fisheries (STECF, 2014), to address this need for guid-

ance, ICES established a Workshop on Methods for Estimating Discard Survival 

(WKMEDS), on 1st January 2014. 

WKMEDS, chaired by Mike Breen (Norway) and Thomas Catchpole (UK), has been 

tasked to: 

a) Develop guidelines and, where possible, identify best practice for under-

taking discard survival studies (using the framework detailed in the re-

port of STECF Expert Working Group EWG 13-16) (ICES WKMEDS, 17-21 

February, 2014 workshop);  

b) Identify approaches for measuring and reducing, or accounting for, the 

uncertainty associated with mortality estimates; 

c) Critically review current estimates of discard mortality, with reference to 

the guidelines detailed in 1, and collate existing validated mortality esti-

mates; 

d) Conduct a meta-analysis, using the data detailed in 3, to improve the un-

derstanding of the explanatory variables associated with discard mortality 

and identifying potential mitigation measures; and 
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e) Based on ToR a) to d) a Cooperative Research Report (CRR) should be de-

veloped for consideration by the ICES Advisory (ACOM) and Scientific 

(SCICOM) committees. 

This group will work by correspondence and a series of workshops to be held in 

2014–2016. The first meeting was held on 17–21 February, 2014, at the ICES HQ in 

Copenhagen. 

Objectives for the Guidance Notes (ToR a): 

The primary objective of this document is to provide the user with an overview and 

guidance on the currently available methods for estimating survival rates of fish (and 

other animals) that are discarded as part of commercial fishing operations. By provid-

ing examples of best practice, it is expected that this guidance will enable the user to 

produce reliable estimates of discard survival. 

This report will: 

 describe the concepts behind assessing discard survival (Sections 2 and 3); 

 describe three different approaches for estimating survival (vitality as-

sessment, captive observation and tagging) (Sections 4, 5 and 6); and 

 provide guidance on the selection of the most appropriate approaches and 

experimental designs, as well as how to integrate and utilize information 

from them, with respect to specific discard survival objectives (Sections 3, 

7, 8 and 9). 

Later versions of this report will cover in more detail: 

 techniques for assessing survival using tagging and biotelemetry; and 

 the most appropriate methods for analysing and reporting survival data. 

It is assumed that the user of these guidance notes has sufficient scientific training, or 

at least access to suitable scientific support, to be able to conduct the techniques de-

scribed in these notes in an appropriately systematic and disciplined manner. How-

ever, these guidance notes are intended also to be informative for other stakeholders 

associated with fishing (primarily fishers and managers) who wish to support and 

understand discard survival estimates. 

Note on high survival  

As well as describing and recommending how best to estimate discard survival, it is 

also recognized that stakeholders will also require guidance on the second element of 

the exemption – what constitutes "high survival rates". However, this is not the remit 

of WKMEDS and readers are directed to STECF EWG 13–16 (STECF, 2013). The 

STECF EWG concluded that the term “high survival” is somewhat subjective and 

that defining a single value cannot be scientifically rationalized. Therefore it is ad-

vised that assessing proposed exemptions on the basis of "high survival" need to be 

considered on a case-by-case basis, taking account the specificities of the species and 

fisheries under consideration. 
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2 Background 

2.1 What are discards? 

“Discards are the portion of a catch of fish which is not retained on board during 

commercial fishing operations and is returned to the sea” (Catchpole et al., 2005). The 

discarding process can be defined in terms of different phases i) capture by the fish-

ing gear; ii) handling at the surface; and iii) release back to the water (Figure 2.1). 

During each of these phases a fish will be exposed to different influencing factors and 

injurious events that will effect is survival potential (see Section 7). A key task of a 

survival assessment is to ensure these main influencing factors and their variability 

are properly identified and described for the species and fisheries of interest (see 

Section 3). 

The landing obligation explicitly mentions recreational fisheries and their potential 

impact on the fishery resources. Recreational fishers often practice catch-and-release 

(C&R), with release rates often exceeding 60% and dependent on many factors in-

cluding legal restrictions and voluntary C&R (Ferter et al., 2013). While Member 

States are required to ensure that marine recreational fisheries are conducted in a 

manner compatible with the European Common Fishery Policy (CFP), there is also a 

large body of literature estimating post-release survival and explanatory variables. 

We would like to point out that the words ‘discards’ and ‘releases’ may often be used 

interchangeably and that the recreational knowledge base provides many examples 

of best practice for studying release survival. 

2.2 What is discard survival? 

Before discussing the most appropriate methods for measuring the survival of dis-

cards it is useful to consider what we mean by “survival”. It can be defined as: “The 

state or fact of continuing to live or exist, typically in spite of an accident, ordeal, or difficult 

circumstances” (OED, 2014). However, there can be varying states of “survival” 

where, depending upon the stresses and injuries endured, individuals can be defined 

as having differing levels of “vitality” (Davis, 2010; Dawkins, 2004). Understanding 

and measuring these signs of vitality can be useful for predicting the likelihood of 

survival in fisheries biology (e.g. Benoit et al., 2010; Davis, 2010). 

The opposite of survival is death, which is a more definitive state to identify. So typi-

cally when we measure the “survival” of organisms, after they have experienced a 

particular treatment, we in fact quantify the number of individuals that died, based 

on a measureable definition of death. More precisely, we usually measure mortality 

rates, which is the number of individuals that die over a defined period of time. The 

inverse of the mortality rate is the survival rate. 
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Figure 2.1. Stressors influencing the survival of captured-and-discarded organisms during fishing 

(adapted from Davis, 2002 and Broadhurst et al., 2006). 
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2.3 Survival and time 

Death is not normally an instantaneous process and some time will elapse between 

an initial exposure to a fatal stressor and the eventual cessation of life. Conversely, if 

observed long enough, any individual will die. Therefore, the time frame over which 

we make observations will have an important influence upon the estimated survival 

rate. 

There is no standard time frame for conducting a survival assessment, as it depends 

upon the species in question and the nature of the fatal effects, as well as the logistical 

limitations of the investigation (Wassenberg and Hill, 1993). As such, in the scientific 

literature there is considerable variation in the observation periods used in different 

assessments and this had led to the evolution of generic time frames: ‘immediate’ 

(minutes to hours after treatment) and “delayed” mortality; where “delayed” mortali-

ty can sometimes described as  ‘short term’ (days to weeks) or ‘long term’ (weeks to 

years). These are quite arbitrary and subjective terms that have potential to confuse, 

so should be used with caution. To this end, we recommend that survival estimates 

should always be presented in context to the time frame over which they were de-

rived (e.g. “40% mortality, equating to 60% survival; 6 days observation”). 

2.4 Variability of discard survival estimates 

A recent review of estimates discard survival rates summarized experimentally de-

rived estimates with respect to species and fishery (Revill, 2012; see Appendix II for 

examples). The review shows that some estimates of survival vary considerably – in 

extreme cases between 0 and 100%. In such cases, there may be little practical use for 

discard survival estimates in managing the fishery because the conditions leading to 

discard mortality are so variable.  

When presenting discard survival rates, it is important to consider that these are the 

summation of many individual deaths. Understanding the processes that led to the 

death of the individual is useful to interpret discard survival and key to learn how to 

increase it. The variability observed in discard estimates is driven by 1) the variability 

of the stresses experienced by the individual and 2) the biological characteristics and 

status of the individual. 

1) Variability of survival from stressors 

A fish or other animal will experience an array of different potentially injurious 

events, or stressors, throughout each phase of the capture process: i) capture by the 

fishing gear; ii) handling at the surface; and iii) release back to the water (Figure 2.1). 

In this context, an array of factors that could potentially influence discard mortality 

can be identified (see section 7). These can be classified into three broad categories: 

biological (e.g. species, size, age, physical condition, occurrence of injuries), environ-

mental (e.g. changes in: temperature, depth, light conditions) and technical (e.g. fish-

ing method, catch size and composition, handling practices on deck, air exposure; 

Davis, 2002). Each stressor and the additive effects of multiple stressors will influence 

the survival of an individual. The key stressors identified in the catch, handling and 

release phases, should be represented in the experimental design and resultant sur-

vival estimates (see section 9). Moreover, the survival rate derived from the experi-

ment can provide information on the relationship between stressors and survival 

from which can sometimes be inferred fatal mechanisms (e.g. Ellis et al., 2012; Figure 

2.2). 
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Figure 2.2. The rate of mortality can provide information on the relationship between stressors 

and death (from Ellis et al., 2012; redrawn from Wedemeyer, 1996). 

2) Variability of survival from individual characteristics 

Every organism has critical biological systems that maintain its vitality throughout its 

life. If any one of these systems permanently fails, the organism will die (Hillman, 

2003). For a fish, these systems include the cardio-vascular, respiratory and neurolog-

ical systems; the loss of any one of which will rapidly kill the fish (Roberts, 2012; Ellis 

et al., 2012). There are other critical systems that if severely disrupted will significant-

ly increase the likelihood of the fish dying, but maybe over a longer time period (i.e. 

hours to days), including: the osmoregulatory, metabolic, immunological, endocrino-

logical and behavioural systems, for example (Roberts, 2012; Ellis et al., 2012). The 

failure of these systems, or components of them, can happen for many different rea-

sons, including: traumatic injury, physiological disruption or “stress”, disease, and 

senescence (aging); or any combination of these. Furthermore, different individuals 

will have different capacities to endure systematic disruption, depending upon vari-

ous different factors, including, age, size, physical condition, and sex. Therefore what 

simply manifests as the death of an individual can have numerous possible causes, 

mechanisms and time frames. 

2.5 What are the benefits to studying factors that influence discard 

survival?  

When discarding fish we can anticipate there will be common fatal mechanisms lead-

ing to the deaths of individual fish. Therefore, there are likely to be factors that can be 

correlated to the observed survival. When examined in reference to these influential 

factors, the variability among discard survival estimates can be better understood and 

explained (see Section 7).  
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3 Discard Survival Assessments 

3.1 What is a discard survival assessment? 

For the purposes of this report, an investigation, experiment or project that has a 

principle aim to quantify the survival of aquatic organisms after having been caught 

and released back to the water is referred to as a discard survival assessment. 

3.2 Three Experimental Approaches 

Here we describe the different experimental methods used to conduct a discard sur-

vival assessment with the aim to estimate discard survival. These are presented as 

three main approaches: 

Vitality Assessment: where the vitality of the subject to be discarded is scored rela-

tive to any array of indicators (e.g. activity, reflex responses and injuries) that can be 

combined to produce a vitality score. Where these scores have been correlated with a 

likelihood of survival they can be used as a proxy for survival likelihood (see Section 

4);  

Captive Observation: where the discarded subject is observed in captivity, to deter-

mine whether it lives or dies (see Section 5); and  

Tagging and Biotelemetry: where the subject to be discarded is tagged and released, 

and either its behaviour/physiological status is remotely monitored (via biotelemetry) 

to determine its post-release fate, or survival estimates are derived from the number 

of returned tags (see Section 6). 

Sections 4–6 describe these approaches, including the principles behind each method, 

and their benefits and limitations. Before using estimates of discard survival in the 

context of fisheries management, consideration should be given to these limitations 

and potential sources of error. In isolation, each method has limitations which can 

restrict the usefulness of the survival estimates they produce. However, when two or 

more of these methods are combined there is clear potential for considerable syner-

gistic benefits. The benefits from this integrated approach include: reducing resource 

requirements, increasing the scope of the investigation, as well as improving the ac-

curacy, precision and application of the survival estimates. The mechanism of inte-

gration and the outputs that can be achieved through the integration of approaches 

are detailed in Table 3.1. 

In general terms, vitality assessments give the proportion of discards that are dead at 

the point of discarding and a measure of vitality impairment; this can be presented as 

the potential for survival. The technique does not provide a survival rate per se but 

when combined with captive observation and/or tagging techniques it can generate a 

proxy to estimate survival across a representative range of conditions. Captive obser-

vations in isolation give a discard survival estimate that excludes predation, and one 

that relates only to the fishing conditions under which the individuals were captured 

and observed. But when captive observation is combined with vitality assessments, a 

survival rate (excluding predation) that is representative of the fishery can be gener-

ated. Similarly, the tagging approach in isolation provides a discard survival rate that 

relates only to the conditions under which fish were tagged. Tagging is the only ap-

proach that delivers a survival rate that is inclusive of predation and when integrated 

with vitality assessment (and potentially captive observation also), it provides the 
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most complete approach to estimate a discard survival rate that is representative of a 

fishery. 

3.3 Planning a survival assessment – an integrated approach 

When planning and conducting a survival assessment, there several key steps and 

decisions to be made (see Figure 3.1): 

A. Stakeholder involvement (see Section 3.4): the importance of involving stakehold-

ers at all stages of designing, conducting and reporting of the survival assessments 

cannot be overstated. As well as providing invaluable information about the charac-

teristics of the species and fisheries, it will also increase the value and uptake of the 

data from the assessment for the management of the respective fisheries. 

 

 

Figure 3.1. Overview of the Survival Assessment Process. 

B. Prioritization - identify candidate species, fisheries & variables (see section 3.5): the 

choice of which species in which fisheries to study depends upon several criteria: 

existing survival information: the biological traits of the species, its population status, 

magnitude of discarding, fishery characteristics, environmental characteristics, socio-

economic value of the fishery, available resources, and management policy. The pro-

cess of prioritizing is unlikely to be simple and may involve a number of iterations, 

where results of preliminary studies inform the final choice. 
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E
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C. Representative influential factors: A key step is to identify the most likely influen-

tial factors for the species and fishery of interest. This is done both conceptually, by 

using pathway analysis to identify the variables an organism is facing during the 

capture process (see Section 3), and by physically measuring these factors at each 

stage of the fishing operation: capture, handling and release (see Section 7); ensuring 

that the full range of their variability is described. Subsequent survival assessments 

will then ensure that the main factors, and their variability, are properly represented 

in the experimental design (see Section 7 and 9). 

D. Selecting and integrating methods for estimating survival (see section 3.6): Select-

ing the most appropriate methods for estimating the survival of a particular species, 

or group of species, in a particular fishery will depend on the precise objective of the 

study (see Table 3.1). This will depend on many factors including the characteristics 

of the species and the fishery and the available resources. In section 3.6, we discuss 

the available options and what implications these will have on the application and 

utility of the survival estimates. 

E. Using controls in discard survival assessments (see section 8): Including controls 

within the survival assessment informs the researcher on the factors influencing ob-

served mortality. In cases where 100% of the treatment subjects survive, it can be 

inferred that there was no method induced mortality.  Where survival is less than 

100%, unless a control is employed, it cannot be determined whether mortality was 

associated with the treatment (having gone through the catch and discard process) or 

the experimental process (e.g. having been contained or tagged). Section 8, discusses 

the principles and uses of controls in the context of discard the survival estimates. 

F. Analysing & defining survival estimates in discard survival assessments (see sec-

tion 9): 

When presenting survival estimates, important contextual details should be made 

explicit, as well as limitations and assumptions about the methods used that may 

introduce uncertainty in the estimates, for example: 

 context - i.e. time frame / mortality rate, explanatory variables, sample size 

and level of replication; 

 limitations and assumptions – i.e., restricted monitoring period, exclusion 

of predators, method induced effects; and 

 uncertainty – i.e. estimate confidence intervals, suspected biases or impres-

sion. 

The methods used to analyse survival data will, by necessity, influence the design of 

the assessments. This report provides a brief overview of the available techniques for 

analysing survival data (see Section 9); a subsequent updated report will provide 

more comprehensive guidance notes. 

3.4 Involving Stakeholders 

Results of discard mortality studies may have a large influence on fisheries manage-

ment. For example, it may lead to an exemption of the landing obligation in EU fish-

eries, for certain fisheries or species which are assessed to have a high likelihood of 

survival. Therefore, it is essential that the studies are scientifically robust. To increase 

the acceptance of results, which are potentially not in the interest of the stakeholder, 

it is also important to involve the end-users in the whole process. If there are many 

uncertainties in the results, there may be discussions on their validity. 
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Because rates of discard mortality depend on a large number of factors (Section 7), 

discard mortality assessments are likely to show a considerable uncertainty in their 

results. Such uncertainties may invoke criticism about their utility by potential end-

users of these mortality estimates, for example fisheries managers and fisheries or-

ganizations. In some cases, the results may even be disqualified and discredited. The 

risk of disqualification increases if the results are not what the stakeholders and man-

agers had expected, or hoped for. This emphasizes the importance of managing real-

istic expectations in all stakeholders from the onset of the survival assessments. 

Fishers and managers may have unrealistic expectations of the results of the discard 

mortality studies (e.g. about the mortality estimates or about the influence on fisher-

ies management). 

If stakeholders and managers are involved in deciding on the objectives, the methods, 

and the outcome of the studies, this helps to gain and strengthen their commitment 

(Johnson & Van Densen, 2007; Kraan et al., 2013). The prioritization of which fisheries 

and species shall receive the most attention should be made together (Section 3.5). 

The objectives (Section 3.6) need to be agreed upon and the methods, as well. When 

the results are available, it is helpful to discuss those with the involved stakeholders 

and managers. 

3.4.1 Self-sampling by Fishers 

A way to involve fishers is to train and involve them in collecting data. Vitality as-

sessments are potentially a part in which fishers can help collect valuable infor-

mation. They are low cost, relatively quick to conduct, so they will not disrupt the 

fishers’ normal routine too much. To make sure that protocols are followed consist-

ently there should be regular quality assurance. 

No literature is known on validation of self-sampling data from survival studies. 

There are some papers on validation of other types of self-sampling data (e.g. Roman 

et al., 2011, Walsh et al., 2002), but these do not apply to survival estimates. Ad-

vantages are that fishers are so often at sea, that they can collect a lot of information 

in a very cost efficient way. Besides that, it will create a larger commitment to gener-

ating discards survival estimates. A disadvantage is that there is something at stake 

for the fishers. Even if the fishers and scientists are convinced that the self-sampling 

fishers did not manipulate the results, there may be other parties that may think they 

did. 

3.5 Prioritization - Identifying Candidate Species, Fisheries & Variables 

3.5.1 Criteria for Setting Priorities 

There is likely to be a large number of candidate species and fisheries for which esti-

mates of discard mortality will be desired in the context of a possible exemption to 

the landings obligation as described in the EU Common Fisheries Policy. To even 

produce coarse estimates for all of them is going to go beyond all scientific capacities 

and resources. A process for establishing priorities will therefore be required. Con-

ceptually, there appears to be at least seven distinct criteria that could be considered 

in setting priorities, two of which are related to the survival potential of discards and 

can be informed by the information presented in this report (see 1 and 2 below). 

These seven groups are presented below in no particular order of importance. 
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1 ) Biological characteristics of the discarded individuals of interest. Physical 

and physiological characteristics of individuals can affect their susceptibil-

ity to dying as a result of the capture, handling and discarding process. 

Susceptibility varies among species, and generally varies inversely with 

body size within species (Broadhurst et al., 2006; Uhlmann and Broadhurst, 

2013). Relative susceptibility is known for certain species or taxonomic 

groups (e.g., Revill 2012), while for others it can be inferred roughly from 

their biological traits (e.g., Benoît et al., 2013)(Section 7). Alternatively, as-

says of species susceptibility can generally be conducted rapidly and effi-

ciently in the field (section 4). 

2 ) Characteristics of the fishery. The survival prospects of a fish are influ-

enced by the capture (e.g. gear type) and catch handling (e.g. handling 

time) characteristics of the fishery, and the environmental conditions expe-

rienced by fish from the time they are captured to the time they return to 

their habitat following discarding (Section 7). In the absence of other in-

formation, the effects of the fishery characteristics can be considered addi-

tive at the priority setting stage. A preliminary survey of mortality proxies 

or indicators from the fishery could provide an indication of potential dis-

card mortalities (Section 4). 

3 ) Population status. There are numerous reasons why population status 

might affect priority setting. For example, there may be a desire to favour 

depleted species if a successful live release policy is expected to improve 

the rate or likelihood of recovery. In other instances there may be evidence 

that mortality of a particular population component (e.g., age, size or sex) 

affected by discarding has a disproportionate effect on the productivity of 

the stock. In such a case, successful live release may be a particularly effec-

tive manner of enhancing productivity. Information on status will be gen-

erally available from stock assessment reports. 

