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gear related variables represented by codend mesh size.  To this analysis, we added, as a 
main effect, cull time, and as a covariate, summer flounder length. Looking holistically at 
the results, tow time is frequently significant, and codend mesh size is significant in four 
of five cases, including the condition index and three of the injury factors. Cull time is 
significant for the condition index and Injury Factor 4 (anal tearing).  Catch weight is 
significant only for Injury Factor 3 (net marks and abrasion).  Interaction terms are 
occasionally significant, but only strongly significant for Injury Factor 3.  Examining 
these results in somewhat more detail, the condition score increased with increasing tow 
time, indicating a deterioration in the number of healthy fish, but a least squares means 
was unable to resolve a clear difference between tow times.  A higher occurrence of 
Injury Factor 1 (scale loss and abrasion) was observed on 2 and 3-hour tows than on 1-
hour tows, but a least squares means test again did not resolve a significant difference 
among the three tow times.  Injury Factor 3 had a higher incidence in tows lasting 1 hour 
than it did for 3-hour tows and all three tow times were each significantly different from 
the other two.  Larger codend mesh sizes were associated with a higher incidence of 
Factor 2 and 3 injuries.  However, this was not true for the condition index in which 
small codend mesh nets were associated with a higher morbidity (poor condition).  This 
further confirms results from the first condition and injury ANOVA that Injury Factors 2 
and 3 are clearly divergent from Injury Factor 1 and the condition index in the influence 
of bycatch, tow time, and other variables related to the trawling process.  A higher 
incidence of Injury Factor 3 was associated with lower catch weights.  There were two 
notable differences in cull times.  The frequency of Injury Factor 4 (anal tearing) was 
higher at the immediate cull than it was at the 25-35 minute time interval.  In addition, 
higher morbidity at the 25-35 minute cull time indicated that fish were in poorer 
condition after spending time on deck (Table 2).  
 
Survivorship and Condition Upon Release of Penned Fish 
 
 We examined the relationship between fish released alive from the net-pen at the end of 
the14-day holding duration, and the fish that died during the 14 days.  After a number of 
preliminary investigations of the appropriate model to use involving sequential removal 
of those terms that were routinely non-significant, the resultant ANOVA model included 
three main effects, two covariates, and one interaction term (See Table 3). The three main 
effects were group, weight-based market category, and starting condition (poor, good, or 
excellent), the two covariates were average bottom water temperature and average bottom 
dissolved oxygen in the net-pen over the 14-day period, and the interaction term was 
between group and weight-based market category.  Group was defined by establishing, 
for each trip, seven groups of fish. Six groups were defined by a 2 X 3 matrix of tow time 
(1 hour, 2 hours, and 3 hours) and cull time (immediate, 0-10 minutes and delayed, 25-35 
minutes).  A seventh group comprised the control fish obtained from the pound nets.  To 
investigate the probability of a fish being released alive, we assigned a 0 to a fish released 
alive, and a 1 to a fish found dead in the pen. To examine the condition of the fish upon 
release, we assigned a condition index of 1 to a fish in excellent condition, a 2 to a fish in 
good condition, and a 3 to a fish in poor condition.  
 
 Overall results of survivorship and condition upon release were strongly influenced by 
group and the condition of fish when penned.  Therefore the survivorship, and thus the 
mortality of the live fraction on deck, is controlled by the tow/cull time and the condition 
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of the individual fish. However, the determinants of condition upon release was strongly 
influenced by environmental conditions in the pen, with weight (market category) having 
a variable influence on survivorship depending upon the fish group.  It is interesting that 
survivorship was influenced by group and the health status when penned and not by the 
environment of the pen.  These results reaffirm the success of the design, placement and 
deployment of the net-pen system (and probably the overall live holding system as well).  
The net-pen system performed as planned.  Survivorship in the pen was not dependent on 
any conditions in the pen but was dependent on trip/gear conditions.  The holding system 
did not have any affect on the results of the experiment.   
 
A posteriori examination using least squares means showed that survivorship was highest 
of all for control fish.  This supports our choice of control fish for this experiment.  The 
use of locally caught pound net fish served its purpose to provide a means of control 
animals in the net-pen holding system.  The A posteriori results also show that 
survivorship of the fish caught during the trawl trips was highest for fish from the 0-10 
minute cull, regardless of tow time, and survivorship declined for the delayed cull time. 
Delayed cull times were always significantly different from immediate cull times.  Not 
only is the survivorship significantly greater in the immediate cull, the live fraction on 
deck is highest at the immediate cull (see Figure 1).  Culling the summer flounder on 
deck as quickly as possible will result in lower mortality, regardless of tow time. 
However shorter tows usually produce smaller catches, thus facilitating faster culling of 
summer flounder. Survivorship was significantly better for fish going into the pen in 
excellent condition and significantly worse for fish in poor condition.  Thus condition of 
the fish going into the pen was a strong determinant for the probability for survival.  
Recall from ANOVA2 for the fish health data that both tow time and cull time had a 
significant effect on condition index (shorter tows and less time on deck resulted in a 
healthier index). Condition upon release was highly variable between groups.  
 
The significant result for condition on release was dominated by the immediate cull, 1-
hour tow release condition being significantly better than the immediate cull, 3-hour tow 
release condition, a result that cannot be easily explained.  For condition upon release the 
significant influence of group is not consistently associated with immediate culls, delayed 
culls, or 1, 2, or 3 hour tow times and so can not be explained by any particular tow/cull 
duration. Temperature and dissolved oxygen were inversely correlated relative to fish 
condition. High dissolved oxygen was associated with a high condition index (poor 
condition). Low temperature was associated with a high condition index. However 
neither temperature, nor dissolved oxygen, varied outside the normal range for summer 
flounder during the entire experiment.  Temperature ranged from 15.9°C to 22.5 °C, and 
dissolved oxygen from 5.2 mg/L to 8.3 mg/L, so the reason for the influence of pen 
environment on fish condition upon release remains unexplained.  Health upon release 
was not obviously explained by any of the main effects that one would normally assume 
to be determinants, namely tow time, cull time, and, to a lesser extent, the size of the fish 
(Table 3).  Overall, the condition of summer flounder upon release is relatively 
inconsistently related to any pen, onboard, or tow-specific metric used in this study.  
However it is unlikely that condition upon release from the net-pen after 14 days is 
relative to discard mortality.  In terms of this study, once the fish are released alive from 
the net-pen they are considered to have survived.  That is why we chose the long 14-day 
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monitoring period.  Also, generally fish in poor condition did not survive the 14-day 
monitoring period, where as those in excellent condition survive.   
 
