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Abstract 

Yellowtail flounder 

The Southern New England Mid-Atlantic yellowtail flounder Limanda ferruginea stock has a 

history of substantial discards, and the current stock assessment assumes 100% discard 

mortality.  A controlled experimental trawl was used to test seven reflex actions, which 

combined make up the Reflex Action Mortality Predictors (RAMP), from stressed and 

unstressed yellowtail flounder.  Tow-time and air exposure were tested to identify their effect 

on mortality.  Mortality was significantly related to reflex impairment. Exposure to air was 

the more influential stressor in the survivability of yellowtail flounder; suggesting that the 

discard mortality could be reduced in the fishery by limiting the time the fish are exposed to 

air on deck.   

Winter flounder 

Estimating the survival rate of winter flounder, Pseudopleuronectes americanus, that are 

discarded is increasingly important for stock assessment and fishery management because 

recent regulations increased discarding.   A controlled experimental trawl was used to test 

seven reflex actions from stressed and unstressed winter flounder.  This suite of reflexes 

combined, make up the Reflex Action Mortality Predictors (RAMP).  Tow-time and air 

exposure were tested to identify their effect on mortality.  Mortality was significantly related 

to reflex impairment, but neither air exposure nor tow-time significantly affected the 

survivability of winter flounder.  Although air exposure did not significantly affect survival, 

none of the experimental fish exposed to air for 15 minutes or more survived; suggesting that 

the discard mortality could be reduced by limiting the length of time the fish are on a dry 

deck, suggesting that air exposure may be an important factor of discard mortality.   

Windowpane flounder 

A controlled experimental trawl was used to test seven reflex actions from stressed and 

unstressed windowpane flounder (Scophthalmus aquosus).  This suite of reflexes combined, 

make up the Reflex Action Mortality Predictors (RAMP).  Tow-time and air exposure were 

tested to identify their effect on mortality.  Mortality was not significantly related to reflex 

impairment, and neither air exposure nor tow-time significantly affected the survivability of 

windowpane flounder.  These results indicate that windowpane flounder are highly 

susceptible to the stresses of the commercial fishing process and are unlikely to survive 

discarding regardless of the sampling or handling method.    
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Introduction 

By-catch is one of the most prominent problems in marine fisheries today (Hall et al. 

2000, Davis and Ryer 2003), and methods to reduce by-catch in commercial fisheries have been 

in the forefront of fisheries science (Murawski 1996).  The survival of discarded by-catch is 

unknown, and is a large source of uncertainty for many fisheries, stock assessments, and 

fisheries management (Davis 2002).  

The most recent stock assessments of southern New England-Mid Atlantic (SNEMA) yellowtail 

flounder, winter flounder and southern windowpane flounder all indicate that these species are 

overfished.  SNEMA yellowtail and winter flounder stock assessments also showed that 

overfishing is occurring in the area.  Observer data for 2007 indicated that 47% of the total catch 

of yellowtail flounder was discarded (Alade et. al 2008).  That same data indicated that 87% of 

the total catch of windowpane flounder was discarded (Henderson 2008).  Historically, the 

SNEMA winter flounder discarded proportion of the catch has been low, with an average of 10% 

discards by weight before 2009 (NEFSC 2011).    

In 2009, a moratorium on SNEMA winter flounder landings, due to the stock being overfished 

with overfishing occurring (NEFSC 2011), substantially altered the composition of the catch in 

the fishery.  The discarded proportion of catch by weight increased from an average 10% before 

2009 to an average of 80% in 2010 (first full year of moratorium).  The substantial increase in 

the discard proportion for the SNEMA stock area has made the fate of discarded fish 

increasingly important in the stock assessment.  Fishery restrictions were developed to end 

overfishing and rebuild stocks by decreasing directed fishing on all species under a management 

plan.  While the regulations have effectively reduced the landings of the each species, discarded 

catch continues to be a problem. 