4 ) Magnitude of discards or discard rate. The absolute amount of fish dis-

carded and the proportion of the catch that is discarded (discard rate) may 

both be pertinent considerations. When considered in light of population 

status, they will reflect discard related mortality and the fraction of fishing 

mortality that is potentially comprised of discard loss. In this respect they 

can be used to evaluate the potential benefits of different levels of discard 

survival; information should be available from fishery monitoring data.  

The amount of discarding is also relevant from the perspective of how 

much extra sorting time and storage space would be taken up on board a 

vessel, which may increase the costs associated with an obligation to land 

that particular species. 

5 ) Socio-economic value. The socio-economic value of a fishery to the region-

al or national economy may influence its prioritization, where suitably re-

silient species form part of the unwanted catch. 

6 ) Policy implications. A discussion of the policy implications of mandatory 

landing exemptions that might affect the relative priority of a fishery for 

detailed assessments is beyond the scope of this report. Relevant consider-

ations might include prioritizing fisheries such as to minimize the landing 

of fish for which there is little or no market and which must be disposed of, 

and favouring the live release of incidentally caught charismatic species.  

Or identifying “choke” species which may be discarded at times in large 

quantities, but quota restrictions may imply that fishing may be cut short. 
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3.6 Selecting methods for estimating survival 

A synthesis of the approaches currently available, which are recommended to meet 

specific objectives to estimate discard survival is provided in Table 3.1. This table can 

be viewed either as means to identify a single approach to meet a specific objective or 

as a stepwise process, from 1 to 6, that may be applied to a project. In general, the 

approaches taken from first to last increase in the level of resources and time required 

to achieve the stated goal. The outputs that can be generated from the approaches 

range from providing estimates of the proportion of discards that appear dead or 

impaired at the point of discarding under particular conditions (referred to as “sur-

vival potential”) (1), to generating a discard survival rate for a population that is rep-

resentative of a fishery (management unit), including the influence on survival of 

selected variables (6). 

Here the suggested, currently available, approaches considered most suitable to de-

liver specific objectives are described. It is assumed that the species, size classes and 

the fishery (management unit) of interest for discard survival investigation has been 

selected. The approach recommended is based on generating results that will meet 

the specific objective using the most cost-effective approach and in the shortest time 

period. Before beginning an assessment, expectations should be expressed and 

agreed to by those conducting and funding the work, as well as those managers and 

stakeholders who plan to use the outputs from the assessment. 

1. To estimate immediate discard survival potential for particular conditions 

The recommended approach here is to perform vitality assessments at the point of 

discarding, in isolation, i.e. without considering/representing the range of conditions 

under which the management unit operates. This approach is best used to establish 

whether further investigation for a species in a specific fishery is warranted. Where 

the vitality assessment includes a criterion defining dead specimens, this approach 

provides an approximate estimate of the proportion of individuals that are dead at 

the point of discarding. However, no inferences can be made on how long any living 

specimens will survive beyond this point. Also, imprecision in the definition and 

identification of dead individuals will be reflected in uncertainties in the survival 

estimates (see section 4). The findings from this approach can only be associated with 

the particular fishing conditions under which the individuals were observed; the 

influence on survival of any variability within the fishery remains unknown. Using 

the vitality assessment approach also generates a measure of impairment as the pro-

portion of discards at each defined vitality level, data that can be utilized in subse-

quent investigations. 
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Table 3.1 - An overview of possible objectives for a survival assessment and the recommended approaches 

Objective (for the selected species, 

variables & management unit) 

Suggested approach Resource Implications 

To estimate discard survival 

potential for particular conditions  

Vitality assessment onboard commercial vessel(s), with targeted 

observations of the factors that affect mortality. 

Personnel: Trained observers & fishers 

Specialist equipment: None 

Time frame: hours to days for field trials 

To estimate discard survival 

potential that is representative of 

the management unit 

Vitality assessments onboard commercial vessels during representative 

range of conditions 

Personnel: Trained observers & fishers 

Specialist equipment: None 

Time frame: hours to days for field trials 

To estimate discard survival rate, 

excluding predation, for particular 

conditions 

Captive observation of individuals under particular conditions Personnel: Experienced researchers & fishers 

Specialist equipment: Containment facilities (e.g. 

aquaria & sea cages) 

Time frame: days to weeks for monitoring period 

To estimate discard survival rate, 

excluding predation, representative 

of the management unit 

Vitality assessments onboard commercial vessel(s) during a representative 

range of conditions combined with captive observation of individuals 

representing the various vitality levels to generate an overall weighted-

mean survival estimate 

Personnel: Trained observers, Experienced 

researchers & fishers. 

Specialist equipment: Containment facilities  

Time frame: days to weeks for monitoring period 

To estimate discard survival rate, 

including predation effects, for 

particular conditions 

Tagging/biotelemetry onboard commercial vessel(s) under particular 

conditions 

Personnel: Experienced researchers & fishers. 

Specialist equipment: Tags 

Time frame: days to months/years for monitoring  

To estimate discard survival rate, 

including predation effects, 

representative of the management 

unit 

Option 1: Vitality assessment onboard commercial vessel(s) during 

representative range of conditions combined with tagging/biotelemetry of 

individuals representing the various vitality levels onboard commercial 

vessel(s) to generate an indirect survival estimate 

Personnel: Trained observers, Experienced 

researchers & fishers. 

Specialist equipment: Tags 

Time frame: days - months/years for monitoring 

Option 2: Vitality assessment onboard commercial vessel(s) during 

representative range of conditions combined with captive observation (to 

estimate short term mortality) and tagging/biotelemetry (to estimate 

conditional long-term mortality) of individuals representing the various 

vitality levels onboard commercial vessel(s) to generate an indirect survival 

estimate 

Personnel: Trained observers, Experienced 

researchers & fishers. 

Specialist equipment: Tags, 

Containment facilities (e.g. aquaria & sea cages) 

Time frame: days to months/years for monitoring 
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2. To estimate immediate discard survival potential that is representative of the man-

agement unit 

Here the recommended approach is to perform vitality assessments at the point of 

discarding, across the range of representative conditions under which the manage-

ment unit operates. This is an extension of (1), in that it provides an approximate 

estimate of the proportion of individuals that are dead at the point of discarding, 

across a representative range of conditions, i.e. accounting for any variability of the 

fishery. Again, as in (1), the vitality assessment should include a criterion defining 

dead specimens. The result is representative of the management unit and the relative 

influence of selected variables on vitality impairment can be established. 

3. To estimate discard survival rate, excluding predation, for particular conditions 

When the objective is to estimate the survival rate for particular conditions and pre-

dation is not considered an important or priority factor (3), then captive observation 

under defined conditions is the recommended approach. This approach provides a 

discard survival rate that excludes the effect of predation. This survival estimate is 

representative only of the particular fishing conditions under which the individuals 

were captured and observed. When using this technique, it must be acknowledged 

that the effect of captivity upon the experimental subjects may underestimate surviv-

al, while the exclusion of predation effects may overestimate it. 

4. To estimate discard survival rate, excluding predation, representative of the man-

agement unit 

Where a discard survival rate is required that is representative of the management 

unit, and predation is not considered an important or priority factor, vitality assess-

ments across a representative range of conditions for the fishery combined with cap-

tive observation is suggested. Conducting sufficient captive observation experiments 

to cover the full variability of conditions displayed by a fishery and species is practi-

cally difficult and expensive. Instead, the variability of vitality levels for discarded 

individuals can be described (as in objective 2). In addition, estimates of survival for 

the different vitality levels can be calibrated using captive observation (see section 4). 

These can then be combined to produce a proxy estimate of survival that should be 

representative of conditions in the fishery, excluding the effect of predation. This 

technique also gives the relative influence on discard survival (excluding predation) 

of selected variables. By applying the captive observation results to generate survival 

estimates, it must be acknowledged that these may be underestimated due to captiv-

ity effects, while the exclusion of predation effects may overestimate survival. 

5. To estimate discard survival rate, including predation effects, for particular condi-

tions 

When the objective is to estimate discard survival, for particular fishing conditions, 

that includes predation effects, the tagging/biotelemetry approach is suggested. The 

findings from this approach can be associated only with the particular fishing condi-

tions under which the individuals were captured and tagged. The survival estimates 

may be biased to the extent that the capture and handling conditions experienced by 

tagged discards may not reflect the conditions experience by all discards in the fish-

ery, also there may be a method induced mortality due to the tagging procedures. 

6. To estimate discard survival rate, including predation effects, representative of the 

management unit 
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Investigators will often start with the ambition to deliver the most comprehensive 

objective, that is, to estimate a discard survival rate that includes predation effects 

and is representative of the selected management unit (6). This may be unrealistic 

because this is likely to require substantial resources and will take considerable time 

to achieve.  

Here we suggest two options; the first integrates vitality assessments with tagging, 

while the second integrates vitality assessments, tagging and captive observation. 

Tagging a sufficient number of individuals to cover the variability of conditions dis-

played by a fishery is practically difficult and expensive. 

Option 1 – Vitality assessment and tagging/biotelemetry: 

Survival is estimated based on tag return rates specific to each vitality level, as de-

termined for individual tagged fish prior to release. These conditional survival rates 

are in turn combined with the frequency distribution of vitality-levels to estimate a 

survival rate reflective of conditions in the fishery. This approach assumes that the 

effect of the conditions experienced by fish during capture and handling are reflected 

in the observed distribution of vitality levels. These conditions should include all 

types of stressors observed in the fishery of interest, but not necessarily all levels of 

each stressor type. The tagging does not need to be representative of all conditions, 

but does need to include a sufficient number of tagged discards for each vitality level. 

This approach can provide representative discard survival estimates across the full 

management unit and include the relative influence of selected variables. 

Option 2. Vitality assessments, captive observation and tagging/biotelemetry. The 

second option is an integration of all three general methods, vitality assessments from 

a representative range of conditions, combined with captive observation and tag-

ging/biotelemetry techniques. Where captive observation has been investigated pre-

viously, these data can be integrated with newly acquired data from tagging work. 

This option will be selected where data have been generated already or when con-

ducting less tagging work is preferred. The information given above for Objective 4 

and Objective 6 (option 1) are relevant. 

A mechanism for integrating the data from these approaches is suggested in section 

9. An important consideration when combining approaches is to ensure that the sur-

vival estimates are used and interpreted correctly. An estimate derived (directly or 

indirectly) from results of a captive observation study can be used to establish discard 

survival rates that exclude predation, while that derived from results of a tagging can 

provide discard survival rates that include predation.  
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4 Vitality Assessment 

4.1 Defining and measuring “vitality” 

Vitality is an abstract property that relates to an organism’s survival potential. A vital 

organism will be healthy and unstressed, whereas at the other extreme, mortality 

occurs when an individual's vitality reaches zero. Certain visual signs such as major 

injuries or impaired responses may reflect diminished vitality, in turn reflecting an 

increased risk of mortality (Dawkins, 2004).  

Measurement of aquatic animal health and welfare has been hampered by a lack of 

real time field methods that are easy and inexpensive to use (Morgan and Iwama 

1997; Huntingford et al., 2006). A direct and economically feasible approach to the 

problem is to visually assess animal status, or vitality, by measuring characteristics of 

whole animals such as activity, responsiveness, reflex impairment, and injury. This 

notion underlies the use of vitality assessment in understanding and predicting dis-

card survival and mortality. 

Vitality assessment can be used directly to explain variation in animal health associ-

ated with different fishing stressors.  Measures of vitality impairment can be used as 

an indicator for discard survival, by calibrating them with survival likelihood esti-

mates of specimens with known levels of vitality using captive observation studies 

(see section 5) and/or tagging/biotelemetry studies (see section 6). For example, reflex 

impairment (i.e. RAMP, reflex action mortality predictor) has been used to assess 

vitality and predict mortality in a variety of taxa, including crabs, prawns (Stoner, 

2012), fish (Humborstad et al., 2009; Davis 2010; Campbell et al., 2010; Barkley and 

Cadrin, 2012; Raby et al., 2012) and turtles (LeDain et al., 2013). 

4.2 An Overview of Vitality Assessment Methods 

This section describes three simple and practical techniques for assessing the vitality 

of an animal discarded from a fishing operation.  These techniques visually assess the 

subject prior to the point of release, but vary in their approach with respect to their 

applicability to describing the effects of the various stressors the subject may experi-

ence during the discarding process, as well as the resolution of their description of 

vitality.  Selection of the most appropriate technique will therefore depend upon the 

objectives of the assessment and the intended use of the data. 

i) Coarse mortality indicators (e.g. Time To Mortality, TTM)(Section 4.3): provide a 

coarse measure of the sensitivity of different species (or subgroups of) to specific 

discarding related stressors, most notably air exposure.  Differences in the responses 

by different species, or subgroups, exposed to the same stressor can then be used to 

rank them with respect to their relative influence of discard mortality. This provides a 

quick and simple method for identifying species which have a greater likelihood of 

surviving discarding, but does not quantify the survival rate. 

ii) Semi-quantitative assessment (SQA)(Section 4.4): uses rapid assessments of specif-

ic criteria (e.g. injuries, activity) under commercial conditions to provide a scored 

index of the subject’s vitality.  The quantifiable index can be used to describe the var-

iation in vitality for a population over different discarding conditions.  Where the 

different levels of the index have been calibrated with survival likelihood (see Section 

4.6), this approach can be used as a predictive tool for estimating discard survival. 
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iii) Qualitative Vitality Assessment (QVA)(Section 4.5): is a quantitative vitality index, 

with increased resolution and objectivity, but also complexity, compared to SQA. It 

can be used in isolation, just as SQA, to collect information about the vitality of spec-

imens under varying environmental, technical and biological conditions.  The higher 

resolution of the vitality data makes this index well suited for investigating the influ-

ence of these variables on mortality.  As with SQA, when calibrated with direct esti-

mates of survival likelihood, the index scores can be used as a predictive tool for 

estimating discard survival. 

4.3 Coarse Mortality Indicators (e.g. Time to Mortality, TTM) 

The time required to induce mortality, or time-to-mortality (TTM), estimates the time 

at which 50% of individuals in a species are expected to die, based on observations of 

individual fish exposed to fishing related stressors (Benoît et al., 2013). Individuals are 

monitored from when they are first exposed to the stressor (e.g. exposure to air) to 

the time when death is confirmed.  In this manner, a large number of observations 

can rapidly be obtained from experimental subjects.  Species, or subgroups, can then 

be ranked with respect to their relative risk of discard mortality, based on differences 

in the responses to the same stressor. 

The measurable endpoint, “death”, should be clearly defined using unambiguous 

criteria to assess the status of the individual (e.g. Benoît et al., 2012; Davis, 2007). For 

some species that are naturally immobile and/or unresponsive (e.g. “tonic immobili-

ty” in some shark species), “death” can be challenging to identify quickly. 

4.3.1 Applications for Coarse Mortality Indicators 

This approach has been applied to animals caught during scientific surveys (Benoît et 

al, 2013), where individuals were monitored from the time the catch was brought 

aboard to the time when death is confirmed. The length of time that fish are kept out 

of water has been shown to correlate with discard survival rates from larger field 

studies (Benoît et al, 2013). This is presumably because the time spent on deck, ex-

posed to air and associated hypoxia, is one of the most important factors influencing 

discard survival (e.g., Davis, 2002; Broadhurst et al., 2006; Benoît et al., 2010, 2012; see 

Section 7).  Consequently, the relative susceptibility of different species to discard 

mortality could be assessed by determining their relative resilience to hypoxia. 

In this manner, TTM estimates may provide a useful indicator of the risk that discard 

mortality may pose for a species or subset of species (e.g., size class). This simple 

metric could provide useful information when priority setting for science and man-

agement, in what might otherwise be a data-limited situation. 

The other principal use of the TTM approach is in studying the technical, biological, 

and environmental factors that affect discard mortality (Benoît et al., 2013). TTM stud-

ies can be designed to include exposure of individuals to factors other than hypoxia 

that may be important stressors in a variety of fisheries (e.g., temperature, injury, 

fatigue). The standardized setting of a scientific survey in which TTM observations 

can be obtained provides a useful framework for interspecies comparisons and size-

based comparisons, and for disentangling the role of factors affecting mortality.  

4.4 Semi-Quantitative Vitality Assessment  

Semi-quantitative assessments (SQA) of vitality aim to produce observations that can 

be obtained rapidly for individuals (within 5–10 seconds) by trained fishery observers 
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during commercial fishing operations. SQA frameworks have been applied to various 

species and fisheries and all are based on a notion of quantifying vitality (e.g., Hoag, 

1975; van Beek et al., 1990; Kaimmer and Trumble, 1998; Laptikhovsky, 2004; Hueter 

et al., 2006; Benoît et al., 2010). Most of these frameworks are based on ordinal catego-

ries (classes) that encompass injury severity, fish activity or a rough evaluation of 

reflex impairment (e.g., Table 4.1).  

Degrees of injury, activity, and reflex impairment have been individually shown to be 

good predictors of eventual survival (Davis and Ottmar, 2006; Humborstad et al., 

2009; Davis, 2010), as have vitality scores in both tagging (e.g., Hueter et al., 2006; 

Richards et al., 1995; Kaimmer and Trumble, 1998) and captive observation studies 

(e.g., van Beek et al., 1990; Benoît et al., 2010, 2012). 

4.4.1 SQA Method 

Typically, SQA frameworks are based on three to five ordinal vitality classes that are 

defined at one extreme as characterizing uninjured, very lively and responsive fish, 

and at the other extreme, severely injured (externally) and unresponsive (moribund) 

individuals.  

Table 4.1. Example description of the codes used by onboard observers to score the pre-discarding 

vitality of individual fish (from Benoît et al., 2010). 

Vitality Code Description 

Excellent 1 Vigorous body movement; no or minora external injuries only. 

Good/ 

Fair 

2 Weak body movement; responds to touching/prodding; minora 

external injuries. 

Poor 3 No body movement, but fish can move operculum; minora or 

majorb external injuries.  

Moribund 4 No body or opercular movements (no response to touching or 

prodding). 

a Minor injuries were defined as ‘minor bleeding, or minor tear of mouthparts or operculum (≤10% of the 

diameter), or moderate loss of scales (i.e. bare patch)’. 

b Major injuries were defined as ‘major bleeding, or major tearing of the mouthparts or operculum, or 

everted stomach, or bloated swimbladder’. 

Observations in a SQA are made on individual animals. An individual is selected 

from the catch and is briefly monitored. During that interval, the observer looks for 

obvious external injuries evidenced by tearing of the tissues, bleeding or scale loss, in 

addition to external evidence of barotrauma, the degree of body movements includ-

ing ventilation, and the presence of reflex responses. The process of selecting an indi-

vidual and manipulating it while scanning for injuries is sometimes enough to elicit a 

reflex response (e.g., body movements, flaring of the operculum or fins, gagging). In 

these instances, the observer will have all of the evidence required to attribute a vital-

ity score. Otherwise, the observer will need to attempt to elicit a reflex response. Gen-

tly depressing the fish’s eye or belly, or prodding the fish, has been used to this end. 

Continued absence of response leads to a classification of moribund.  
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Given well established relationships between the duration of air exposure and mor-

tality (and therefore impaired vitality), the timing of SQA observations is paramount 

and should be made around the time that discarding normally occurs. This may be as 

fish are brought aboard, for example in fixed gear fisheries in which individuals are 

sequentially removed from the gear and discarding decisions are normally made at 

removal. Alternatively, it may occur some time after the catch is brought aboard in 

fisheries in which the total catch is assembled and sorted prior to discarding (e.g., 

trawl fisheries), where organisms for SQA are randomly selected throughout the sort-

ing process. Catch processing in beam trawling for example, was shown to vary be-

tween 12 and 30 min (Depestele et al., 2014). 

4.4.2 Defining Assessment Criteria 

By necessity, criteria for SQA need to be easily interpreted and applied. However, to 

be useful they must be responsive and specific to differences in vitality and should be 

obtainable in a consistent manner between observers and over time. Ideally the suite 

of observed characteristics used to score vitality should be small, easily memorized, 

and quickly assessed. For most applications, the characteristics used to categorize the 

degree of injury, fish activity, and reflex impairment can be generic to a range of spe-

cies caught in a range of fisheries (e.g., Benoît et al., 2010; Table 4.1). Alternatively, 

they can be tailored to a specific situation if there are particular characteristics of dis-

carded individuals for which mortality consequences are known or suspected (e.g., 

Trumble et al., 2000). For example, there may be specific injuries of hook-caught fish 

related to tearing of mouthparts or the alimentary canal with differential impacts on 

mortality, or there may be species-specific responses that can discriminate different 

degrees of vitality impairment. 