Cumulative Experimental Mortality 
 
We calculated the cumulative mortality for each tow using the mortality on board (dead 
fraction) and estimating the number of live fish culled that would have died using the 14-
day survivorship observed in the pen.  First, for each trip, tow, and cull time we 
calculated a weight for dead fish in the net-pen that was corrected for the mortality rate of 
control fish in the pen,  

! 
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td = wd " [(1" survc )(wd + wl )]   (1) 

 
where 

! 

wd  is the weight of dead fish in the net-pen, 

! 

survc  is the fraction of control fish 
living after 14 days in the net-pen, and 

! 

wl  is the weight of live fish released after 14 days.  
 
 The survivorship of live fish in the net-pen, SP, was determined as: 

! 

SP = wtl /(wtl + w
^
td )      (2) 

 
The survivorships from equation (2) were used to calculate the ratio of survivorship 
between the immediate and delayed cull times, ∆S: 
 

! 

"S = SP#=D /SP#= I      (3) 
 
where 

! 

SP"=D  is the survivorship of fish in the net-pen at the delayed cull time and 

! 

SP"= I  
is the survivorship of fish in the net-pen at immediate cull time. 
 
We calculated the elapsed time between the immediate and delayed cull times, t as: 
 

! 

t = [(te " ts) /2 + ts]#=D " [(te " ts) /2 + ts]#= I   (4) 
 
where 

! 

te  is the end of the time interval in question, from the time the net was brought 
onboard, and 

! 

ts is the start of the time interval in question, both in cumulative minutes. 
 
The change in the survival fraction, ∆S, between the two cull times is converted to a rate, 
fm, that can be used to estimate the change from any other cull time, under the 
assumption that the rate is linear with time: 
 

! 

fm = ("ln(#S)) / t      (5) 
 
Thus, to calculate the amount of surviving summer flounder, we apply this rate to each 
10-15 minute cull period, using equation (4) to determine the elapsed time.  Then, the 
estimated fish surviving, EL, is: 
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where 

! 

Lup  is the weight of live fish that were not placed into the net-pen and 

! 

Lp  is the 
weight of the live fish that were placed into the net-pen. 
 
The estimated weight of dead fish for each tow, ED, is then: 
 

! 

ED = wtc " EL     (7) 
 
where 

! 

wtc is the total catch weight for all summer flounder. 
 
Finally, the % mortality for the tow can be calculated as: 
 

! 

%Mortality = ED /(ED+ EL)    (8) 
 
Percent mortality was arcsine square-root transformed.  ANOVAs were conducted using 
the bycatch factors described earlier and the tow time, codend mesh size, and catch 
weight triumvirate (See Table 4).  An ANOVA using bycatch factors as independent 
variables produced no significant results (ANOVA1, Table 4).  When this result is 
considered in combination with the results of the study thus far, a clear reasoning for why 
this may have occurred can be ascertained.  First, bycatch factors have a strong influence 
on condition and the presence of injuries.  In addition, we know condition at the start of 
the 14-day net-pen duration experiment strongly influenced the survivorship of fish in the 
net-pen.  Consequently, the bycatch assemblage directly affects the condition, and thus 
the survivorship of summer flounder that would be released back into the water.  
However, bycatch factors do not influence the live/dead ratio during culling on deck.  
The live/dead ratio after the immediate cull is primarily influenced by catch conditions, 
such as catch weight, tow time, and codend mesh size as a representative for several 
additional environmental and gear-related variables, over the time required to cull the 
catch.  Overwhelmingly, fish that died did so on deck during this process.  Thus, any 
significant influence of bycatch assemblage on the cumulative mortality of the tow was 
rapidly minimized as time on deck increased.  Thus, had fish been immediately thrown 
back into the water, it is likely bycatch factors would have played a significant role in 
determining overall mortality, but because most fish remained on deck, where they were 
subsequently affected by culling conditions, and not bycatch factors, the ending result is a 
non-significant relationship. 
 
The second ANOVA in Table 4 was similar to our previous catch/gear models, except we 
removed any non-significant interaction terms.  The three main effects were tow, catch 
weight, and codend mesh size (as a surrogate for several environmental and gear-related 
variables), along with two interaction terms both involving catch weight.  All main 
effects and interaction terms were significant, except for tow time.  An a posteriori least 
squares means test on tow time, despite a non-significant ANOVA result, shows that 
mortality was greater in 3-hour tows than 2-hour tows and greater in 2-hour tows than 1-
hour tows and thus greater in 3-hour tows than in 1-hour tows.  Additionally, 1-hour tows 
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and 3-hour tows were significantly different from each other (p = .0044).  For codend 
mesh size, mortality rate is higher for large mesh.  This result, however, needs to be 
interpreted with caution, as mesh size is a representative variable for a group of several 
environmental and gear-related variables.  Finally, percent mortality increased with 
increasing catch weight (Table 4).  Catch weight is also a function of tow time with 
greater catch weights occurring during longer tows. 
 
For the first 10 trips (all 3 tow times) an ANOVA model was used that included as main 
effects tow time, codend mesh size, and total catch weight, and all interaction terms 
amongst these variables to examine the percent mortality between the extended 
immediate (0-10 minute and 10-25 minute) and extended delayed (25+ minute) cull times 
(Table 5).  In this case all main effects and interaction terms are highly significant and 
these results too are robust to ranking and arcsine-square root transformations.  Least 
squares means for tow time showed an expected trend: high mortality associated with 3-
hour tows, lower mortality associated with 2-hour tows, and the lowest mortality 
associated with 1-hour tows.  Least squares mean for mesh size showed higher mortality 
associated with larger mesh size, however this result was not statistically significant (p = 
0.3965) and therefore cannot be interpreted to mean that larger mesh results in higher 
mortality. 
     