Typical groundfish fishing gear has no mechanism for selectivity of target species aside from 

mesh size, which allows only the juveniles and smaller species to escape.  By-catch reduction 

devices (BRD's) are used extensively in United States shrimp fisheries to reduce the 

unintentional catch of sea turtles (Rulifson et al. 1992) and have been implemented in longline 

fisheries as well (Løkkeborg 2003).  While these selective fishing gears demonstrate how 

effective technical mitigation measures can be at reducing the amount of by-catch as well as 

making the fishing industry more efficient, there are other fisheries that have by-catch concerns 

that cannot be mitigated with gear modifications.  Many of the world's fisheries retain multiple 

species, which is an economic advantage, but makes selectively capturing a single target species 

difficult (Crowder and Murawski 1998).  Management practices that focus on limiting landings 

of species lead to further by-catch and discards.  Reducing the amount of by-catch is important, 

but without recognizing the condition and survivability of fish that are discarded, we are missing 

a considerable portion of the problem.  When attempting to reduce the amount of by-catch in a 

multispecies otter-trawl fishery that has numerous target species with similar behaviors, or high 

discards of the targeted species, technical measures have a limited role. 
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Increased monitoring of kept and discarded portions of fishery catches in the SNEMA region are 

needed to confront the continuing challenge of by-catch for fisheries management.  The 

uncertainty of discard estimates and the unknown rate of mortality of discarded yellowtail 

flounder may be major impediments to effective fishery management.   

Discard mortality may be related to many factors (e.g., tow duration, air exposure, air and water 

temperature), making it a difficult process to accurately estimate.  Field studies to estimate the 

discard mortality rate of fish species have been used to assess the short-term mortality due to the 

fishing process (Carr et al. 1995, Robinson and Carr 1993, Robinson et al. 1993, Van Beek et al. 

1990), but they cannot identify longer-term delayed mortality.  Lab based studies allow the 

observation of delayed mortality, but do not accurately emulate the commercial fishing process 

(Davis 2007, Davis and Ottmar 2006), making discard mortality even more complex to estimate.   

 

Reflex Action Mortality Predictors (RAMP) 

Reflex Action Mortality Predictors (RAMP) provides a potential tool to address the 

difficult task of estimating discard mortality.  RAMP is based on behavioral reflexes, which are 

involuntary actions or responses to a stimulus (Berube et al. 2001).  The RAMP score is 

determined by quantifying the reflexes as present or absent.  Davis (2007) and Davis and Ottmar 

(2006) identified behavioral reflexes observed in unstressed fish but not seen in near-dead fish 

(Table 1).  They used these methods on several Pacific Ocean species including Pacific halibut 

(Hippoglossus stenolepis), rock sole (Lepidopsetta bilineata), coho salmon (Oncorhynchus 

kisutch), sablefish (Anoplopoma fimbria), walleye pollock (Theragra chalcogramma), lingcod 

(Ophiodon elongatus) and most recently Alaskan crab (Davis 2007, Davis and Ottmar 2006, 

Stoner et al.  2008). 

Davis (2007) and Davis and Ottmar (2006) focused on juvenile, lab-raised fish and exposing 

them to a simulated fishing trawl for varying durations.  RAMP scores were evaluated before any 

stress was induced on the control fish and after the simulated fishing trawl in the experimental 

fish.  Control fish were not exposed to any further stress after reflex testing.  RAMP scores were 

calculated by evaluating the presence or absence of each reflex in each fish with a 1 or 0 

respectively.  These values are averaged for each replicate set to obtain a proportion. The RAMP 

score was calculated by taking 1- the proportion (e.g., if four out of five reflexes are present, the 

RAMP score would be 1-0.8 = 0.2).  For Pacific halibut, air exposure was also tested as a 

treatment effect.  After experimental treatments, RAMP scores were calculated for each group of 

fish.  After 60 days, the proportion of dead fish was derived and compared to the RAMP score of 

each set.  Those proportions were analyzed to estimate the RAMP-mortality relationship (Figure 

1).  In all experiments by Davis (2007), there were positive relationships between RAMP score 

and mortality, meaning that as RAMP score increased so did the mortality.   
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A “RAMP curve” (Figure 1) describes the relationship between RAMP scores and proportional 

mortality in a plot.  The inclusion of exposure of halibut to air was a valuable addition in this 

study, because it included an important aspect of the commercial fishing process. 

The yellowtail and winter flounder trawl fishery in Southern New England are an example of 

fisheries that would benefit from a discard mortality estimate because of the high rate of 

discarded catch of the targeted species.  The high observed discard level, indicate that discard 

mortality rates should be considered in the stock assessment. 

 

Statement of research question or problem investigated 

The primary objective of this project was to develop a relationship between reflex 

impairment and mortality that will allow the estimation of discard mortality for three flatfish 

species in the southern New England trawl fishery.  The current stock assessments for these 

species show that they are all overfished, and overfishing is occurring in two of the species 

(yellowtail flounder and winter flounder).  The addition of discard mortality rates in stock 

assessments allows for a more accurate representation of the status of the stock.  A sensitivity 

analysis of the southern New England yellowtail flounder stock assessment has been performed 

(Barkley, 2011).  These analyses showed that including discard mortality rates in the stock 

assessment of SNEMA yellowtail flounder reduced the estimates of biological reference points 

associated with the overfished and overfishing status (Figure 2).   