Table 4.2 Example studies applying SQA and the number of vitality categories selected. 

Species (group) Reference Number of 

categories 

Nephrops Méhault et al. 2011 3 

Nephrops Ridgeway et al. 2006 2 

Alaskan crab Stevens, 1990 3 

Shark Manire et al. 2001;  5 

Shark Hueter et al. 2006 5 

Rays Enever et al. 2009 3 

Sharks, rays & chimaeras Braccini et al., 2012 4 

Fish Benoît et al., 2010 4 

Pacific halibut Richards et al., 1995;  3 

Pacific halibut Trumble et al., 2000 3 

Pacific halibut NOAA Fisheries 2014 4 

 

The number of categories used to classify or score vitality constitutes a trade-off. The 

consistency of application by observers is likely to decline as the number of categories 

increases and the differences between categories become more subtle; while the pre-

cision (but not the accuracy) of SQA-derived mortality estimates will increase with 

the number of categories. Discard mortality of Pacific halibut (Hippoglossus stenole-

pis) was initially quantified using a five-category vitality scheme (Hoag, 1975). How-

ever, later analyses indicated that grouping into three categories reduced the variance 
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of the vitality data and improved the precision of category-specific survival estimates 

based on tagging (Clark et al., 1993). Other studies have found clear survival differ-

ences between categories in three- to five-category schemes (e.g., Van Beek et al., 1990; 

Laptikhovsky, 2004; Hueter et al., 2006; Benoît et al., 2010), suggesting that the opti-

mum likely lies in this range. Consequently, it may be advisable to plan a study with 

a number of vitality categories that is on the upper end of this range, and to contem-

plate merging categories at the data analysis stage. 

4.4.3 Applications for Semi-Quantitative Assessment 

An SQA of vitality is readily applied in the field (e.g. on-board commercial fishing 

vessels) along with the usual activities of a fisheries observer. This constitutes the 

greatest advantage of SQA because, to the extent that observers are monitoring dis-

card amounts in a manner that is representative of conditions in the fishery, vitality 

monitoring will also be representative. In turn, conditional estimates of survival with 

respect to vitality level obtained from captive observation or tagging can be com-

bined with the vitality observations to produce a weighted estimate of survival that is 

representative for that fishery (e.g., Richards et al., 1995; Hueter et al., 2006; Benoît et 

al., 2012)(see Section 4.6). In a unique example, Pacific halibut SQA vitality scoring 

and prediction of discard mortality has been validated with tagging studies and is 

used in active fisheries observer programs to estimate mortality rates in assessment 

models and stock management (Richards et al., 1995; Trumble et al., 2000; NOAA 

Fisheries 2014). This presents a particularly effective method for representative dis-

card survival estimation. Variability of discard vitality between fishing events is like-

ly to be reflected in variability of vitality scores. Quantifying this variability will also 

be cost-effective, particularly where existing observer programs are in place. Updat-

ing mortality estimates as conditions in a fishery change over time is therefore feasi-

ble. This however is dependent on having no changes in the stressor types present in 

the fishery compared with those in the original study that estimated vitality-

correlated survival (see Section 4.6). 

Vitality SQA observations also hold promise for inferring the potential for long-term 

discard survival. For example, it appears reasonable to assume that adversely affect-

ed discarded fish that have been rendered impaired and inactive will be at greater 

risk of predation due to compromised evasion abilities. Likewise, the potential for 

disease may increase with the degree of physical injury. Relationships between vitali-

ty score and predation risk or disease-related mortality could be quantified to infer 

preliminary estimates long-term survival. For example, a tagging study for Pacific 

halibut indicated a reduced number of tag returns with increasing severity of hook 

removal (Kaimmer and Trumble, 1998). 

Outputs from SQA can also inform on how vitality scores are influenced by various 

factors, biological (e.g., size), technical (e.g., handling time) and environmental (e.g., 

depth, temperature) (e.g., Richards et al., 1994; Benoît et al., 2010). Understanding how 

various factors affect the likelihood that a discarded fish would fall into a particular 

vitality class can facilitate the planning of management measures aimed at increasing 

discard survival. Furthermore, if calibrated estimates of survival with respect to vital-

ity are available, then empirical relationships between semi-quantitative vitality 

scores and explanatory factors can be used to predict survival for situations where 

there are no vitality observations (e.g., Benoît, 2013). 
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4.5 Quantitative Vitality Assessment (QVA)  

Quantitative vitality assessment is based upon the RAMP vitality assessment method 

(Reflex Action Mortality Predictor), which was developed to improve the resolution 

and objectivity of vitality impairment observations and mortality prediction in 

stressed animals, based on reflex impairment (Davis, 2010). Further studies have 

shown the utility of including scoring for injury in the RAMP assay to make it more 

inclusive of sources for vitality impairment (Campbell et al., 2012; Nguyen et al., 

2014).  QVA can be used in isolation, just as SQA, to collect information about the 

vitality of specimens under varying environmental, technical and biological condi-

tions.  When calibrated with direct estimates of survival likelihood, QVA scores can 

also be used as a predictive tool for discard survival.  

The approach aims for a more thorough description of vitality than SQA, by captur-

ing as much information about reflex impairment and injury as is practicable in field 

settings (Davis and Ottmar, 2006). In comparison to SQA it can be argued that QVA is 

a more objective approach with higher resolution in its vitality assessment.  That is, 

QVA generally tests more criteria (reflex actions and injury) and scores using only 

presence or absence. However this is at the expense of a longer period of observation 

per individual fish (30-60 seconds compared to ≤10 seconds in the SQA).  

4.5.1 QVA Methods 

QVA is based on scoring the presence or absence of behavioural reflexes and injuries. 

Reflex responses, which are innate involuntary actions or responses to a stimulus 

(Berube et al., 2001), can be quantified as present or absent after stimulating the sub-

ject using touch, light, sound, or gravity. Reflex actions are used because they are 

innate fixed action patterns that are directly related to vitality, without being con-

founded by the effects of other factors (e.g. size, motivation, sex). Some commonly 

used reflexes studied in the RAMP method that can be used in QVA include tail grab, 

body flex, head complex, vestibular-ocular response, and orientation (Raby et al., 

2012).  

Injury is scored because of its direct relationship with trauma and potential infection, 

and thus mortality. Different types of injury can be simply quantified as present or 

absent. Commonly observed injury types include barotrauma (Hannah et al., 2008) 

and wounding from hooking, abrasion, and predation (Trumble et al., 2000).  

4.5.2 Selecting Assessment Criteria 

Different reflex actions, barotrauma symptoms, and injuries can be used as assess-

ment criteria, depending on characteristics and life-history traits of the subject species 

(see Appendix III for examples). To select the most appropriate reflexes for the sub-

ject species, animals in the best possible condition are collected in the field or held in 

captivity. They are then examined using a range of possible reflexes (see Appendix 

III) to determine which reflexes respond most consistently, from individual to indi-

vidual, to the range of potential stimuli available to the observer (e.g. touch, light, 

sound and gravity).  Reflexes can be tested in unrestrained or restrained animals, 

although unrestrained animals are more easily assessed on board vessels. Tests can 

be adapted to experimental or operational conditions needed in particular situations 

and for specific species. As many different reflexes and injury types are measured as 

is practicable and appropriate; in order to describe stress effects on a wide variety of 

neural, muscle and organ systems.  
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Selection of the most appropriate injury types, as for SQA, is highly species and fish-

ery dependent (see Section 4.4.1).  This will require some in situ observations to de-

termine the most common and relevant injuries occurring for particular species under 

a range of conditions in the fishery, including technical (i.e. gear and handling related 

injuries: abrasion, hooking/puncture wounds) and environmental (e.g. barotrauma, 

desiccation, freezing).    Moreover, the injuries should be easily identifiable and clear-

ly debilitating for the specimen. 

4.5.3 Calculating a QVA Score 

Calculating QVA score for reflex impairment and injuries follows the “rule of doubt”. 

A reflex action is scored not impaired (0) when strong or easily observed, or impaired 

(1) when not present, weak, or there is doubt about its presence. An injury (including 

barotrauma) is scored absent (0) when not present or there is doubt about presence, 

and present (1) when clearly observed. Reflex and injury scores for an individual 

animal are then summed and divided by the total number of measured criteria to 

calculate proportion impairment (QVA score); where no impairment or injury would 

score zero (0) and maximum impairment and injury would score one (1). 

4.5.4 Applications for QVA  

QVA can be used to directly assess vitality impairment for animals captured and 

discarded from commercial fisheries. Values for vitality impairment assessed with 

QVA can be calibrated for prediction of delayed mortality and used in a variety of 

ways in fishing industries. The calibrated QVA score can be used, as RAMP has been 

used, to monitor performance and adjust design of fishing gears (Hammond et al., 

2013), for fisheries stock assessments and management (NOAA Fisheries, 2012), and 

in experiments designed to determine the role of stressor factors in escapee and dis-

card survival (Raby et al., 2012).  

The influence of recreational fisheries (particular angling) on marine fish stocks and 

ecosystems has become an increasingly important topic for fisheries management 

(e.g. Post et al., 2002; Coleman et al., 2004; Cooke and Cowx 2006; Lewin et al., 2006). 

Catch-and-Release (C&R) angling is a common practice in many recreational fisheries 

(Arlinghaus et al., 2007). Ferter et al. (2013) reviewed C&R practices in several Euro-

pean marine recreational fisheries, and showed that the release rates for several spe-

cies were over 60% of the total catch in some European countries. Only a few studies 

have used or mentioned the vitality indicator approach for estimating post-release 

mortality in the recreational fishery context (e.g., Campbell et al., 2010; Cooke et al., 

2013). However, the inclusion of mortality indicators in traditional C&R mortality 

studies has the potential to extrapolate mortality estimates to different regions and 

similar fisheries without the need to conduct extensive field experiments. The availa-

bility of spatio-temporal mortality estimates is important for area-based fish stock 

assessments and can improve future stock managements. Furthermore, vitality as-

sessment could be useful for anglers to quickly evaluate the condition of fish and its 

potential survival, thus acting as a decision-support tool for anglers.  
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Figure 4.1 – An example relationship between reflex impairment and mortality, with confidence 

intervals (From Humborstad et al., 2009). 

4.6 Predicting Survival from Vitality Assessments  

The vitality assessment methods of SQA and QVA give direct measurement of unim-

paired and impaired states in animals. To calibrate vitality impairment as a tool for 

predicting discard survival, animals must be exposed to appropriate stressors, their 

impairment observed, and the likelihood of survival at each level of the vitality index 

observed using either captive observation (see section 5) or tagging and biotelemetry 

(see Section 6)(Davis and Ottmar 2006; Davis 2007). To avoid extrapolation when 

predicting survival, animals must be exposed to stressors that produce impairment 

and survival ranging from 0–100%. Models can then be constructed to show species-

specific relationships between fishing conditions, impairment, and survival or mor-

tality (e.g. Figure 4.1): “Vitality-Correlated Survival” (VCS). Once validated, vitality 

impairment can be used to indirectly predict species-specific discard survival from 

the relevant “Vitality-Correlated Survival” (VCS) relationship.  

4.6.1 Calibrating Vitality-correlated Survival 

The necessary steps to conduct this calibration process are detailed as follows, and 

summarized in Figure 4.2. 

1. Choose appropriate vitality measures according to the intended use (see sec-

tion 4.2): 

a. Semi-quantitative Assessment (SQA) used for rapid assessment 

by fishery observers under commercial conditions (section 4.3); or 

b. Quantitative Vitality Assessment(QVA) used for hypothesis test-

ing with greater resolution of impairment (section 4.4). 

 



|ICES WKMEDS REPORT 2014   27 

 

2. Identify Relevant Stressors and Injuries: 

a. Use pathway analysis to identify likely stressors & injuries (see sec-

tion 7); 

b. Conduct in situ observations to identify actual stressors & injuries; 

and 

c. Select most relevant stressors & injuries (see section 4.6.1). 

 

3. Identify Consistent Reflex Responses (if using QVA): 

a. for a particular species, collect a sample of unimpaired animals (i.e. 

“controls”, see section 8); 

b. define the reflexes, and other responses and injuries, that can be con-

sistently tested and scored (see section 4.5.2); and 

c. Use reflexes that consistently respond to stimuli. 

 

4. Conduct experiments to measure impairment and survival over a representa-

tive range of stressors: 

a. Design the experiments to include gradients of relevant stressor ef-

fects (section 7); 

b. Observe resulting vitality impairment and injuries over a representa-

tive range of fishery associated stressors 

c. Observe corresponding vitality related survival, using an appropri-

ate method (section 3.6). 

 

5. Model and validate the relationship between Vitality Impairment and Sur-

vival 

a. Correlate known levels of vitality with survival likelihood estimates 

using captive observation studies (see section 5) and/or tag-

ging/biotelemetry studies (see section 6); and 

b. Use predictive models to provide estimates of discard survival (with 

confidence intervals) from independent measures of vitality impair-

ment, for the same species and range of fishery associated stressors 

(see section 9). 

4.6.2 Selection of Appropriate Stressors for Calibration 

Two approaches can be used to induce a range of stress and impairment in animals 

caught in fisheries. The most efficient method is to make observations in real fishing 

operations, over a representative range of fishing conditions, pairing vitality assess-

ment from captured fish with measurement of their survival rate. Different stressor 

types should also be investigated depending on the 'operational system' under study 

for which stress and mortality is to be modelled; i.e. recreational or commercial fish-

ing (e.g., trawling, netting, trapping, longlining). 

A second approach is to design experiments that test for effects of individual stressor 

types, while measuring the vitality and survival of the experimental subjects. Stressor 

types may be grouped as (1) physical, having an influence through exercise, pressure, 

temperature and water turbidity, (2) ecological, which derive from social stress, pre-
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dation, and food availability, and (3) chemical sources, resulting from changes in pH, 

O2, CO2, and xenobiotics (Davis 2010). Stressors may be acute (short term) or chronic 

(long term) and their strength can range from mild to severe which can be gauged by 

the induced stress response and its outcomes (Barton 1997; Huntingford et al., 2006). 

Since different stressor types (physical, ecological, chemical) may affect reflex re-

sponses in different ways, testing combinations of reflexes and injury ensures that the 

effects of multiple stressor types are included in the calculated impairment index. 

4.6.3 Controls 

The baseline controls for calibrating and validating vitality indices in each species of 

interest are animals with unimpaired reflex actions, without injuries, and without 

mortality under appropriate conditions of captive observation or tag-

ging/biotelemetry. In difficult research situations where resources are limited, captiv-

ity or tagging may produce low levels of mortality in unimpaired control fish. This 

mortality indicates that holding or tagging conditions can be improved, if possible 

(see section 8). However calibration and validation of the relationship between vitali-

ty impairment and mortality can proceed if the investigator is willing to assume the 

uncertainty for interpretation introduced by control mortality (see Sections 8 and 9).  
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Calibrating vitality impairment with survival 

Step 1. Choose appropriate vitality measures  

 

 

 

 

Step 2. Identify Relevant Stressors and Responses  

 

 

 

 

 

 

Step 3.  Identify Consistent Reflex Responses (if using QVA) 

 

 

 

 

 

 

Step 4. Conduct Stress Experiments 

 

 

 

 

 

 

 

Step 5.  Model relationship between Vitality Impairment and Survival 

 

 

 

 

  Figure 4.2 – Schematic diagram of the process for calibrating vitality with survival, adapted from Davis (2010). 
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4.7 Limitations and uncertainties of Vitality Assessment  

4.7.1 Coarse Mortality Indicators 

This method has limited resolution of vitality (e.g. time to death) and is restricted in 

context to the specific stressors observed in an assessment (e.g. hypoxia).  As such, 

this method provides an approximate relative measure of vitality between species (or 

subgroups of) for specific stressors, but unlike SQA and QVA cannot be used to de-

fine a species-specific measure of vitality for a range of fishery associated stressors. 

4.7.2 Semi-Quantitative Assessment (SQA) 

Some degree of subjectivity in SQA between observers is an inherent property of this 

method. There will likely be differences between observers in whether a fish is as-

cribed to one vitality category vs. an adjacent category and even over time from one 

observer. On average, this may affect the precision of SQA derived observations, but 

generally not the accuracy. Such classification subjectivity can be reduced, but not 

completely eliminated, with effective training and with a clearly defined protocol. It 

can further be explicitly modelled during data analysis (e.g., Benoît et al., 2010). 

4.7.3 Quantitative Vitality Assessment (QVA) 

The effective use of QVA to score vitality impairment is dependent upon the follow-

ing assumptions:   

1 ) Vitality is inversely related to reflex impairment and injury; 

2 ) Reflex impairment and injury are directly related to stressor types and in-

tensities; 

3 ) Reflex impairment occurs rapidly once critical thresholds in stressors are 

reached;  

4 ) Vitality correlated survival (VCS) relationship is species-specific; 

5 ) Vitality correlated survival (VCS) relationship used for a species is experi-

mentally derived by inclusion of representative stressors and animal sizes, 

ages, and sex.  

6 ) Vitality correlated survival (VCS) relationship is stable for a species and 

representative conditions.  

7 ) All reflex actions and injuries in VCS are given equal weighting.  

8 ) Observers objectively score presence or absence of reflex action in a repli-

cable manner.  

These assumptions have been tested and validated for several species and stressor 

contexts, with and without scoring for injury types (e.g. Humborstad et al., 2009; Da-

vis 2010; Campbell et al., 2010; Barkley and Cadrin 2012; Raby et al., 2012; Stoner 

2012).   

The species and stressor specific nature of QVA (i.e. assumptions 4, 5 and 6) means 

care must be taken to ensure that vitality scores are derived from reflex impairment 

observed in a representative sample of animals exposed to a representative range of 

stressors.  Failure to account properly for all the critical stressors in the discarding 

process could lead to confounded effects and instability in the vitality scores.   

As with SQA, the precision of QVA is dependent upon how consistently the observ-

ers score the presence or absence of the reflex or injury.  However, the more objective 
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approach to scoring adopted with QVA (c.f. “rule of doubt”) is likely to reduce uncer-

tainty associated with observer bias. 

4.7.4 Predicting Survival from Vitality Assessments 

Vitality based predictors of survival are dependent on the observation methods used 

to calibrate vitality with survival.  In this respect, any resulting survival estimates 

will be limited by the same factors inherent in estimating survival, either using cap-

tive observation, or tagging and biotelemetry.  Captive observation of animals may 

introduce captivity related biases (e.g. method related mortality and excluding preda-

tion)(see Section 5), while tagging or biotelemetry may introduce statistical artefacts 

(Thorsteinsson, 2002) or sources for mortality that are not related to initial capture 

and discarding stressors (e.g., additional stressors, predation, disease, and food limi-

tation)(see Section 6).  

While behavioural impairment (and other indicators of stress) associated with vitality 

may indicate an increased likelihood of predation (e.g. Ryer, 2004; Raby et al, 2013) or 

immuno-supression (e.g. Ellis, 1981; Lupes et al, 2006; Wedemeyer and Wood, 1974), 

measures of vitality (i.e. QVA and SQA) should not be assumed to be reliable predic-

tors of such post-release events.  Such events are also dependent upon additional 

factors that cannot be accounted for by a vitality assessment alone, for example: prox-

imity to potential predators and associated likely encounter probability; or preva-

lence of pathogens within a population and/or environment.  

In addition, current evidence indicates that vitality-dependent survival estimates are 

largely species-specific and likely fishery-specific. Therefore, the estimates of vitality-

dependent survival will only be reliable if their calibration encompasses the relevant 

stressors experienced by discarded fish in the fishery.  Consequently, until it can be 

reliably demonstrated that these mortality predictors are transferable between certain 

species and gears, it will be necessary to have species and fishery specific vitality-

survival calibrations.  Furthermore, the vitality-survival calibration must include the 

complete range of impairment and mortality to avoid extrapolation beyond empirical 

evidence.  