 For the first 10 trips, in order to look at the effect of time on deck on the fraction of live 
fish we added the variable “time on deck” (including 0 minutes, 10 minutes, 25 minutes, 
35 minutes, 50 minutes, and 65 minutes) as a main effect to the model described above 
(Table 5).  However, for several cull times large gaps in data (zeros) required that we 
combine cull times into two categories. Category 1 consisted of the following cull times:  
0-10 minutes; 10-25 minutes.  Category 2 consisted of the following cull times:  25-35 
minutes; 35-50 minutes and all subsequent 15 minute time intervals until the deck was 
cleared.  It was determined that time on deck was not significant (p = 0.4699) and that 
tow time, catch weight, and codend mesh size were all highly significant.  However, an a 
posteriori least squares means test on Time On Deck (cull time), despite a non-significant 
ANOVA result, does show a significant difference between the Category 1 and Category 
2 cull times.  Once fish start to die, they seem to do so at a rate determined by tow time, 
catch weight and the variables represented by mesh size and to a lesser extent by time on 
deck. Mortality seems to be influenced mainly by what occurred while the fish were 
being caught. In addition, transformations do not change results and, as expected, least 
squares means indicates higher fraction live associated with shorter tow times and larger 
codend mesh. 
 
The cumulative discard mortality for trips 3-10 for each tow length duration, as well as 
for all tow times combined, is shown in Table 6 and in Figure 9. Data from trips 1 and 2 
was excluded because standard cull times were not used for these trips (see discussion 
under Problems Encountered section).  These mortality rates are for the entire summer 
flounder catch for each tow time and reflect the total mortality for each tow from the time 
the fish were dumped on deck until the deck is cleared. This includes the live fraction on 
deck corrected for the extended net-pen mortality.  The median mortality for all tows 
combined at 78.7% is very close to the estimated overall discard mortality of 80% 
currently used in the summer flounder assessment.  The mean of 64.6% however is 
considerably less.  Also the mean and median mortality rates for the 1-hour and 2-hour 
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tows are considerably less than the currently estimated 80% mortality. A statistical linear 
relationship of discard mortality to tow time exists. The mean discard mortality in the 1-
hour tows was 57.8%, in the 2-hour tows it was 61.4%, and in the 3-hour tows it was 
76.6%.  In order to use a mortality rate representative of the overall inshore fishery for 
summer flounder, tow length parameters of the fishery should be evaluated.  Observer 
data and VTR data should be analyzed for average tow time across the fishery.  Our 
calculated mortality rate for the tow time that is most representative of the Observer/VTR 
data could then be used in the assessment.   
 
The calculated mortality by the combination tow time/cull time is shown in Table 7.  All 
of these values are considerably different, for both the mean and median, from the 
currently used 80% rate and exhibit a considerable range.  These mortality values are 
only for those fish specifically culled at the time of the immediate cull and at the time of 
the delayed cull and do not include mortality outside of these specific time intervals.  
Although the mortality at the specific intervals of immediate and delayed cull are similar 
for each tow time, they increase with increasing tow time. 
 
Table 8 shows the fraction of fish in the net-pen alive after 14 days.  Increasing tow time 
resulted in an increasingly lower live fraction (more dead fish) during the 14 days.  Also 
as Figure 1 shows, the fraction live on deck decreases significantly with increasing time 
on deck.  Since both of these parameters significantly impact the final mortality 
calculation, shorter tows and shorter time periods on deck will result in lower mortality. 
 
Cortisol Analysis 
 
Cortisol levels were examined using similar ANOVAs, however we were unable to find 
any significant results.  Thus it appears that blood cortisol is not a predictor of condition 
or survival. A total of 152 blood samples were collected and analyzed. 
 
Phase II Component Findings 
 
As described above, an additional 4 trips were conducted with residual funds.  During 
these trips the standard 1-hour, 2-hour and 3-hour tows were conducted.  However no live 
fish were retained for extended mortality monitoring.  On deck procedure was to sort 
live-dead fraction on a continuous basis at timed intervals until the deck was cleared 
without regard to “immediate cull” and “delayed cull”.  Although the timed intervals 
were consistent with the initial set of trips, the catch was not split in half to assure fish for 
the “delayed cull”.  Therefore most fish were culled in the 0-10 minute and 10-25 minute 
intervals with few or no fish available after 25 minutes.  Thus it was somewhat difficult 
to combine both data sets.  In order to resolve the differences in procedure and utilize 
data from Phase II, a series of regression and ANOVA analyses were conducted.  
However, this reduced data set for trips 11-14 does not have a lot of strength in the 
analysis.  Therefore the results from trips 2-10 provide a must stronger analysis of discard 
mortality.  The Phase II results (trips 11-14) do however provide additional trend 
information on mortality and support the results of the first ten trips.     
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Please note that in all cases below where the variable “codend mesh size” is mentioned, it 
is actually a representative for several variables that loaded on the same dimension in the 
correspondence analysis from trips 1-10 (as explained above). 
 
Bycatch Factors 
 
Principle components analysis (PCA) was run again on common bycatch species data to 
determine if any bycatch variables loaded on different axes with the addition of data from 
four more trips.  Bycatch Factors 1 and 2 remained the same; however, Bycatch Factor 3 
is now comprised of striped bass only with a loading score of 0.91 (previously striped 
bass and squid); Bycatch Factor 4 is comprised of bluefish with a loading score of 0.81 
(previously sea robin); and Bycatch Factor 5 is comprised of sea robin with a loading 
score of 0.92 (previously dogfish). 
 
An ANOVA was used to look at the effects of bycatch species on the fraction live at the 
extended immediate cull (0-25 minutes) for all 14 trips by using PCA Bycatch Factors 1-
5 as main effects (Table 9).  Only Bycatch Factor 3 (striped bass) was significant (p = 
0.0045), and this result was robust to ranked and arcsine-square root transformations.  
Other than Bycatch Factor 3 these results are consistent with the results presented in 
Table 1.   
 