The stock assessment for winter flounder already includes an estimate of discard mortality, and 

this study will look to validate the use of RAMP in estimating the discard mortality rate for this 

species.  With lab-based reflex impairment to mortality relationships, a more accurate 

representation of discard mortality can be investigated in multiple fisheries.  This will further 

improve the information that is being included in stock assessments, because the discard 

mortality rate for winter flounder does not account for annual variability or changes in fishing 

method and it is not based on empirical data.  Using a RAMP based estimation would provide a 

more accurate estimation of the true discard mortality rate.   

 

Goals and Objectives of research projects 

The major objectives of the proposed project is to estimate discard mortality and to  

understand the effects of different stressors on discard mortality by assessing the use of RAMP 

in estimating the mortality of each species within the flatfish complex, creating reflex 

impairment to mortality relationships for each species and identifying stressors that impact the 

mortality of discarded species.  
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Methods 

This research adopted the general approach developed by Davis (2007) with some 

modifications.  The holding study in the lab allowed an estimate of delayed mortality, while the 

experimental trawl in the field allowed for a more accurate emulation of commercial fishing.  

There have been several successful studies that investigated reflex impairment as a proxy for 

mortality with fish (Davis and Ryer 2003, Davis 2007).   This project used a suite of seven 

reflexes:  resistance, mouth, operculum, gag, fin control, natural righting and evade, for all three 

species (Table 2; Davis 2007).  Each flounder was assessed for the presence or absence of each 

reflex with a 0 or a 1, respectively. 

The fundamental goal, to assess the use of RAMP in estimating the discard mortality rate of 

three flounder species, was accomplished using a field-based experimental trawl with a lab-based 

holding study and field observations aboard a commercial vessel.  The approach to achieving this 

goal has two components: stressor simulation, and RAMP analysis. 

 

Collection, Transportation, Acclimation, and Marking 

The fish used for this study were survivors of previous trawls on commercial fishing 

vessels.  The tow-times for initial capture varied between 30 and 90 minutes with a preference 

for shorter tows. The fish were transported to the SMAST sea water lab in a large fish vat with 

constant aeration.  Once the fish were in tanks in the sea water lab they were acclimated to the 

semi-closed recirculating sea water system.  The fish were held in one of two rectangular 

fiberglass tanks (10ft. x 6ft. and 10ft. x 4ft.) with filtration sand on the bottom of both tanks.  The 

system included a bead/biological filtration system, oxygen contact tower, 50 micron bag filter, 

UV sterilizer and chillers.  The system was monitored using an Aquanode and Sensaphone, 

which includes alerts for changes in water temperature ±3ºC of 10ºC and for low water level in 

the system.  All fish were allowed to recuperate for at least 14 days after initial capture.  The 

acclimation period was based on transportation and physiological recovery times (Conte 2004).   

After the acclimation and recuperation period the fish were marked using a freeze branding 

technique, windowpane flounder were tagged with double t-bar tags.  Marking fish in this 

fashion has been used on several species (i.e. American eel, salmonids, flatfish; Sorensen et al. 

1983, Laird et al. 1975, Dando and Ling 1980).  Freeze branding has had high mark retention for 

periods over six months (Sorensen et al. 1983).  During the marking, each fish was measured and 

marked using numeric brands cooled in liquid nitrogen and subsequently returned to the holding 

tanks after marking.  After marking, the fish were given ten days to recover, allowing the fish to 

recuperate as well as allowing the freeze branding marks to become visible. 
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Experimental Trawl 

The facilities for the experiments were semi-controlled.  The sea water lab water 

temperature was controlled using chillers to hold the temperature constant, and the outside air 

and water temperatures during the experimental trawl were dependent on the time of year.  The 

stressors tested were air exposure and tow time, this list of stressors was not meant to be 

exhaustive, but the protocol attempted to standardize all other factors (e.g. depth, oxygen 

concentration, transport…).   

Experimental tows took place in May 2010 for yellowtail flounder (n=77), April 2011 for winter 

flounder (n=59), and April 2012 for windowpane flounder (n=58).  The yellowtail and winter 

flounder were tested using a one hour and a two hour experimental tow, while the windowpane 

flounder were tested using a 0.5 hour and one hour experimental tow.  The windowpane flounder 

tow times were reduced due to concerns over high mortalities with extended tow times.     