Ultimately, there is a need to validate the method of survival estimation based on 

vitality assessment. This is most reliably achieved by comparing the survival esti-

mates derived using vitality observations to those obtained from a large-scale well-

planned tagging project for a common fishery (see section 6)(e.g. Richards et al., 1995; 

Trumble et al., 2000; NOAA Fisheries 2014). 

http://www.hafro.is/Bokasafn/Timarit/catag.pdf
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5 Captive Observation 

Captive observation is a common technique where discarded animals are transferred 

into containment facilities (e.g. tanks or underwater cages), after experiencing repre-

sentative fishing conditions (i.e. capture, handling and release) in situ or after simula-

tion. However, the experimental subjects are not actually discarded, but are retained 

in captivity for a period of time to monitor their vitality and survival. 

This approach facilitates monitoring of the experimental subjects, and allows both 

dead and surviving animals to be sampled to assess for injuries, physiological status 

and vitality. However, it also introduces some potential limitations with respect to 

the application of the survival estimates. That is, holding wild, unacclimatized ani-

mals in captivity can induce stress (Snyder, 1975; Portz et al, 2006), which can poten-

tially induce captivity-related mortality in addition to the treatment effect. Controls 

can be used to determine whether method induced mortality has occurred (see sec-

tion 8). Moreover, most examples of this technique will isolate the captive population 

from their natural predators, so it will not account for any predation effects on dis-

card survival (e.g. Raby et al., 2013). 

5.1 Laboratory vs. Field Assessments 

Captive observation can be conducted either in the field, using tanks or cages, or in 

the laboratory, under controlled conditions. To provide estimates of discard survival 

which are relevant to real fishing operations, the experimental subjects must experi-

ence conditions during capture, handling and release that are representative of fish-

ing operations. This is best achieved using field assessments, onboard commercial 

fishing vessels, from where the subjects are sourced (although they may be contained 

either in the field or in a laboratory). Laboratory assessments, defined here as studies 

that do not contain an element of fieldwork, are most appropriate when researchers 

want to investigate the isolated effects of specific variables on discard survival. 

5.1.1 Field Assessments 

Captive observation field assessments can be defined as investigations that attempt to 

provide estimates of discard survival, where the experimental subjects are collected 

under realistic and representative fishing conditions (e.g. Broadhurst and Uhlmann, 

2007; Depestele et al., 2014; Enever et al., 2008; Raby et al., 2013; Revill et al., 2013). The 

subjects are then transferred to containment facilities (e.g. tanks or cages) that are 

either field- or laboratory-based. Frequent reporting on this technique illustrates the 

feasibility and acceptable costs associated with this approach. The primary and im-

portant advantage of this technique is that the animals under study are collected from 

authentic fishing conditions and have therefore been exposed to realistic and com-

bined stressors associated with the capture and discarding process. For this reason 

the results from studies conducted in this manner are likely to be trusted by the fish-

ing industry. 

A key consideration with captive observation is that it does not account for predation 

effects and so potentially overestimates discard survival levels, which must be made 

explicit when presenting the results (Raby et al, 2013). Captivity may also exclude 

stressors that would otherwise be experienced by discarded fish and so it is possible 

that subjects may survive better in the containment facilities than if released, which 

may also overestimate survival. However, in general, the additional stressors associ-

ated with being contained are considered to have a larger effect on subjects (Portz et 
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al, 2006), i.e. that the method is more likely to induce mortality than to increase sur-

vival. 

Captivity in tanks or cages, and transfer of organisms from the fishing operations to 

the holding tanks, can induce additional handling and captivity stress, and therefore 

requires careful use of appropriate controls. Where captivity stress is observed sur-

vival estimates observed in the treatment subjects may be an underestimate of the 

true value. Captive observation studies can be expensive and consequently suffer 

from low levels of replication. This can mean that the results may not be representa-

tive of the management unit and the statistical powers of the data are reduced. Inte-

gration with vitality assessments (section 4) and tagging/biotelemetry assessments 

(Section 6) can be used to substantially increase the utility of the discard estimates 

derived from captive observation (see section 3). 

5.1.2 Laboratory Assessments 

In the context of discard survival, laboratory based assessments can be used to inves-

tigate isolated variables and their effects upon the behaviour, physiology and surviv-

al of subjects under controlled conditions. Although the conditions in laboratory 

experiments can attempt to emulate fishing practices, representative stressors are not 

usually obtainable. Therefore, laboratory based experiments are not usually suitable 

for generating discard survival estimates per se. 

Laboratory assessments do enable detailed studies into the mechanisms of mortality 

and injuries, using untreated controls as a baseline. Such studies also enable the re-

searcher to isolate the assumed factors singularly, or in combination, and estimate 

their relative importance on fish vitality and the impact on survival. Laboratory as-

sessments also offer the opportunity to undertake post-mortems and physiological 

investigations, and allow many replicates providing greater statistical power. With 

increasing focus on animal welfare, laboratory assessments allow smaller numbers of 

animals to be used in experiments. 

As stated above, the controlled conditions of the laboratory cannot mimic commercial 

fishing conditions and the interaction of stressors experienced by fish. The subjects 

undergoing treatment may also be unrepresentative of commercially caught fish (see 

Section 5.2.1). Subjects kept in captivity for longer periods can become acclimatized to 

captivity and potentially behave differently than “wild” specimens. It is essential to 

keep the experimental subjects under as close-to natural conditions as possible.  

5.2 Designing a captive observation assessment 

The design of an effective captive observation assessment depends on four key 

elements: 

1 ) obtaining a representative subject population; 

2 ) transfer into captivity; 

3 ) containment in appropriate conditions; and  

4 ) monitoring. 

At each stage of the study, it is important to minimize the effects of captivity on the 

experimental subjects. Captivity should not be detrimental to the vitality of the sub-

jects; controls can be used to determine whether there is any method induced mortali-

ty (see section 8). This is achieved by ensuring that the holding conditions and 

containment facilities correspond to the subject’s biological and behavioural needs as 
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far as possible. There are useful and detailed guidelines available on keeping aquatic 

animals in captivity (e.g. Nickum et al, 2004; Portz et al., 2006; Jacklin and Combes, 

2007). This section only briefly reviews the most pertinent aspects. 

5.2.1 A representative subject population 

Based on the key influencing factors (technical, environmental, biological; see Sec-

tions 2 and 7), the experimental subjects should be exposed to suitable stressors, that 

are representative of normal fishing conditions, in a controlled or measurable way 

(see Section 7). Test subjects will usually have been caught in a standard fishing oper-

ation, handled according to normal fishing practices and, at the point at which they 

would be released to the water, transferred into captivity. 

5.2.2 Transfer into captivity 

Following treatment, the experimental subjects are transferred to a containment facili-

ty (e.g. a tank or sea cage) for monitoring. Ideally, this transfer should be representa-

tive of the conditions the discarded fish would normally experience during release. 

This includes both handling protocols and anticipated changes in environmental 

conditions between the surface and the habitat to which they would normally return 

(e.g. temperature, depth, and light intensity). For example, if fish are released via a 

chute or pipe from the side of the vessel, this could be effectively simulated by fitting 

the receiving sea cage to the outlet, and then sinking the filled cage to the seabed. 

Where this is not practical, the effects of the transfer should be controlled to minimize 

any associated stress and injury (e.g. minimizing air exposure). 

In some instances, the transfer will involve handling individual fish, which may pro-

vide an opportunity to conduct a vitality assessment, with handling times and condi-

tions still within normal ranges (see Section 4). However, sometimes the transfer may 

involve many fish at a time (e.g. when simulating the slipping of small pelagic from 

purse-seines; Huse and Vold, 2010; Tenningen et al., 2012), in which case a vitality 

assessment can be conducted for a subsample of fish.  At all stages of the transfer, any 

potential influential stressors should be monitored (see Section 7). 

5.2.3 Containment facilities 

The conditions in the containment facilities should ideally correspond to biological 

and behavioural needs of the species under investigation (e.g. Breen, 2004; 

Broadhurst et al., 2006; Nickum et al, 2004; Jacklin and Combes, 2007). These needs 

will often be species-specific. For example: flatfish require a non-abrasive bottom 

surface area to rest on, as opposed to a large tank volume (Van Beek et al., 1990), 

while pelagic schooling species require volumes sufficient to maintain normal school-

ing behaviour (e.g. Misund and Beltestad, 2000). Scombrids require high water flow 

(e.g. bluefin tuna in aquaria). Nephrops and other cannibalistic or aggressive species 

may require isolation from each other (e.g. Castro et al., 2003; Wileman et al., 1999).  

Containment facilities can be broadly categorized into two forms: 

 Tanks or ponds – where the water holding the subject population is con-

tained by a man-made construction. The water is isolated, and therefore its 

quality is dependent on treatment or filtration and a flow-through or recir-

culation supply. As such, tank facilities enable the observer to maintain a 

high degree of control over the subject population. They also generally al-

low for the subject population to be frequently monitored. However, gen-
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erally their volume can be restrictive and providing representative condi-

tions is challenging. 

 Cages – where the subject population is contained in a volume of water, 

generally within a larger natural water mass, using a man-made (typically 

netting) construction. The water quality is determined by the surrounding 

water mass, and depends on having sufficient exchange through the cage 

structure. This means that using cages in the field makes it simpler to pro-

vide representative environmental conditions. However, finding a suitable 

location for the cages, their isolation from the observer and large size can 

make effective monitoring of the subjects challenging. 

The development of appropriate containment facilities will often require preliminary 

investigations to assess their effectiveness and these are best undertaken in associa-

tion with the development of captivity (method) controls (see section 8). A pilot 

study, prior to the main experiment, to assess the suitability of the cages or tanks is 

often valuable and may prevent costly investments in unsuitable equipment. 

Key characteristics to be considered when designing containment facilities include, 

for a given species: 

 Non-injurious, non-toxic construction and materials 

 Volume / surface area 

 Stable and appropriate environmental conditions 

 Sufficient water quality and exchange 

 Water movement 

 Lighting conditions; intensity, spectrum and periodicity 

 Shelter  

 Nutrition 

 Exclusion of predators 

 Facilitate monitoring with minimal disturbance. 

Construction and materials - The design and materials used to construct the cage or 

tank (and associated handling equipment) should minimize the risk of injury and 

physiological distress. For example, there should be no sharp edges or abrasive mate-

rials (i.e. knotless netting is preferred over knotted). Where it is anticipated that sub-

jects may strike tank walls, because of their own activity or movement of the vessel 

on which the tanks are kept, it may useful to install cushioning materials on the tank 

walls or use circular tanks. Care should be taken to ensure that the construction mate-

rials are non-toxic (e.g. Table 5.1). 

Where subjects contact surfaces in the containment facility (e.g. flatfish), the risk of 

injury from contacting those surfaces should be minimized. In some cases, access to 

familiar substrata can be provided (e.g. sand, gravel) to minimize captive effects (e.g. 

Sangster et al., 1996; Wileman et al., 1999). Tank or cage shape is also important. For 

example, pelagic fish need cylindrical or circular cages for schooling. Also, elongated 

tanks may exacerbate water movement induced by vessel motion (see below). 

Volume / surface area - An appropriate space for the experiment subjects should be 

provided, both with respect to individual needs and the size of the population to be 

accommodated (i.e. stocking density). For example, schooling, pelagic fish (e.g. her-

ring, mackerel and tuna) are likely to require large volumes to ensure that the con-

tainment space does not confine their natural swimming behaviour or school 
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structure. Alternatively, demersal species (e.g. plaice and sole) require adequate sur-

face areas on which to rest. This can be achieved by providing layered shelving with-

in the holding tank (e.g. Revill et al., 2013). 

Stocking density - It is unlikely that a captive observation experiment will be able to 

provide natural stocking densities for the experimental subjects. In most cases the 

stocking density is likely to be artificially high. However, it should not be so high that 

it is detrimental to the vitality of the subjects. The population density should not 

compromise the water quality within the tank or cage, in particular with respect to 

oxygen depletion and the accumulation of waste products (see below). The tolerance 

to crowding varies between species, and even within species depending upon their 

maturity and physical status.  

There are few standard recommendations for optimal stocking densities for captive 

observations, as these will be dependent upon the species, their status and the charac-

teristics of the containment facilities. However, information from aquaculture, suffi-

cient investment in preliminary trials and developing suitable methods for controls, 

will inform this issue. 

Stable and appropriate environmental conditions - It is important to ensure that envi-

ronmental conditions in the cage or tanks (e.g. temperature and salinity) are repre-

sentative of the habitat to which the subject should be released (i.e. its preferred 

habitat). Ideally, they should be stable, to minimize any confounding effects on the 

survival estimates; unless instability is a particular feature of the subjects normal 

habitat. Moreover, these conditions should be replicated and monitored in each cage 

or tank. 

Where cages are being deployed to the receiving habitat, they should be lowered and 

recovered gently, ensuring that excessive water flow will not stress the animals. Sim-

ulating water pressure at depth at which the subject would return on release can be 

considered for tanks. Changes in key environmental parameters (e.g. depth, tempera-

ture, salinity) should be monitored throughout the period of captivity (e.g. Breen et 

al., 2007). 

Water quality / exchange - Insufficient oxygen and elevated toxins can kill the exper-

imental subjects, but even at sublethal levels, the stress induced by these factors is 

likely to affect any subsequent survival. There should be sufficient water exchange 

within the cage or tank to ensure that oxygen levels are not depleted or that bio-waste 

products (particularly ammonia) accumulate. Moreover, there should be regular 

monitoring of concentrations of oxygen, as well as key bio-waste products, where 

possible. 

The water exchange in tanks should be designed in such a manner, that inter-tank 

contamination is avoided. Ideally each tank should receive its own independent wa-

ter supply. Cages may require cleaning to ensure any growth on the netting material 

does not compromise water exchange through the cages. 

Water movement - Water movement within the containment facility can be induced 

naturally by tidal water currents through the cage or artificially via a water-exchange 

system. While some water movement is necessary to ensure water quality (see above) 

and promote natural swimming behaviour, excessive movement can induce addi-

tional stress. It is recommended that water flow within the containment facility is 

continuously recorded, particularly in cages.  
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Table 5.1 Properties of materials used in the construction of holding tanks for crustaceans (from 

Jacklin and Combes, 2007). 
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Stress can be induced by the movement of the vessel on which tanks are installed. 

This can be partly relieved by tank design, such as sealed tanks with no airspaces , or 

small round tanks and/or the use of baffles to restrict water movement. Also the tanks 

should be securely fastened in a position on the vessel where the ship’s motion is 

minimal.   

When using cages, sites should be selected that are sheltered from significant tidal 

currents, as well as the prevailing weather. Floating cages drifting with water cur-

rents, as opposed to being anchored, can be considered (Huse and Vold, 2010). Cages 

should be deployed and recovered gently, ensuring that any induced water flow does 

not stress the subjects. 

Lighting conditions: intensity, spectrum and periodicity - Many aquatic species are 

adapted to light intensities much lower than will be experienced at the surface (John-

son, 2012). Moreover, the subject’s natural light will have a periodicity and spectrum 

that will be specific to its natural habitat (Johnson, 2012). To minimize captivity 

stress, the holding conditions should attempt to simulate natural illumination levels 

and patterns. If held in tanks, artificial lighting can be used with appropriately col-

oured or opaque construction materials to replicate natural lighting conditions. 

Shelter - Some species naturally seek and require shelter, without which they are 

likely to become stressed (e.g. Nephrops). The provision of a suitable artificial shelter 

can alleviate this problem (e.g. Wileman et al., 1999). 

Nutrition - Most adult aquatic species can survive several weeks without food, espe-

cially at lower temperatures. However, when observing the experimental subjects for 

a prolonged period, it may be necessary to provide food to meet the subject’s nutri-

tional requirements.  A review of the life history of each species will provide infor-

mation to determine feeding requirements.  Providing food may also alleviate 

predation and cannibalism within the captive population. The feeding status of a fish 

can be a useful measure of the subject’s vitality and stress status (e.g. Breen, 2004). 

Feeding will increase the subjects’ oxygen requirements and the production of bio-

waste products, therefore, water quality will need to be maintained accordingly.  

Exclusion of predators - Where there are likely to be intra- or interspecific interactions 

(e.g. cannibalism, competition and predation), it may be necessary to exclude some 

species or larger individuals, or have segregated facilities. Cages deployed in the 

subjects’ natural habitat can attract predators and scavengers (e.g. seabirds, star fish, 

crabs and sea-lice) that can stress the subjects and enter the cage and attack live sub-

jects or scavenge on dead specimens. Efforts should be made to exclude these animals 

(e.g. floating cages should be covered by netting or a lid to avoid predation by sea-

birds.) Also, regular monitoring (e.g. using divers) can be used to limit the attraction 

of scavengers by removing carrion.  

Facilitate monitoring with minimal disturbance - Monitoring of the subjects should be 

conducted in a way that minimizes stress on the subjects. Remote monitoring tech-

nologies (e.g. video cameras) can be used to monitor mortality and vitality, without 

adding to captivity stress by disturbing them (e.g. Ingolfsson et al., 2007). Closed tank 

facilities enable assessments of the physiological status of the subjects (e.g. measuring 

excreted levels of cortisol). 
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Figure 5.1 Tank arrangement used in the UK (source: Precision Pipework Ltd., Lowestoft UK).  
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Figure 5.2 Cages used for studying Nephrops survival (Mehault, 2011). 
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Figure 5.3 Cages and holding tanks used in Dutch experiments (van Marlen et al., 2013). 

  



42  |  

 |ICES WKMEDS REPORT 2014  

 



|ICES WKMEDS REPORT 2014   43 

 

 

 

Figure 5.4.  Cage used in German experiments in the Baltic (Weltersbach, 2013) 
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Figure 5.5 Cage set-up used in Norwegian purse-seine survival studies (Huse and Vold, 2010). 
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5.2.4 Monitoring 

Mortality – Characterizing a subject as dead can be subjective, so a consistent protocol 

is necessary (e.g. Benoît et al., 2013; see Section 4). Clearly defined, measurable and 

validated characteristics of a “dead” subject should be established prior to the com-

mencement of the survival experiments (e.g. lack of respiratory or gill response and 

swimming activity, onset of rigor mortis, lack of reflexes or response to stimuli, col-

our of gills).  

Dead specimens – At predefined times for observation, subjects that are characterized 

as dead should be removed as quickly as possible to reduce the risk of disease and/or 

the attraction of predators, and scavengers. In tanks, these can typically be removed 

with properly designed landing nets (i.e. those used by aquarists or by anglers). Ad-

ditional stress to the remaining living subjects should be minimized. When storing 

fish in cages, various solutions designed for removing dead fish in aquaculture are 

available (e.g. Sangster, 1991; Piggott, 2013). In underwater cages, divers or ROVs 

may be deployed.  

Observations – The observation of the captive subjects should be a compromise be-

tween obtaining accurate data on the occurrence of death, with timely removal of 

dead specimens, and the disturbance and stress caused by the observation. Monitor-

ing should be done with minimal disturbance (see above).  

Monitoring at regular standard intervals is required to generate a cumulative mortali-

ty profile; ideally monitoring should continue until mortalities cease and the cumula-

tive mortality profile reaches a plateau. Mortality rates may stabilize only to increase 

after a lag period. Mortalities closer to the time of discarding are likely due to the 

capture-and-discarding process; whereas mortalities towards the end of monitoring 

might be due to the containment. Controls should be used to establish any method 

induced mortality (section 8). 

Monitoring should ideally be for as long as it takes to explicitly observe the treatment 

induced mortality. A typical cumulative mortality curve has an asymptotic shape 

(Benoit et al., 2013), and the experiments should continue until the mortality ap-

proaches the asymptote. This may take days or weeks depending on the species and 

treatment. However, in practice, the duration of monitoring often has to be a trade-off 

between ideal scientific needs, the available resources (sea time, budgets, available 

tank time) and occurrence of confounding mortality not associated with initial treat-

ments.  

In some cases bi-modal mortality may occur, e.g. in herring (pers. comm., Aud Vold 

and Rolf Erik Olsen). In such cases, untreated controls are needed to evaluate if a 

second peak of mortality is caused by the initial treatment or whether it is attributable 

to a captivity effect. There may be species for which the mortality rate does not stabi-

lize. In such cases it is difficult to interpret if the mortality is related to the treatment 

or the captivity (section 8). 