Multiple Regression Analyses 
 
For the first ten trips, the best multivariate regression models were fit to data to test how 
well temperature on bottom, catch weight, codend mesh size, tow time, and fraction live 
at time (0) can predict experiment wide mortality (Table 10).  The one variable model 
(Equation 1), made up of catch weight, was not significant at α = 0.01 (p = 0.0161).  The 
two variable model (Equation 2) was made up of codend mesh size and catch weight and 
the three variable model (Equation 3) was made up of codend mesh size, catch weight, 
and tow time.  Both models were statistically significant, however the R2 values were low 
at 0.39 and 0.44, respectively.  A wide range of values in residuals for both the two and 
three variable models, in addition to the low R2 values, suggests that while the models are 
statistically significant predictors of mortality fraction, they alone are not strong 
predictors.  Furthermore, the absence of temperature on bottom and fraction live at time 
(0) as predictive variables in any of the three regression models indicates neither had a 
significant effect on experiment wide mortality.  And, finally, while the three variable 
model was statistically significant, tow time alone had a high p-value (0.2082) which 
would indicate it provided less information for predicting mortality than either catch 
weight (p = 0.0192) or codend mesh size (p = 0.0124). 
      
Similarly, for the first ten trips, the best multivariate regression models were fit to data to 
test how well temperature on bottom, catch weight, codend mesh size, tow time, and 
bycatch factors can predict percent mortality between the extended immediate (0-25 
minute) and extended delayed (25+ minute) culls (Table 11).  The one variable model 
(Equation 4), made up of codend mesh size, was significant (p = 0.0014), but had an R2 
value of only 0.36.  The two variable model (Equation 5) was made up of codend mesh 
size and catch weight and the three variable model (Equation 6) was made up of codend 
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mesh size, catch weight, and tow time.  Both models were statistically significant, 
however the R2 values were low at 0.49 and 0.54, respectively.  Again, wide range of 
values in residuals for both the two and three variable models, in addition to the low R2 
values, suggests that while the models are statistically significant predictors of percent 
mortality between the immediate and delayed culls, they alone are not strong predictors.  
The absence of temperature on bottom and any of the bycatch factors as predictive 
variables in any of the three regression models indicates neither had a significant effect 
on percent mortality between immediate and delayed culls.  And, finally, again tow time 
provided less information to the three variable models with a p value of just 0.1121. 
      
In order to be able to examine data from all 14 trips together, the best multivariate 
regression models were fit to the data to test how well temperature on bottom, catch 
weight, codend mesh size, tow time, and bycatch factors can predict the fraction live at 
time(0) (Table 12).  The single variable model (Equation 7) included just tow time and 
while it was a significant regression, the R2 value was just 0.25.  The two variable model 
(Equation 8) contained tow time and codend mesh size.  It too was significant, but also 
had a low R2  of 0.43.  The three variable model (Equation 9) included tow time, codend, 
mesh size, and catch weight with an R2  of 0.54.  The four variable model (Equation 10) 
included temperature on bottom as well as all three from the three variable models and 
had an R2  of 0.60.  Finally, the five variable model (Equation 11) included all those from 
the four variable model with the addition of Bycatch Factor 1.  The R2  value was highest 
for the five variable regression at 0.67.  The presence of both temperatures on bottom and 
Bycatch Factor 1 in the five variable regressions indicates both are important in 
determining the fraction live at time (0). 
      
The same model as the one above was then used, except that how well the variables could 
predict the fraction live in the entire cull for the duration 0-25 minutes (extended 
immediate cull) was examined.  (Table 13).  Results are similar for the one, two, and 
three variable models. The single variable model (Equation 12) included just tow time 
and while it was a significant regression, the R2 value was again low at just 0.35.  The 
two variable models (Equation 13) contained tow time and codend mesh size again.  It 
too was significant, but also had a low R2  of 0.50.  The three variable models (Equation 
14) included tow time, codend, mesh size, and catch weight and had a higher R2  of 0.59.  
However, when looking at the 0-25 minute extended immediate cull as a whole, both 
temperature on bottom and Bycatch Factor 1 drop out as influential variables in any of 
the three regression models, indicating that while they may be important at time (0) they 
are not important beyond that point. 
      
Finally, again using data from all 14 trips, the best multivariate regression models were 
fit to the data to test how well temperature on bottom, catch weight, codend mesh size, 
tow time, and bycatch factors could predict the percent mortality between the 0-10 
minute immediate cull and the 10-25 minute culls (Table 14).  The single variable model 
(Equation 15) included just tow time and was not significant (p = 0.0657).  The two 
variable model (Equation 16) contained tow time and codend mesh size.  This model was 
also not significant (p = 0.0479).  The three variable model (Equation 17) included 
temperature on bottom, codend mesh size, and Bycatch Factor 5, however it was also not 
significant (p = 0.0562).  The four variable model (Equation 18) contained the variables 
from the three variable along with Bycatch Factor 2 and it, too, was not significant (p = 
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0.0635).  Finally, the five variable model (Equation 19) added Bycatch Factor 3 to the 
four variable model and was also not significant (p = 0.0926).  The absence of a single 
statistically significant model indicates temperature on bottom, catch weight, codend 
mesh size, tow time, and bycatch factors are not predictive of percent mortality between 
the 0-10 minute cull and 10-25 minute cull. 
 
ANOVA Analyses 
 
For the following 3 ANOVA analysis, the one hour duration tows dropped out and data 
were used only from the 2 and 3 hour tows.  This was caused because, in order to 
accommodate trips 11-14, we either combined the 0-10 minute cull with the 10-25 minute 
cull; or compared the 0-10 minute cull to the 10-25 minute cull.  For many trips the one 
hour tow contained many zeros, especially in the 10-25 minute interval.  Thus we were 
not able to utilize the one hour tow data in the following analysis. 
 
For all 14 trips (2 and 3-hour tow times only) an ANOVA model was used that included 
as main effects tow time, codend mesh size, and total catch weight, with all interaction 
terms amongst these variables to examine their effect on the fraction live at the extended 
immediate cull (0-25 minutes) (Table 15).  After performing a ranked data 
transformation, it was determined that only catch weight was significant (p = 0.0033).  In 
addition, the spearman correlation coefficient indicated that as catch weight went up the 
fraction live went down. 
      