All (experimental and control), fish were introduced to the same transportation methods to 

standardize the effects of transportation.   All fish were taken from holding tanks in the SMAST 

sea water lab with nets, placed into a vat with sea water, and transported to the SMAST pier, 

where the fish were placed in fish totes with sea water and hoisted down to the vessel.   To 

eliminate or reduce the impact of water temperature differences, water from the holding tank was 

mixed with sea water from the cove in the transportation vat.  The method of mixing both 

holding tank water and cove water was the same for both tows to eliminate any bias from the 

results.  The fish were held in the transportation vat 15-30 minutes before being returned to the 

holding tanks or being processed for the experimental tows.  That length of time would allow the 

fish to acclimate to the different temperatures. 

The fish in the control group were transported to a cage in Clark’s Cove, where they remained 

for the entirety of the experimental tow.  Experimental fish were placed into a modified 1m beam 

trawl.  The beam trawl consisted of a 4” nylon diamond mesh codend sewn directly on the main 

beam of the beam trawl.  This eliminated escapement out of the front of the net.   The beam trawl 

was towed twice in Buzzards Bay between 2 and 3kts to emulate a commercial tow speeds. 

After each experimental tow was completed, the trawl was hauled aboard and fish were assigned 

to one of three air exposure treatments.  The first group was immediately placed in sea water 

(zero air exposure).  The other two groups of fish were placed in two separate totes, one group 

was exposed to air for 15 minutes and the other group was exposed to air for 30 minutes.  Sea 

water was added to the totes when 15 or 30 minutes elapsed.  After sorting the fish, the vessel 

returned to the SMAST pier, where the reflex testing was performed.     

During RAMP testing fish were in a tote with seawater and all reflexes were tested while in 

water.  The zero air exposure group was tested first and subsequently placed in a tub with fresh 

sea water.  Following zero air exposure, the 15 minute group was tested, and then the 30 minute 

group.  RAMP testing took 30-60 seconds per fish and all fish were tested by the same person.  

After all experimental fish had their reflexes assessed, the fish were hoisted on the SMAST pier 
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and placed in the transportation vat with fresh sea water.  The vessel then traveled back to the 

cage containing the control group, which was hoisted aboard and the fish were removed and 

placed directly into a tote with sea water.  The vessel returned to the pier and the reflexes of each 

control fish were tested, then hoisted on the SMAST pier and placed in the transportation vat.   

The vat was moved to the sea water lab where the fish were returned to the holding tanks.  Fish 

that were dead before the assessment of reflexes were recorded as dead on day zero and given 

ones (reflex absent) for each reflex.   

Following assessment of the reflexes, fish were held for 60 days, observed for mortality, and fed 

every other day.  During the holding period, RAMP was re-assessed on fish surviving to the 20
th

, 

40
th

, and 60
th

 day, to allow for assessment of recovery in the RAMP scores.   

 

Analysis 

RAMP scores were calculated by determining the presence or absence of each reflex for 

each fish, coded 0 or 1 respectively.  These reflexes were measured for each fish to obtain an 

individual RAMP score (i.e., there are seven reflexes, so five of seven reflexes absent would be 

5/7= 0.71 RAMP score).  RAMP scores were calculated while the fish were held for 60 days and 

monitored for mortality.  After the 60 day holding period, the fate of each fish was included in 

the data set (1 for dead, 0 for alive).  These points were plotted and a logistic regression model 

was used to obtain the relationship between RAMP and mortality (e.g., Figure 2). All statistical 

tests were performed using the software ‘R’ (R Development Core Team 2005).   

Discriminant Function Analysis (DFA) is primarily used to determine which variables help 

discriminate between groups and can also be used to classify observations into groups.  In this 

project DFA was used to determine whether the reflexes helped discriminate between fish that 

lived and fish that died and to classify each fish as alive or dead.  The DFA was performed on 

the reflex data after it was normalized; this was done by subtracting the mean from the 

observation and dividing by the standard deviation.  The data was normalized to remove scale 

and variance, which varied among reflex variables.  The DFA was run with the predictor variable 

for the DFA being mortality (alive or dead) and the discrimination variables were each of the 

reflexes (Table 2).  Significance of the DFA was tested using Pillai’s Trace test.  Significant 

differences between groups was determined as p<0.05.    