In previous captive survival assessments, monitoring has typically been done every 

24 hours; this has provided a balance between the level of disturbance, resource re-

quirements and data generation. It is recommended that more frequent monitoring is 

conducted in first 24 or 48 hours after discarding, during the period when highest 

mortality rates are often seen. In some experiments, where daily sampling of mortali-
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ties is logistically difficult or even impossible, only endpoint mortality can be moni-

tored (e.g. Ingolfsson et al., 2007; Huse and Vold, 2010).  

Variables to be measured– The type of measurement will depend on the study, and 

the ability to sample specimens during the assessment. Length, weight and sexual 

maturation are important to understand the susceptibility to mortality of the popula-

tion. External injuries may also be recorded, keeping in mind that handling of the fish 

and post-mortem processes may cause damage. Details on methods to visually assess 

the vitality of fish are given in section 4. Laboratory studies can utilize a much wider 

range of analytical techniques (for example, stress axis components (cortisol, plasma 

ions, catecholamines, and glucose) and hypoxia indicators (lactate) can be analysed). 

In tank studies, non-invasive techniques like water cortisol and ammonia are well 

suited. Measurements of water quality variables like oxygen content, ammonia, salin-

ity, temperature, and current velocity are useful to establish how well the contain-

ment reflects the natural environment and to correlate changes in conditions with 

mortality rates. 
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6 Tagging and Biotelemetry 

This Section will be completed following next WKMEDS meeting in Q4 2014 

Mark-and-recapture studies 

A traditional method to study the long-term mortality of discarded/released fish is 

through mark-and-recapture studies, which have been widely used in recreational 

and commercial fisheries to assess the migration, growth and survival rates of fish. 

Fish are individually tagged with different external tags (e.g. t-bar anchor tags) after 

being caught and then released back into their natural habitats (ICES, 1965; Parker et 

al., 1990). Again, ideally both a control and treatment fish would be tagged and re-

leased. By using recapture data from the fishery, low-resolution information of mi-

gration, growth and survival after the release event can be collected (Pollock and 

Pine, 2007). Advantages of mark-and-recapture studies are: easy application, relative 

low costs, the possibility to have large sample sizes, and the provision of long-term 

mortality data under natural environmental conditions. However, mark-and-

recapture studies provide only very low resolution data compared to biotelemetry 

studies. A problem is the uncertainty in the calculation of the catch-and-release sur-

vival rate estimates due to underreporting of recaptures and natural mortality. Con-

sequently, to achieve a sufficient number of tag returns, a large quantity of fish has to 

be tagged (Pollock and Pine, 2007; Donaldson et al., 2008). 

Biotelemetry studies 

One approach to enhance data resolution and quality of catch-and-release studies is 

the combination of containment or mark-and-recapture experiments with a biotelem-

etry study (Bacheler et al. 2009; Donaldson et al. 2008; Pollock et al., 2004; Roberts et al. 

2011). Biotelemetry studies are used to investigate short- and long-term mortality and 

can provide insights into (sub-) lethal effects of catch-and-release by describing be-

haviour, condition and fate of released fish (Donaldson et al., 2008). For telemetry 

studies, fish are tagged with either acoustic/radio tags or satellite pop-up tags and 

released into their natural habitats. An acoustic tag sends all available information 

(e.g. fish location and physical parameters) to a nearby receiver station after being 

implanted into the fish. At least one close-by receiver station is always necessary to 

receive data. In contrast a satellite pop-up tag is attached externally, and does not 

need a direct contact with a receiver station. Instead it pops up after a predefined 

period of time and sends its stored data via satellite link after reaching the surface 

(Block, 2005; Donaldson et al., 2008).  

A great advantage of telemetry studies is the provision of high-resolution data of 

migration patterns, predator avoidance, behaviour and survival for a long time peri-

od after the release event. Thus, biotelemetry allows estimating the catch-and-release 

survival rates under natural conditions, including ecosystem interactions and indirect 

mortality due to intra- and interspecific competition. Besides, biotelemetry offers the 

collection of physiological, behavioural, energetic and environmental data (Don-

aldson et al., 2008).  

Disadvantages are the negative effects and potential mortality caused by the invasive 

tagging method for internal tags. It can be difficult to separate the effects of tagging 

from the impact of the catch-and-release event (Bettoli and Osborne, 1998; Donaldson 

et al., 2008). Additionally, the implantation procedure is complicated and time-
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consuming (3-10 min), and requires well-trained staff. In many cases fish have to be 

anaesthetized which may lead to additional stress and mortality (Donaldson et al., 

2008). Due to relatively large tag sizes, this method is not always suitable for small 

species or individuals. Furthermore, telemetry studies are very costly due to the high 

prices of the telemetric tags (ca. 500 EUR per acoustic tag and ca. 3000 EUR per satel-

lite pop-up tag), which in most cases leads to relatively small sample sizes (Pollock 

and Pine, 2007). 
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7 Explanatory variables 

The fish capture processes can disturb, stress and damage an organism which can 

result in its mortality. Thereby, any mortality of discards may be influenced by a 

range of biological (e.g. species, physiology, size, and catch composition), technical 

(e.g. gear design, deployment duration and speed) and environmental (e.g. tempera-

ture, hypoxia, sea state and availability of light) stressor factors (Figure 7.1; Davis, 

2002, Broadhurst et al., 2006; Broadhurst and Uhlmann, 2013). In other words, these 

factors determine conditions during fishing and influence/affect the stress, injury and 

possibly survival of captured-and-discarded individuals (Davis, 2002). Mortality 

associated with capture can occur prior to the point of discarding (immediate discard 

mortality) (Braccini et al., 2012), or after the point at which the subject is discarded 

(delayed discard mortality). 

When designing experiments to estimate discard survival, it is important to measure 

the main factors influencing the stress, injury and ultimately survival of discards, to 

attribute sources of variability. By conceptually tracing an organism’s pathway of 

being i) captured, ii) handled above the water surface, and iii) released back over-

board and eventually returning to its habitat, some of the relevant technical, envi-

ronmental and biological variables can be identified (Figure 7.1). The ability of an 

organism to survive the capture and discard pathway will be dependent on its innate 

capability to tolerate changes in conditions (Davis, 2002; Broadhurst et al., 2006). 

While individuals may be able to tolerate certain changes, they may be ‘pushed over 

the edge’ through a combination of stressors.  

The following section provides a brief overview of these factors by i) conceptually 

conceiving key factors potentially affecting a captured-and-discarded animal and ii) 

by reviewing primary literature of experiments that have demonstrated predominant 

effects. 

7.1 Stressor 

A stressor can be defined as a factor which induces a stress response. Isolating a sin-

gle stressor variable is difficult, particularly in field environments, due to the need to 

control for effects of all other variables. Laboratory experiments may be useful to for 

this aim (section 5) (Kennelly et al. 1990; Uhlmann et al. 2009). 

There is an array of different stressors experienced by a discarded fish and these will 

compound with each other. The compounded effects can lead to the mortality of the 

subject, but the way in which they interact may not be simply additive or multiplica-

tive but synergistic or antagonistic. Unravelling the precise individual and combined 

influences of multiple stressors is challenging, but so long as survival estimates are 

based on a range of stressors that reflect the fishery, then they can be considered rep-

resentative. So monitoring the different stressors is essential to determine the repre-

sentativeness of the discard survival estimates, but they can also be used to inform on 

potential mitigation measures that may increase survival. The first step in a frame-

work to assess and potentially mitigate discard mortality is to describe in detail the 

ranges of technical, environmental and biological conditions and characteristics per-

tinent to a particular fishery and the discarded species of interest. 
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Figure 7.1. Stressors influencing captured-and-discarded organisms during fishing resulting in 

either synergistic, antagonistic or cumulative stress responses (reproduced with permission from Davis, 
2002). 
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7.2 Literature review identifying key explanatory variables 

A literature review was undertaken which identified all explanatory variables that 

have been linked with a measurable stress, injury or mortality of discarded animals. 

The outputs are categorized by conventional gear types i) trawls and dredges; ii) 

gillnets and traps; iii) hook and line; iv) longlines and jigging or v) pelagic seines and 

trawls. For each of these gear groups, available key literature (reviews, if available) of 

both marine and freshwater fisheries was scanned for cases where a stressor effect 

was demonstrated or not detected. The number of primary literature studies for each 

demonstrable effect, indicated the potential relevance of such a factor across or within 

gear groups (Table 7.1). For trawls and dredges, existing reviews by Broadhurst et al., 

(2006), Revill et al., (2013), and Suuronen and Erickson (2010) were used. For gillnets 

and traps the recent review by Uhlmann and Broadhurst (2013) was used.  

The factors which have been studied for hook and line angling gear are based on two 

relatively recent reviews that covered both freshwater and marine fisheries, i.e. 

Bartholomew and Bohnsack (2005, pages 134–136) and Arlinghaus et al. (2007, pages 

115–125); thus excluding studies published after 2007. The factors which have been 

studied for long lines and jigging machines are based on an online database search. 

For pelagic seines and trawls no review existed, therefore, available primary 

literature studies, mainly on purse-seines, were scanned for relevant factors (Hall and 

Roman, 2013; Huse and Vold, 2010; Tenningen et al., 2012; Olsen et al., 2012, Marçalo 

et al., 2008; 2010; 2013). 

7.3 Selection of variables 

The review of primary literature studies identified that among technical and envi-

ronmental factors, gear configuration, handling, deployment duration, water temper-

ature and air exposure were the most studied, and frequently associated with discard 

survival (Table 7.1). Body size was also very important (Table 7.1). For active gears, 

increasing deployment duration, air exposure and air temperature reduced survival 

of many species (Table 7.1). Among passive gears, gear materials, gear configuration 

(i.e. use of selective devices), together with an organism’s physical injury were rele-

vant in explaining variation among discard mortality.  

Several factors were rarely associated with discard mortality, such as sediment type 

and salinity (Table 7.1). This was either because they were measured but not relevant, 

or because they were rarely mentioned. For the latter, this may also apply to factors 

such as predation, catch composition and behaviour.  
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Table 7.1. Count of primary literature (N= number of reviewed studies per gear type) that demon-

strated significant effects of technical, environmental, and biological factors during demersal 

trawling and dredging, gillnetting and trapping, hook and line fishing, longlining and jigging, 

and pelagic purse seining associated with discard mortality. The factors are sorted by relevance in 

descending order. --, not available; ns, not significant. 

 

 

Demersal 

trawls 

and 

dredges 

(N1=60) 

Gillnets 

and traps 

(N2=85) 

Hook and 

lines 

(N3=XX) 

Longlines 

and 

Jigging 

(N4=XX) 

Purse-

seines 

(N5=6) 

Count ns 

Gear configuration 1 40 29 20 -- 69 21 

Handling 8 8 29 6 -- 45 6 

Deployment dura-

tion 

17 8 13 9 -- 36 11 

Body size 10 10 15 12 2 35 14 

Water temperature 11 4 22 7 1 35 10 

Air exposure 23 5 12 -- -- 34 6 

Injury 8 9 13 -- 3 30 3 

Depth 1 6 9 4 -- 17 3 

Air temperature 14 1 -- 1 -- 15 1 

Gear operation -- 1 6 -- 7 13 1 

Gear type  -- 5 12 -- -- 11 6 

Physical condition 2 2 3 -- 4 10 1 

Season 4 3 3 1 -- 9 2 

Catch volume 8 -- -- -- 1 8 1 

Depredation -- 10 -- -- -- 8 2 

Predation 4 -- 1 -- 1 6 0 

Sex 4 1 -- 2 1 4 4 

Behaviour 1 2 -- -- -- 3 0 

Dissolved oxygen -- 1 2 -- -- 3 0 

Light 2 1 -- -- 1 3 1 

Catch composition -- 1 -- -- 1 2 0 
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Infection -- 2 -- -- -- 2 0 

Location -- 1 -- 1 -- 2 0 

Catch density -- 1 -- -- -- 1 0 

Recapture -- -- 1 -- -- 1 0 

Salinity 1 -- -- -- -- 1 0 

Sediment type 1 -- -- -- -- 1 0 

Species -- 1 -- -- -- 1 0 

Stress 1 1 -- -- -- 1 1 

Weather -- -- 1 1 -- 1 1 

Year -- 1 -- -- -- 1 0 

 

1 Broadhurst et al., (2006); Revill et al., (2013); Suuronen and Erickson (2010) 

2 Uhlmann and Broadhurst, (2013) 

3Arlinghaus et al., 2007 (pp. 115-125); Bartholomew and Bohnsack, 2005 (pp. 134-136) 

4 Web of Science search 

5 Hall and Roman, (2013); Marçalo et al., 2008, 2010, 2013; Huse and Vold, (2010); Tenningen et al., (2012); 

Olsen et al., (2012)
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7.4 Measurement of variables 

The majority of the factors listed in Table 7.1 and Appendix IV can be measured by 

simple means via observations, time recording, or electronic data logging of (e.g. 

water quality such as temperature, dissolved oxygen, salinity, as well as light levels). 

Different configurations of gear and fishing practices often require specific methods. 

For example, deployment duration may be measured as the time period between (i) 

winch starts (e.g. trawlers), (ii) complete submergence of the gear underwater (e.g. 

gillnets or traps), or (iii) during bottom contact (trawls, traps or gillnets). Load cells 

can be used to measure pulling force on trawl wires (drag force, Broadhurst et al., 

2013) and acoustic transmitters and receivers for trawl shape and catch size. Remote 

monitoring may also require specific technologies to measure and document factor 

interactions (Bryan et al., 2014; Mallet et al., 2014).  Emerging technologies to remotely 

monitor fishing operations may provide effective means to record data automatically 

(Mangi et al., 2013). 

The measurement of relevant factors is not limited to natural conditions. Study or-

ganisms may also be stressed from research-related handling (e.g. measurement, 

tagging, or holding in captivity). Thus, animal sensitivities towards stressors found in 

their natural environment may also extend to artificial conditions. For example, the 

conditions under which subjects are contained will be important to measure for spe-

cies sensitive to changes in light. 

To identify which factors may be relevant to measure, it will be necessary to look at 

the sensitivities of the study species, the path that it travels and stressors it is experi-

encing during a given capture-and-release process (Figure 7.1), and the experimental 

method that was chosen to assess discard mortality. While the a priori choice of poten-

tial and quantifiable explanatory factors may benefit from an organism’s ‘path analy-

sis’ (Figure 7.1), the drafting of data recording sheets (Appendix V) may also assist 

the process of “thinking through” all relevant stages of data collection, its replicabil-

ity and feasibility under experimental conditions. 

The majority of studies that were reviewed here were done in an applied fisheries 

context and illustrated that gear configuration can have a significant effect on the fate 

of discards (Table 7.1; Appendix IV). However, in several cases no significant effects 

were found (Table 7.1). Due to a potential publication bias and different emphasis of 

the considered reviews (e.g. mitigation, gear selectivity), comparisons of why certain 

factors seemed more relevant to one gear type than another, were not done. After a 

selection has been made of factors to be measured, it may be necessary to prioritize 

among them how these shall be measured depending on a desirable level of accuracy 

with minimal measurement error. For example, measuring the time of air exposure 

for individual fish accurately with a stop watch may provide better data than roughly 

estimating air exposure (as the time period between start and end of sorting); where-

as the accuracy gained from measuring catch volumes using expensive scales may 

not contribute much in explaining variability of mortality. 

A more detailed description of the key factors, their effects and how some of these 

can be measured is given in the following section and in Appendix IV. Thereby, fac-

tors are discussed in the order of their association with an organism during the three 

different phases of: capture, handling on board and release (Figure 7.1). Not all fac-

tors are pertinent to all fisheries, some may be more important than others for a par-

ticular gear type. Wherever this was the case, it was highlighted. For example, towing 
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speed does not apply to passive gillnet fisheries. Or crowding and herding are phe-

nomena pertinent to seines and trawls. 

Although factors have been classified as above in Table 7.1, potential inter-

correlations may exist between them. For example, the way catches are handled on 

board may also determine the time period of air exposure. A similar correlative rela-

tionship between factors exists where a given environmental or technical factor pro-

vokes a measurable response from the organism. For example, among species with 

swimbladders, depth determines the occurrence and severity of the various known 

barotrauma injuries. In pelagic purse-seines, depleted dissolved oxygen concentra-

tions during crowding and herding may trigger an evasion response which causes 

fatigue. Hence, there is a potential to measure either the cause or the effect.  

7.5 Conceptually identifying key variables 

Conceptually conceiving factors that could potential affect the survival of a captured-

and-discarded animal is a useful method to identify key stressors. By tracing an or-

ganism’s pathway of being i) captured, ii) handled above the water surface, and iii) 

released back overboard and eventually returning to its habitat, relevant technical, 

environmental and biological variables can be identified. 

7.5.1 Capture phase 

Technical stressors 

The configuration of the fishing gear plays an important role in how animals are 

caught and interact with gear, with what components they come into contact and 

what the intensity of this contact is.  

In trawl fisheries, the interaction starts with a stimulus by the gear such as otter 

boards and sweeps (Wardle, 1993), tickler chains (Van Beek et al., 1990; Kaiser and 

Spencer, 1995), and groundgear (for trawls) which can cause physical contact and 

possible injury (Chapman, 1981). Next, the animals pass through the gear towards the 

codend. During that process, further physical contact can occur, resulting injuries 

such as abrasion. The characteristics of the netting material (i.e. stiffness, yarn surface, 

knot thickness, mesh shape;) are important in that process (Millner et al., 1993; Evans 

et al., 1994). Physical barriers in the net, such as guiding panels can inflict additional 

injury (Lundin et al. 2012). In hook and line fisheries, the design of the hook has an 

effect on survival (Grixti et al., 2007; Cooke and Suski, 2005) and the type of lure can 

be important (Arlinghaus et al., 2008; Appendix IV). In static net fisheries the design 

of net is important, for example, fish are more likely to get entangled in trammelnets 

than in single layered gillnets (Uhlmann and Broadhurst, 2013). 

A negative relationship typically exists between deployment duration and survival. 

The longer gears are deployed, the longer animals are exposed to the capture process, 

whereby crushing and injury may confound exhaustion effects. For example, both 

Wassenberg et al. (2001) and Uhlmann and Broadhurst (2007) showed that in penaeid 

prawn trawls, survival probabilities for discarded organisms decreased with longer 

tow duration (Appendix IV). In trap fisheries, discard species may be trapped and are 

not able to feed or move as needed (Barber and Cobb, 2007). For hook and line fisher-

ies, longer fighting times have been shown to increase the occurrence of sublethal 

effects and post-release mortalities (Tomasso et al., 1996; Meka and McCormick, 

2005). 
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Towing speed is another technical factor which is shown to influence discard mortal-

ity, although not identified by any of the reviewed studies (Table 7.1). Higher towing 

speeds can lead to exhaustion and increased risk of injury, due to increased likeli-

hood and intensity of contact with the gear and other parts of the catch. The move-

ment of the fishing gear, as determined by its deigns, the nature of the seabed, depth 

range (Milliken et al., 2009; Benoît et al., 2013) and currents, can affect the type and 

likelihood of injuries to organisms. 

The process of hauling of fishing gear on board, the movement of parts of the fishing 

gear containing the catch, physical interactions with hard parts of the vessel (which 

can be exacerbated by poor weather conditions), the size and composition of the 

catch, and the time before emptying the catch affect animal vitality in the catch. The 

speed of hauling will also affect how quickly gases in the animal’s body expand, and 

how it can cope with this physical change (see baro-trauma below).  

Environmental stressors 

The effects of temperature changes (from ambient temperature at deeper depth to 

surface/air temperature) are well known for some freshwater and marine fish, where 

physiological stress and changes in behaviour have been observed (Brett, 1970; Fry, 

1971; Schreck et al., 1997; Davis et al., 2001). A series of experiments on marine fish 

(Barton and Iwama, 1991; Muoneke and Childress, 1994; Ross and Hokenson, 1997) 

demonstrated species-specific differences in mortality associated with temperature 

change. Swimming performance and the ability of fish to maintain position in the net 

can be influenced by temperature change (Beamish, 1966; Breen et al, 2004; He and 

Wardle, 1988; Winger et al., 1999) and thus the likelihood of physical injury, through 

contact with the gear or the catch. 