For all 14 trips (2-hour and 3-hour tow time only) an ANOVA model was used that 
included as main effects tow time, codend mesh size, and total catch weight, and all 
interaction terms amongst these variables to examine the difference in the fraction live 
between the 0-10 minute immediate cull and the 10-25 minute cull (Table 15).  Besides a 
very weak signal (p = 0.0336) for the catch weight – codend mesh size interaction, none 
of the main effects had a significant impact on this metric and using a ranked data 
transformation did not change this result.  The results are not surprising considering this 
metric is confounded by the fact that the number live at the 10-25 minute cull is directly 
dependent upon the number live at the 0-10 minute cull. 
      
For all 14 trips (2-hour and 3-hour tow time only) the same ANOVA model was used as 
described above, but this time to examine the percent mortality, a more appropriate 
metric, between the 0-10 minute immediate cull and the 10-25 minute cull (Table 15).  In 
this case the codend mesh size was highly significant (p = 0.0005) as were interactions 
for coden mesh size - tow time (p = 0.0090), codend mesh size – catch weight (p = 
0.0020), and codend mesh size – catch weight – tow time (p = 0.0079).  These results 
were robust to transformations, including ranking and arcsine-square root.  An a 
posteriori least squares means test showed small mesh sizes were associated with higher 
rates of mortality.  In addition, while the tow time was not a significant main effect, a 
least squares means test showed that the 3-hour tows were associated with higher 
mortality than the 2-hour tows, a result that likely contributed to significant tow time 
interaction terms in the model. 
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Phase II Conclusions 
      
The main effects of tow time, codend mesh size (as a proxy for several variables), and 
catch weight are routinely significant in models examining fraction live and/or percent 
mortality of summer flounder and these results are robust to several forms of analyses 
and data transformations.  Bycatch species and temperature on bottom matter for the 
immediate mortality of summer flounder, but fall out as significant factors contributing to 
mortality beyond that point. As such we have developed a multivariate regression 
equation (see Equation 3 and Table 10) that utilizes the results of trips 1 thru 10 to predict 
overall discard mortality for trips 11 thru 14.  Although the fit is not real strong it utilizes 
the 3 main effects of tow time, codend mesh size (as representative of several factors) and 
catch weight, which as shown above are routinely significant.  The results are shown in 
Table 16. The extrapolated cumulative discard mortality by tow time from trips 11-14 is 
comparable to actual cumulative discard mortality data from trips 3-10. For trips 11-14 
the estimated mean discard mortality for all trips combined was 66.0% and the median 
was 66.3%. For the 1-hour tows estimated mean discard mortality was 54.1%, in the 2-
hour tows it was 68.3%, and in the 3-hour tows it was 75.6%.	  	  
	  
Additional Results  
 
In Figure 1, the fraction of live summer flounder as time on deck increases was plotted 
for all tows combined. As expected, the highest proportion of fish was alive on deck was 
during the immediate cull (0-10 minutes). The delayed cull (25-35 minute time interval) 
had the second highest fraction of live fish of deck. Live fish were collected for the 
extended mortality monitoring component during these two time periods. In order to 
ensure that there were enough live fish remaining for the extended mortality monitoring 
component in the delayed cull, the pile of fish was separated into two halves once it was 
dumped on deck. The first half of the pile was sorted immediately. Sorting of the second 
half of the pile began after 25 minutes. For some tows, all live fish were removed from 
the pile only during the immediate and delayed cull times. This left few or no live fish for 
the other time intervals.  This helps to explain why the live fraction during the 10-25 
minute time interval is lower than the 25-35 minute time interval. In Figure 2, the fraction 
of live summer flounder on deck as time increases was plotted according to tow time. The 
live fraction by tow time follows the same trend as mentioned above for all tows 
combined. Tow time was one of the three main effects which was routinely significant in 
models examining fraction live and/or percent mortality of summer flounder.  For the 
immediate and delayed cull the highest live fraction of fish is observed during the 1-hour 
tow and lowest live fraction is observed during the 3-hour tow. A single live fish found 
between 65 and 80 minutes caused a spike on the graph for the 1-hour tow. It was 
unexpected to find any fish alive after the 50-65 minute time interval. Using the deck 
hose to keep the fish submerged in water increases the likelihood of fish survival.  
 
Note: Data from trips 3-14 are used for graphing purposes in Figures 1 and 2. The time 
intervals used for trips 1 and 2 do not match trips 3-14. Cull time intervals from trips 1 
and 2 were not spaced broadly enough to determine the effect of cull time on summer 
flounder mortality. The cull time procedure was modified after these two trips to allow a 
greater time difference between culls to more easily determine the effect. As of trip 3, the 
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immediate cull represents the time period between zero and 10 minutes and the delayed 
cull represents the time period between 25 and 35 minutes. 
 
Figure 3a illustrates the total catch weight of all species by trip number and tow time. 
Figure 3b illustrates the average catch weight of all species by tow time and for all tows 
combined. Catch weight was one of the main effects which was routinely significant in 
models examining fraction live and/or percent mortality of summer flounder. Larger 
catches may cause increased pressure damage on summer flounder during tow and haul-
back. The fish may be crushed and damaged by the weight of the catch resulting in 
increased mortality. Figure 4 shows the total catch weight of fluke for each trip and tow. 
Figures 5a-n show the catch weight of each individual bycatch species by trip number 
and tow time. Assemblages of bycatch species have been formed for data analysis 
purposes and grouped into 5 “Bycatch Factors”. The effect of the catch of these species 
assemblages is explained in the Findings section above.   
 
Age Structures & Sex Ratios 
 
Age structures were collected from summer flounder in order to provide for the 
expansion of summer flounder age sampling from commercial catches.  Upon completion 
of fieldwork done in the summer of 2007 we provided hard parts to the NMFS Northeast 
Fisheries Science Center in the form of 436 scale samples and 267 otolith samples.  We 
also provided trip level information for all age structures, including VTR # and area 
fished. During the summer of 2009 an additional 378 scales and 145 otoliths were 
collected and forwarded to NMFS. Sex was determined for 139 fish. Out of 139 fish, 115 
were female (82.7%) and 24 were male (17.3%).  All length frequencies and age 
structures were incorporated into the NMFS commercial dockside sampling database and 
as such separate age information specific to this project was not reported back to CCE. 
 