Logistic regression is primarily used when the relationship between the dependent variable 

(mortality) and the predictor variable (RAMP score) are non-linear.  Logistic regression can also 

allow for the prediction of an event based on certain information.  In this project logistic 

regression was used to evaluate the relationship between reflex impairment and mortality for the 

full suite of reflexes.   A binomial distribution and a logit link function were applied because of 

the binary nature of mortality data.  Logistic regression was assumed to explain significant 

variability in the model at all values for p<0.05, using a Chi-squared test.  Bayesian Information 

Criterion (BIC) was calculated to determine the scale of significance for the RAMP-mortality 
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relationship.  BIC values less than zero indicate no relationship, BIC values ranging from 0-2 

indicate a weak relationship, 2-6 indicate a relationship, 6-10 indicate a strong relationship and 

greater than 10 corresponds to a very strong relationship (Zuur et al. 2007). 

 

Results 

Yellowtail flounder 

Data exploration of the reflex impairment-mortality data indicated that 19 fish survived 

through holding day 19, split between the one and two hour tows and the surviving fish had a 

lower median RAMP score then those fish that died.  The evade reflex was the most strongly 

correlated to mortality at r= 0.5978.   

Stressor Analysis - A logistic regression model was performed to assess the effects of tow-time 

and air exposure on mortality.  The results for this model indicated that both air exposure and 

tow-time were significant, although tow-time was only marginally significant (pair=0.0152, 

ptowt=0.0462).  The BIC indicated that the variable air exposure was weakly related to mortality 

(BIC= 1.2347), and the tow-time variable was not related to mortality (BIC= -0.6813).  An 

analysis of deviance indicated that both air exposure and the tow-time were explaining a 

significant amount of the variability in the model ((pair=0.0001, ptowt=0.0366).   

Reflex impairment-mortality relationship - Results from the Discriminant Function Analysis 

(DFA) showed modest separation between fish that lived and those that died (Figure 3).  The 

coefficients of linear discrimination indicated that the evade, operculum and fin control reflexes 

were the strongest positive influences on the discriminant score while the mouth, resistance and 

gag reflexes had the lowest discriminant scores (Table 3).  Pillai’s Trace test indicated that there 

was a significant group effect with the data (p<0.0001).  The classification from the DFA 

indicated that the model was fairly accurate at predicting the fate of the fish based on the 

reflexes.  The model accurately classified 93% of the fish that died as dead and 63% of the fish 

that lived as alive, for a total model accuracy of 87%.   

The logistic regression for the reflexes indicated there was a significant relationship between 

RAMP and mortality (p= 0.0001), and the Bayesian Information Criterion (BIC= 10.89) 

indicated that RAMP was strongly related to mortality.  The reflex impairment-mortality 

relationship showed an S-shaped curve starting at <0.2 at low RAMP scores gradually increasing 

to less than 1.0 at high RAMP scores (Figure 4).  The results of the analyses of deviance 

indicated that the RAMP data was explaining a significant amount of the variability in mortality 

with a p-value of <0.0001.    

 

Winter flounder 

Data exploration of the reflex impairment-mortality data indicated that 22 fish survived 

through holding day 30, split between the one and two hour tows and the surviving fish had a 
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lower median RAMP score then those fish that died.  The natural righting reflex were the most 

strongly correlated to mortality at r= 0.78.   

Stressor Analysis - The DFA showed strong separation between fish that lived and those that 

died (Figure 5).  The coefficients of linear discrimination indicated that the natural righting, gag 

and mouth reflexes had the strongest positive influences on the discriminant score, while the fin, 

operculum and evade reflexes had the lowest discriminant coefficients (Table 4).  The Pillai’s 

trace statistic indicated that there was a significant group effect (p<0.0001), and the model 

classification accurately classified 97% of the fish that died as dead and 77% of the fish that 

lived as alive, for a total model accuracy of 90%.     

The coefficients of linear discrimination indicated that both air exposure and tow-time positively 

influenced the discriminant score at 0.77 and 1.14 respectively,  and Pillai’s trace statistic 

indicated significant group effects between the fish that survived and those that died (p<0.0000).  

The logistic regression using the stressor data indicated that both air exposure and tow-time were 

insignificant (pair=0.9957, ptow=0.0578).  The BIC’s indicated that both air exposure and tow-

time were not related to mortality (BICair= -3.74, BICtowt= -0.14). 

Reflex impairment-mortality relationship - The reflex impairment-mortality relationship 

exhibited an S-shaped curve starting at 0% mortality at low RAMP scores increasing to near 

100% mortality at high RAMP scores (Figure 6).  The relationship between RAMP and mortality 

was significant (p= 0.0003), and the BIC (9.42) indicated it was a strong relationship.  The 

analyses of deviance indicated that the RAMP score explained a significant amount of the 

variability in mortality (ANOVA, df= 58, p<0.0001). 