Over a longer time-scale, temperature changes may contribute to observed seasonal 

effects, although few studies have taken seasonality into account. Other more crucial 

parameters may be 'masked' by this variable, but strongly correlated to it, such as 

ambient temperature and spawning. Cicia et al. (2010) demonstrated significant sea-

sonal differences in the mortality rates of skates captured between February and July, 

mostly associated with variations in surface temperature. Revill et al. (2013) found 

differences in the survival of plaice in different seasons. Mediterranean swordfish 

also demonstrated lower vitality during the post-spawning season compared to pres-

pawning, a finding attributed to the poor health condition of the spawners (De 

Metrio et al., 2001; Damalas and Megalofonou, 2009). 

With increasing depth, natural light levels are reduced through attenuation, which 

can also influence the behaviour during the capture process (Johnson, 2012). Observa-

tions and measurements of fish behaviour under conditions of low light and darkness 

have been carried out both in the field and in the laboratory (Batty, 1983; Olla and 

Davis, 1990; Ryer and Olla, 1998; Olla et al., 2000), confirming that effects of light are 

species-specific. In some trawl fisheries, certain fish species under low light condi-

tions, swam less, passed along the trawl faster, and did not orient themselves to the 

long axis of the trawl resulting in more injury and mortality. At very low light inten-

sities, fish do not detect an approaching net (Wardle, 1993). At the other extreme, 

bright surface light may cause disorientation and bleaching of sensory pigments in 

the eye, reducing the animals' ability to make avoidance responses if released at sea 
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(Pascoe, 1990). For some species, short-term or permanent blindness may also occur 

(Frank and Widder, 1994). 

Differences in salinity result in varying osmotic pressures, which requires aquatic 

species to regulate their body water. Marine stenohaline species (e.g. Nephrops 

norvegicus) may suffer haemodilution and rapid mass gain, even after a brief expo-

sure to non-preferred salinity ranges (Harris and Ulmestrand, 2004). Another relevant 

environmental factor during the capture phase is water depth (Table 7.1). The nega-

tive effect of a change in depth on fish vitality is mainly due to the rapid decrease of 

hydrostatic pressure (see Biological stressors section below). 

Biological stressors 

Significant variation in discard mortalities has been documented not only between 

studies but also within studies for some species (Frick et al. 2010; Revill, 2012). In 

general, sedentary species and those lacking a swimbladder (e.g. flatfish, sharks and 

rays) have a higher likelihood of survival (Benoît et al., 2013). Several crustacean spe-

cies (crabs, lobsters) and bivalve molluscs (scallops) are relatively robust and are like-

ly to survive when discarded (Mesnil, 1996).  

Fish that are captured, brought to the surface and discarded encounter depressuriza-

tion (barotrauma; Stewart 2008), which can cause mortality (Campbell et al., 2010; 

Hochhalter and Reed, 2011; Nichol and Chilton, 2006; Rudershausen et al., 2014). The 

presence and type of a swimbladder is an important biological determinant of sur-

vival (Benoît et al., 2013; Rudershausen et al., 2014). The most frequently observed 

barotrauma symptom in fish is an overinflated or ruptured swimbladder, with asso-

ciated gas release into the body cavity. However, swimbladder healing after a short 

period of time has been described for some species, e.g. Atlantic cod (Midling et al., 

2012).  

The size and structure of the swimbladder varies considerably in different teleosts; 

some taxa, particularly those living in the deep sea or benthic habitats have lost the 

swimbladder altogether (McCune and Carlson, 2004). Physoclistous (i.e. closed blad-

der) fish are most susceptible to the effects of barotrauma, (Broadhurst et al., 2006). 

Physostomous (i.e. open bladder) fish can more readily regulate the amount of gas in 

their swimbladders by venting it, but may be more susceptible to barotraumatic ef-

fects compared to fish lacking a gas bladder (Benoît et al., 2013). This may account for 

the proportionally higher survival often observed for discarded elasmobranchs and 

some benthic teleosts that lack closed gas bladders (Depestele et al., 2014; Enever et 

al., 2008; Laptikhovsky, 2004). A list of marine fish with physoclistous (closed) or 

physostomous (open) swimbladders is given in Benoît et al. (2013). 

The composition and size of the catch (Robinson et al., 1993) determine how severe 

the interaction between different animals in the catch will be. It influences the nature 

and intensity of injuries and thus the associated mortality. For example, Mandelmann 

and Farrington (2007) observed that larger catch volumes caused greater mortalities 

among discarded spiny dogfish (Squalus acanthias, Appendix IV). Moreover, the 

crowding density of the catch prior to release (e.g. during slipping in purse-seines) 

(Tenningen et al., 2012, Appendix IV), and the herding effect that may lead to exhaus-

tion of the fish can result in lower survival (Robinson et al., 1993; de Veen, 1975; 

Berghahn et al., 1992; Colura and Bumguardner, 2001; Wardle, 1993). It has been sug-

gested that abrasive objects such as spiny fish may cause scale loss among teleosts 
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confined in a codend (Pranovi et al., 2001; Broadhurst et al., 2006) and stinging jelly-

fish that cannot be excluded from the catch can potentially cause harm (Uhlmann and 

Broadhurst, 2013). Catch size and composition can also affect handling practices and 

duration, in turn affecting survival (see Section 7.5.2). 

Depredation is the killing and total or partial removal of an animal from a fishing 

gear by a predator. It has been recognized as an influential factor, especially in gill-

nets and traps (and also baits)(Uhlmann and Broadhurst, 2013). Where partial re-

moval of an individual has occurred, the remainder will often be discarded. The 

inclusion of these individuals in estimating a discard survival rate will depend on 

whether they are being classified as discards. 

7.5.2 Handling phase 

Technical stressors 

Once the catch is brought on deck, the handling phase will influence discard survival. 

The path of the catch after removal from the fishing gear through the infrastructure 

onboard can have a major effect on the survival of fish (Berghahn et al., 1992). Differ-

ent methods exist to haul individual fish on board. Whether the catch is released into 

a hopper, whether it is pumped or gaffed, the speed, technique and conditions of 

handling affect animal vitality in the catch. Since exposure to air affects survival (Cas-

tro et al., 2003), a quick sorting of the catch generally improves survival. The design of 

the vessel, and the skills and number of individual crew members on the processing 

line will therefore have an influence. De-hooking and removing from static nets is 

easier and faster for experienced fishers. Discards can be temporarily stored on deck, 

and can be released through a tube above or under the water. This can affect the ex-

posure time to air, altered temperature and light, as well as exposure to seabird  pre-

dation (Chapman, 1984). 

Environmental stressors 

Many aquatic organisms suffer from hypoxia during air exposure (Chapman, 1984) 

or during confinement. The time of air exposure is typically measured as the period 

between pulling the catch out of the water, until discarding back to the water (Ap-

pendix IV). By sorting the catch in water, MacBeth et al. (2006) demonstrated that 

minimizing air exposure reduced discard mortality of undersized prawns (Appendix 

IV). Hypoxia effects can be confounded with temperature changes to negatively affect 

survival (e.g. van Beek et al., 1990; Gamito and Cabral, 2003; Giomi et al., 2008; 

Hyvärinen et al., 2008). Irrespective of the gear type, species-specific and size-

dependent tolerances to hypoxia are important biological factors in determining sus-

ceptibility to discard survival (Barber and Cobb, 2007; Gisbert and López, 2008; Stew-

art, 2008). Effects of air exposure may be exacerbated by simultaneous exposure to 

direct sunlight which can lead to heating and rapid dehydration. Exposure to wind 

or freezing temperature may also increase dehydration. 

Biological stressors 

Within species, size matters, with larger fish generally showing higher survival 

(Neilson et al., 1989; Sangster et al., 1996; Milliken et al., 1999). Increased sensitivity of 

smaller fish is attributed to greater mass-specific respiration demands (Benoît et al., 

2013), to fatigue from swimming during capture (Wardle, 1993) and a reduced ability 
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to avoid injurious contact with the gear and catch (Suuronen et al., 1995, 1996c; Sang-

ster et al., 1996; Wileman et al., 1999; Breen et al., 2007). In addition, body core temper-

ature increases faster in smaller fish (Davis et al., 2001; Davis and Olla, 2001, 2002); an 

inverse relationship between the rate of body core temperature increase and fish size 

has been documented (Spigarelli et al., 1977). The mechanisms behind sensitivity to-

wards changing temperatures have not been resolved yet for many species. For ex-

ample, while flatfish can be both tolerant of hypoxia and temperature change, 

sablefish are tolerant of hypoxia, but sensitive towards changes in temperature (M. 

Davis, pers. com.). Salmonids are very sensitive towards temperature changes (Gale 

et al., 2013), as are clupeids (Lundin et al., 2012). 

Injuries will influence survival during the handling phase. For example, removing 

fish from hooks has a high potential of inflicting tears or puncture to mouthparts or 

the oesophagus.  

As discussed above, the extent of physiological responses to air exposure is species-

specific (Benoît et al., 2013). The lack of gas exchange during hypoxia triggers a cas-

cade of metabolic products that can be measured in the haemolymph, blood and tis-

sue (McMahon, 2001; Davis, 2002). Owing to different respiratory mechanisms, 

crustaceans are favourably adapted to tolerate anoxic conditions compared to teleost 

fish. Benoît et al. (2013) identified some biological traits such as the presence of decid-

uous scales, mucus production, body softness and presence of sedentary lifestyles 

which are indicative of hypoxia sensitivity (Appendix IV). The degree to which such 

biological resilience occurs may be very specific and associated with certain biological 

traits (Table 7.2). To illustrate the relationship between stressors and stress responses 

for discarded organisms, sensitivities towards changes in anoxic conditions, tempera-

ture and water depth and their measurable responses have been listed in Table 7.2. 
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Table 7.2 - List of biological traits and measurable effects associated with sensitivity to hypoxia, 

changes in temperature and depth.  

Sensitivity Traits Effect Species Reference 

Hypoxia Presence of 

deciduous 

scales 

Fish with soft scales 

are sensitive 

towards desiccation 

Atlantic 

herring, 

capelin, 

rainbow smelt 

Suuronen et al., 

(1996); Benoît et al., 

(2012) 

 High mucus 

production 

Mechanizm to 

prevent desiccation 

Hagfish, eel Benoît et al., (2012) 

 Body softness 

or fragility 

Measured with a 

durometer 

Atlantic 

halibut, 

mackerel 

MacDonald et al., 

(1996); Benoît et al., 

(2012) 

 Sedentariness Signs of low 

metabolic activity 

(e.g. anaerobic) 

Shorthorn 

sculpin, 

hagfish 

MacCormack and 

Driedzic (2004); Cox 

et al., (2011); Benoît 

et al., (2012) 

Temperature Ventilation rate Fish under 

temperature stress 

breathe faster 

Salmonids, 

Clupeids, 

Percidae 

Gale et al., (2013) 

Lundin et al., (2012) 

 Metabolic rate Fish below thermal 

optimum have a 

reduced metabolizm 

  

Decompression Presence and 

type of gas 

bladder 

 

Fish with a closed 

gas bladder are 

more sensitive 

towards pressure 

changes 

  

7.5.3 Release phase 

Technical stressors 

The mechanisms by which individuals are released into the water will influence sur-

vival. To reduce adverse impacts from discarding, release chutes or recovery boxes 

may facilitate a less stressful release process (Appendix IV). Allowing species to re-

cover prior to being released has shown to reduce predation (Farrell et al., 2001)  

Biological stressor 

Successfully evading predation depends on the responsiveness of the prey (Fuiman et 

al., 2006). If reflex responses are impaired (e.g. reduced swimming speed, loss of ori-

entation), then responsiveness will be reduced (Ryer, 2004; Raby et al., 2013). Injuries 

can affect not only a fish`s ability to evade predators (see below), but also shelter 

seeking and feeding abilities. Open wounds can facilitate infections by pathogens, 

particularly in fish already stressed by their interaction with the fishing gear. This can 

be a direct cause of mortality or result in an increased probability of predation. 

7.5.1.1 Environmental stressors 

The environment into which the individuals are discarded, and the distance from 

their natural habitat (displacement), will also affect survival chances.  Predation rates 

of discarded fish also depend on variables such as the type of predators present, 

predator density (Cooke and Philipp, 2004) and predator avidity (Campbell, 2008). 

Vulnerability to predators is species- and size-specific, for example, large pelagic 
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sharks are shown to have substantial survival rates (>90%), due to their robust nature, 

their ability to recover quickly from exhaustion, and the low probability of being 

attacked by larger predators (Megalofonou et al., 2005; McLoughlin and Eliason, 

2008).  

7.6 Variables : Conclusion 

Once a fishery and species has been selected for survival assessment, it is important 

to identify the relevant stressors that the organisms will be subjected to. This is so 

that it can be demonstrated that the resultant survival estimates are representative of 

the fishery and to indentify the main influencing factors on survival, which may be 

useful in developing mitigation tools. The stressors can be categorized as either tech-

nical, environmental or biological. 

There are two approaches suggested here to identify relevant stressors for a survival 

assessment:  

5 ) conceptually tracing an organism’s pathway of being i) captured, ii) han-

dled above the water surface, and iii) released back overboard and eventu-

ally returning to its habitat; and  

6 ) conduct a literature search or relevant material.  

In the first, with sufficient knowledge of the fishery, it is possible to think through the 

catch and discard process, and identify stressors at each phase. In the second, rele-

vant literature can provide pertinent factors that have been shown to be influential 

for survival. 

The literature search presented here indentified that, among the technical and envi-

ronmental factors, gear type and configuration, handling, deployment duration, wa-

ter temperature, depth, and air exposure frequently influenced discard survival levels 

(Table 7.1). Body size and physical injury were also relevant in explaining variation 

among discard survival estimates. It should be noted that some important stressors 

and factors may not have been measured in previous studies. For many stressors 

taking measurements is straightforward, however, for some, for example, physical 

condition, predator abundance, distance from suitable habitat, these are more diffi-

cult and consequently have been studied to a lesser extent. 

There are many variables that can be measured. So the investigator must make a 

choice as to which will be measured and also the accuracy to which they need to be 

measured, based on the benefits that will be gained. Quantifying the vitality of the 

subjects should always be part of the survival assessment; this is covered in detail in 

Section 4.  
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8 Using controls in discard survival assessments 

Including controls within the survival assessment informs the researcher on the 

sources of variability for observed mortality. Where survival is less than 100%, unless 

a control is employed, it cannot be determined whether it was the treatment (having 

gone through the catch and discard process) or the method (e.g. having been con-

tained or tagged) which was associated with those deaths. The lower the observed 

survival rate, the higher the potential for method related mortality.  In cases where 

100% of the treatment subjects survive, it can be concluded that there was no mortali-

ty associated with the method.  Investigators will therefore want to know that test 

subjects can be observed without killing a substantial proportion of them. 

The acquisition of good controls is one of the most challenging aspects of a survival 

assessment. The aim should be to use specimens that are as representative of the 

treatment group as possible but without having undergone the catch and discard 

process. Appropriate investment in this aspect of the assessment could contribute 

substantially to the utility of observed survival estimates. A cost-effective approach is 

to determine the method effects prior to conducting large-scale experiments. This 

then provides an opportunity to reduce any levels of method related mortality.  

Conducting assessments without a control may be an option, where there is high 

confidence that all or most test subjects will survive and the levels of method related 

mortality are not a concern.  Alternatively, where the acquisition of control subjects is 

so difficult, it may be more cost-effective to run some initial experiments to ascertain 

survival rates that are inclusive of method effects. In the absence of controls, valid 

conclusions can still be reached, but these must make reference to the uncertainty in 

the level of method related mortality. Controls can also be used to investigate poten-

tial benefits of any changes to the treatment of the experimental subjects (e.g. testing 

mitigation measures, including better handling of discarded animals).  This section 

will briefly explain the scientific principles of using controls in experiments and then 

discuss how controls can be most appropriately used in survival assessments. 

8.1 Principles of Experimental Controls 

A control, for the purposes of scientific observation or experimentation, enables the 

observer to isolate and compare effects of a specific variable upon the experimental 

units or subjects (e.g. Johnson & Besselsen, 2002). It would typically consist of a sub-

set of experimental subjects that are, ideally, treated in an identical way to the test 

subjects, with the exception of the test variable.  

For this purpose, there are two fundamental types of experimental controls that can 

be defined: 

 Negative Controls: where no observable response is expected in the con-

trol subjects. It demonstrates that there is no effect when there should be 

no effect; and  

 Positive Controls: where an observable response is expected in the control 

subjects. That is, it demonstrates that there is an effect when there should 

be an effect.  
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8.2 Controls in Survival Assessments 

The precise use of controls within an experiment investigating mortality will be de-

pendent upon objective of the experiment (e.g. Johnson and Besselsen, 2002; Pollock 

and Pine, 2007), for example: 

1 ) providing empirical estimates of survival; 

2 ) identifying suitable surrogate or indirect indices of mortality (e.g. vitality, 

physiological parameters); 

3 ) comparative trials to assess efficacy of mitigation measures (e.g. experi-

ments with modified gear or operational fishing practices);  

4 ) identifying variables that correlate with observed mortality; and 

5 ) understanding the fundamental fatal mechanisms causing mortality. 

There are two principle uses of controls for the types of experiment listed above:  

8.2.1 Method controls: 

 i.e. negative controls to demonstrate that the methods (e.g. captive observation or 

tagging) used to observe the experimental subjects are not inducing any of the ob-

served mortality. As such they will often also be referred to as “captivity” or “tag-

ging” controls, to reflect the nature of the experiment. The aim of these controls is to 

demonstrate that there are no observable, fatal, observation-related effects, by using a 

negative control to isolate the stressors associated with the observation technique. It 

is applicable to all of the above examples.  This is arguably the most important appli-

cation of a control in a survival assessment, in that it attempts to validate the observa-

tion technique as capable of determining the effect of different variables on mortality 

without bias.  

The interpretation of experimental results when method (negative) controls are used 

is as follows: 

Control Treatment Conclusion 

0 1 Significant Treatment Effect 

0 0 No Significant Treatment Effect 

1 1 or 0 Inconclusive - confounding effects 

Effect observed   = 1 

No effect observed  = 0 

As part of the prioritization process (see Section 2.5), it would be useful to collect 

experimental subjects for preliminary tests as method (negative) controls. This pro-

cess will allow the experimenter to test appropriate techniques for acquiring and 

holding, or tagging, subjects to determine the effects of these methods upon survival. 

It is likely that such results would be very informative, particularly in cases where it 

proves impossible to collect and observe specimens without a substantial mortality. 

8.2.2 Comparative controls: 

 i.e. positive controls to isolate or compare the effects of specific experimental stressor 

treatments. This approach is applicable to cases iii) to v) above. Practically, it is gen-

erally easier to obtain a valid comparative (positive) control compared to a method 

(negative) control, because the control subjects can be caught using the same tech-
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nique as the test subjects. Also, it is implicitly accepted that there will be a method 

effect in both the control and test subjects. However, this presents an important limi-

tation, in that it only allows for relative comparison, unless the relationship between 

the stressors and mortality is precisely understood and predictable. That is, it general-

ly allows us to conclude whether the treatment has a significantly greater or lesser 

effect than the control (or alternative treatment), but we cannot make any inferences 

about what the experimental treatment mortality would be in the absence of a meth-

od effect. 

The interpretation of experimental results when comparative (positive) controls are 

used is as follows: 

Control Treatment Conclusion 

Control > Treatment Treatment effect sig. < Control 

Control < Treatment Treatment effect sig. > Control 

0 0 No sig. treatment effect 

Control ≈ Treatment No sig. treatment effect, if +ve control 

shows no confounding effects. 

Otherwise, inconclusive. 

8.3 Properties of Effective Controls 

When using controls within an experiment there are a number of general properties 

that experimenters should strive to attain: 

8.3.1 Measurability  

 As with any experimental variable, there should be a clearly defined response that 

can be reproducibly measured. Survival experiments measure effects upon mortality, 

so the measurable endpoint is clearly “death”. However, for some species and in 

some situations, “death” can be challenging to define or observe, and can easily lead 

to random error and biases within the experimental results. This can be avoided by 

using clear, unambiguous criteria to assess the status of the individual (e.g. Davis 

2007, Benoit et al., 2012). These criteria should preferably be binary, for example re-

flexes, which can be measured as present or not (see Davis and Ottmar 2006; and 

Section 4). 