Length Frequencies 
 
A total of 1834 length frequencies were collected for this project from “discarded” and 
“kept” fish caught on research trips in 2007 and 2009.  A length frequency distribution 
chart was created from this information (Figure 6). The greatest number of individuals 
was at 47 centimeters. A total of 134 fish were measured at this size interval. A second 
peak was at 44cm. A total of 130 fish were measured at this length. The largest fish 
measured 74 cm and the smallest fish measured 23 cm.   
 
 Tag Returns 
 
Over the course of the project we have had a total of 62 tag returns from our tagged and 
released fish.  A total of 51 tagged fish were caught in 2007 and 11 tagged fish were 
caught in 2008 and later. Most of these returns were from the Lake Montauk/Block Island 
Sound/Gardiners Bay area in relatively close proximity to where they were released.  
Many were caught during the summer and fall 2007 and were not at liberty for very long. 
However, one tagged fish was recaptured in June 2010. This fish was at liberty for the 
longest time – just over three years. Another fish was at liberty for nearly three years. We 
have had tag returns from fish caught as far south as off the coasts of Virginia and 
southern New Jersey. There were a few tag returns from fish caught off the coasts of 
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Rhode Island and Connecticut and a few caught off the south shore of Long Island. We 
had one tag return from the R/V Albatross and one tag return from a prominent NMFS 
scientist caught in the recreational fishery off Rhode Island. The location of tagged fish 
recaptures is detailed in Figures 7 and 8. Other than the Albatross, recaptures have been 
from the recreational fishery and the commercial trawl fishery.  We have had a 10.4% 
return on tagged fish.  These data provide qualitative information on the extended 
survival of our “discarded” fish after they were released from the net-pen.  The data also 
provides additional information on migration patterns of summer flounder caught off 
Long Island, New York. 
 
Discards and Bycatch 
 
This study has provided accurate information on summer flounder discard and bycatch in 
the inshore summer flounder bottom trawl fishery. During all 14 scientific trips, we have 
thoroughly recorded all discards during normal fishing activity in the summer flounder 
fishery and quantified which discards would be classified as regulatory discards and 
which would be classified as normal discards. Regulatory discards are discards over the 
trip limit (excluding sublegal sized fish). The amount of regulatory discard equals the 
total weight of all fluke caught per tow/trip - (trip limit + total weight of all sublegal sized 
fish). Regulatory discard (lbs) is then divided by total weight of all fluke caught per 
tow/trip to get percent regulatory discards. Normal discard is bycatch attributed to gear 
which includes sublegal fish and discards caused by high-grading (which did not occur) 
or other economic factors (market demand). Normal discard equals the total weight of all 
sublegal sized fish. Normal discard (lbs) is then divided by total weight of all fluke 
caught per tow/trip to get percent normal discards. 
 
Normal (gear induced) discards by trip ranged from .019 to 5.38%. Regulatory discards 
ranged from 53% to 95.7% for the 14 trips. See Table 17a-b for “normal” and 
“regulatory” discards and bycatch by trip and tow. These discards are based on the very 
low New York trip limits in place during this project. During the six month study (May 
through October 2007) New York trip limits in the areas fished ranged from 30 to 90 
pounds per trip. During the four additional trips, which took place during September of 
2009, trip limits ranged from 100 pounds to 140 pounds. From these findings we can see 
that the quantity of summer flounder discards is directly related to regulatory trip limits.  
In the absence of high trip limits or high landing allowances or as provided by research 
set-aside programs we can observe that in New York directed summer flounder fishing 
results in a high level of regulatory discards and as such efforts may not be economically 
feasible.   
 
Problems Encountered 
 
Two minor problems were encountered during this project.  However they did not impact 
the success of the project.  Despite significant pre-planning for all on board procedures, it 
took us two trips to fine tune culling procedures to work in practical terms on deck as 
well as fit into a protocol for scientific analysis.  The time frame intervals for sorting 
live/dead fraction on deck were not finalized until the end of trip 2.  Therefore the 
live/dead fraction for trips 1 and 2 could not be utilized with the data from trips 3 through 
10. Thus the cumulative experimental mortality calculations do not include these two 
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trips.  However we were able to utilize the data for trips 1 and 2 for the extended net-pen 
mortality monitoring and condition data and have incorporated that data with all the other 
trips.   
 
The other issue was tag loss by fish in the net-pen.  This occurred primarily during 
warmer net-pen water temperatures and mainly for dead fish.  During the warmer 
summer water temperatures the dead fish in the net-pen decomposed quickly contributing 
to the tag loss.  Even with daily net-pen monitoring fish would decompose quickly.  This 
decomposition also led to the attraction of large numbers of crabs to the net-pen area 
during the warm weather.  The mesh of the net-pen was designed to keep crabs out of the 
net.  We also utilized live blackfish in the net-pen to graze on small crabs that got through 
the mesh.  However crabs would accumulate under and around the net-pen.  They would 
stick their claws through the mesh and pick on dead fish.  Soft areas are the first areas 
attacked by the crabs: eyes, anus, decaying belly and the small wound around the tag 
insertion area.  Loose tags were recovered from under and around the net during regular 
monitoring activities.  Most of the fish that lost tags (dead or alive) were matched up with 
the appropriate tag number based on our detailed individual fish information from when 
the fish was tagged.  During the course of the project we also had a few live fish that also 
shed tags.  Any fish that we could not resolve with found tags or if there was a question 
as to what fish the tag belonged to, a random number generator was used to assign the 
unknown to live/dead/tow/cull. 
 
Additional Work 
 
A comparable evaluation of summer flounder discard mortality in the offshore trawl 
fishery will complement the findings from the current project.  CCE received an RSA 
grant in 2009 to conduct this complementary project. The composite results will define 
any differences in mortality between the inshore and offshore fisheries and at the same 
time provide a scientific basis for the discard mortality rate to be used across the inshore 
and offshore components of the fishery. 
 
The significant linear relationship of tow time to discard mortality suggests that 
correlating average tow time as reported on vessel trip reports (VTR) involving summer 
flounder may help identify a quantifiable discard mortality rate to be used in the 
assessment model. 
 
Since total catch also proved to be an important mortality variable, further refining the 
relationship between tow time and total catch may help explain/reduce discard mortality. 
 