 

Windowpane flounder 

Data exploration of the reflex impairment-mortality data indicated that 36 fish survived through 

holding day 17, split between the 0.5 and one hour tows and the surviving fish had a lower 

median RAMP score then those fish that died.  The operculum reflex was the most strongly 

correlated to mortality at r= 0.31.   

Stressor Analysis - he DFA showed no separation between fish that lived and those that died 

(Figure 7).  The coefficients of linear discrimination indicated that the operculum, and mouth 

reflexes were the strongest positive influences on the discriminant score (Table 5).  The Pillai’s 

trace test indicated that there was not a significant group effect with the data (p=0.2873), and the 

classification from the DFA indicated that the model poorly predicted the fate of the fish based 

on the reflexes.  The model accurately classified 86% of the fish that lived as alive and 41% of 

the fish that died as dead, for a total model accuracy of 69%.   

A logistic regression model was performed to assess the effects of tow-time and air exposure on 

mortality.  The results for this model indicated that neither air exposure nor tow-time were 

significant (pair=0.5170, ptowt=0.2610).  The BIC indicated that the both air exposure and tow-
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time variable were not related to mortality (BICair= -3.4715, BICtowt=-2.63), and an analysis of 

deviance also indicated that neither air exposure nor tow-time were explaining a significant 

amount of the variability in the model (pair=0.5186, ptowt=0.2565).   

 

Reflex impairment-mortality relationship - The logistic regression for the reflexes indicated there 

was not a significant relationship between RAMP and mortality (p= 0.0763), and the Bayesian 

Information Criterion (BIC= -0.91744) also indicated that RAMP was not related to mortality.  

The reflex impairment-mortality relationship showed a predominately flat increasing relationship 

starting at about 0.2 at low RAMP scores gradually increasing to less 0.6 at high RAMP scores 

(Figure 8).  The results of the analyses of deviance indicated that the RAMP data was not 

explaining a significant amount of the variability in mortality (p= 0.0674).    

 

Discussion 

The use of reflex impairment as a proxy for discard mortality is growing with studies 

looking at a diverse and extensive number of species including: sablefish and lingcod (Davis and 

Ottmar 2006), Atlantic cod (Humborstad et al. 2009), two Alaskan crab species (Stoner et al. 

2008), walleye pollock, coho salmon, rock sole, and Pacific halibut (Davis 2007), summer 

flounder (Dwyer 2010) and now yellowtail flounder.  Davis (2007) found that a base of five 

reflexes could be used to estimate mortality over a range of species including: walleye pollock, 

coho salmon, rock sole, and Pacific halibut.  The results of Davis (2007) were similar to those 

found with winter and yellowtail flounder, exhibiting a curvilinear relationship between RAMP 

score and mortality.  Davis (2007) found that the transition to 100% mortality happened over 

small changes in RAMP score for some species and states that the species may need different or 

additional reflex tests to accurately use reflex impairment as a proxy for mortality.  

The suite of reflexes used in this study was a mix of those used by Davis (2007) and reflexes 

identified in preliminary findings.  The results from this project indicate that reflex impairment is 

a strong indicator of the survivability of yellowtail and winter flounder.  The DFA shows that the 

reflexes moderately separated the fish that lived from the fish that died, although they were not 

perfectly separated and the logistic regression shows that these reflexes together (RAMP score) 

are a reliable indicator of survivability in fish.   

 

Yellowtail flounder 

RAMP Testing - The major differences were seen between the air exposure groups.  The control 

fish had the lowest average RAMP scores, followed by zero, 15 and 30 minute air exposure 

groups respectively (Table 6).   This seems to indicate that the longer a fish is subjected to air the 

lower the likelihood of survival.   
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Based on results of the stressor analysis, if commercial fishermen want to reduce the discard 

mortality rate of yellowtail flounder on their vessel the best way to do so would be to limit the 

amount of time the fish spend on a dry deck.  This could be done by immediately sorting the 

smaller sub-legal sized fish, or by dumping the fish onto a deck that has enough water on it for 

the fish to respire.  These results are contradictory to the conclusions of Carr et al. (1995).  They 

found that deck treatment (wet, spray and dry) was not significant and they concluded that their 

results did not support the idea that keeping a hose running on deck would help increase survival.   