8.3.2 Predictability –  

Ideally, the type of control (i.e. whether it is positive or negative) should be defined 

before the experiment (post hoc experimental design can lead to subjective interpreta-

tion). If it is a positive control, the experimenter should also be able to predict the 

likely resultant mortality, or least whether it should be larger or smaller than the 

treatment.  Without this approach, it is impossible to define testable hypotheses for 

the experiment.  

8.3.3 Representative experimental conditions  

The treatment and control subjects should experience identical experimental condi-

tions, with exception of the treatment effect. Typical examples are identical monitor-

ing periods, identical holding conditions (cages, temperature, water quality, season). 

This requires full control over all aspects of the experimental design and protocol, 

which in reality is difficult to achieve, particularly outside the laboratory – where 

natural in situ conditions will often introduce random errors.  
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8.3.4 Representative subject populations  

The test and control subjects should ideally be identical, or at least comparable, with 

respect to key biological variables that could affect mortality, e.g., length, age, physi-

cal condition (condition factors or indices, length/weight), sexual maturity, feeding 

status, parasite/disease loading and genotype. In reality however it is very difficult to 

select two identical groups of experimental subjects. Therefore, to minimize the po-

tential for any biases or systematic errors, experimental treatment and control sub-

jects should be randomized by selecting the test and control subjects randomly from 

the same “population”, e.g. from same localized area, depth, time frame and species 

(see Section 8.4). 

8.3.5 Double Blind Controls 

An effect method for avoiding non-representative conditions and observer bias in 

experiments is to use double blind controls; where neither the test subject nor the 

experimenter is cognisant of whether a particular experimental unit is a test or con-

trol subject, until the experiment is completed. This has clear benefits in avoiding 

systematic errors or biases resulting from the experimenters’ preconceived expecta-

tions and differential behaviour towards the experimental subjects. 

8.4 Acquiring Controls 

There are a number of possible sources to acquire controls for survival assessments: 

Wild-caught using “benign” capture. Commonly used are barbless hooks and 

traps or pots (see e.g. Breen et al. 2007; Lundin et al,. 2012). But few capture 

methods are truly benign. It is also important to realize that different gears 

have different selective properties, which undermines randomization of the 

subject population. 

Wild-caught and quarantined, i.e. stored in captivity until the primary mortality 

after capture levels off. However, this method selects the fittest fish, which 

again undermines randomization. 

Hatchery reared or domesticated fish. This source of control fish should be 

avoided if possible as domesticated fish may have different stress responses 

in captivity than wild fish, and may also react differently to stimuli. and 

stressors 

In reality, the acquisition of good controls is one of the most challenging aspects of a 

survival assessment and there are few examples of effective controls for wild fish 

populations in the scientific literature. However, appropriate investment in this as-

pect of the assessment will contribute substantially to the effective selection of appro-

priate candidate species and fisheries, as well as the utility of resultant survival 

estimates. 
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9 Data Analysis in Discard Survival Assessments 

This section will be completed at the next WKMEDS meeting in the fourth quarter of 

2014. The final version of this section will include information on: 

 Experimental Design 

o Components of an Experiment 

o Defining the number of replicates & sample sizes 

 Analysing Survival Data 

o What is Binary Data? 

 Binomial Distribution & Confidence Intervals 

 Censored Data 

o Modelling Binary Data 

 Generalized Linear Models (GLM) 

 Generalized Linear Mixed Models (GLMM) 

 Survival/Failure Analysis 

 Non-parametric Models (e.g. Kaplan-Meier method) 

 Parametric Models (e.g. Exponential & Weibull 

models) 

 Presenting & Utilizing Survival Estimates 

o Vitality Correlated Survival 

o Conditional Probability 

o Examples of discard survival being used in stock assessments and 

fisheries management.  

Adjusting for method control mortality 

In recent scientific literature there are examples of survival estimates being adjusted 

or “corrected” with respect to estimates of mortality/survival from method (negative) 

controls.  This has been done by either: i) subtracting the method control mortality 

from the observed treatment estimate; or ii) by dividing the observed treatment sur-

vival estimate by the method control survival estimate. The rationale behind this is to 

remove any biases introduced by mortality associated with the method (e.g. captive 

observation or tagging). While in principle this appears to be a rational “correction”, 

unfortunately this has the potential to introduce errors and biases itself. 

Simply subtracting one proportion from another is mathematically incorrect, because 

proportions are bounded by 0 and 1. This can lead to impossible “corrected” esti-

mates of survival, i.e. negative proportions (for example if 50% of control subjects 

died and 40% of treatment subjects died, the subtraction method would give a cor-

rected survival rate of -10%). More mathematically acceptable approaches can be 

argued with conditional probability and with instantaneous mortality rates (e.g. Pol-

lock and Pine, 2007). However, these approaches assume there is no interaction be-

tween the treatment and observation effects, which in reality is unlikely to be true 

(Pollock and Pine, 2007).  

To date, there is no satisfactory method to adjust the treatment data using the control 

data and further focus on this issue is planned for the next WKMEDS meeting. There-

fore, it is currently recommended that when substantial mortality is observed in the 

control subjects, this should not be used to adjust the treatment survival values. In-
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stead, the magnitude of this control mortality should be used as a measure of the 

validity of the observation method, where mortalities close to zero suggest a more 

valid method for accurately estimating discard survival. 
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10 Ethics and relevant legislation 

It may be necessary to apply for a licence for both the project and the staff handling 

the animals. Please note these applications can be time consuming and should be 

done in an early stage in the planning of the assessment. 

Details on EU legislation regarding experiments with animals can be found at: 

 http://ec.europa.eu/environment/chemicals/lab_animals/home_en.htm 

 http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm 

http://ec.europa.eu/environment/chemicals/lab_animals/home_en.htm
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
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11 Health and Safety  

An important part of the planning and execution of any scientific work is ensuring 

the safety of personnel directly involved in the operations, as well as anybody who 

could be indirectly affected by them.  

National and regional guidelines and regulations should be abided by when planning 

and conducting survival assessments, and further information on this can be found at 

the European Agency for Safety and Health at Work (EU-OSHA): 

https://osha.europa.eu/en 

A number of key hazards will need to be considered when planning and conducting 

survival assessments, including: 

 Operations on commercial fishing vessels 

 Handling dangerous animals 

 Bio-security 

 Diving operations 

 Stability of vessels with observation tanks 

 Handling/moving tanks during observations 

 Releasing tagged fish. 

  

https://osha.europa.eu/en
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Appendix I: Explanatory variables: Glossary of terms: 

Air exposure: the time spent out of the water on deck exposed to air (also called ‘deck 

time’).  

Air temperature: refers to the temperature measured on deck or in the laboratory. 

Behaviour: behaviour of the studied species (evasion reflexes, movement, competition, 

antagonistic behaviour). 

Body size: length measurement of discarded specimen (related to sensitivity of speci-

men and body core temperature). 

Catch composition: list of species recorded in the catch, keeping in mind potential dele-

terious interactions with study organisms (scale abrasion from spiny fish, or stings 

from jellyfish). 

Catch density: number of individuals in the catch, per unit of volume (e.g. herding 

effect, crowding density). 

Catch volume: amount of catch, expressed as a volume.  

Deployment duration: refers to the period of time fishing gear is being submerged un-

derwater and actively fishing (e.g. towing time; haul-back time; ‘set duration’; 

fighting time, and ‘soak time’). 

Depth: depth from which the catch is hauled up (related to changes in hydrostatic 

pressure, light intensity, water temperature, salinity and dissolved oxygen). 

Dissolved oxygen: amount of oxygen (O2) dissolved in water (related to hypoxia). 

Gear configuration: materials used and their arrangement/rigging (e.g. yarn stiffness or 

surface, knot thickness, mesh size, mesh shape, dimensions, or hook type, hook de-

sign and size); includes gear modifications to improve selectivity (e.g. Nordmøre 

grids, or guiding/escape panels). 

Gear operation: particular mechanizms describing the way gear is being deployed and 

retrieved (e.g. haulback operations with purse-seiners).  

Gear type: refers to distinct gear configurations that classify gears into different 

groups (e.g. trawls, hook & line, gillnets, trammelnets, purse-seine). 

Sex: sexual morphological characteristics of the discarded specimen (male, female, 

hermaphrodite). 

Handling: describes all operational steps associated with the sorting and processing of 

the catch on board a vessel, including mechanical processing machinery (e.g. sorting 

procedure, drop height of discards, gaffing, crew experience). 

Infection: invasion by and multiplication of pathogens in or on body tissue, which 

may lead to a disease through a variety of cellular or toxic mechanizms. 

Injury: describes the size and severity of any potential external or internal injuries 

(e.g. scale loss, lesions, or wounds). 

Light: light intensity in water and/or air. 
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Location: location where the catch is taken from, referring to latitude/longitude and 

related to sediment type.  

Physical condition: specific condition of discarded specimen (e.g. vitality, injuries, re-

productive condition). 

Predation: risk of being eaten by a predator (also described by predator type, predator 

density, predator avidity, initial responsiveness of prey to a potential predator). 

Recapture: the re-occurrence of a capture-and-release event. In intensively fished areas 

a discarded organism may be recaptured. 

Salinity: dissolved salt content in the water.  

Season: time of year in relation to weather conditions, or physical condition of species 

to be discarded (e.g. reproductive condition, air and/or water temperature, sea state, 

passage of storms.  

Sediment type: type of sediment at the location where the catch is taken from (e.g. 

rock/sand bottom). 

Species: refers to phenotype of species, i.e. being more robust or fragile (e.g. spines, 

shells, carapaces, presence/absence of a swimbladder, deciduous scales). 

Stress: response to a stressor such as an environmental condition or a stimulus. Rep-

resents a wide range of physical responses that occur as a direct effect of a stressor 

causing an upset in the homeostasis of the body. Due to a disruption of the physical 

equilibrium, the body responds by stimulating the nervous, endocrine, and immune 

systems.  

Water temperature: temperature of the water, measured in situ or in the laboratory (e.g. 

temperature change, thermocline, water surface temperature). 

Weather: refers here to temperature and precipitation patterns. 

Year: if a study was annually replicated. 
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Appendix II: Examples of discard survival estimates, by species & 

fishing gear 

 

Table 1 - Examples of discard survival estimates, by species & fishing gear (from Revill, 2012). 

 

Table 2 - Examples of discard survival estimates (from Table 1), disaggregated with respect to key 

explanatory variables (i.e. Depth, degree of injury and season) (adapted from Revill, 2012).  
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Appendix III. List of reflex actions, barotrauma symptoms, and 

injuries that have been scored in previous RAMP studies. 
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Appendix IV. Details about how to measure and analyze some of the relevant factors in specific fisheries.  

 

Factor Measurement Data and analysis Species Gear type ReferenceF/L 

Air exposure  Time to mortality Survival analysis using 

a modified Kaplan-

Meier method 

Various species Bottom trawl Benoit et al., (2013) 

Catch volume Discards as a propor-

tion of total catch 

GLMM catch compari-

son (Holst and Revill) 

Skate (Rajidae) Bottom trawl Enever et. al., (2009) 

Air temperature Summer: 28°C, win-

ter: 9°C 

Mann–Whitney U-test Sandy swimming 

crab (Liocarcinus 

depurator) 

Rapido trawl  Giomi et al., (2008) 

Injury Each flank of the fish 

was divided into 

eight regions that 

could be delimited 

visually, and scale 

loss in each region 

was evaluated on a 

level of 0 to 10 (cor-

responding to 0 to 

100% scale loss). (L) 

Mean level of scale loss 

among regions and 

flanks was used to de-

scribe fish scale loss 

(expressed as percent-

age). 

Sardine (Sardina 

pilchardus) 

Purse-seine Marcalo et al., (2008) 

Sorting and han-

dling 

Mild and extreme of 

the most plausible 

range of existing 

commercial proce-

Two-sample Kolmogo-

rov-Smirnov test (for 

length distributions) 

School prawns, 

(Metapenaeus mac-

leayi) 

Seines and trawl Broadhurst et al., 

(2007)F 
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dures 

Catch volume Catch weight Percentage of mortality 

after 72h in pens. 

ANOVA-stepwise re-

gression: 

%_mortality~tow 

weight 

Spiny dogfish (Squa-

lus acanthias) 

Bottom trawl Mandelman and 

Farrington, (2007)F 

Air exposure Presence or absence 

of "wet treatment" 

during catch process 

Binary data 

(dead/alive)vs.treatment 

(dry or wet handling 

process) - Student-

Newman-Keuls and/or 

logistic model 

School prawn (Met-

apenaeus macleayi) 

Bottom trawl MacBeth et. al., 

(2006)F 

Deployment dura-

tion 

Duration ≤6h and 

>6h 

Maximum likelihood 

analysis of variance for 

the log-linear mode 

Norway lobster, 

(Nephrops norwe-

gicus) 

Otter trawl Castro et al., (2003) 

Air temperature Season increased 

mortality in warm 

months 

Maximum likelihood 

analysis of variance for 

the log-linear mode 

Norway lobster, 

(Nephrops norwe-

gicus) 

Otter trawl Castro et al., (2003) 

Deployment dura-

tion 

Duration ≤6h and 

>6h 

Maximum likelihood 

analysis of variance for 

the log-linear mode 

Norway lobster, 

(Nephrops norwe-

gicus) 

Commercial trawl Castro et al., (2003) 

Deployment dura-

tion 

Haul durations 10, 20 

and 30 min 

ANOVA Brown shrimp 

(Crangon crangon) 

Beam trawl Gamito and Cabral, 

(2003) 
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Sorting and han-

dling 

Sorting containers 

were either wooden, 

plastic or metallic, 

dark or light-

coloured 

ANOVA Brown shrimp 

(Crangon crangon) 

Beam trawl Gamito and Cabral, 

(2003) 

Air temperature Sorting times 5 and 

10 min 

ANOVA Brown shrimp, 

(Crangon crangon) 

Beam trawl Gamito and Cabral, 

(2003) 

Sorting and han-

dling 

Time 0-55 min ANOVA Lingcod (Ophiodon 

elongates) 

Commercial trawl Parker et al., (2003) 

Deployment dura-

tion 

Tow duration 35-300 

min 

ANOVA Lingcod (Ophiodon 

elongates) 

Commercial trawl Parker et al., (2003) 

Size Size <66 and ≥66 cm ANOVA Lingcod (Ophiodon 

elongates) 

Commercial trawl Parker et al., (2003) 

Air exposure and air 

and water tempera-

ture 

Duration of air expo-

sure under various 

temperature 

One-tailed sign test to 

check effect of size on 

mortality under various 

temperature conditions 

Lingcod (Ophiodon 

elongatus) 

Towed net Davis and Olla, 

(2002) 

Gear deployment Tow duration 

Catch weight 

Logistic regression be-

tween tow duration, 

catch weight an d fish 

length and mortality. 

Sea snakes (various 

species) 

Prawn trawl Wassenberg et al., 

(2001) 

Gear type  Simulated capture by 

either gillnets or 

longlines  

Comparison of strug-

gling profiles with two-

sample t-tests, ANOVA 

Port Jackson sharks 

(Heterodontus por-

tusjacksoni) and 

gummy sharks 

Gillnet and longline Frick et al. 2010 
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(Mustelus antarcticus) 

Gear configuration Gillnet tension was 

increased by using 

larger floats and 

heavy, weighted 

footrope; entangle-

ment modus of 

sharks was classified 

into four categories. 

Effect of the entangle-

ment modus on shark 

mortality was deter-

mined by Chi-squared 

test. ANOVA for com-

paring entanglement 

modus and gillnet 

treatment. 

Blacknose shark 

(Carcharhinus 

acronotus) et al.  

Gillnet Thorpe and Fri-

erson, (2009) 

Injury Wound type was 

recorded as either 

sealed or unsealed 

Logistic regression 

model 

Blue swimmer crab 

(Portunus pelagicus) 

Gillnet Uhlmann et al., 

(2009) 

Size Fork length was 

measured and found 

to be negatively cor-

related with the pro-

portion dying 

Mixed-effects logistic 

models 

Surf bream (Acan-

thopagrus 

Australis) 

Gillnet and beach 

seine 

Broadhurst et al., 

(2008) 

Depth Capture depth, ba-

rotrauma relief 

methods 

Multi-factor GLM Red emperor (Lutja-

nus sebae) 

Hook and line Brown et al., (2010) 

Gear configuration Hook type (J-hook 

vs. Circle hook) 

Logistic regeression and 

Chi-squaredd test 

Trachynotus ovatus Hook and line Alós, (2009) 

Gear configuration Lure/bait type Logistic regression Northern Pike (Esox 

lucius) 

Hook and line Arlinghaus et al., 

(2008) 
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Dissolved oxygen ATP, Phosphocrea-

tine (PCr) and glyco-

gen levels as proxy 

for stress 

ANOVA Largemouth bass 

(Micropterus 

salmoides) 

Hook and line Suski et al., (2006) 

Water temperature ATP, Phosphocrea-

tine (PCr) and glyco-

gen levels as proxy 

for stress 

ANOVA Largemouth bass 

(Micropterus 

salmoides) 

Hook and line Suski et al., (2006) 

Deployment dura-

tion 

Rapid vs. extended 

capture 

Multiple regressions Rainbow trout (On-

corhynchus mykiss) 

Hook and line Meka and McCor-

mick, (2005) 

Air exposure  Swimming activity 

after different air 

exposure durations 

ANOVA Brook trout (Salveli-

nus fontinalis) 

Hook and line Schreer et al., (2005) 

Handling Retention in fishing 

tournaments 

ANOVA Largemouth bass 

(Micropterus 

salmoides) 

Hook and line Suski et al., (2003) 

Size Total length Radio tagging, no statis-

tical analysis of survival 

rates 

Atlantic salmon 

(Salmo salar) 

Hook and line Thorstad et al., 

(2003) 

Season Locomotory activity 

of nesting and non-

nesting fish 

Paired t-test Largemouth bass 

(Micropterus 

salmoides) 

Hook and line Cooke et al., (2000) 

Handling Levels of angling 

experience 

Logistic regression Striped bass (Morone 

saxatilis) 

Hook and line Diodati and Rich-

ards (1996) 
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Gear operation Active vs. passive 

fishing 

Logistic regression Rainbow trout (On-

corhynchus mykiss) 

Hook and line Schisler and Ber-

gersen (1996)  

Deployment dura-

tion 

Soak time Tagging (PAT)/Logistic 

regression 

Blue shark (Prionace 

glauca) 

Longline Campana et al., 

(2009) 

Water temperature  Tagging (PAT)/Logistic 

regression 

Blue shark (Prionace 

glauca) 

Longline Campana et al., 

(2009) 

Size Fork length Tagging (PAT)/Logistic 

regression 

Blue shark (Prionace 

glauca) 

Longline Campana et al., 

(2009) 

Depth  Cage experi-

ment/Logistic regres-

sion 

Atlantic cod (Gadus 

morhua) 

Longline Milliken et al., (2009) 

Gear modification Hook type (J-hook 

vs. Circle hook) 

Vitality assess-

ment/Cochran–Mantel–

Haenszel Chi-squared 

test 

Several tropical and 

subtropical pelagic 

species 

Longline Kerstetter and 

Graves, (2006) 

Area Catch position Vitality assess-

ment/Linear Regression 

with transformed data 

Blue shark (Prionace 

glauca) 

Longline Diaz and Serafy, 

(2005) 

Season  Vitality assess-

ment/Linear Regression 

with transformed data 

Blue shark (Prionace 

glauca) 

Longline Diaz and Serafy, 

(2005) 

Sex Sex Vitality assess-

ment/Logistic regres-

Skate (Raja sp. 

anon.) 

Longline Endicott and Ag-

new, (2004) 
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sion 

Handling Method of removal 

from line 

Vitality assess-

ment/Logistic regres-

sion 

Skate (Raja sp. 

anon.) 

Longline Endicott and Ag-

new, (2004) 

Position on line  Vitality assess-

ment/Logistic regres-

sion 

Skate (Raja sp. 

anon.) 

Longline Endicott and Ag-

new, (2004) 

Temperature, air  Vitality assess-

ment/Logistic regres-

sion 

Skate (Raja sp. 

anon.) 

Longline Endicott and Ag-

new, (2004) 

Weather Windspeed in Beau-

fort scale 

Vitality assess-

ment/Logistic regres-

sion 

Skate (Raja sp. 

anon.) 