EVALUATION 
 
Attainment of Goals and Objectives 
 
The key study components of research design, on board sampling work plan and net-pen 
extended mortality monitoring function were highly effective in delivering research 
results that were successful in realizing all project goals and objectives. 
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Through the process of conducting this project we were able to develop and adapt 
procedures for on board sampling and extended mortality monitoring facilities that were 
compatible with project design criteria and provide scientifically based results on summer 
flounder discard mortality.  The project was completed on schedule.  Not only were we 
able to successfully carry out the approved project work-plan, we were also able to carry 
out 4 additional modified trips to provide supplemental data for the project.  The 
following research generated information is presented as it relates to specific project 
goals.  The primary goal of this project was to provide fishery managers, scientists and 
commercial fishermen with a research based evaluation of summer flounder discard 
mortality in the inshore trawl fishery.  Our project has shown that there is an overall 
median discard mortality of 78.7%, which is similar to the assumed 80% value in the 
present summer flounder assessment. However the overall project mean discard mortality 
(a more useful parameter rather than median) was 64.6% and is considerably less than the 
value in the current assessment.  A secondary goal was to provide accurate information 
on summer flounder discard and bycatch.  Gear induced discards ranged from .019% to 
5.38% and represent those fish discarded because of size, grading or other economic 
factors (market demand).  Regulatory discards are those fish caught over the trip limit 
excluding sublegal sized fish, and ranged from 53% to 95% for 14 trips.  Related to this 
goal we recorded total catch by weight and by species including summer flounder.   
 
A third project goal was to evaluate summer flounder discard mortality relative to tow 
time, fish size, total catch and amount of time fish are on the deck of the vessel.  As 
described above in the methods and findings sections of this report each of these 
variables were evaluated and resulted in quantitative findings.   
 
Mortality rates for 1 and 2-hour tows were less than for the 3-hour tows.  Mortality rates 
for all tows combined at the immediate and at the delayed cull were 51.3% versus 59.2%.  
However, the fraction live on deck decreases with time.  Higher total catch weights 
related to increased rate of mortality. Longer tows usually resulted in higher total catches.  
Specifically larger catch weights resulted in larger differences in the fraction living 
between delayed and immediate culls, with higher catch weights increasing the rate of 
mortality.  Size of fish does not seem to be a critical factor for survival.  Survivorship 
was significantly better for fish in excellent condition and significantly worse for fish in 
poor condition.  We continue to get tag returns for released fish and will thus be able to 
provide additional qualitative information on additional time at liberty (survival) and 
distribution. 
 
In summary, the purpose, approach and findings sections provide factual detail related to 
meeting project goals and objectives.  On review these quantitative findings support the 
conclusion that all identified project goals and objectives were attained.   
 
Information Dissemination 
 
In November 2007, CCE staff members gave a presentation at Inlet Seafood, Montauk, 
New York to report on project activities and preliminary results. Preliminary mortality 
rates and factors causing increased mortality were discussed in a power point 
presentation. A large number of project participants, fishermen and other industry 
members were in attendance. Attendees reported that the project and the results generated 
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are interesting and highly important to fishermen involved in the inshore fluke fishery in 
New York.  
 
The following informative packages were developed and used to disseminate project 
results. 

• Website 
CCE has developed a website specifically for this project.  The website is a link 
off the CCE website and can be found at 
http://counties.cce.cornell.edu/suffolk/sfdms/fluke.html 
The website includes an overall description of the project as well as descriptions 
and photographs of the various components of the project including the scientific 
trips.  A listing of tag returns is also included.  Final results, once approved by 
NMFS, will be added to the website. 

 
• Power Point Presentation 

A slide/power point presentation has been developed and presented to industry 
project participants.  This presentation will be finalized when the Final Report is 
approved and shown at industry, management or scientific gatherings.  

 
• Final Report (Approved) 

Will be available on our website at 
http://counties.cce.cornell.edu/suffolk/sfdms/fluke.html under “Evaluation of 
Summer Flounder Discard Mortality In The Inshore Bottom Trawl Fishery”. 

 
• Fact Sheet 

This fact sheet entitled Summer Flounder Discard Perspective is a brief guide to 
the general findings of this research and provides some common understandings 
and practical applications from the research findings for those individuals 
involved in this important commercial fishery. It also highlights project results 
relating to reducing discard mortality within the commercial trawl fishery. The 
fact sheet has been distributed at dockside meetings, press releases, etc. (See 
Attachment 1) 

 
• Press Release Package 

A press release package to include Executive Project Summary, Fact Sheet, and 
other project report information will be developed and distributed to news and 
industry publications once the final report is approved. See Attachment 2 for 
articles featuring this project during the research phase.  

 
• Working Paper 

A working paper based on this study was prepared and presented to the Southern 
Demersal Working Group in preparation for the 2008 summer flounder stock 
assessment.  A summary of the working paper was included in the SAW report 
and the working paper itself is in the Appendix of the SAW report. (See 
Attachment 3) 

 
• Scientific Paper 
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A scientific paper will be prepared and submitted to a peer-reviewed journal for 
publication. 
 

• A presentation on the results and findings of this project will be presented at the 
2011 Annual Meeting of the American Fisheries Society.  The presentation will 
be part of a symposium titled “The Biology, Ecology and Management of 
Summer Flounder”.   

 
Miscellaneous Related Activities 
 
Research Findings Impacts 
 
The NYSDEC, a permitting partner to the fluke discard mortality study in the form of a 
New York State Marine Resources Exempted Fishing License (NYS EFL), requested and 
was provided trip and net-pen monitoring reports from the initial summer flounder 
research trips 1 thru 10.  This information included fluke regulatory discard rates for the 
ten trips and the 1, 2, & 3-hour tows.  Based partly on these regulatory discard impacts, 
NYSDEC developed an alternative summer flounder distribution.  The alternative option 
provided for a weekly trip or quota limit as opposed to a daily trip limit to help mitigate 
the regulatory discard impact caused by the low daily trip limit.  NYSDEC implemented 
a summer flounder weekly trip limit program on November 28, 2009 for summer 
flounder all gear or fixed gear permit holders.  Vessels applied to participate in the 
program and needed to meet a stringent set of regulations. This program was closely 
monitored by NYSDEC and participants were required to comply with program 
standards.  This program has been well received by the commercial fishing industry and 
has been a more effective management tool for NYSDEC and has been continued into 
2010 and 2011.   
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TABLES 
 
Table 1.   Significance levels in ANOVAs evaluating the influence of Bycatch Factors 1 
through 5, tow time, total catch weight, and codend mesh size on the fraction of fish alive 
during cull times 0-10 minutes and 25-35 minutes, and the change in the fraction live 
between the two cull times. *-interaction term.  NS=not significant at α=0.05.  
       