They concurrently found that tow-time was the only significant stressor on the survival of 

yellowtail flounder, indicating that as tow-time increased, the discard survival decreased.  This 

may have been a factor of sampling design differences.  This project was controlling for tow-

time and air exposure, while Carr et al. (1995) was only controlling air exposure. 

Results from this study, together with more extensive field sampling of RAMP scores in dredge 

and trawl fisheries, were presented to the Southern Demersal Working Group of the 54
th

 Stock 

Assessment Workshop in April 2012.  The Working Group decided to revise the assumption of 

discard mortality of Southern New England-Mid Atlantic yellowtail flounder from 100% to 90% 

based on these results.  Pending review by the 54
th

 Stock Assessment Review Committee in June 

2012, the revised assumption of discard mortality will be used for assessment and management. 

 

Winter flounder 

 Based on the results of the stressor analysis, neither air exposure nor tow-time 

significantly affected mortality, but tow-time was only marginally insignificant (ptow=0.0578), 

and there was a large difference in mortality between the one hour and two hour tows for the 

zero air exposure treatments (one hour: 38%, two hour: 88%).  This indicates that limiting the 

length of the tow may help reduce the stress imposed on winter flounder.  Similarly, air exposure 

did not significantly affect mortality, but it was apparent that winter flounder exhibit extremely 

high mortality when left on a dry deck for 15 minutes or more.  This suggests that, commercial 

fishermen may be able to reduce the mortality of winter flounder on their vessel by not allowing 

the fish to spend 15 minutes or more on a dry deck.  Sorting the fish to be discarded immediately 

or dumping the fish onto a deck that has enough water on it for the fish to respire may reduce 

mortality.   

 

Windowpane flounder 

Our results suggest that the suite of reflexes used was not a reliable estimator of the 

survival of windowpane flounder.  The reflexes accurately classified the fish that lived as alive 

(86%), but poorly classified fish that died as dead (41%), for a total classification accuracy of 

69%.   

Based on the results of the stressor analysis, neither air exposure nor tow-time significantly 

affected mortality, and the BIC values indicated that there was no relationship between air 
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exposure or tow-time and mortality.  This indicates that windowpane flounder are a less hearty 

species and are more susceptible to stressors, then either yellowtail flounder or winter flounder.  

This outcome was expected which resulted in the reduction of tow times from one and two hours 

to half an hour and one hour.  Even with these reductions in tow time, windowpane flounder died 

at a rapid rate.  All fish were dead by day 42 including control fish indicating that even minimal 

handling and transportation stresses are lethal to windowpane flounder.   

 

Implications 

The utility of RAMP is the ability to test the reflexes of fish caught and use the RAMP 

score to predict mortality using the reflex impairment-mortality relationship.  Creating reflex 

impairment-mortality relationships opens up the possibilities to expand RAMP sampling and to 

gain a more accurate representation of the total commercial discard mortality rates.  These reflex 

methods can be applied to a subsample of fish during commercial fishing trips to allow for a 

more representative discard mortality estimate.  The RAMP methods are also not limited to a 

particular gear type, so fish caught in the large-mesh otter trawl fishery as well as fish caught in 

the scallop fishery can be assessed using the same reflexes and can be compared to the same 

reflex impairment-mortality relationship.  This allows for the estimation of discard mortality 

over a wide spectrum of gears, tow-times, and time on deck.   
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Summary of conclusions 

 The suite of seven reflexes is a reliable indicator of survivability in yellowtail and winter 

flounder. 

 Tow-time was not as important as a stressor on flounder as air exposure. 

 The results indicate that the discard mortality of yellowtail and winter flounder may be 

reduced onboard fishing vessels by limiting the amount of time the fish are on a dry deck. 

 Windowpane flounder are less hearty then yellowtail and winter flounder, and may not be 

able to survival discarding. 

 The reflex impairment-mortality relationships developed from this project for yellowtail 

flounder and winter flounder can be used to estimate the discard mortality rate of fish, 

based on at-sea RAMP sampling over multiple gear types. 
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Tables and Figures 

 

Table 1.  Reflexes used by Davis (2007) and Davis and Ottmar (2006) 

Reflex Description 

Body Flex Flexing of the body initially after the fish is restrained 

Operculum Ability to tightly close its operculum after being opened 

Mouth Ability to tightly close its mouth after being opened 

Gag Gag reflex when a probe was inserted into the fish’s throat 

VOR Following of the scientist when rotated along fish’s long axis  

 

 

Table 2.  Reflexes monitored for yellowtail, winter and windowpane flounder with descriptions. 