Longline Endicott and Ag-

new, (2004) 

Depth  Cage experi-

ment/Logistic regres-

sion 

Atlantic cod (Gadus 

morhua) 

Jigging machine Pálsson et al., (2003) 

Predation Predator approach 

and nearest-

neighbour distance 

measured in random 

frames, using image 

processing pro-

gramme.  

Comparison of nearest-

neighbour distances 

between treatment and 

control by Kruskal–

Wallis test followed by 

pairwise multiple com-

parison among groups 

using Dunn’s method 

Sardine (Sardina 

pilchardus) 

Purse-seine Marcalo et al., (2013) 
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(Reproductive) con-

dition 

Monitoring of mor-

tality, behavior and 

blood parameters in 

different treatments. 

Condition factors 

were based on 

weight and length of 

fish (L) 

ANOVA, Tukey's HSD 

model for pairwise 

comparison, Tamhane's 

posthoc test 

Herring (Clupea ha-

rengus) 

Purse-seine Olsen et al. (2012) 

(Reproductive) con-

dition 

Measure lengths and 

weights of fish. Ful-

ton’s condition fac-

tor: C = 

Weight/(Length^3) × 

constant (1000). (F) 

Regression analysis to 

evaluate: effect of time 

spent in crowded net 

pens on the condition 

factor and the effect of 

fish condition on the 

blood parameter levels 

Herring (Clupea ha-

rengus) 

Purse-seine Tenningen et al., 

(2012) 

Catch volume "Reducing the vol-

ume in a net and 

increasing fish densi-

ty. While fully 

crowded, the dimen-

sions of the net were 

estimated using a 

measuring pole and 

the shape of the net 

Effects of crowding 

density (number/m3) 

and time on blood pa-

rameters and number of 

dead fish. Also oxygen 

levels were monitored 

in the net pens. 

Herring (Clupea ha-

rengus) 

Purse-seine Tenningen et al 

2012., (Similar ap-

proach for mackerel 

[Huse and Vold 

2010] and sardine 

[Marcalo et al 2010, 

2013]) 

Water temperature Seasonal variation of 

water temperature in 

captivity tanks was 

used as a factor dur-

ANOVA table 

was built on a linear 

model of each relevant 

Sardine (Sardina 

pilchardus) 

Purse-seine Marcalo et al., (2010) 
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ing fishing simula-

tion experiments 

variable as a function 

of fishing time and 

temperature (both as 

factor variables), and 

the 

interaction term. Effect 

of temperature on sur-

vival was modelled 

with Kaplan–Meier 

(KM) survival estima-

tors 

Catch composition amount of species in 

the catch, different 

from the studied 

species 

GLM and GAM anal-

yses 

Sardine (Sardina 

pilchardus) 

Purse-seine Marcalo et al., (2008) 

Physical injury/stress  at the surface was 

recorded by photo-

graphs for later esti-

mation of the 

volume. Time of 

crowding was var-

ied. (F/L)" 

Mean level of scale loss 

among regions and 

flanks was used to de-

scribe fish scale loss 

(expressed as percent-

age).  

Sardine (Sardina 

pilchardus) 

Purse-seine Marcalo et al., (2008) 

Physical injury/stress Each flank of the fish 

was divided into 

eight regions that 

could be delimited 

visually, and scale 

loss in each region 

was evaluated on a 

GLM analysis Sardine (Sardina 

pilchardus) 

Purse-seine Marcalo et al., (2008) 
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level of 0 to 10 (cor-

responding to 0 to 

100% scale loss). (L) 
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Appendix V: Examples of data sheets used to collect information on 

various technical, environmental and biological variables 

Nephrops survival survey  

 

Survey information 
 

 

VESSEL 

Name 

 

 

Length 

TRAWL CODEND 

Twine material 

 

 

Twine diameter 

Number of mesh Twine     

        simple       double 

 

Protections 
 

 

 

 

        Yes       No 

Selective device 
 

 

 

        Yes       No 

DECK 

 

- Dimension of sorting area on board : 

 

  

- Height working area :  

 

 

- Dimension of sorting table : 

 

 

Drawing of sorting area: 

 

 

 

 

 

 

 

CATCH SORTING ORGANIZATION (Crew) 
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 -- Number of crew members : 

 

 -- Sorting table :    Yes      No 

 

 -- Discard :    all along the sorting process      after the sorting of the catch 

 

Nephrops survival survey 

Fishing operation information 
Date 

                    

N° haul 

 

Type of seabed 

 

 

Trawl Shooting 

Start of fishing operation Depth 

Latitude Longitude  

Trawl Hauling 

End of fishing operation depth 

Latitude Longitude  

Time codend on the deck 

 

 

CATCH 

 Landed (kg) Discarded (kg) 

Nephrops   

 

 

Fish, others 

 

   

   

   

   

Discarded Nephrops after sorting the catch 

Nephrops 

Number alive Number dead 

  

ENVIRONNEMENT 
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Water 

Temp. air : 

 Predation (e.g. : bird) 

 

 

 

 

Atmospheric pressure : 
 

Humidity : 
 

 
 

 

 

 

 

Sea state : 
 

 

 

 

 

 

 

OBSERVATIONS 

 

 

Nephrops survival survey Individual information 

 

Fishing operation After re-immersion 

Date                    N° Haul N° Flag 

 

Time haul on board Date bag on board 

Trawl 

 

 Starboard   Port side   

Sorting starting time Sorthing ending time  Time bag on board 

 

Bag N°1  

 BEFORE re-immersion 

 Bag N°1 

 AFTER Re-immersion 

N° 
tube 

Time Vitality1 Sex Phys. 
state2 

N° 
tube 

Time Length Vitality1 Sex Phys. 
state2 
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Observations 

 

 

 

 

 
Observations 

____________________________________ 
 

1 Vitality : H = Healthy, M = Moribund, D = Dead 

2 Physical state : OK, 1P = 1 pincer, 0P = 0 pincer, E = female with eggs, other information should be 
noted as ‘observations’ 
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ANNEX 1 Background Information 

1. Background 

ICES established a Workshop on Methods for Estimating Discard Survival 

(WKMEDS), in January 2014, in response to a request from the European Commis-

sion to address the urgent need for guidance on methods, as identified by STECF 

EWG 13-16 (STECF, 2014). 

EU Member States and Advisory Councils are interested in commissioning survival 

studies to investigate the feasibility of exemptions to the Landings Obligation, under 

Art. 15, para. 2b of the new EU Common Fisheries Policy.  There are practical and 

scientific limitations to the methods currently available for estimating discard surviv-

al (ICES, 1995, 1997, 2000, 2004 & 2005; Revill, 2012; Gilman et al., 2013).  Therefore, 

there is an urgent requirement for the provision of guidelines, or identification of best 

practice, for undertaking discard-survival studies.   

2.  Terms of Reference 

This workshop was chaired by Mike Breen (Norway) and Thomas Catchpole (UK), 

and will work by correspondence as well as a series of meetings during 2014–16 to: 

a) Develop guidelines and where possible identify best practice for undertaking 

discard survival studies (using the framework detailed in the report of STECF 

Expert Working Group EWG 13–16) (2014 Workshop);  

b) Identify approaches for measuring and reducing, or accounting for, the uncer-

tainty associated with mortality estimates; 

c) Critically review current estimates of discard mortality, with reference to the 

guidelines detailed in 1, and collate existing  validated mortality estimates; 

d) Conduct a meta-analysis, using the data detailed in 3, to improve the under-

standing of the explanatory variables associated with discard mortality and 

identifying potential mitigation measures; and 

e) Based on ToR a) to d) a CRR should be developed for SCICOM consideration. 

The first meeting was held on 17–21 February, 2014, at the ICES HQ in Copenhagen, 

to address ToR a). 

Meeting Objective:  Draft a set of concise guidelines on how to estimate discard sur-

vival rates, identifying useful examples and potential pitfalls, and where appropriate 

highlighting “best practice”. 

3. Participants and agenda 

The meeting was attended by 23 people (2 by video link) and an additional 27 people 

have been working by correspondence (See Annex 2 and 3). 

The agenda is attached as Annex 4 

4. Drafting the Guidelines 

All members of the workshop were asked to review and comment on the framework 

text drafted by STECF EWG 13–16 and a proposed outline for the ICES guidelines.  

The outline, the STECF text and associated comments formed the starting point for 
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drafting of the guidelines.  Task Groups (see below) were formed to review appropri-

ate sections of STECF text, and associated comments, and draft the relevant sections 

of the guidelines based upon these and their own expert opinion.  

5. The Task Groups 

Task groups were assigned based upon individual experience and research interests 

(see Annex 4). Each task group leader coordinated the expertise within the task group 

to draft the guidelines, for that specific task, in response to the comments received on 

the STECF text, as well as the wider discussions of the WKMEDS members.   

6. Meeting Organization. 

The meeting opened with introductory presentations and discussions.  Each of the 

following days bagan with a short plenary session, in which points can be raised for 

discussion and clarification.  There were additional presentations scheduled to stimu-

late further discussion, particularly on planned survival assessments.   Most of the 

week however was dedicated to writing the guidelines, within appointed Task 

Groups. 

To monitor progress and highlight any issues for plenary discussion, there was a 

brief meeting at the end of each day with all of the task leaders, to summarize pro-

gress and raise points for discussion the next day. 

During the group breakout sessions, the task groups were free to work on their tasks.  

Once a work-plan for each of the task groups had been agreed and specific tasks as-

signed, participants were encouraged to engage in discussions with the other task 

groups – to address specific issues or areas of mutual interest. 

7. Important Dates & Deadlines 

Date Action Responsible Persons 

12/2/14 Provide comments on the STECF text All members 

17-21/2/14 WKMEDS Meeting I Meeting attendees 

28/2/14 Meeting Summary & Action List Chairmen 

17/3/14 Deadline for submitting draft text Task Group members 

21/3/14 Draft report circulated for review  Chairmen 

31/3/14 Deadline for submission of comments on 

draft report. 

All members 

14/4/14 Submission of Final Report to ICES ACOM & 

SCICOM 

Chairmen 
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Annex 2: List of participants attending the meeting 

Name Address Phone/Fax Email 

Mike Breen 
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Institute of Marine Re-

search  

P.O. Box 1870 

Nordnes 

5817  Bergen  

Norway 

 

Phone +47 55 23 

69 30 

 

michaelb@imr.no 

Tom 

Catchpole 

(Chair) 

Centre for Environment, 

Fisheries and Aquaculture 

Science (Cefas) Lowestoft 

Laboratory 

Pakefield Road 
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Suffolk 

United Kingdom 

Phone +44 776 804 

1107 

 

thomas.catchpole@cefas.c

o.uk 

Luis Arregi AZTI-Tecnalia 

Luis Arregi Errazkin 

AZTI-Tecnalia AZTI 

Sukarrieta 

Txatxarramendi ugartea 

z/g 

E-48395 Sukarrieta 

(Bizkaia)  

Spain 

Phone +34 

94602900 

Fax +34 6870006 

 

larregi@azti.es 

 

Hugues 

Benoît 

Fisheries and Oceans 

Canada DFO Moncton 

PO Box 5030 

Moncton NB E1C 9B6 

Canada 

Phone 1 506 851 

3146 

 

Hugues.Benoit@dfo-

mpo.gc.ca 

Steve Cooke 

(attended by 

WebEx) 

Fish Ecology and 

Concervation Physiology 

Laboratory 

Carleton University 

Canada 

 Steven_cooke@carleton.ca 

Michael Davis 3404 Englewood Ave. 

Yakima WA 98902 

United States  

 yesheflowers@gmail.com 

Jochen 

Depestele 

Institute for Agricultural 

and Fisheries Research 

(ILVO)  

Ankerstraat 1 

8400  Oostende  

Belgium 

Phone +32 

59569838 

 

jochen.depestele@ilvo.vla

anderen.be 

mailto:larregi@azti.es
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Keno Ferter University of Bergen  

P.O. Box 7800 

N-5020 Bergen  

Norway, and  

Institute of Marine Re-

search  

P.O. Box 1870 

Nordnes 

5817  Bergen  

Norway 

Phone +4794 

103552 

Keno@imr.no 

Niels  Jepsen DTU Aqua - National 

Institute of Aquatic 

Resources  

Jægersborg Allé 1 

2920 Charlottenlund  

Denmark  

 nj@aqua.dtu.dk 

Dorothee 

Kopp 

Ifremer  

Lorient Station 

8 rue Francois Toullec 

56100 

Lorient 

France  

+33 297 87 38 31 Dorothee.Kopp@ifremer.f

r 

John 

Mandelman 

(attended by 

WebEx) 

New England Aquarium 

USA 

 jmandelman@neaq.org 

Bob van  

Marlen 
Wageningen IMARES   

P.O. Box 68 

1970 AB IJmuiden  

Netherlands 

Phone +31 317 

487181 

Fax +31 7487326 

 

bob.vanmarlen@wur.nl 

Inigo 

Martinez 

(ICES 

Professional 

Officer)  

International Council for 

the Exploration of the Sea  

H. C. Andersens Boulevard 

44-46 

1553 Copenhagen V  

Denmark  

 inigo@ices.dk 

Sonia Mehault Ifremer Lorient Station 

8, rue François Toullec 

56100 Lorient  

France  

Phone +33 297 873 

852 

 

sonia.mehault@ifremer.fr 

  

Hans Nilsson 

 

Swedish University of 

Agricultural Sciences 

Institute of Marine 

Research 

P.O. Box 4 

453 21 Lysekil  

Sweden 

Phone +46 

722051480 

Fax +46 52313977 

 

hans.nilsson@slu.se 
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Institute of Aquatic 

Resources  
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9850 Hirtshals 
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 thno@aqua.dtu.dk 

Rolf Erik 

Olsen 

 

Institute of Marine 

Research  

Matre Research Station 

5984 Matredal 

Norway 

 rolf.erik.olsen@imr.no 

Floor Quirijns Wageningen IMARES   

P.O. Box 68 

1970 AB IJmuiden  

Netherlands 

Phone +31 

317487190 

Fax +31 317487326 

 

Floor.Quirijns@wur.nl 

Harry Vincent 

Strehlow 

Thünen Institute for Baltic 

Sea Fisheries 

Alter Hafen Süd 2 

18069 Rostock  

Germany 

Phone +49 

3818116107 

harry.strehlow@ti.bund.d

e 

Sebastian 

Uhlmann 

Wageningen UR Centre for 

Marine Policy  

P.O. Box 6 
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Annex 4 Agenda 

Monday 17th February - PM 

1500 - Introduction 

 Policy & Background – Tom Catchpole (CEFAS) 

o Discussion – Clarifying EU Requirements 

 “What is discard mortality & how can we measure it?”: building on the 

STECF framework – Mike Breen (IMR) 

o Discussion – Clarifying method & framework for defining guide-

lines 

1630 – Brief description of forthcoming & ongoing survival projects  

 Recent trials on flatfish survival using underwater cages – Bob van Marlen & 

Floor Quirijns (IMARES)  

 Plans for discard survival studies in prioritized English fisheries  – Tom 

Catchpole (CEFAS) 

 Discard survival, the Canadian Perspective - Steve Cooke (Carleton Universi-

ty, Ottawa) 

 Discard survival, the US Perspective - John Mandelman (New England 

Aquarium, Boston)  

 

 Discussion 

Tuesday 18th February 

0900 - Plenary session 

Brief description of forthcoming survival projects (Cont.)  

 Nephrops survival study and proposal of a discarded fish survival assess-

ment in the bay of Biscay – Sonia Mehault & Dorothee Kopp (IFREMER) 

 Estimating of slipping mortality in purse-seine fisheries – Aud Vold (IMR) 

Group Sessions – Focus on comments on specific task areas, plan redrafting 

1400 – Towards an Integrated Approach 

 Tagging Methods– Niels Jepsen (DTU-Aqua) 

 Vitality Assessment – Hugues Benoit (Fisheries and Oceans Canada) 

Group Sessions – Consider requirements for integration, continue with redrafting 

Wednesday 19th February – AM 

0900 - Plenary session 

 RAMP & developing an integrated approach – Michael Davis  

 Discussion on integrated approaches 

Group Sessions – Consider requirements for integration, continue with redrafting 

1400 - Plenary session 
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 Use & Abuse of Captivity Controls - Mike Breen (IMR) 

 Discussion on use of controls 

Group Sessions  

Thursday 20th February 

0900 - Plenary Session 

 Plans for discard survival assessment in Skagerrak / Baltic - Thomas Noack 

(DTU Aqua) 

 Survival experiments in the Basque purse-seine fleet - Luis Arregi (AZTI) 

 Catch and release in European marine recreational fisheries and impacts on 

the fish - Keno Ferter (Bergen University) 

 Estimating post-release cod survival in recreational fishery in the Western 

Baltic Sea – Harry Strehlow & Simon Weltersbach (TI-OF)  

 Discard survival of trawled flatfish in the Baltic (A planned assessment) - 

Uwe Krumme & Harry Strehlow 

 Project idea: Flounder survival trials in the Baltic Sea in Latvia - Didzis 

Ustups 

Discussion: an integrated approach for planning and implementing survival assess-

ments, using synergistic combinations of the different available methods, to promote 

accurate estimation of discard survival. 

Group Sessions 

Friday 21st February 

0900 - Plenary Session 

 Group Summaries 

 Plan for completing the guidelines  

 Assign tasks & deadlines 

 

1330 – Meeting Close 
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Annex 5 Task Groups and contributors at the First Meeting of 

WKMEDS 

0 INTEGRATED APPROACH 

DISCUSS AND DESCRIBE THE INTEGRATED PLANNING AND IMPLEMEN-

TATION OF SURVIVAL ASSESSMENTS, USING SYNERGISTIC COMBINA-

TIONS OF THE DIFFERENT AVAILABLE METHODS, TO PROMOTE 

ACCURATE ESTIMATION OF DISCARD SURVIVAL. 

MIKE BREEN,  

TOM CATCHPOLE,  

HUGUES BENOÎT 

MICHAEL DAVIS, 

FLOOR QUIRIJNS, 

SEBASTIAN UHLMANN 

JOCHEN DEPESTELE 

1 Explanatory Variables  

describe the selection and appropriate measurement of the 

likely explanatory variables influencing discard survival 

Sebastian Uhlmann 

(Lead) 

Floor Quirijns 

Jochen Depestele 

Harry Strehlow 

Keno Ferter 

Simon Weltersbach 

Hans Nilsson  

Sonia Mehault 

2 Captive Observation (Laboratory) (Merged with Task Group 3) 

describe the methods for observing the survival of test subjects 

in captivity in the laboratory, including the advantages and 

disadvantages of these approaches  

Rolf Erik Olsen (Lead) 

Thomas Noack 

3 Captive Observation (Field) (Merged with Task Group 2) 

describe the methods for observing the survival of test subjects 

in captivity during field studies, including the advantages and 

disadvantages of these approaches 

Bob van Marlen 

(Lead) 

Aud Vold 

Jochen Depestele 

Harry Strehlow 

Keno Ferter 

Luis Arregi 

4 Vitality Assessment 

describe the methods for estimating mortality indirectly from 

assessments of vitality (e.g. RAMP), including the advantages 

and disadvantages of these approaches 

Michael Davis (Lead) 

Hugues Benoît 

Dorothee Kopp  

Jochen Depestele 

Simon Weltersbach 

5 Tagging & Biotelemetry Assessment  

describe the methods for estimating survival using tagging 

and biotelemetry, including the advantages and disadvantages 

of these approaches 

 

To be addressed in 

second meeting 

6 Data Analysis 

Describe the most applicable statistical techniques for analys-

ing binomial data, including consideration of experimental 

design (e.g. defining necessary sample size and replication). 

 

To be addressed in 

second meeting 
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Annex 6 Draft ICES Guidelines on Methods for Estimating Discard 

Survival 

An output from the WKMEDS meeting, Copenhagen, 17th to 21st February 2014 

Draft issued 11th April 2014. 

Version 2.2 

Editors 

Mike Breen & Tom Catchpole 

Contributors 

Luis Arregi, Hugues Benoît, Mike Breen, Tom Catchpole, Michael Davis, Jochen 

Depestele, Keno Ferter, Dorothee Kopp, Bob van Marlen, Sonia Mehault, Hans Nils-

son, Thomas Noack, Rolf Erik Olsen, Floor Quirijns, Harry Strehlow, Sebastian 

Uhlmann, Aud Vold and Simon Weltersbach 
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