 Fraction Live 

Cull Time 0-
10 

Fraction live Cull 
Time 25-35 

Change in Fraction 
Live Between Cull 
Times 

ANOVA 1    

Tow Time NS 0.0069 0.013 

Catch weight NS NS 0.0091 
Catch weight* tow time NS <0.0001 0.0017 

Codend mesh  NS 0.0008 NS 
Codend mesh* tow time NS 0.0044 0.0061 

Catch weight* codend mesh NS 0.0110 0.0260 
Catch weight* codend mesh* tow 
time 

NS 0.0080 0.0130 

ANOVA 2    

Bycatch Factor 1 NS NS NS 

Bycatch Factor 2 NS NS NS 
Bycatch Factor 3 NS 0.0170 NS 

Bycatch Factor 4 NS NS NS 
Bycatch Factor 5 NS NS NS 
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Table 2.  Results of ANOVAs evaluating the influence of Bycatch Factors 1-5 and 
summer flounder length in one case and tow time, codend mesh size, cull time, and 
summer flounder length in another on the condition index (morbidity scale) and Injury 
Factors 1-4.  NS=not significant at α=0.05.  Underlined values are positive spearman 
rank correlations. 
 
 Condition 

   Index 
Injury 
Factor 1 

Injury 
Factor 2 

Injury 
Factor 3 

Injury 
Factor 4 

ANOVA 1      

 Bycatch Factor 1 NS NS 0.0017 <0.0001 NS 

 Bycatch Factor 2 <0.0001 <0.001 NS NS NS 
 Bycatch Factor 3 0.0002 0.0210 0.0034 <0.0001 NS 

 Bycatch Factor 4 0.0030 0.0160 0.0013 0.009 NS 
 Bycatch Factor 5 <0.0001 <0.0001 0.0004 0.0150 NS 

Summer Flounder 
Length 

NS <0.0001 NS 0.0420 NS 

ANOVA 2      

Tow Time 0.0022 0.0420 NS 0.0003 NS 
Codend Mesh 0.0390 NS 0.0220 <0.0001 0.0130 

Codend Mesh*Tow 
Time 

NS NS 0.0190 0.0005 NS 

Catch weight NS NS NS 0.0008 NS 
Catch weight* 

Tow Time 

 

0.0140 

 

NS 

 

NS 

 

0.0002 

 

NS 
Catch weight* Codend 
Mesh 

NS 0.0350 NS 0.0006 NS 

Catch weight*Tow 
Time*Codend Mesh 

NS NS NS 0.0003 NS 

Cull Time 0.0140 NS NS NS 0.0270 

Summer Flounder 
Length 

NS 0.0006 NS 0.0028 NS 
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Table 3.  Results of ANOVAs evaluating the influence of market category (by weight), 
group (groups include (1) control, (2) 1-hour tow and immediate cull, (3) 2-hour tow and 
immediate cull, (4) 3-hour tow and immediate cull, (5) 1-hour tow and delayed cull, (6) 
2-hour tow and delayed cull, and (7) 3-hour tow and delayed cull), starting condition 
level of summer flounder when penned, mean bottom water temperature, and mean 
bottom dissolved oxygen (DO) on survivorship in the net-pen and condition state of 
summer flounder upon release after 14 days in the net-pen.    
 
  

Survivorship 
Condition  
Upon Release 

Group 0.0006 0.0069 

Weight NS NS 
Initial Condition <0.0001 0.0250 

Weight*Group 0.0091 NS 
Temperature NS <0.0001 

DO NS <0.0001 
 
Table 4.  Results of ANOVAs evaluating the influence of Bycatch Factors 1-5 and main 
effects describing tow time, gear, and the covariate catch weight on the percentage of 
mortality of summer flounder for the entire tow. 
 
 
 % Mortality 

ANOVA 1  

Bycatch Factor 1 NS 

Bycatch Factor 2 NS 
Bycatch Factor 3 NS 

Bycatch Factor 4 NS 
Bycatch Factor 5 NS 

ANOVA 2  
Tow Time  NS 

Catch weight 0.0055 
Codend Mesh 0.0035 

Catch weight*Tow Time 0.0410 
Catch weight* 

Codend Mesh 

0.0026 
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Table 5. Significance levels in ANOVAs evaluating, for the first 10 trips only, the 
influence of tow time, catch weight, and codend mesh size on the percent mortality 
between the extended immediate (0-25) and extended delayed (25+) cull times, as well as 
the influence of tow time, catch weight, codend mesh size, and time on deck on the 
percent mortality between the extended immediate and extended delayed cull times. *-
interaction term.  NS=not significant at α=0.05.  
 
 % Mortality 

between Extended 
Immediate and 

Extended Delayed 
Culls 

% Mortality between Extended 
Immediate and Extended 

Delayed Culls, with  Time 
Variable 

 Tow Time 0.0013 <0.0001 
Catch weight 0.0454 <0.0001 

Catch weight*tow time <0.0001 N/A 
Codend mesh  0.0002 <0.0001 
Time on Deck N/A NS 

Codend mesh*tow time 0.0062 N/A 
Catch weight*codend mesh 0.0061 N/A 

Catch weight*codend 
mesh*tow time 

 
0.0075 

N/A 

Time on Deck*tow time N/A 0.6525 
Time on Deck*Catch weight N/A 0.0378 
Time on Deck*Codend mesh N/A 0.8312 

   
 
 
Table 6.  Mean, standard deviation in parentheses, median, 25th to 75th percentiles for the 
percent mortality by tow time and overall. 
 
 
% Mortality Mean Median 25th-75th percentile 

Tow 1 57.8(35.5) 63.9 27.7-96.0 
Tow 2 61.4(31.4) 63.3 32.7-89.1 

Tow 3 76.6(29.5) 86.9 60.0-98.0 
All 64.6(32.2) 78.7 31.0-96.0 

 