Reflex Description 

Resistance Resistance to being restrained 

Mouth Resistance to the forced opening of the mouth 

Operculum Resistance to the forced opening of the operculum 

Gag Response to insertion of probe into the throat 

Fin control Response to a brushing stimulus on the fins 

Natural righting Attempts to dorso-ventrally right itself within 5 seconds 

Evade Attempts to actively swim away after reflex testing 

 

 

Table 3.  Correlation matrix of the reflexes tested and mortality for yellowtail flounder. 

  Resist. Mouth Operc. Gag Fin Right. Evade Mort. 

Resistance 1.0000 
       

Mouth 0.1620 1.0000 
      

Operculum 0.3331 0.4364 1.0000 
     

Gag 0.2148 0.1645 0.3033 1.0000 
    

Fin 0.2106 0.2544 0.3051 0.2666 1.0000 
   

Righting 0.2582 0.1480 0.3639 0.1675 0.3192 1.0000 
  

Evade 0.1603 0.3004 0.3826 0.2899 0.2773 0.5264 1.0000 
 

Mortality 0.2107 0.1887 0.4010 0.2856 0.3302 0.4382 0.5978 1.0000 
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Table 4.  Correlation matrix of the reflexes tested and mortality for winter flounder. 

  Resist. Mouth Operc. Gag Fin Right. Evade Mort. 

Resistance 1.00 

       Mouth 0.32 1.00 

      Operculum 0.45 0.57 1.00 

     Gag 0.42 0.75 0.76 1.00 

    Fin 0.21 0.24 0.14 0.30 1.00 

   Righting 0.44 0.50 0.71 0.65 0.19 1.00 

  Evade 0.12 0.12 0.30 0.23 -0.07 0.35 1.00 

 Mortality 0.45 0.65 0.71 0.76 0.14 0.78 0.30 1.00 

 

 

 

 

Table 5.  Correlation matrix of the reflexes tested and mortality for windowpane flounder. 

  Resist. Mouth Operc. Gag Fin Right. Evade Mort. 

Resistance 1.00 

       Mouth 0.48 1.00 

      Operculum 0.39 0.36 1.00 

     Gag 0.45 0.25 0.41 1.00 

    Fin 0.26 0.27 0.22 -0.07 1.00 

   Righting 0.40 0.26 0.35 0.49 -0.09 1.00 

  Evade 0.00 -0.09 0.14 -0.05 0.41 -0.11 1.00 

 Mortality 0.07 0.26 0.31 0.06 0.14 0.03 0.11 1.00 

 

 

 

Table 6.  RAMP score averages during day zero testing for yellowtail flounder.  The column 

group indicates the experimental group (C-Control, 0 air exposure, etc.). 

Group 1 Hour 2 Hour Total 

C 0.29 0.21 0.25 

0 0.49 0.49 0.49 

15 0.68 0.73 0.70 

30 0.91 0.91 0.91 

Total 0.62 0.61 0.61 
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Figure 1.  RAMP curve plots (adapted from Davis 2007). 
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Figure 2.  Results from the VPA and the biological reference points (BRP) at assumed discard 

mortality rates.  The horizontal dashed line represents the overfishing threshold or F2007 equal to 

FMSY.  The vertical dashed line represents the overfished threshold or SSB2007 equal to ½ 

SSBMSY.  The upper left quadrant indicates overfished and overfishing is occurring, the upper 

right quadrant represents not overfished, but overfishing is occurring, the lower left quadrant 

represents overfished and overfishing is not occurring, and the lower right quadrant represents 

not overfished and overfishing is not occurring. 
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Figure 3.  DFA model results for yellowtail flounder.  Red bars are fish that died, while blue 

bars are fish that survived. 
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Figure 4.  Reflex impairment-mortality relationship for yellowtail flounder.  Blue line indicates 

predicted values, red dashed lines indicate upper and lower confidence intervals (± 1 SD), open 

circles are individual fish. 
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Figure 5.  DFA model results for winter flounder.  Black bars are fish that died, while white bars 

are fish that survived. 
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Figure 6.  Reflex impairment-mortality relationship for winter flounder.  Solid line indicates 

predicted values, dashed lines indicate upper and lower confidence intervals (± 1 SD), open 

circles are individual fish. 
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Figure 7.  DFA model results for windowpane flounder.  Black bars are fish that died, while 

white bars are fish that survived. 
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Figure 8.  Reflex impairment-mortality relationship for windowpane flounder.  Solid line 

indicates predicted values, dashed lines indicate upper and lower confidence intervals (± 1 SD), 

open circles are individual fish. 

 

 


